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ABSTRACT 

THE USE OF A BIOPSYCHOSOCIAL FRAMEWORK IN EVALUATING AND TREATING 
PATELLOFEMORAL PAIN 

 

by 

Jennifer Lynn Thorpe 

 

The University of Wisconsin-Milwaukee, 2021 
Under the Supervision of Professor Jennifer Earl-Boehm  

 

 Patellofemoral pain (PFP) is a chronic pain condition of the knee that afflicts 

approximately 25% of the population, and may lead to long-term complaints of pain and 

dysfunction. In the current literature, PFP is primarily studied using the framework of the 

pathomechanical model of biomechanical and muscular factors that increase patellofemoral joint 

loading. However, PFP may be better understood examining it through the Biopsychosocial 

Model of Sport Injury Rehabilitation (Brewer et al., 2002) as a conceptual framework to explore 

how injury characteristics, sociodemographic factors, and intermediate biopsychosocial 

outcomes may impact a patient’s perceptions of pain and function. These relationships may also 

have in impact on treatment for PFP, as both the perception of pain and perception of function 

are commonly used as clinical outcomes to determine progress and prognosis. While there are 

several interventions that have been examined and implemented to treat patients with PFP, the 

long-term prognosis remains poor, with patients reporting symptoms months or even years after 

diagnosis.  One treatment approach that is effective in both changing patient’s perceptions of 
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pain and function as well as their biomechanics is gait retraining. This approach, based on the 

concepts of motor learning, is commonly performed during running gait. Not all individuals with 

PFP are runners or may select not to run due to their knee pain. There is limited evidence to 

suggest that the concept of movement retraining applied to more universal tasks, such as a step-

down, could yield similar results. Within the context of the Biopsychosocial Model (Brewer et 

al., 2002), the intervention chosen for the treatment intervention, along with delivery of that 

intervention by a trained health care professional, are components of the rehabilitation 

environment. The rehabilitation environment is one of many social and contextual factors within 

the Biopsychosocial Model (Brewer et al., 2002) that may impact the patient’s perceptions of 

pain and function, as well as the intermediate rehabilitation outcomes. Therefore, using the 

Biopsychosocial Model (Brewer et al., 2002) as a conceptual framework, the purpose of this 

study was two-fold: 1) to better understand how selected injury characteristics (duration of 

symptoms and location of pain), sociodemographic factors (gender and age), and intermediate 

biopsychosocial outcomes (hip and knee strength and trunk, hip and knee biomechanics) relate to 

participant’s perceptions of pain and function, and 2) to assess how a squat retraining 

intervention changes a participant’s hip and knee strength, trunk, hip, and knee biomechanics, 

and perceptions of pain and function in individuals with PFP.  

Three separate studies were conducted to achieve the study purpose. Study 1 consisted of 

a cross-sectional, U.S. population-based online survey shared via social media, email, and word 

of mouth to adults (18-45 years) with knee pain. Out of 400 respondents, 243 participants 

completed all four components of the survey, and 137 (105 females, 32 males, 30.80+8.68 years) 

were identified as having PFP. Duration of symptoms, location of pain, gender, age, perception 

of pain, and perception of function were assessed with the online survey. A multinomial logistic 
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regression was utilized to create a model of the relationship between the independent variables 

and perception of pain score. A multiple linear regression was used to create a model for the 

relationship of the independent variables and perception of function score. Study 2 was a cross-

sectional study conducted in a laboratory, with 40 participants (30 females, 10 males, 33.9+7.5 

years) with PFP. Perceptions of pain and function, isometric hip and knee strength, and trunk, 

hip and knee 3-D kinematics and 2-D biomechanics during a step-down task were assessed. 

Pearson correlations were performed to determine if relationships existed among any of the 

variables. Separate multiple linear regressions were used to create a model of the relationship 

between all of the strength and biomechanical variables and perceived pain and function. Study 3 

was a feasibility study consisting of 10 participants (9 females, 1 male, 36.30 + 6.48 years) using 

a novel movement retraining intervention aimed at correcting knee alignment during a step-

down. Wilcoxon Signed Rank tests and paired t-tests were performed to determine differences 

from baseline to post-intervention for perceived pain and function, hip and knee strength, and the 

biomechanical variables.  

A summary of the results is presented here, with full statistics in each respective chapter. 

In Study 1, individuals who had PFP for a longer period of time, experienced widespread pain, 

and reported higher perceptions of pain also reported lower perceptions of function. Age and 

gender were not related to perceptions of pain or function in our sample. In Study 2, perception 

of pain was significantly correlated with perception of function and hip internal rotation (IR) 

angle, while perception of function score was significantly correlated with the perception of pain, 

hip abduction (ABD) strength, hip external rotation (ER) strength, knee extension (EXT) 

strength, and 2-D lateral trunk motion (LTM). For Study 3, perception of pain changed 
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significantly from baseline to post-intervention and LTM significantly improved from baseline to 

post-intervention. 

Results of this study support that symptom duration and painful locations are related to 

the perception of function in individuals with PFP. It emphasizes the need for early identification 

and treatment of PFP to minimize pain and preserve function early in the course of the overuse 

injury. We did not find a statistically significant predictive relationship between hip and knee 

strength and trunk, hip, and knee biomechanics and participant perceptions of pain and function 

in our sample. This suggests that there may not be a specific pattern of movement or muscle 

weakness that is uniform across individuals with PFP. Rather, the experience of PFP may be 

more individualized.  The movement retraining intervention piloted in this study was effective at 

improving perceptions of pain, even though it did not lead to significant changes in strength or 

biomechanics, or perception of function. Taken together, these results provide preliminary 

support for the Biopsychosocial Model (Brewer et al., 2002) to be used as a framework to 

examine the overuse injury of PFP.    
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Chapter One: Introduction 

Background 

 Patellofemoral pain (PFP) is a chronic musculoskeletal condition characterized by retro- 

and peri-patellar pain with activities such as squatting, navigating stairs, jumping, running, and 

sitting with the knees flexed for an extended period of time (Crossley, Stefanik, et al., 2016). The 

onset of pain and symptoms associated with PFP is insidious and not the result of a specific acute 

trauma or direct tissue damage (Collins et al., 2018). PFP can interfere with the ability to engage 

in activities of daily living, physical activity, and occupational tasks (Smith, Moffatt, et al., 

2018). If left untreated, long-term PFP may ultimately contribute to the development of 

patellofemoral osteoarthritis (Crossley, 2014).  

 In addition to the poor prognosis for this chronic musculoskeletal condition, the 

prevalence of PFP is relatively high. PFP accounts for 25-40% of all knee injuries evaluated by 

healthcare providers in clinical settings (Witvrouw et al., 2014). According to Glaviano et al. 

(2015), 2,188,753 individuals in the United States were diagnosed with PFP during the five-year 

period between 2007 and 2011. Smith, Selfe, et al., (2018) estimated the prevalence of PFP to be 

22.7% in the general population. These estimates, however, are based on reports from medical 

professionals and do not include individuals who may elect not to seek medical attention for their 

symptoms, thus these numbers may be higher than reported in the previous literature.  

 The etiology of PFP is complex and multifaceted, yet previous researchers have adopted 

a primarily biomedical viewpoint to underpin their studies on the exact pathoetiological factors 

contributing to PFP. Powers et al. (2017) proposed a framework known as the pathomechanical 

model based on the existing evidence regarding PFP etiology. This model postulates that PFP is 
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the result of elevated stress within the patellofemoral joint (PFJ), which is caused by a decrease 

in patellofemoral joint contact area and/or increased patellofemoral joint reaction forces (Powers 

et al., 2017). These two contributing factors at the patellofemoral joint are hypothesized to stem 

from an interaction of various biological factors, including altered biomechanics of the trunk 

(Bazett-Jones et al., 2013; Boling & Padua, 2013), hip (Hollman et al., 2014; Meira & Brumitt, 

2011; Neal et al., 2016; Meira & Brumitt, 2011), and knee (Herrington, 2014; Huberti & Hayes, 

1984; Nakagawa et al., 2012; Willson & Davis, 2008), weakness of the hip (Boling, Padua, & 

Creighton, 2009; Finnoff et al., 2011; Magalhães et al., 2010; Prins & van der Wurff, 2009) and 

knee musculature (Kaya et al., 2011; Lankhorst et al., 2012; Pappas & Wong-Tom, 2012), and 

lower extremity muscle tightness (Piva et al., 2005; Whyte et al., 2010; Rabin et al., 2014; 

Wyndow et al., 2016).  

Within the pathomechanical model (Powers et al., 2017), the musculature of the hip is 

speculated to influence patellar position. More specifically, the hip external rotators and 

abductors are theorized to control transverse and frontal plane motion of the femur (Boling et al., 

2009). Weakness of these muscles at the hip may lead to increased internal rotation of the femur, 

which could result in altered biomechanics during loading of the lower limb (Powers, 2010). 

More specifically, this may lead to increased knee abduction, hip adduction, hip internal rotation, 

and trunk flexion and rotation during single-limb loading tasks (Willson & Davis, 2008; 

Nakagawa et al., 2012, Herrington, 2014, Bazett-Jones et al., 2013). This altered movement 

pattern, known as dynamic malalignment, may contribute to patellar malalignment and 

maltracking and elevated loading at the PFJ (Powers et al., 2010). However, there are several 

studies that have failed to identify weakness of the hip musculature in this population (Thijs et 

al., 2011; Finnoff et al., 2011; Boling, Padua, Marshall et al., 2009; Herbst et al., 2015), as well 
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as how weakness combined with altered biomechanical patterns relate to the proposed increase 

in PFJ stress.  

 Thus far, treatment interventions for PFP have primarily targeted mechanisms as outlined 

in the pathomechanical model (Powers et al., 2017) that are theorized to contribute to elevated 

patellofemoral joint stress. External supports such as taping (Salsich et al., 2002; Kurt et al., 

2016), bracing (Petersen et al., 2016; Uboldi et al., 2018), and orthotics (Barton, Mentz, et al., 

2011; Collins et al., 2008) have reported favorable outcomes regarding perceived pain and 

function in the short term but not in the long term. Exercise-based therapy is considered the gold 

standard treatment intervention for PFP (Collins et al., 2018) and focuses on increasing strength 

of the hip and knee musculature as a means of improving faulty hip and knee biomechanics. 

While this approach is effective in improving hip and knee muscle strength (Ferber et al., 2015) 

and in reducing knee abduction moment in females with PFP (Earl-Boehm & Hoch, 2011), it is 

unknown if the same results would be found in men with PFP. More importantly, similar to the 

use of external supports, exercise-therapy focused on hip and knee strengthening does not 

enhance the long-term prognosis for individuals with PFP (van Linschoten et al., 2009).  

More recently, researchers have explored movement retraining as an adjunctive therapy 

focused on neuromuscular re-education of a functional task that causes pain in individuals with 

PFP. While most studies have focused on the use of this technique with running gait (Roper et 

al., 2016; Willy et al., 2012; Noehren et al., 2011), there is one feasibility study that suggests this 

same approach may be utilized with a different task, such as a step-down, that mimics a 

movement encountered in everyday life (Salsich et al., 2018). The additional of specific, 

externally-focused verbal cues directed at changing a movement pattern may help to correct hip 

and knee biomechanics associated with perceived pain in individuals with PFP.  
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Given the inconsistencies in the pathomechanical model, and the need to determine more 

effective rehabilitation strategies for patients with PFP, we propose examining this condition 

from a different perspective. Other musculoskeletal injuries, such as chronic low back pain 

(Waddell, 1987) and anterior cruciate ligament (ACL) injuries (Brewer et al., 2004) have 

adopted a biopsychosocial framework to inform rehabilitation research. In chronic low back 

pain, psychological factors such as fear avoidance (Saito & Nishida, 2015; Fujii et al., 2013; 

Panhale et al., 2016), catastrophizing (George & Beneciuk, 2015), and depression and anxiety 

(George & Beneciuk, 2015) have all been found to be related to rehabilitation outcomes. Within 

the ACL injury rehabilitation literature, the use of interventions focused on addressing 

psychological factors, such as the perception of pain and anxiety (Maddison, Prapavessis, & 

Clatworthy, 2006), have reported favorable outcomes, providing support that rehabilitation 

should be viewed as biopsychosocial in nature.  

A gap in PFP research is that a single theoretical framework that outlines the 

interrelationships among many biopsychosocial factors has not been used to conceptualize PFP 

etiology and rehabilitation. The Biopsychosocial Model of Sport Injury Rehabilitation (Brewer, 

Andersen, & Van Raalte, 2002), is such a theoretical framework that shows the interrelationships 

between a multitude of factors that may influence an individual’s injury experience and recovery. 

The model consists of a dynamic core including biological, psychological, and social and 

contextual factors that are all proposed to be interrelated (Brewer et al., 2002). The dynamic core 

of this model is influenced by injury characteristics and sociodemographic factors (Brewer et al., 

2002). The psychological factors within this model are proposed to have a bidirectional 

relationship with intermediate biopsychosocial outcomes and sport injury rehabilitation 

outcomes (Brewer et al., 2002). Both biological factors and social and contextual factors 
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influence the intermediate biopsychosocial outcomes (Brewer et al., 2002). Intermediate 

biopsychosocial outcomes also affect the overall sport injury rehabilitation outcomes as well 

(Brewer et al., 2002).  

While researchers have acknowledged that PFP rehabilitation may be biopsychosocial in 

nature (Smith et al., 2018), there has yet to be a study that explicitly uses the Biopsychosocial 

Model as a framework for research. This Biopsychosocial Model (Brewer et al., 2002) may be 

useful to better understand the interrelationships among perception of pain and function 

(psychological factors), injury characteristics, sociodemographic factors, and intermediate 

biopsychosocial outcomes that have been implicated in PFP rehabilitation. It may also challenge 

current clinical practices such as considering pain severity and self-reported function as only 

clinical outcomes. By thinking of pain severity and self-reported function as the participant’s 

cognitions about their knee pain and ability to function, the terms may be more appropriately 

defined as the participant’s perception of pain and perception of function (Sternberg, 2007; 

Peacock & Watson, 2003). Thinking about perception of pain and perception of function in this 

way could provide additional support for treatment approaches aimed not only at addressing 

biological factors to enhance intermediate biopsychosocial outcomes, but also to include 

interventions focused on cognitions or psychological factors implicated in the rehabilitation 

process as well.  

Many studies have examined factors that are identified in the Biopsychosocial Model 

(Brewer et al., 2002) individually, and provide the rationale for this approach. These factors 

include the duration of symptoms, pain location, gender, and age. One injury characteristic 

associated with a poorer prognosis in individuals with PFP is a longer duration of symptoms. 

Individuals who have experienced PFP symptoms for a longer period of time have been reported 
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to report lower pain severity than those who had symptoms for a shorter period of time (Gerbino 

et al., 2006), suggesting that the perception of pain does in fact change as symptoms linger. 

Additionally, one study identified a statistically significant albeit weak correlation between 

symptom duration, body mass, and hip muscle strength, suggesting that those with a longer 

duration of symptoms had increased body mass and decreased hip muscle strength (Earl-Boehm 

et al., 2017). This supports the notion that individuals with PFP may elect to avoid painful 

activities, leading to a more sedentary lifestyle. Another study identified that participants who 

had their PFP symptoms for a longer period of time responded more favorably to exercise 

therapy (Lankhorst et al., 2015). This finding also supports that the length of time someone has 

experienced their symptoms may be impactful on how they appraise their condition. 

Painful locations, an emerging injury characteristic in PFP research, is also implicated in 

the prognosis of this condition. Boudreau et al. (2017) identified that individuals who had 

experienced their PFP symptoms for five years or longer reported more widespread pain than 

those who experienced their pain for a shorter period of time. Additionally, those participants 

with a longer duration of symptoms also reported an ovate or “O” pattern of pain around the 

patella, in contrast to the “U” shaped pattern reported by those who had their pain for a shorter 

duration (Boudreau et al., 2018). It remains unknown how painful locations of the knee could 

influence perceptions of both pain and function in individuals with PFP.  

A sociodemographic factor that has been studied relevant to the etiology of PFP is 

gender. The prevalence of PFP is more prevalent in females than in males (Boling et al., 2010) 

and the biological risk factors theorized to contribute to the development of PFP is thought to 

defer between males and females (Boling et al., 2019). However, these studies and previous PFP 

studies have identified participants based on their anatomical sex and not their gender identity. It 
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remains unknown if gender identity would be related to perceptions of pain and function in this 

population.  

Age is another sociodemographic factor from the Biopsychosocial Model (Brewer et al., 

2002) that has only been partially explored in the PFP research. Lack et al. (2014) examined 

differences in response to various PFP interventions based on age, and reported that younger 

individuals responded more favorably to exercise therapy-based interventions while older 

individuals responded more favorably to interventions that included the use of a foot orthosis. 

The authors speculated that movement patterns may be more ingrained in older individuals, 

while younger individuals may have a greater capacity for neuromuscular adaptations and 

strength gains (Lack et al., 2014). Another study by Lankhorst et al. (2015) identified that age 

was not a significant predictor of treatment outcome in participants with PFP. These previous 

studies have focused primarily on patients under 30 years of age and do not account for middle 

aged adults who have PFP. Therefore, there is not a clear understanding of how age, especially 

including middle aged adults, is related to perceptions of pain and function in individuals with 

PFP.  

The Biopsychosocial Model (Brewer et al., 2002) can also be used to explain how aspects 

of the delivery of the intervention, such as the use of tele-health and verbal and tactile cues can 

benefit movement retraining, which may help improve rehabilitation outcomes for individuals 

with PFP. These deliberate decisions regarding the delivery of the treatment intervention alter the 

rehabilitation environment, which as a social and contextual factor in the Biopsychosocial Model 

is related to not only to intermediate biopsychosocial outcomes, but also to psychological factors 

such as cognitions and affects surrounding the rehabilitation process (Brewer et al., 2002).  
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Research Questions 

What are (if any) the relationships between selected injury characteristics, 

sociodemographic factors, intermediate biopsychosocial outcomes, and participant’s perception 

of pain and/or perception of function in individuals with PFP? 

Does a squat retraining intervention change a participant’s hip strength, hip and knee 

biomechanics, and perception of pain and perception of function in individuals with PFP? 

Purpose Statement 

Using the Biopsychosocial Model of Sport Injury Rehabilitation (Brewer et al., 2002) as 

a conceptual framework, the purpose of this study is two-fold: 

1) to better understand how selected injury characteristics (i.e., duration of symptoms and 

painful locations), sociodemographic factors (i.e., gender and age), and intermediate 

biopsychosocial outcomes (i.e., hip and knee strength, trunk, hip and knee biomechanics) 

relate to participant’s perception of pain and/or perception of function in individuals with 

patellofemoral pain (PFP).  

2) to assess how a squat retraining intervention changes a participant’s hip and knee 

strength, trunk, hip and knee biomechanics and perception of pain and perception of 

function in individuals with PFP.  

Operational Definitions 

Duration of symptoms: the length of time that an individual has experienced apparent features 

associated with PFP.  
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Trunk, hip, and knee biomechanics: both three-dimensional (3-D) and two-dimensional (2-D) 

joint angles associated with altered movement patterns in individuals with PFP, in particular 3-D 

measures of trunk flexion, hip adduction and hip internal rotation and 2-D measures of knee 

frontal plane projection angle and lateral trunk motion. 

Hip and knee strength: quantifiable measure of isometric force produced by the hip abductor, 

hip extensor, hip external rotator, and knee extension muscle groups during a single maximal 

effort. 

Painful location(s): the identification of the painful area of the knee(s) by the participant using a 

knee pain map. Painful location(s) can be further described as smaller or fewer locations 

indicating more localized pain and larger or more locations indicating more widespread pain. 

Perception of pain: the individual’s interpretation of pain sensation and attempt to attach 

meaning to the pain, encompassing both elements of pain perception and pain sensation. 

Perception of function: an individual’s interpretation of the subjective symptoms and functional 

limitations resulting from their condition (Kujala et al., 1993), influenced by both the perception 

of pain and the perceived level of exertion during functional tasks (Stratford & Kennedy, 2006).  

Specific Aims 

1. To identify potential relationships among duration of symptoms, painful location(s), 

gender, age, and participant’s perception of pain in individuals with PFP. 

2. To identify potential relationships among duration of symptoms, painful location(s), 

gender, age, and participant’s perception of function in individuals with PFP. 

3. To identify potential relationships among hip and knee strength and participant’s 

perception of function in individuals with PFP. 
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4. To identify potential relationships among trunk, hip, and knee biomechanics, and 

participant’s perception of pain in individuals with PFP. 

5. To determine if an intervention to improve hip and knee biomechanics will change a 

participant’s hip and knee strength, trunk, hip and knee biomechanics, and perception of 

pain and perception of function in individuals with PFP. 

Hypotheses 

1. H0: There will be no relationship between duration of symptoms, painful location(s), 

gender, age, and participant’s perception of pain in individuals with PFP. 

H1: There will be a relationship between duration of symptoms, painful location(s), 

gender, age, and participant’s perception of pain in individuals with PFP.  

2. H0: There will be no relationship between duration of symptoms, painful location(s), 

gender, age, and participant’s perception of function in individuals with PFP. 

H1: There will be a relationship between duration of symptoms, painful location(s), 

gender, age, and participant’s perception of function in individuals with PFP. 

3. H0: There will be no relationship between hip and knee strength, and participant’s 

perception of function in individuals with PFP. 

H1: There will be a relationship between hip and knee strength, and participant’s 

perception of function in individuals with PFP. 

4. H0: There will be no relationship between trunk, hip and knee biomechanics, and 

 participant’s perception of pain in individuals with PFP. 

H1: There will be a relationship between trunk, hip and knee biomechanics, and 

participant’s perception of pain in individuals with PFP. 
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5. H0: The squat retraining intervention will not change hip and knee strength, trunk, hip 

 and knee biomechanics, or the participant’s perception of pain and perception of function 

in individuals with PFP. 

H1: The squat retraining intervention will improve hip and knee strength, trunk, hip and 

knee biomechanics, and the participant’s perception of pain and perception of function in 

individuals with PFP. 

Delimitations 

 This study is focused on individuals between the ages of 18 and 45 who are suffering 

from patellofemoral pain (PFP) as opposed to other chronic, overuse conditions of the knee. 

Recruitment for this study will occur in a Midwestern metropolitan area using a community-

based strategy. Potential participants will complete a computer/tablet-based survey to screen for 

eligibility for this study. Potential participants must be able to read and speak in English and use 

a computer or electronic device to complete the survey. Participants will be included based on 

their online survey response on the Survey instrument for Natural history, Aetiology and 

Prevalence of Patellofemoral pain Studies (SNAPPS; Dey et al., 2016) and based on responses to 

questions regarding exclusionary criteria, consistent with a diagnosis of PFP.  

We selected duration of symptoms and location of pain as injury characteristics based on 

previous support in the PFP literature. For sociodemographic factors, we selected gender and age 

to determine their relationship with participant’s perceptions of pain and function. We recognize 

that biological and social and contextual factors may also influence the participant’s perceptions 

of pain and function but we will not examine those in this study. The muscles of interest for the 

strength variables are the hip abductors, hip extensors, hip external rotators, and knee extensors. 

For hip and knee biomechanics, we chose to examine trunk flexion, hip adduction and internal 
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rotation collected from a three-dimensional (3-D) motion capture system. In addition, we 

included the two-dimensional (2-D) measures of knee frontal plane projection angle (kFPPA) 

and lateral trunk motion (LTM) as these are measures that clinicians often utilize to assess 

patient movement during dynamic tasks. The participant’s perceptions of pain and function will 

be quantified using the self-report questionnaires.  

Limitations 

 Individuals with PFP will be identified based on the self-report of symptoms rather than a 

diagnosis from a medical professional. A potential participant’s understanding of the questions, 

their memory and honesty about their symptoms may be a limitation. We also acknowledge that 

our relatively small sample size is a limitation. Another limitation is the intervention length. This 

intervention progresses over a 2- week period of time and immediate outcomes will be assessed. 

There will be no follow-up to the intervention, meaning that the findings can only be generalized 

to immediate outcomes. A final limitation is there the lack of a control group for this study, 

which means that the results regarding the squat retraining intervention cannot be compared to 

other interventions used for individuals with PFP. 

Assumptions 

 The study will adopt the assumption the participants will answer all questions on the 

surveys and instruments truthfully, and that the participants will perform their maximal effort on 

the strength tests. We also assume that for the 3-D motion capture, all body segments are 

assumed to be rigid bodies and that marker placement for the will be the same for the baseline 

testing and for the post-intervention testing. We also are assuming that our data for each of our 

outcome variables of interest will be normally distributed, allowing for parametric statistical 
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analysis. Another assumption of this study is that our participants will follow the directions given 

during the intervention and will attend all scheduled sessions in their entirety.  
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Chapter Two: Literature Review 

 The following literature review will present the pathomechanical model by Powers et al., 

(2017), which was developed to help explain the etiology of PFP based on predominantly 

biological factors. The current evidence regarding the factors within the model in participants 

with PFP will be critically evaluated. The current research regarding treatment interventions for 

PFP will be presented, leading to the rationale for incorporating movement retraining to improve 

perceived pain and function and intermediate rehabilitation outcomes, such as hip strength and 

hip and knee biomechanics. There is a wide range of terms used in the PFP literature to date to 

define the constructs of perception of pain and perception of function. The author’s original 

terminology will be used throughout the review of the literature pertinent to the pathomechanical 

model (Powers et al., 2017). The Biopsychosocial Model of Sport Injury Rehabilitation (Brewer 

et al., 2002) will be presented and proposed as a conceptual framework to underpin future PFP 

studies, in an attempt to demonstrate that PFP is in fact biopsychosocial in nature. Research 

findings in two other musculoskeletal conditions – chronic low back pain and anterior cruciate 

ligament injury – will also be presented and analyzed to demonstrate how a biopsychosocial 

framework has been implemented in these areas of research. Existing evidence from the PFP 

literature that supports the use of a biopsychosocial model will also be appraised and synthesized 

to further illustrate the usefulness of this model to understanding the rehabilitation and recovery 

process in those with PFP.  

The Etiology of Patellofemoral Pain: The Pathomechanical Model  

The pathomechanical model of PFP (Powers et al., 2017) proposes that pain results from 

prolonged patellofemoral joint (PFJ) loading. One of the potential consequences of this 

prolonged loading of the patellofemoral joint is a reduction in the thickness of the cartilage of the 
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PFJ. The pathomechanical model (Figure 1) illustrates the interrelationships among various 

biological factors, based on previous literature, that are postulated to contribute to PFP. The 

model proposes that patellofemoral joint loading is influenced by two main biomechanical 

mechanisms: decreased PFJ contact area and increased PFJ reaction forces, both of which are 

influenced by a range of anatomical and biomechanical factors (Powers et al., 2017).  

Figure 1 

Pathomechanical Model of Patellofemoral Pain (Powers et al., 2017) 

 
Source: Reproduced from [Evidence-based framework for a pathomechanical model of patellofemoral pain: 2017 
patellofemoral pain consensus statement from the 4th International Patellofemoral Pain Research Retreat, 
Manchester, UK: part 3, Powers, C.M., Witvrouw, E., Davis, I.S., et al., 51, 1713–1723, 2017] with permission from 
BMJ Publishing Group Ltd.  
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Decreased PFJ contact area is one of the main mechanisms speculated to contribute to 

elevated PFJ loading according to the pathomechanical model (Powers et al., 2017). The contact 

area of the PFJ can be influenced by the position of the patella relative to the trochlear groove 

(Salsich & Perman, 2013). Malalignment or maltracking of the patella has long been considered 

a contributor to the development of PFP, and within the pathomechanical model, it is illustrated 

as the main contributing factor for decreasing contact area of the patella (Powers et al., 2017). 

Another biomechanical factor that has been proposed to result in decreased PFJ contact area is 

altered kinematics of the tibiofemoral joint (Powers et al., 2017).  

The pathomechanical model presents four biomechanical factors theorized to contribute 

to patellar malalignment or maltracking – impaired quadriceps function, excessive femur internal 

rotation, impaired soft tissue restraints, and abnormal PFJ anatomy (Powers et al., 2017). 

Impaired function of the quadriceps muscle group may influence the position of the patella 

relative to the trochlear groove, leading to excessive lateral displacement and tilt of the patella 

relative to the femur (Pal et al., 2011; Witrvouw et al., 2000; Van Tiggelen et al., 2009). 

Excessive internal rotation of the femur may also contribute to lateral displacement of the patella 

in females with PFP (Souza et al., 2010). This excessive internal rotation could be due in part to 

impaired performance of the hip musculature or alterations in the bony structure of the hip joint 

(Souza & Powers, 2007). Impaired soft tissue restraints, such as tightness of the iliotibial band or 

increased laxity of the ligamentous structures of the PFJ may also result in patellar malalignment 

and maltracking (Powers et al., 2017). Abnormal PFJ anatomy, such as patella alta (Pal et al., 

2013) and lateral trochlear inclination (Teng et al., 2014) may also result in increased lateral 

patellar tilt and displacement.  
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The other main biomechanical mechanism in the pathomechanical model contributing to 

elevated PFJ loading is increased PFJ reaction forces (Powers et al., 2017). Altered PFJ reaction 

forces are theorized to contribute to elevated loading and stress in the PFJ (Powers et al., 2017). 

There are three biomechanical factors presented in the model that contribute to increased PFJ 

reaction forces – altered tibiofemoral joint kinematics, muscle tightness, and altered tibiofemoral 

joint kinetics (Powers et al., 2017).   

Altered tibiofemoral joint kinematics in the sagittal, frontal, and transverse planes may 

influence the position of the femur relative to the patella, leading to changes in PFJ reaction 

forces (Powers et al., 2017). Tibiofemoral joint kinematics may be influenced in part by altered 

hip kinematics due to both joints sharing a common segment, the femur (Powers, 2003). 

Increased hip adduction and hip internal rotation have been associated with knee abduction 

during a weight-bearing task (Hollman et al., 2014). The pathomechanical model suggests that 

impaired hip muscle performance or altered bony structure may influence hip kinematics, 

however the evidence supporting this relationship is inconsistent (Powers et al., 2017). 

Tibiofemoral joint kinematics may also be influenced by altered foot mechanics and plantar 

pressures (Powers et al., 2017). Excessive subtalar pronation may result in increased rotation of 

the tibia and femur, thereby influencing motion at the tibiofemoral joint (Powers, 2003). Altered 

foot and ankle strength, structure, and mobility are presented in the model as a potential 

contributor to altered foot mechanics. Rearfoot and forefoot varus (Powers et al., 1995), 

excessive navicular drop (Barton et al., 2010), and tightness of the gastrocnemius muscle (Piva et 

al., 2005) have been reported in participants with PFP, although not consistently.   

Muscle tightness, specifically of the quadriceps and hamstring muscle groups, has been 

reported in individuals with PFP (Piva et al., 2005) and hypothesized to result in increased PFP 
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reaction forces, thereby elevating PFJ stress (Whyte et al., 2010). Altered tibiofemoral joint 

kinetics is the third proposed contributor to increased PFJ reaction forces within the 

pathomechanical model (Powers et al., 2017). Alterations in tibiofemoral joint kinetics have been 

reported for all three planes of motion in individuals with PFP. Two biomechanical factors are 

presented in the pathomechanical model – altered ground reaction forces and altered trunk 

kinematics – as potential contributors to the alterations in tibiofemoral joint kinetics (Powers et 

al., 2017). The latter, altered trunk kinematics, may be in part due to impaired hip (Boling, 

Padua, & Creighton, 2009) and/or trunk muscle performance (Cowan et al., 2009).  

The purpose of the pathomechanical model (Powers et al., 2017) is to establish potential 

interrelationships among biological factors identified from previous research in individuals with 

PFP. While the model is the most comprehensive, evidence-based etiological framework 

currently presented for PFP, there are several inconsistencies in findings that challenge various 

elements of the model. The following section provide a review of the existing evidence regarding 

the etiological factors presented in the pathomechanical model (Powers et al., 2017) and a 

discussion on the interrelationships between these factors relative to PFP. 

Elevated Patellofemoral Joint Loading and Reduced Cartilage Thickness 

According to the pathomechanical model of patellofemoral pain (Powers et al., 2017), 

PFP is theorized to result from elevated loading of the PFJ, which may be the result of decreased 

PFJ contact area and increased PFJ reaction forces. While elevated PFJ stresses have been 

identified in several studies, there are also studies that have failed to find differences between 

those with PFP and healthy controls. 
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In a cross-sectional study, Brechter & Powers (2002a) calculated PFJ stress using 

modeling based on magnetic resonance imaging (MRI) assessment of PFJ contact area and 

walking gait analysis in participants with PFP compared to healthy controls. The participants 

(n=10) with PFP on average exhibited significantly greater PFJ stress than the control group 

while walking on a level surface. The authors attributed this increase in PFJ stress to decreased 

PFJ contact area. Farrokhi et al. (2011) reported similar findings in their study comparing 

patellofemoral joint stress between females with PFP and healthy controls. PFJ stress profiles 

were calculated for both groups using subject-specific finite element models of the PFJ 15 and 

45 degrees of knee flexion. The females with PFP exhibited greater peak PFJ stress and shear 

stress of the patellar cartilage when compared to the control group. The authors concluded that 

these results suggest that elevated peak PFJ stress and shear stress of the patellar cartilage could 

lead to reduced patellar cartilage thickness over time.  

Ho et al. (2014) calculated patella bone strain and articular cartilage thickness in females 

with and without PFP to determine if the PFP group exhibited elevated patellar bone strain than 

the control group. The secondary aim of this study was to determine if there was a relationship 

between patella cartilage thickness and patella bone strain. Similar to the study by Farrokhi et al. 

(2011), participant-specific finite element models of the PFJ were used to quantify the patella 

bone strain. Cartilage thickness was calculated by measurements from MRI images. The PFP 

group had increased patella bone strain than the control group. There was also a negative 

correlation between patella cartilage thickness and patella strain, suggesting that increases in 

bone strain may result from decreased cartilage thickness, supporting the conclusion made by 

Farrokhi et al. (2011). 
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In contrast, Besier et al. (2015) did not find differences in patellar cartilage stresses 

between those with PFP and a control group. Finite element models were created for 24 

individuals with PFP and 16 control participants to estimate peak patellar stress during a stair 

climbing task, and while the PFP group did not significantly differ from the control group, it was 

noted that the females in this study exhibited greater peak cartilage stress than the male 

participants. The authors concluded that this finding could partially explain why PFP is more 

prevalent in females than in males, but stated that there are clearly other factors involved in this 

condition that contribute to pain. Wirtz et al. (2012) also did not identify differences in PFJ stress 

between female participants with PFP and healthy controls while running. PFJ stress was 

estimated using PFJ contact area and a sagittal plane modeling technique of the joint. These 

findings demonstrate the inconsistency in the literature regarding elevated PFJ stress and loading 

in individuals with PFP. It is possible that this finding is position-specific, as the latter two 

studies focused on stair-climbing and running, both of which involve greater degrees of knee 

flexion, which could partially explain the differences in findings. In the paper presenting the 

pathomechanical model by Powers et al. (2017), the authors also acknowledge the conflicting 

findings regarding this mechanism, and suggest that there is not enough evidence to fully support 

how elevated PFJ loading contributes to PFP.  

Decreased Patellofemoral Joint Contact Area  

The pathomechanical model suggests that diminished PFJ contact area may contribute to 

elevated PFJ stress, however this relationship may be dependent upon knee flexion angle 

(Powers et al., 2017). When the knee is in full extension, there is minimal joint congruency as 

the patella has yet to engage with the trochlear groove of the femur (Hartigan et al., 2005). In this 

position, the only point of contact is between the inferior pole of the patella and the femur 
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(Hartigan et al., 2005). As the knee flexes, the patella glides onto the articular surface of the 

trochlea, increasing the contact area between the patella and femur. When the knee reaches 90 

degrees of flexion, the patella contacts the lateral and medial facets of the femur within the 

condylar fossa. As the knee flexes further, reaching 130-135 degrees of flexion, the lateral facet 

of the patella is fully in contact with the trochlear groove, while the medial facet does not 

maintain contact with the femur (Hartigan et al., 2005). In individuals with PFP, it is 

hypothesized that maltracking or malalignment may contribute to the alteration of this contact 

pattern, leading to decreases in the contact area of the patella, which in turn may lead to 

elevations in PFJ stress. There are five studies to date that have examined PFJ contact area in 

individuals with PFP.  

Brechter & Powers (2002b) conducted a cross-sectional study to determine if PFJ stress 

differs between individuals with PFP and healthy controls during two walking speeds. PFJ 

contact area was calculated using MRI images and modeling techniques, and three-dimensional 

(3-D) motion analysis was used to assess knee joint kinematics and kinetics during gait. All of 

these measures were then applied to a biomechanical model used to estimate PFJ stress during 

walking. The PFJ contact area was significantly reduced in the PFP group as compared to the 

control group for both walking speeds. The PFP group also demonstrated increased PFJ stress 

when compared to the control group, which the authors attributed to the decrease in contact area 

observed in the PFP group (Brechter & Powers, 2002b). The authors also discussed that PFJ 

contact area may also be influenced by both the angle of the knee joint during the gait cycle and 

individual anatomical factors that may influence the position of the patella relative to the femoral 

trochlea (Brechter & Powers, 2002b). These findings support the notion that diminished PFJ 

contact area is related to elevated PFJ stresses during walking in individuals with PFP.  
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The study presented earlier by Bretcher & Powers (2002a) comparing PFJ stress during 

stair ascent and descent between individuals with PFP and healthy controls also calculated PFJ 

contact area using MRI images. A trend toward decreased PFJ contact area was identified in the 

PFP group, but this difference was not statistically significant (Brechter & Powers, 2002a). The 

authors concluded that the 14% reduction in PFJ contact area observed in the PFP group may 

have helped offset the decrease in PFJ stress that would be expected as PFJ reaction force 

decreases (Bretcher & Powers, 2002a).  

The study by Besier et al. (2015) presented earlier also failed to identify differences in 

PFJ contact area between those with PFP and healthy controls. PFJ contact area was both 

predicted finite element modeling and measured using weight-bearing MRI images in males and 

females with PFP and without PFP. These values were used to determine peak PFJ stress during 

a stair climb task at 60 degrees of knee flexion. Predicted PFJ contact area values were within 

8% of the measured values from the MRI images, and were reported for both males and females 

with and without PFP. The predicted PFJ contact area observed for all female participants was 

approximately 33% less than the contact area for males, which the authors attributed to sex-

specific differences in bony anatomy of the PFJ joint (Besier et al., 2015). There were no 

statistically significant differences observed in PFJ contact area between both PFP groups and 

the control groups. The authors suggested that the lack of difference between groups could be 

attributed to PFJ contact area being dependent on knee flexion angle, since the contact area of 

the PFJ increases as the knee flexes and the patella contacts the trochlear groove. 

Salisch & Perman (2013) conducted a cross-sectional study to determine if PFJ contact 

area differed in participants with PFP compared to pain-free participants at 0, 20, and 40 degrees 

of knee flexion. Similar to methods used in the previous studies, MRI imaging was used to 
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quantify PFJ contact area in a simulated weight-bearing position. Significantly decreased PFJ 

contact area was reported for the PFP group at 0 and 20 degrees of knee flexion when compared 

to the pain-free group, but not at 40 degrees of flexion. The authors also attributed this finding to 

the biomechanics of the PFJ, particularly the position of the patella within the trochlear groove as 

the knee flexion angle increases. These findings are similar to those of an earlier study by Salsich 

et al. (2002) who also reported decreased PFJ contact area in individuals with PFP compared to 

healthy controls at full knee extension. Salsich et al. (2002) also estimated contact area for the 

medial and lateral facets of the patella using a modeling protocol, and reported the difference in 

PFJ contact area between groups was entirely due to decreases in contact area of the lateral facet.  

There were no differences observed in either group for medial facet contact area. These findings 

regarding the contact area of the lateral facet provide support for the contribution of patellar 

maltracking and malalignment to diminished PFJ contact area in individuals with PFP.  

These findings suggest that PFJ contact area may contribute to elevated PFJ loading in 

individuals with PFP, but this finding may be dependent on knee flexion angle. As knee flexion 

angle increases, the patella engages more closely with the trochlear groove, thereby increasing 

patellar contact area. When the knee is in a less flexed position, it is hypothesized that patellar 

maltracking or malalignment may occur in individuals with PFP, leading to decreases in contact 

area.  

Patellar Malalignment/Maltracking  

The pathomechanical model of PFP (Powers et al., 2017) illustrates the potential 

contribution of patellar malalignment or maltracking to decreased PFJ contact area. Patellar 

malalignment is identified as a positional deviation of the patella relative to any axis, most 
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commonly presenting as a lateral tilt and displacement relative to the midpoint of the femur 

(Hartigan et al., 2005). In contrast, patellar maltracking refers to abnormal tracking of the patella 

relative to trochlear groove as the knee moves through range of motion, particularly near full 

extension (Hartigan et al., 2005). Similar to patellar malalignment, the patella most commonly 

tilts and glides towards the lateral aspect of the knee, leading to diminished contact area between 

the patella and femur, particularly at lesser degrees of knee flexion (Hartigan et al., 2005). This is 

supported by the conclusion from a systematic review and meta-analysis by Drew et al. (2016) of 

40 moderate to high quality studies, identifying that lateral patellar displacement was more 

pronounced during knee extension in individuals with PFP. The following papers examine the 

potential influence of patellar malalignment and maltracking and diminished PFJ contact area in 

individuals with PFP.  

Patellar malalignment appears to be exacerbated with contraction of the quadriceps in 

individuals with PFP. In a study by Biedert & Gruhl (1997), PFJ position during the first 60 

degrees of knee flexion was compared between participants with PFP (n=49) and healthy 

controls (n=15) using computed tomography (CT) imaging. Images were obtained in the 

following positions: 0 degrees with maximal quadriceps muscle contraction, and 0, 30, and 60 

degrees of knee flexion with the muscles in a relaxed position. A larger sulcus angle was 

observed during 0 degrees of flexion in the PFP group, suggesting greater lateral displacement 

and lateral tilt of the patella in the PFP group when compared to the control group. This 

malalignment was more pronounced during the contraction of the quadriceps. These differences 

were less prominent as the knee flexion angle increased.  

Similar findings were reported in a study by Witoński & Gόraj (1999) that used MRI 

imaging to estimate patellar tracking and malalignment in the knees of participants with PFP 
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(n=12) compared to the knees of healthy participants (n=20). Images were obtained at 0, 10, 20, 

and 30 degrees of knee flexion in a supine position and used to calculate patellar tilt angle, sulcus 

angle, and congruence angle. From the resulting images, the authors identified five different 

patterns of malalignment. The most frequently observed pattern was excessive lateral tilt and 

displacement, represented by increased congruence angle and decreased patellar tilt angle. 

Contraction of the quadriceps muscle caused a significant increase in this pattern in the 

participants with PFP, particularly during the first 30 degrees of flexion. The results from this 

study and from Biedert & Gruhl (1997) also support the notion that patellar malalignment is 

more prevalent during lesser degrees of flexion, as the knee approaches full extension.  

 More recent studies have examined patellar maltracking by using advanced imaging 

techniques during performance of active motion of the knee joint. Draper et al. (2011) examined 

the differences in joint kinematics between upright, weight-bearing and supine, non-weight-

bearing conditions in those participants who displayed maltracking of the patella and those who 

did not. Real-time MRI was used to provide images of the PFJ during dynamic knee extension in 

both the weight-bearing and non-weight-bearing positions for the 20 participants with PFP. In 

the participants who exhibited excessive lateral translation of the patella, the patella translated 

more laterally during the weight-bearing dynamic knee extension task. This excessive lateral 

translation was most evident between 25 and 30 degrees of knee flexion. These findings are 

consistent with those of an earlier study by Draper et al. (2009) that reported increased lateral 

translation of the patella during a weight-bearing task between 0 and 50 degrees of knee flexion 

and increased lateral tilt of the patella between 0 and 20 degrees of knee flexion in participants 

with PFP. These findings suggest that excessive lateral displacement of the patella during lesser 

degrees of flexion occurs in individuals with PFP.  
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In a cross-sectional design, Souza et al. (2010) compared PFJ kinematics between 

participants with PFP (n=15) and healthy participants (n=15) during a single-leg squat. MRI 

images were used to allow for measurements of lateral patellar tilt and displacement to be taken 

at 45, 30, 15, and 0 degrees of knee flexion during the task. Similar to the findings by Draper et 

al. (2011) and Draper et al. (2009), the PFP group exhibited significantly more lateral translation 

of the patella at all of the angles of the single-leg squat, and significantly greater lateral patellar 

tilt at the lesser degrees of knee flexion (30, 15, and 0 degrees) as compared to the control 

participants. 

Esfandiarpour et al. (2018) compared patellar motion during a dynamic lunge task in 

participants with PFP (N=8) and healthy controls (n=10) using a 3-D modeling technique. A 

dual-orthogonal fluoroscope was used to obtain images of the PFJ during the lunge task, and CT 

scans of the PFJ in a fully extended, supine position were used to reconstruct 3-D models of the 

bony structures of the PFJ. The participants with PFP exhibited significantly greater lateral tilt of 

the patella in the fully extended position when compared to the pain-free participants. There was 

also significantly greater lateral patellar tilt observed for the PFP group at 45, 60, and 75 degrees 

of flexion based on the modeling technique. These results differ from the findings of Draper et 

al. (2009) regarding patellar tilt during a single-leg squat, and may suggest that patellar 

positioning may change dependent on the task being performed.  

Despite the observation of patellar malalignment and maltracking in several studies, very 

little is known as to the extent to which lateral displacement and lateral tilt of the patella 

contributes to diminished PFJ contact area. In an observational cohort study, Salsich & Perman 

(2007) used a regression analysis to determine if patellar alignment and tibiofemoral rotation 

alignment could account for significant portions of variance in PFJ contact area. MRI images of 
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the PFJ with the knee in full extension were obtained from both participants with PFP (n=21) 

and healthy participants (n=21). PFJ contact area, lateral patellar displacement, patellar tilt angle, 

tibiofemoral rotation angle, and patellar width were all measured from these images. After 

omitting lateral patellar displacement to avoid multicollinearity, patellar width and tibiofemoral 

rotation angle emerged as the best predictors for PFJ contact area in the PFP group, accounting 

for 46% of the variance. These findings dispute the relationship between patellar malalignment 

and diminished PFJ contact area supported by the studies above, however this study only 

examined these measurements in one position (full knee extension). It is plausible that the 

contributions of patellar displacement or tilt may have been more significant as the knee moved 

further into flexion.  

The findings of another study also dispute the influence of patellar maltracking as a 

causative factor for pain in individuals with PFP.  Carlson et al. (2017) conducted a longitudinal 

study to evaluate changes in patellar maltracking patterns in adolescent females (n=6) with PFP 

from mid- to late adolescence. Dynamic MRI was utilized to calculate 3-D PFJ kinematics 

during active extension-flexion of the knee joint, but kinematics at 10 degrees of flexion were 

compared between mid-adolescence and late adolescence. Kujala Anterior Knee Pain Score 

(AKPS; Kujala et al., 1993) to assess the severity of symptoms on function, visual analog scale 

(VAS; Harrison et al., 1995) for pain severity, and number of hours spent participating in 

physical activity were also gathered at both visits. At the follow-up visit, all the participants 

reported an improvement in both AKPS and VAS scores. The participants also reported a 

decrease in the number of hours spent participating in impact physical activities. There were no 

differences observed in patellar maltracking between the two visits. Fifty-percent of the 

participants demonstrated excessive lateral displacement of the patella when compared to the 
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position reported for healthy, age-matched controls during the baseline measurement, which was 

unchanged when assessed at the follow-up session. These findings suggest that improvements in 

pain and symptoms in this sample were the result of other factors, and not due to changes in 

patellofemoral tracking.  

While lateral displacement and tilt of the patellar have been identified in multiple studies, 

the relationship between patellar maltracking and malalignment and pain not clearly established. 

This could be attributed to methodological differences between the studies regarding the type of 

imaging and modeling techniques used. The findings do support that patellar malalignment and 

maltracking appear to be more prevalent at lesser degrees of knee flexion. As the 

pathomechanical model by Powers et al. (2017) suggests, there are several biomechanical factors 

that may contribute to the patellar malalignment and maltracking observed in individuals with 

PFP.  

Altered Tibiofemoral Joint Kinematics  

In the pathomechanical model of PFP, altered kinematics at the tibiofemoral joint in the 

sagittal, frontal, and sagittal planes can also influence the contact area of the PFJ (Powers et al., 

2017). The evidence presented above regarding decreased PFJ contact area identified that lesser 

degrees of knee flexion are associated with decreased PFJ contact area (Bretcher & Powers, 

2002b). Reduced knee flexion during dynamic, weight-bearing tasks such as walking and 

running could contribute to decreases in PFJ contact area, thereby increasing PFJ stresses 

(Powers et al., 2017).  

 Tibiofemoral joint kinematics in the frontal plane are also theorized to contribute to 

decreases in PFJ contact area. While this relationship has yet to be examined in vivo, there are 
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two cadaveric studies that have looked at the influence of knee valgus on PFJ contact and 

pressures. (Bryant et al., 2014) applied small degrees (5 degrees) of knee valgus to cadaver knees 

and did not report a significant change in PFJ contact area. Huberti & Hayes (1984) tested 

cadaver knee joints at varying degrees of knee valgus to determine how this motion influenced 

normal patellofemoral contact forces. At 10 degrees of knee valgus, normal patellofemoral 

contact force increased by 45%, but this was not accompanied by a change in contact area. Based 

on these findings, it is unclear how frontal plane motion, particularly knee valgus, may 

contribute to decreased PFJ contact area. 

 Transverse plane motion, namely tibiofemoral rotation, has been implicated with regard 

to PFJ contact area in participants with PFP. Liao et al. (2015) reported that internal rotation of 

the femur in relation to the tibia is associated with decreases in PFJ contact area at 15 and 45 

degrees of knee flexion. The pathomechanical model presents excessive internal rotation of the 

femur as a contributing factor to patellar malalignment and maltracking (Powers et al., 2017). 

Rotation of the tibia relative to the femur can also influence PFJ contact area. Lee et al. (2001) 

identified that while internal rotation of the tibia relative to the femur does not influence PFJ 

contact area, external rotation of the tibia relative to the femur may reduce PFJ contact area, 

leading to less area for PFJ reaction forces to be distributed.  

 Alterations in kinematics of the tibiofemoral joint are theorized to influence the amount 

of PFJ contact area over which PFJ reaction forces are able to be dispersed (Powers et al., 2003). 

While there is some evidence provided above in support of the relationship between tibiofemoral 

kinematics and PFJ contact area, it appears there may be a stronger relationship between altered 

tibiofemoral kinematics and PFJ reaction forces in individuals with PFP.  
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Impaired Quadriceps Function 

 As the research regarding patellar malalignment and maltracking implied, lateral 

displacement of the patella appears to be exacerbated with active contraction of the quadriceps 

(Biedert & Gruhl, 1997; Witoński & Gόraj, 1999). Weakness, atrophy, or impaired performance 

of the quadriceps muscles is postulated to contribute to patellar maltracking and malalignment in 

individuals with PFP (Powers et al., 2017). Several studies have identified quadriceps weakness 

in individuals with PFP when compared to healthy controls (Lankhorst et al., 2012; Kaya et al., 

2011; Pappas & Wong-Tom, 2012). In a systematic review and meta-analysis, Lankhorst et al. 

(2012) examined 13 potential risk factors identified from 7 articles included in the review, and 

identified that knee extension strength, quantified by peak torque, was significantly lower in 

individuals with PFP than in healthy controls. Similarly, Kaya et al. (2011) reported significant 

differences in total volume and cross-sectional area of the quadriceps measured using MRI in the 

involved limb compared to the unaffected limb in participants with PFP. The authors also 

reported significantly reduced peak torque of the quadriceps muscle of the involved limb as 

compared to the unaffected limb. In a systematic review and meta-analysis of prospective 

predictors for the development of PFP (Pappas & Wong-Tom, 2012), only knee extension 

strength was identified as a predictor of PFP. These findings all support that among individuals 

with PFP, weakness of the quadriceps is commonly reported.  

Another aspect of quadriceps function that has been examined in individuals with PFP 

and considered a potential contributor to patellar maltracking and alignment is altered function of 

the vastus medialis (VM) relative to the vastus lateralis (VL) (Grabiner et al., 1994). More 

specifically, atrophy of the VM has been speculated as a contributing factor to increased lateral 

patellar tilt and displacement (Halabchi et al., 2013; Witvrouw et al., 2005). A case-control study 
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by Pattyn et al. (2011) compared VM and total quadriceps cross-sectional area in participants 

with PFP (n=46) with healthy participants (n=30) using MRI imaging. The cross-sectional area 

of VM was significantly smaller in the PFP group than in the control group, and while not 

statistically significant, a trend was noted for smaller cross-sectional area of the quadriceps in the 

PFP group compared to the control group. These findings support the presence of VMO atrophy 

in individuals with PFP, however it is unknown whether this is a contributing factor or a result of 

PFP.  

However, another study failed to identify the presence of selective VM atrophy in 

individuals with PFP compared to healthy controls. Giles et al. (2015) performed a cross-

sectional study to assess for quadriceps atrophy in participants with PFP, and to determine if the 

VM was selectively involved. Real-time ultrasound was used to measure the quadriceps muscle 

sizes of participants with PFP (n=35) and sex and age matched controls (n=35). Atrophy of all of 

the quadriceps muscles was identified in the involved limb for the participants who presented 

with unilateral PFP (n=22) as compared to the uninvolved knee. When compared to the control 

groups, atrophy of the quadriceps was not observed in the participants with PFP. These findings 

refute the theory that isolated atrophy of the VM is present in individuals with PFP.  

 Another aspect of muscle performance proposed to contribute to the etiology of PFP is 

delayed activation of the VM relative to the VL. Activation of the VM is believed to limit lateral 

displacement of the patella due to its location and attachment to the patella. As a result, it is 

speculated that a delay in the activation of the VM relative to the VL could contribute to 

increased lateral displacement of the patella in individuals with PFP (Fulkerson, 2002). Lorenz et 

al. (2012) utilized selective electrical stimulation of the VM and VL in individuals with PFP and 

healthy controls to measure how activation of selected quadriceps muscles influenced 3-D 
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motion of the patella. Selected activation of the VM resulted in greater medial patellar rotation, 

while activation of the VL alone caused increased lateral patellar displacement in the PFP group 

than in the control group. These findings suggest that alterations in the function of the quadriceps 

muscles in individuals with PFP may contribute to patellar maltracking and malalignment, 

thereby influencing patellofemoral joint contact area. However, this study used selective 

stimulation of the quadriceps muscles, which may not be representative of actual muscle activity 

during voluntary movement. 

The findings of a prospective cohort study conducted in a military population by Van 

Tiggelen et al. (2009) also support delayed VM activation as a risk factor for PFP. Surface 

electromyography (EMG) of VM and VL activity was collected during performance of a 

functional task (rocking back on the heels of the feet) in healthy, male recruits (n=79) prior to 

beginning 6-weeks of basic military training. Upon completion of the basic military training, the 

participants were reassessed. Thirty-two percent of the participants developed PFP over the 

course of the 6-week training, and exhibited a significant delay of the VM compared to those 

who did not develop PFP. This delayed activation of the VM was also identified prior to the start 

of military training in those who went on to develop PFP, suggesting that delayed onset of the 

VM could be a predisposing factor for PFP. Similar findings were reported in another 

prospective study using an athletic population (Witvrouw et al., 2000). Altered VM muscle 

reflex response time was significantly correlated with the incidence of PFP in an adolescent 

population of athletic males and females, further supporting delayed activation of the VM as a 

risk factor for PFP.  

Pal et al. (2011) provided additional support for this theory with the findings from their 

case control study exploring the relationship between delayed activation of the VM and patellar 
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maltracking in both participants with PFP and healthy participants. Surface EMG was utilized to 

assess onset of muscle activation for the VM and VL during walking and running, and MRI 

images of the knee while in a weight-bearing position were used to measure patellar tilt and 

bisect offset of the patella relative to the femur. Among the participants with PFP, only those 

who displayed both abnormal patellar tilt and bisect offset had significant correlations between 

delayed VM activation and patellar maltracking. There were no differences identified between 

mean VM activation delays in the control and PFP group as a whole. These findings suggest that 

the relationship between delayed VM activation and patellar maltracking are not universal, and 

only occur in a subgroup of individuals with PFP.  

In contrast to the findings above, Cavazzuti et al. (2010) conducted a study to assess 

whether delayed muscle activation of the VM relative to the VL differed between participants 

with PFP and healthy controls during the following tasks: sit to stand, stand to sit, squat, step-up, 

and step-down. Surface EMG was used to identify the activation instants for each muscle, and 

from these instants, the delay in activation was calculated for each muscle for each task. There 

were no significant differences identified between the participants with PFP and control 

participants regarding delayed activation of the VM relative to the VL for any of the tasks. These 

findings dispute the presence of a delayed onset of activation of the VM in individuals with PFP.  

Sheehan et al. (2012) calculated patellofemoral and tibiofemoral kinematics derived from 

velocity data collected using dynamic MRI in healthy individuals before and after a motor 

branch block to the VM, and concluded that while the diminished capacity of the VM to generate 

force produced kinematic changes similar to those seen in individuals with PFP, it did not 

account for the all of the changes contributing to lateral displacement of the patella. This argues 

against the proposal that impaired function VM is a significant contributing factor to lateral 
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patellar displacement, further suggesting that the relationship between VM function and patellar 

displacement is unclear.  

Collectively, while individuals with PFP commonly present with quadriceps weakness 

and in some cases, altered quadriceps function, it remains unclear if this a contributing factor to 

PFP or if this is a result of the experience of PFP. There is inconsistency in the research to 

support that this is contributor to patellar alignment, and therefore additional research is 

warranted to examine the relationship between quadriceps function and the development of PFP.  

Excessive Internal Rotation of the Femur 

As illustrated in the pathomechanical model and suggested in the section above regarding 

altered tibiofemoral joint kinematics, internal rotation of the femur is theorized to contribute to 

patellar maltracking and malalignment (Powers et al., 2017). Powers et al. (2003) compared 

patellofemoral joint kinematics during weight-bearing and non-weight-bearing knee extension in 

individuals with PFP (n=6). Lateral patellar displacement was more pronounced in non-weight 

bearing knee extension than during the weight-bearing condition, but no differences in lateral 

patellar tilt were identified between the two conditions. Internal rotation of the femur was 

significantly greater during the non-weight-bearing condition, particularly within the range of 

18-0 degrees of extension. This suggests that the kinematics of the patellofemoral joint during 

non-weight-bearing could be described as the patella rotating on the femur, while in weight-

bearing, the femur rotates under the patella (Powers et al., 2003). 

 This finding was corroborated in another study. Souza et al. (2010) conducted a cross-

sectional design using MRI to compare PFJ kinematics, femoral rotation, and patella rotation 

between females with PFP (n=15) and healthy controls (n=15) during performance of a single-
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leg squat. Significantly greater lateral displacement of the patella at 45, 30, 15, and 0 degrees of 

knee flexion was observed in the participants with PFP compared to the control group. The PFP 

group also displayed significantly greater lateral patellar tilt at 30, 15, and 0 degrees of knee 

flexion. Significantly greater internal rotation of the femur at 45, 15, and 0 degrees of knee 

flexion were also reported for the PFP group compared to the control group. These results 

suggest that lateral patellar displacement and lateral patellar tilt appear to be related to excessive 

internal rotation of the femur during weight-bearing activities.  

 While these findings support the relationship between internal rotation of the femur and 

patellar alignment during weight-bearing tasks, additional studies are warranted to determine if 

this relationship holds true during other functional tasks, as well as in a larger sample of 

individuals with PFP.  

Impaired Hip Muscle Performance, or Altered Bony Structure  

The musculature of the hip is speculated to have an influence on patellar position (Powers 

et al., 2017). The hip external rotators and abductors are theorized to control transverse and 

frontal plane motion of the femur (Boling et al., 2009). Weakness of the hip external rotations is 

hypothesized to lead to increases in internal rotation of the femur, which as described above, 

may contribute to patellar malalignment and maltracking and elevated loading of the PFJ 

(Powers, 2010).  

Impaired hip muscle performance has been consistently reported in individuals with PFP 

(Powers et al., 2017). The proximal musculature surrounding the hip and pelvis acts to stabilize 

the pelvis and the femur, which in turn can directly influence the positioning of the knee and 

other structures within the kinetic chain of the lower extremity. This proximal musculature, 
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namely the gluteus maximus, gluteus medius, and tensor fasciae latae muscles, play a significant 

role in control of the lower extremity during stance and functional movement. Compared to 

healthy individuals, patients with PFP often exhibit weakness of the hip musculature, namely for 

the motions of hip extension, hip abduction, and hip external rotation (Prins & van der Wurff, 

2009). Similar findings were also reported in a cross-sectional study Magalhães et al. (2010) that 

compared hip strength in sedentary females with unilateral (n=21) and bilateral PFP (n=29) to 

healthy controls (n=50). The females with bilateral PFP presented with statistically weaker 

isometric strength for all 6 hip muscle groups tested (abduction, adduction, external rotation, 

internal rotation, flexion, and extension). Weakness of the hip abductors, external rotators, 

flexors, and extensors was identified in the involved limb of those with unilateral PFP as 

compared to the control group. When compared to the contralateral limb, only the hip abductors 

were significantly weaker. A systematic review and meta-analysis by Van Cant et al. (2014) also 

reported deficits in isometric hip abduction, extension, and external rotation strength in 

participants with PFP when compared to healthy controls. When the strength of the involved side 

was compared to the uninvolved side in the PFP participants, two of the included studies 

reported deficits in hip abduction, and one study reported deficits in hip extension and external 

rotation strength.  

However, at least two prospective studies conducted runners have reported conflicting 

findings to those presented above (Thijs et al., 2011; Finnoff et al., 2011). A prospective cohort 

study (Thijs et al., 2011) measured isometric hip strength in healthy female runners (n=77) at the 

start of a 10-week beginner running program. The baseline hip strength was then compared 

between the runners who did develop PFP over the course of the training to those who did not. 

There was no statistical difference identified between groups for hip muscle strength. Another 
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prospective cohort study (Finnoff et al., 2011) assessed the hip strength of high school running 

athletes (n=98) at the beginning of the season, and re-assessed strength if one of the participants 

developed PFP. The participants who developed PFP had a lower hip external-to-internal 

rotation strength ratio than the uninjured runners. The injured runners also exhibited a decrease 

in hip abduction and external rotation strength from pre-injury to post-injury. Regression 

analysis revealed that greater hip abduction strength and hip abduction-to-adduction strength 

ratio was related to an increase in PFP risk, and that greater hip external-to-internal rotation 

strength ratio was related to a decrease in PFP risk.  

Two additional prospective studies reported that hip external rotation and hip abduction 

strength was stronger in individuals who went on to develop PFP (Boling, Padua, Marshall, et 

al., 2009; Herbst et al., 2015). A prospective cohort study (Boling, Padua, Marshall, et al., 2009) 

examined United States Naval Academy recruits (n=1,597) at the date of their enrollment and 

followed up over the duration of their training. The participants who developed PFP had 

increased hip external rotation strength compared to those who did not, which contrasts with the 

findings reported in the above prospective studies. Another prospective study (Herbst et al., 

2015) compared isokinetic hip and knee strength in female adolescent basketball athletes 

(n=255) who went on to develop PFP versus those who did not. Isokinetic strength was 

measured for knee flexion and extension and hip abduction. The females that developed PFP 

exhibited greater normalized hip abduction strength than those who did not. Isokinetic knee 

strength did not differ between the groups. One consideration for the difference in findings 

specific to this study is the measurement of isokinetic strength versus isometric strength. The 

result of both studies suggests that the increased hip strength in those with PFP may be due to 

activation to counteract excessive internal rotation of the femur during dynamic tasks. 
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The retrospective study presented earlier (Piva et al., 2005) also reported no differences 

between males and females with PFP and age-matched healthy controls for hip external rotation 

and hip abduction strength. Similarly, a systematic review and meta-analysis by Rathleff et al. 

(2014) reported moderate to strong evidence from prospective studies to indicate that there is no 

association between isometric hip strength and the risk of developing PFP. Upon review of the 

included cross-sectional studies, the authors reported moderate evidence suggesting that 

participants with PFP have deficits in isometric hip strength compared to healthy controls. The 

results of this review demonstrate the inconsistency in findings regarding hip strength between 

prospective and cross-sectional studies. When considering the results of all of the above studies 

regarding hip strength, there is support to suggest that hip strength may not be associated with an 

increased risk of PFP, but instead may be a consequence of PFP.  

Altered bony structure of the hip is also posited as a potential contributor to excessive 

internal rotation of the femur in the pathomechanical model of PFP (Powers et al., 2017). 

However, the evidence regarding this proposed relationship is sparse. Increased femoral 

anteversion and increased femoral neck inclination (coxa valga) are two bony abnormalities of 

the femur that have been proposed to influence kinematics (Powers et al., 2017). A cross-

sectional study (Souza & Powers, 2009) did not report increased femoral anteversion, but did 

identify greater femoral inclination in women with PFP (n=19) compared to healthy controls. A 

stepwise regression identified hip extension strength, and not increased femoral inclination as a 

predictor for average hip internal rotation during running.  

These findings suggest that weakness of the hip musculature may occur concurrently with 

excessive internal rotation of the femur. The findings above do not establish a direct relationship 

between hip muscle strength and excessive hip internal rotation. While altered bony structure 
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was reported in participants with PFP for one study (Souza & Powers, 2009), there was not a 

relationship between this abnormality and internal rotation of the femur.  

Impaired Soft Tissue Restraints 

The pathomechanical model demonstrates a potential relationship between impaired soft 

tissue restraints, particularly the iliotibial band (ITB), lateral retinaculum, and ligamentous 

structures of the PFJ and patellar maltracking and malalignment (Powers et al., 2017). The ITB 

originates proximally from the tensor fascia latae and gluteus maximus muscles, continues down 

the lateral aspect of the femur, and attaches distally to the linea aspera of the femur and Gerdy’s 

tubercle on the tibia (Lobenhoffer et al., 1987). The iliopatellar band of the ITB attaches to the 

lateral border of the patella, constituting a key part of the lateral retinaculum of the knee (Terry 

et al., 1986). Due to this anatomical position and mechanical line of pull of the ITB, it has been 

postulated that tightness of the ITB contributes to lateral displacement of the patella (Merican et 

al., 2009).  

Excessive tightness of the (ITB) has been reported in individuals with PFP. A case-

control study (Hudson & Darthuy, 2009) assessed ITB length using the Ober test in participants 

with PFP (n=12) compared to matched control participants (n=12). The PFP group presented 

with significantly tighter ITB on the involved limb when compared to the control group. 

Tightness of the ITB can affect patellar positioning, which has been identified in two different 

studies. Kang et al. (2014) reported that healthy participants (n=40) with ITB tightness had a 

significantly laterally positioned patellar at 20 degrees of hip adduction, and also had greater 

lateral patellar translation in hip adduction than patients without tightness. Similar results were 

reported in a cadaveric study (Merican et al., 2009) exploring the effects of increasing ITB 
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tension on knee kinematics. An increase in ITB tension resulted in significantly greater lateral tilt 

and lateral displacement of the patella, as well as external rotation of the tibia in a flexed 

position. While these findings support the relationship between ITB tension and patellar 

malalignment and maltracking in healthy individuals and cadavers, it is unknown if this result 

would be upheld in participants with PFP.  

Another soft tissue impairment associated with PFP is generalized ligamentous laxity. In 

the prospective study described earlier (Witvrouw et al., 2000), hypermobility of the patella was 

identified as a risk factor for PFP in an athletic population. However, a case control study (Ota et 

al., 2008) that compared medial and lateral patellar mobility between females with PFP (n=22) 

and those without (n=22) did not identify differences between groups. Patellar mobility in this 

study was measured using a modified patellofemoral arthrometer, which differs from Witvrouw 

et al. (2000) who used a measurement rod to measure the maximal position of patellar 

displacement both medially and laterally. These findings suggest that while hypermobility of the 

patella may be a risk factor for developing PFP, it has not been identified in individuals who 

have been diagnosed with PFP.  

Based on the current evidence regarding impaired soft tissue restraints as a factor 

contributing to patellar malalignment and maltracking, there is a need for further research to 

establish a definitive relationship between the two in participants with PFP. Cadaveric studies do 

support the influence that tightness of the ITB has on patellar positioning, but it is unclear if this 

relationship is maintained in vivo.  

Abnormal Patellofemoral Joint Anatomy 
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The final factor presented in the pathomechanical model that can influence patellar 

maltracking and malalignment is abnormal patellofemoral joint anatomy (Powers et al., 2017). 

The ratio of patellar tendon length to patellar length, known as the Insall-Salvati index, is 

typically approximately 1:1 (Insall et al., 1972). Increased length of the patellar tendon results in 

an abnormally high position of the patella relative to the femoral sulcus, resulting in patella alta 

(Hartigan et al., 2005). Previous research has correlated patella alta with incongruence of the PFJ 

(Møller et al., 1986). Due to this incongruence of the PFJ, it is suggested that patella alta 

contributes to patellar malalignment and maltracking. In the study presented earlier by Pal et al. 

(2012), patellar maltracking was more prevalent in participants with PFP who presented with 

patella alta (67%) than those with normal patella height (16%) using MRI images of the PFJ 

while in a weight-bearing position. This finding was consistent for each of the four methods used 

to quantify patellar height, supporting the relationship between patella alta and patellar 

maltracking. 

 Anatomical differences in trochlear geometry may also contribute to patellar 

malalignment and maltracking. The study by Teng et al. (2014) examined MRI images of the 

patellofemoral joint during 25% weight-bearing of body weight at 0, 20, 40, and 60 degrees of 

knee flexion to determine whether patellar height and/or trochlear geometry predict patellar 

alignment. The height of the patella was the best predictor of lateral patellar tilt at 0 degrees of 

knee flexion and lateral trochlea inclination angle was the best predictor of patellar lateral 

displacement at 20, 40, and 60 degrees of knee flexion. These findings suggest that along with 

patella alta, lateral trochlear inclination is implicated in patellar alignment during weight-bearing 

tasks (Teng et al., 2014). These findings support the relationship of abnormal PFJ anatomy to 
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patellar malalignment and maltracking in participants with PFP, and implicates these anatomical 

differences in the etiology of PFP.  

Increased Patellofemoral Joint Reaction Forces 

In addition to decreased PFJ contact area, the pathomechanical model suggests that 

increased PFJ reaction forces may also contribute to elevated loading of the patellofemoral joint 

(Powers et al., 2017). PFJ reaction force can be influenced by both the force generated by 

contraction of the quadriceps and angle of the knee joint (Hartigan et al., 2005). As the knee 

progresses into flexion, the angle of pull between the quadriceps tendon and patellar tendon 

decreases, leading to increased PFJ reaction force and compression through the PFJ (Hartigan et 

al., 2005). Functional, weight-bearing tasks can also produce increased PFJ reaction forces. 

During the stance phase of gait at approximately 20 degrees of knee flexion, PFJ reaction forces 

can reach approximately 25-50% of body weight, and up to six times body weight during 

running (Hartigan et al., 2005). It is postulated PFJ reaction forces differ in individuals with PFP 

compared to healthy controls. The following studies provide evidence to support this difference 

in PFJ reaction forces in individuals with PFP.  

Chen & Powers (2014) estimated PFJ reaction forces during walking and stair ambulation 

in females with and without patellofemoral pain (n=40) to determine if there were any 

differences between groups. MRI images of the PFJ, VM, and patellar tendon were obtained for 

both groups, and kinematics, kinetics, and EMG activity of the hamstrings and gastrocnemius 

muscles was collected during performance of the functional tasks. From the biomechanical 

analysis of each functional task, an optimization routine was applied to calculate the VM and 

patellar tendon forces. These variables were entered into the model algorithm to determine the 3-
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D PFJ reaction forces for each functional task. Compared to the control group, the participants 

with PFP exhibited lower peak resultant PFJ reaction forces during walking and navigating 

stairs. The PFP group also demonstrated a higher lateral component of PFJ reaction forces than 

the control group. This suggests that individuals with PFP may alter their movement strategy to 

reduce joint loading of the patellofemoral joint during weight-bearing activities, but this 

modification in movement did not influence the lateral forces of the patella.  

The cross-sectional study (Brechter & Powers, 2002b) presented earlier identified similar 

results comparing PFJ reaction forces in individuals with PFP (n=10) compared to healthy 

controls during self-selected and fast-paced walking. During the self-selected walking condition, 

peak PFJ reaction force was significantly less than the control group. There were no significant 

differences between groups for the peak PFJ reaction force during the fast-paced walking 

condition. The authors also attributed this finding to an alteration in movement strategy, namely 

a quadriceps avoidance gait pattern, in an attempt to reduce muscular forces acting to increase 

stress in the PFJ (Brechter & Powers, 2002b). In another study by the same authors (Brechter & 

Powers, 2002a), PFJ reaction force as well as knee extensor moment were reduced in participants 

with PFP during stair ambulation, again supporting the suggestion that individuals with PFP may 

alter their movement strategy in an attempt to reduce PFJ stresses.  

One limitation of the above studies is the use of stationary MRI images of the PFJ in the 

modeling of PFJ reaction forces. Thomeer et al. (2017) employed a novel modeling technique for 

PFJ reaction force utilizing dynamic MRI images of the PFJ during active flexion and extension 

of the knee joint from 0 to 40 degrees. Using this approach, an increased mean normalized PFJ 

reaction force of 14.9% was identified in the PFP group (n=33) compared to the control group 

(n=38). These findings are in contrast with those reported above, but can be attributed to 
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differences in modeling techniques. However, the results from the above studies all support the 

theory that PFJ reaction forces do differ in those with PFP from pain-free individuals, suggesting 

that PFJ reaction forces are implicated in the etiology of PFP. Further research is necessary to 

better understand how PFJ reaction forces influence PFJ stresses and loading, particularly in 

individuals experiencing PFP.  

Altered Tibiofemoral Joint Kinematics 

Within the pathomechanical model, alterations in tibiofemoral joint kinematics is 

proposed to influence not only PFJ contact area, but also PFJ reaction forces (Powers et al., 

2017). Altered tibiofemoral joint kinematics in the sagittal, frontal, and transverse planes are 

theorized to influence the resultant PFJ reaction force vector (Powers et al., 2003).  

As described earlier, individuals with PFP tend to exhibit markedly lower degrees of knee 

flexion during dynamic, weight-bearing tasks such as walking (Powers et al., 1999), navigating 

stairs (Crossley et al., 2004; de Oliveira Silva et al., 2015), and running (Dierks et al., 2011).  

A prospective study by Powers et al. (1999) assessed walking gait in patients with PFP 

(n=15) to determine if they demonstrated excessive loading of the lower limb as compared to 

healthy controls (n=10). Stride and gait characteristics, 3-D kinematics of the lower extremity, 

and loading rate was collected during self-selected walking pace and fast walking pace. The PFP 

group walked at a significantly slower velocity than the control group for both walking speeds. 

The PFP group also exhibited decreased knee flexion during the stance phase of the fast walking 

condition. Average peak loading rate was significantly less in the PFP group than in the control 

group for both walking speeds. These findings identified reduced knee flexion during walking 
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gait in those with PFP, however this altered movement strategy was not related to increased 

loading of the lower limb.  

Reduced knee flexion has also been reported during stair ambulation. Knee flexion and 

quadriceps muscle activity during stair ascent and descent was evaluated in a cross-sectional 

study (Crossley et al., 2004). Stance-phase knee flexion was assessed using two-dimensional (2-

D) methods, and EMG activity of the VM and VL was collected in participants with PFP (n=48) 

and healthy controls (n=18). The PFP group was divided into groups based on the EMG activity 

of the VM and VL - one group with synchronous onset of activation, and the other with delayed 

onset of the VM relative to the VL. The PFP group as a whole demonstrated less peak knee 

flexion than the control group. When comparing the two PFP groups, the group with the delayed 

onset of the VM demonstrated reduced knee flexion during stair descent than the synchronous 

onset group and the control group. These findings support the altered knee flexion pattern in 

individuals with PFP, and suggests that the timing of activation of the VM and VL is related to 

this movement pattern.  

Similar findings were reported in another study (de Oliveira Silva et al., 2015) that 

analyzed 3-D kinematics and kinetics during stair ambulation in individuals with PFP (n=29) and 

healthy controls (n=25). The PFP group demonstrated significantly less peak knee flexion, but in 

contrast to the findings by Crossley et al. (2004) during walking, the PFP group exhibited 

increased loading rates during the stair ambulation task when compared to the control group. 

These findings support the finding of reduced knee flexion in individuals with PFP, and 

associates this altered movement with increased loading of the lower extremity during stair 

ambulation.  
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Reduced knee flexion has also been reported during running in individuals with PFP. 

Dierks et al. (2011) investigated kinematics of the lower extremity in runners with PFP (n=20) 

and healthy controls (n=20) during a prolonged run. When compared to the control group, the 

PFP group exhibited less peak knee flexion. Consistent with the findings during walking and 

stair ambulation, these results support the reduction of knee flexion in individuals with PFP. This 

alteration in movement could potentially be a strategy to reduce pain.  

Frontal plane motion of the tibiofemoral joint, specifically knee abduction or dynamic 

malalignment, has also been implicated as a contributor to patellofemoral joint reaction force 

(Powers et al., 2017). Powers et al. (2003) reported that dynamic malalignment during weight-

bearing activities contributed to increases in the laterally directed component of the 

patellofemoral joint reaction force vector. Increased knee abduction has been reported in 

individuals with PFP during several functional weight-bearing tasks, such as squatting (Willson 

& Davis, 2008), stepping (Nakagawa et al., 2012), and landing from a hop (Herrington, 2014).  

A case-control study by Willson & Davis (2008) utilized three different methods to 

assess dynamic malalignment in participants with PFP (n=20) and healthy controls (n=20) during 

three dynamic, weight-bearing tasks. Two-dimensional knee frontal plane projection angle 

(kFPPA) was measured using a digital camera during single-leg stance and single-leg squats. 

Three-dimensional kinematics of the lower extremity were measured during single-leg squats, 

running, and repetitive single-leg jumps. The kFPPA measures for the PFP group revealed 

greater dynamic malalignment than the control group during the single-leg squat task. The 

kFPPA angle during the single-leg squat task were also related to increases in hip adduction and 

knee external rotation across all three dynamic tasks. While dynamic malalignment was 
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identified in those participants with PFP using kFPPA, these are not representative of 3-D joint 

rotations. 

Frontal plane biomechanics were also examined in a cross-sectional study by Nakagawa 

et al. (2012) during a stepping task. Eighty recreationally active participants were evenly divided 

into four different groups: females with PFP, males with PFP, female controls, and male 

controls. Three-dimensional frontal plane kinematics for the trunk, pelvis, hip, and knee was 

assessed at varying degrees of knee flexion during performance of a stepping task. Both the 

female and male PFP groups demonstrated greater knee abduction for all of the knee flexion 

angles, which supports that both males and females with PFP are more likely to exhibit dynamic 

malalignment than healthy controls.  

Herrington (2014) assessed 2-D kFPPA in females with unilateral PFP (n=12) and 

healthy controls (n=30) during a single-leg squat and hop landing task to assess for dynamic 

malalignment. The PFP group presented with significantly greater mean FPPA’s for both tasks, 

further supporting the presence of dynamic malalignment during single-leg weight-bearing tasks 

in individuals with PFP.  

 Transverse plane motion of the patellofemoral joint is also speculated to contribute to 

increasing the laterally directed component of the patellofemoral joint reaction force vector and 

may lead to decreased contact area of the patella, particularly at 15 and 45 degrees of knee 

flexion (Liao et al., 2015). External rotation of the tibia relative to the femur may contribute to 

decreases in patellofemoral joint contact area, leading to an increase in stress of the 

patellofemoral joint (Lee at al., 2001). Internal rotation of the tibia relative to the femur has little 
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influence on the patellofemoral contact area, therefore not influencing stress at the 

patellofemoral joint (Lee at al., 2001). 

In the study discussed earlier by Willson and Davis (2008), females with PFP exhibited larger 

degrees of tibiofemoral external rotation during single-leg squats, running, and jumping than 

healthy controls. In contrast to these findings, Schwane et al. (2015) reported increased internal 

rotation of the tibiofemoral joint during a stair descent task in women with PFP (n=20) when 

compared to a control group (n=20). These findings suggest that there are differences among 

individuals with PFP regarding transverse plane motion at the knee, which could be due in part 

to motion of the femur during a weight-bearing taskAltered Hip Kinematics 

Kinematics at the hip can influence tibiofemoral joint kinematics due to the segment 

connecting the two joints – the femur (Powers et al., 2003). Hip adduction and knee abduction 

are highly correlated and together result in dynamic malalignment during weight-bearing tasks 

(Willson & Davis, 2008). This relationship is supported by the findings of Hollman et al. (2014). 

This study explored the relationships between 3-D hip and knee kinematics and dynamic 

malalignment during a single-leg squat in healthy female participants (n=41). A relationship was 

found between increased hip internal rotation and hip adduction with increased dynamic 

malalignment. Additionally, two systematic reviews (Meira & Brumitt, 2011; Neal et al., 2016) 

reported support for a relationship between hip adduction and PFP, further supporting the 

implication of this altered hip motion in the etiology of PFP.  

The systematic review by Neal et al. (2016) reviewed 28 prospective, observational, and 

intervention studies that included clinical and biomechanical outcomes in runners with PFP. 

Limited evidence was found to support a moderate correlation between hip adduction, hip 
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internal rotation, and contralateral pelvic drop and PFP in runners. In contrast, two papers 

(Barton, Levinger, et al., 2011; Powers et al., 2002) reported decreased hip internal rotation 

during walking gait in participants with PFP as compared to healthy controls. A case-control 

study (Barton, Levinger, et al., 2011) examined 3-D kinematics of the lower extremity during 

walking in individuals with PFP (n=26) and healthy controls (n=20) to identify differences 

between the two groups. The PFP group exhibited less peak hip internal rotation than the control 

group. Similarly, Powers et al. (2002) examined 3-D kinematics of the foot, tibia, and femur 

during a free-walking task in females with PFP (n=24) compared to healthy controls (n=17). No 

group differences were reported for foot pronation or tibia rotation magnitude or peak timing, but 

the PFP group did demonstrate significantly less internal rotation of the femur than the control 

group. This decrease in hip internal rotation may be a movement strategy adopted to reduce PFJ 

stress while walking. This difference in findings across studies could be attributed to differences 

in movement between running and walking or could suggest the adoption of a compensatory 

movement pattern to decrease PFJ stress and avoid pain.  

Impaired hip muscle performance or altered bony structure, as reviewed earlier, also 

influence hip kinematics. As discussed earlier, the exact mechanism by which hip strength is 

related to hip kinematics is unclear, and very little evidence suggests that bony structural 

differences of the hip influence distal kinematics. It is possible that there are other factors, such 

as pain, that are implicated in this proposed relationship between hip strength and hip kinematics 

in those with PFP. 

Altered Foot Mechanics  
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Pronation of the subtalar joint may contribute to excessive rotation of the tibia, resulting 

in dysfunction at the patellofemoral joint, according to the pathomechanical model (Powers et 

al., 2017). A systematic review (Barton et al., 2009) including 24 case-control studies determined 

which kinematic gait characteristics were associated with PFP. Among the kinematic 

characteristics identified, rearfoot eversion was reportedly greater and delayed during both 

walking and running in those with PFP. However, in contrast, another systematic review 

(Dowling et al., 2014) only found limited to very limited support for rearfoot kinematic variables 

as a risk factor for several overuse conditions of the lower extremity, including PFP. Barton et al. 

(2012) evaluated 3-D kinematics of the lower extremity during over-ground walking in 

individuals with PFP (n=26) and those without (n=20). Rearfoot eversion was related to both 

tibial internal rotation and hip adduction in the PFP group, suggesting that mechanics at the foot 

segment is related to proximal biomechanics.   

The findings presented above regarding altered foot mechanics within the pathomechanical 

model are inconsistent and further research is warranted to better establish the potential 

relationship between foot mechanics and tibiofemoral joint kinematics.  

Altered Foot and Ankle Strength, Structure and/or Mobility  

According to the pathomechanical model, impairments relative to foot and ankle strength, 

structure and mobility consistent with excessive foot pronation may be identified in individuals 

with PFP (Powers et al., 2017). Rearfoot posture was measured in a study by Levinger & 

Gilleard (2004) using 2-D and 3-D measurements in females with PFP (n=13) and healthy 

controls (n=14) to determine if differences existed between the groups. The PFP group 

demonstrated significantly greater rearfoot eversion and subtalar varus than the control group. 
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However, the systematic review by Lankhorst et al. (2012) did not identify rearfoot posture as a 

risk factor for PFP. This could be due to differences in instrumentation and measurement of 

rearfoot posture. Further research is warranted to determine if rearfoot posture is in fact related to 

altered foot mechanics and thereby altered tibiofemoral joint kinematics. 

Navicular drop is another foot posture that has been associated with the development of 

PFP (Barton et al., 2010; Boling, Padua, Marshall, et al., 2009). The case-control study presented 

earlier by (Barton et al., 2010) identified that the PFP group (n=20) had a more pronated foot 

than the control group (n=20). The authors also concluded that foot posture index, normalized 

navicular drop, and calcaneal angle relative to subtalar joint neutral are all reliable measurements 

that are sensitive to differences between those with PFP and those without. The prospective risk 

factor study also presented earlier (Boling, Padua, Marshall, et al., 2009) identified increased 

navicular drop was a risk factor for PFP in military cadets.  

Decreased ankle dorsiflexion is also related with dynamic malalignment during dynamic 

weight-bearing tasks. Wyndow et al. (2016) used 2-D analysis during a lateral-step down task in 

healthy participants (n=30) to measure dynamic malalignment using the FPPA. Foot mobility 

and ankle joint dorsiflexion were also assessed to determine if there was a relationship with 

dynamic malalignment. Higher midfoot width mobility, lower midfoot height mobility and lower 

ankle joint dorsiflexion were significantly associated with greater peak FPPA. Similar findings 

were reported by a cross-sectional study (Rabin et al., 2014) that assessed the relationship 

between a range of physical measures and visually assessed quality of movement during 

performance of a lateral step-down test in Israeli soldiers with PFP, rating the movement as 

“good” or “moderate”. The physical measures assessed included weight-bearing and non-weight-

bearing ankle dorsiflexion range of motion (ROM). The participants who were rated as 
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“moderate” for the quality of movement exhibited less weight-bearing and non-weight-bearing 

dorsiflexion ROM than those rated as “good” quality of movement.  

The results from these studies demonstrate some support for the relationship of rearfoot 

eversion (Levinger & Gilleard, 2004) and navicular drop (Barton et al., 2009) to PFP, however 

these findings are not consistently reported. Ankle dorsiflexion is associated with dynamic 

malalignment in individuals with PFP (Rabin et al., 2014). Collectively, these results suggest that 

impairments at the foot and ankle, occurring concurrently with other proximal factors, may have 

a more direct influence in the pathomechanics associated with PFP.  

Muscle Tightness 

 Tightness of the quadriceps and hamstring musculature is another factor proposed to lead 

to increases in patellofemoral joint reaction forces in the pathomechanical model (Powers et al., 

2017). Piva et al. (2005) reported that when compared to age- and gender-matched controls, 

individuals with PFP demonstrated significantly less flexibility of the gastrocnemius, soleus, 

quadriceps, and hamstring muscles. Whyte et al. (2010) examined the relationship between 

hamstring length and patellofemoral joint stress during a squat in males with hamstring tightness 

(n=8) and those without (n=8). Biomechanical modeling was used to calculate medial, lateral, 

and total patellofemoral joint stress using MRI images of patellofemoral joint contact area and 

patellofemoral reaction force during a squat. The group with hamstring tightness exhibited 

significantly greater total and lateral patellofemoral joint stress at 60 degrees of flexion during 

the performance of a squat than those without hamstring tightness. The authors attributed this 

result to the significant increase in patellofemoral joint reaction force and lower medial 

patellofemoral joint contact area at 60 degrees of flexion. These findings support the 
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relationships presented in the pathomechanical model between muscle tightness and increased 

patellofemoral joint reaction forces.  

Altered Tibiofemoral Joint Kinetics 

 In the consensus paper that introduces the pathomechanical model, Powers et al. (2017) 

states that altered tibiofemoral joint kinetics occur in all three planes, but that alterations within 

the sagittal plane can influence the magnitude of the patellofemoral joint reaction force. In the 

article presented earlier by Chen and Powers (2014), individuals with PFP exhibited lower knee 

extensor moments than healthy controls during weight-bearing tasks such as walking, running, 

and navigating stairs. This could contribute to increases in patellofemoral joint reaction force as 

presented in the earlier section.  

  Altered knee kinetics have been reported in individuals with PFP during tasks such as 

walking (Paoloni et al., 2010) and navigating stairs (Aminaka et al., 2011). Kinematic and 

kinetic evaluation of walking gait was assessed in a study by Paoloni et al. (2010) in participants 

with PFP (n=9) and healthy age- and gender-matched controls (n=9). The PFP group 

demonstrated increased knee abductor moment and knee external rotator moment during the 

loading phase of gait and decreased knee extensor moment during both the loading phase and the 

terminal stance phase of gait. Similar findings were reported for a stair ambulation task 

(Aminaka et al., 2011). Participants with PFP (n=20) displayed an increased peak knee abduction 

moment during stair ascent and increased knee abduction moment impulse for both stair ascent 

and descent than the control group (n=20). The altered tibiofemoral joint kinetics observed in 

individuals with PFP are believed to contribute to increases in patellofemoral joint reaction 

stress. 
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Altered Ground Reaction Forces 

 Ground reaction forces are also reportedly different in individuals with PFP than in 

healthy individuals. One study described earlier (Powers et al., 1999) measured ground reaction 

forces during walking at a self-selected pace and fast-paced walking in participants with PFP 

(n=15) compared to healthy controls (n=10). The PFP group exhibited markedly lower ground 

reaction forces than the control group during both walking conditions. In contrast, another study 

(de Oliveira Silva et al., 2015) reported increased vertical ground reaction forces during a stair 

ambulation task in recreational athletes with PFP (n=29) compared to healthy controls (n=25). 

While it is evident that ground reaction forces differ in individuals with PFP from healthy 

controls, the exact mechanism as to how this may relate to loading at the PFJ is unknown. It is 

also unclear is this is a contributing factor versus a consequence of PFP.  

Altered Trunk Kinematics  

Altered kinematics of the trunk and pelvis can influence the joint reaction forces of the 

patellofemoral joint (Powers, 2010). Motion occurring at the trunk is capable of influencing the 

knee extensor moment during dynamic tasks, which as previously identified, can increase the 

patellofemoral joint reaction force vector (Powers et al., 2017). A common compensatory motion 

at the trunk during a single limb weight bearing task such as a single leg squat is an ipsilateral 

trunk lean (Boling & Padua, 2013). This compensation causes the center of mass to shift towards 

the stance limb, resulting in an increase of internal knee abductor moment in weight-bearing 

(Powers, 2010; Powers et al., 2017). Another compensatory trunk motion identified during 

running in females with PFP is increased forward trunk lean and anterior pelvic tilt (Bazett-Jones 

et al., 2013). Upon completion of an exhaustive run, the PFP participants (n=19) demonstrated 
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increased anterior pelvic tilt compared to healthy controls (n=19). Trunk flexion was increased in 

both groups after the exhaustive run. It is possible that this compensation may shift the center of 

mass posteriorly, increasing the demand on the knee extensors and thereby increasing 

compressive forces on the patella (Bazett-Jones et al., 2013).  This compensation and other 

compensatory movement patterns involving the trunk and pelvis may result from weakness of 

the hip musculature, namely the hip extensors (Bazett-Jones, et al., 2013). These findings support 

the relationship between motion at the pelvis and frontal plane motions at the knee joint.  

In the presence of hip abductor weakness, an individual may drop the contralateral side of 

their pelvis during single leg stance, which would move the center of mass away from the stance 

leg, shifting the knee joint into a varus position (Powers, 2010). Another compensation 

considered to result from hip abductor weakness is elevation of the contralateral pelvis in an 

attempt to shift weight towards the stance leg, which would work to shift the center of mass 

closer to the center of the hip joint (Neumann, 2010). When this compensation occurs quickly, as 

in cutting or landing from a jump, the center of mass may shift too far laterally to the knee joint, 

resulting in a valgus moment (or dynamic malalignment) at the knee (Powers, 2010).  

Impaired Hip and/or Trunk Muscle Performance 

 Impaired performance of the hip and trunk musculature is presented in the 

pathomechanical model (Powers et al., 2017) as a potential contributor to altered trunk 

kinematics in individuals with PFP. One study (Teng & Powers, 2016) identified differences 

between healthy runners with weakness of the hip extensors compared to those with greater hip 

extension strength. The runners with greater hip extension strength demonstrated a forward trunk 
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lean while running, compared to the runners with decreased hip extension strength, who ran with 

a more upright trunk posture.  

In the study described earlier by Boling & Padua (2013), 3-D kinematic analysis of trunk, 

hip, and knee motion during a jump-landing task was performed on individuals with PFP (n=15). 

In addition, concentric and eccentric strength was measured using an isokinetic dynamometer for 

hip abduction, hip external rotation, and hip extension. Weakness of the hip abductors was 

correlated to increases in frontal plane motion at the trunk, namely ipsilateral trunk lean. These 

findings support the relationship between weakness of the hip musculature and altered trunk 

kinematics in individuals with PFP.  

Deficits in trunk side flexion strength have been reported in individuals with PFP (Cowan 

et al., 2009), however there is no evidence to support a relationship between weakness of the 

trunk musculature and trunk mechanics, particularly in those with PFP. Further research is 

needed to better establish the relationship between trunk strength and trunk kinematics in 

participants with PFP.  

Summary of the Pathomechanical Model Literature 

While the pathomechanical model does provide a framework to address the complex 

interactions among biomechanical factors implicated in the etiology of PFP, there are several 

inconsistencies in the evidence as presented. There are inconsistent findings regarding the 

presence of elevated PFJ loading and reduced cartilage thickness in individuals with PFP (Besier 

et al., 2015; Brechter & Powers, 2002a), and while there is evidence supporting that decreased 

PFJ contact area (Besier et al., 2015; Brechter & Powers, 2002a; Brechter & Powers, 2002b; 

Salsich & Perman, 2013) and increased PFJ reaction forces (Chen & Powers, 2014; Brechter & 
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Powers, 2002b) exist in individuals with PFP, the exact mechanism by which they cause elevated 

PFJ loading is not known.  

There is evidence to support that individuals with PFP display patellar malalignment and 

maltracking (Biedert & Gruhl, 1997; Draper et al., 2009; Drew et al., 2016; Witoński & Gόraj, 

1999), altered tibiofemoral joint kinematics (Bryant et al., 2014; Huberti & Hayes, 1984; Liao et 

al., 2015), quadriceps weakness (Kaya et al., 2011; Lankhorst et al., 2012; Pappas & Wong-Tom, 

2012), excessive internal rotation of the femur (Powers et al., 2003; Souza et al., 2010), and 

abnormal anatomy of the PFJ (Møller et al., 1986; Pal et al., 2013; Teng et al., 2014), it is 

unclear how each of these factors may contribute decreased PFJ contact area in individuals with 

PFP. Several other factors within the model postulated to influence PFJ contact area, such as 

impaired performance of the VM relative to the VL (Cavazzuti et al., 2010; Pal et al., 2011; 

Sheehan et al., 2012), impaired hip muscle function and altered bony structure (Boling, Padua, & 

Creighton, 2009; Finnoff et al., 2011; Herbst et al., 2015; Magalhães et al., 2010; Prins & van der 

Wurff, 2009; Thijs et al., 2011; Van Cant et al.,2014), and impaired soft tissue restraints (Hudson 

& Darthuy, 2009; Kang et al., 2014; Merican et al., 2009; Ota et al., 2008; E. Witvrouw et al., 

2000) have been inconsistently reported within the PFP literature.  

Among the factors presented as contributors to increased PFJ reaction forces, there is 

evidence to support that altered tibiofemoral joint (Herrington, 2014; Nakagawa et al., 2012; 

Willson & Davis, 2008) and hip kinematics (Hollman et al., 2014; Meira & Brumitt, 2011; Neal 

et al., 2016), increased navicular drop (Barton et al., 2010; Boling, Padua, Marshall, et al., 2009), 

decreased ankle dorsiflexion (Rabin et al., 2014; Wyndow et al., 2016), muscle tightness (Piva et 

al., 2005; Whyte et al., 2010), altered tibiofemoral joint kinetics (Aminaka et al., 2011; Paoloni 

et al., 2010), and altered trunk kinematics (Bazett-Jones et al., 2013; Boling & Padua, 2013) are 
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reported in individuals with PFP. Inconsistent findings have been reported regarding altered foot 

mobility (Lankhorst et al., 2012; Levinger & Gilleard, 2004), altered ground reaction forces (de 

Oliveira Silva et al., 2015; Powers et al., 1999), and trunk muscle performance (Cowan et al., 

2009) in individuals with PFP.  

These inconsistencies lead to an unclear consensus regarding the exact mechanisms 

leading to the increase in PFJ loading, which presents challenges in regards to developing 

treatment interventions aimed at producing favorable prognosis and treatment outcomes (Collins 

et al., 2018; Powers et al., 2017). As presented in the next section, treatment interventions for 

PFP are focused on addressing biological factors presented in the pathomechanical model 

(Powers et al., 2017). As stated above, several inconsistencies exist regarding not only the 

presence of these etiological factors in individuals with PFP, but also regarding the exact 

mechanisms by which they result in the pain and symptoms associated with PFP.  

Treatment Interventions 

There are several treatment interventions that have been implemented and tested for 

effectiveness in individuals with PFP. These interventions primarily focus on changing the 

perception of pain and function by correcting a biological factor believed to contribute to the 

decreased PFJ contact area and increased PFJ reaction forces, as proposed within the 

pathomechanical model proposed by Powers et al. (2017). Common treatment approaches 

include the use of external supports, such as braces, taping, or orthotics, and exercise-based 

therapy, including muscle strengthening and movement retraining. Other strategies that have 

been utilized in treatment to help enhance treatment outcomes include patient education and 

biofeedback. While some of these treatment approaches have yielded favorable outcomes for a 

subset of individuals in regards to pain and function, there are also findings to suggest that the 
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current approaches are not as effective in the long-term for reducing pain and increasing function 

for individuals with PFP (Collins et al., 2018). The following will review and critique the 

existing treatment interventions within the PFP rehabilitation literature. 

External Supports 

One of the more traditional treatment approaches for PFP is the use of external supports, 

such as braces, taping, and orthotics as a means of correcting an anatomical malalignment 

theorized to contribute to the development of PFP. In a recent prospective randomized controlled 

trial published by Uboldi et al., (2018), the use of an elastomeric knee brace in addition to an 

exercise-based rehabilitation intervention was compared to exercise therapy alone. While both 

groups progressively improved for both pain and self-reported function over the course of the 

rehabilitation period, the group that utilized the brace reported significantly less pain at 6- and 

12-months post intervention than the exercise therapy control group. The participants who used 

the brace also reported returning to sport activity more quickly and a high percent (75%) of these 

participants reported satisfaction with the intervention utilizing the brace. The authors concluded 

that the brace may have reduced pain by enhancing proprioceptive input and reducing medial 

tracking of the patella, which is theorized in the pathomechanical model to contribute to the 

increase in patellofemoral joint stress (Powers et al., 2017). These findings are consistent with 

those of a randomized clinical trial by Petersen et al. (2016) who also noted significant 

improvements in pain as well as self-reported function at 6- and 12-weeks into rehabilitation 

while utilizing a brace. After 1 year of follow-up, however, the positive effect of the brace was 

diminished, suggesting that bracing is more effective in the short-term as opposed to the long-

term in individuals with PFP.  



60 
 

 The effects of a knee brace in addition to an exercise-based intervention were also 

investigated in a study by Sinclair et al. (2016). Male and female participants (n=20) with PFP 

completed an exercise-based intervention in addition to the use of a brace for 2 weeks. Pain was 

assessed using the Knee Injury and Osteoarthritis Outcome Score (KOOS) (Roos & Lohmander, 

2003) and 3-D lower extremity kinematics and patellofemoral loading was measured for three 

functional tasks: jogging, cutting, and a single-leg hop. When compared to baseline measures, 

significant reductions in peak patellofemoral loading were identified for the jogging and cutting 

tasks and in peak knee abduction moment for all three functional tasks while wearing the brace. 

There were also significant improvements in KOOS subscale scores for symptoms, pain, sport, 

function and daily living, and quality of life. Similar to the papers by Uboldi et al. (2018) and 

Petersen et al. (2016), the authors concluded that the improvement in scores was due to the 

brace’s influence on the pathomechanics of the patellofemoral joint.  

  The application of kinesio-tape has also been utilized clinically to manage the symptoms 

of PFP. Kinesio-tape is theorized to enhance proprioceptive input, realign fascial tissues, and 

assist in the extradition of edema towards lymph nodes (Kase et al., 2003).  Kurt et al. (2016) 

conducted a single-blind randomized controlled trial to assess the short-term effects of kinesio-

tape on joint position sense, muscle strength, kinesiophobia, pain, and function in participants 

with PFP. Baseline measures were gathered for muscle strength and joint position sense using an 

isokinetic dynamometer, pain using the VAS (Harrison et al., 1995), kinesiophobia with the 

Tampa Scale of Kinesiophobia (TSK) (Miller et al., 1991), and self-reported function using the 

AKPS (Kujala et al., 1993). Participants were randomly assigned to either the kinesio-tape group 

or a placebo tape group and all measurements were repeated 2 days after tape application. There 

were no significant differences noted between baseline and post-tape measures for muscle 
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strength. The kinesio-tape group demonstrated significant improvements in joint position sense, 

pain, and self-reported function and reductions in kinesiophobia after tape application, and these 

improvements were significantly greater than those of the placebo tape group. The authors 

attributed the success of the kinesio-tape group to the tape’s influence on patellar alignment, 

once again relying on a pathomechanical model of PFP (Powers et al., 2017).  

 Another external support option is the use of foot orthoses to correct distal foot 

mechanics theorized to contribute to the development of PFP, as highlighted in the 

pathomechanical model (Powers et al., 2017). A prospective cohort study (Barton, Menz, et al., 

2011) evaluated the effects of foot orthoses on functional performance, pain, and self-reported 

function in participants with PFP (n=60). Functional performance was assessed by performance 

of a single-leg squat, pain was measured using the VAS (Harrison et al., 1995), and self-reported 

function was quantified using the AKPS (Kujala et al., 1993) and the lower extremity functional 

scale (LEFS; Binkley et al., 1999) at baseline and after 12 weeks of wearing the foot orthoses. 

After 12 weeks, there were significant improvements in functional performance, pain, and self-

reported function. The improvements in pain and self-reported function appeared to plateau as 

the intervention continued on. These findings support the use of foot orthoses to improve pain 

and function in individuals with PFP, however, the effects on self-reported pain and function 

may diminish over time.  

 Foot orthoses were provided in conjunction with exercise-based therapy in a prospective 

randomized clinical trial in 179 participants with PFP (Collins et al., 2008). The participants 

were randomly assigned to one of four treatment groups: foot orthoses, flat inserts, exercise-

based therapy, or foot orthoses plus exercise-based therapy. The participants attended six 

sessions over the course of six weeks to complete the assigned intervention. Outcome measures 
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for this study included the VAS for pain severity (Harrison et al., 1995) and the AKPS (Kujala et 

al., 1993) and functional index questionnaire (Chesworth et al., 1989) for self-reported function. 

The outcome measures were assessed at baseline and at six, 12, and 52 weeks. Foot orthoses 

were more effective at reducing pain and improving self-reported function than flat inserts in the 

short term, particularly at 6 weeks. There were no significant differences between the foot 

orthoses and exercise-based therapy groups or the exercise-based therapy group and the foot 

orthoses plus exercise-based therapy group. All of the groups experienced clinically meaningful 

improvements in primary outcomes over the 52 weeks of the study. These findings suggest that 

foot orthoses are more beneficial than flat inserts for individuals with PFP, and result in similar 

improvements as exercise-based therapy. The addition of foot orthoses to an exercise-based 

treatment intervention does not improve outcomes.  

 While the evidence presented above does provide minimal support for the use of external 

support in the treatment of PFP, it appears that these treatment approaches alone may work to 

reduce pain and improve function in the short-term. However, the long-term benefits of external 

supports are largely unknown, suggesting that while these interventions may help to reduce pain, 

there is a need to combine these supports with other interventions.  

Exercise-based Interventions 

In the 2018 consensus statement on exercise therapy and physical interventions to treat 

patellofemoral pain from the 5th International Patellofemoral Pain Research Retreat, an expert 

panel recommended the use of exercise therapy “to reduce pain in the short, medium, and long 

terms and to improve function in the medium and long terms,” (Collins et al., 2018). This 

recommendation was based on review of several studies examining the efficacy of exercise-
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based interventions. Exercise-based interventions typically are aimed at strengthening the 

musculature of the hip and/or knee. The expert panel also recommended that the evidence 

supports the use of exercise-based interventions that target both the hip and knee “to reduce pain 

and improve function in the short, medium, and long term,” and that this approach is preferred 

over interventions aimed at the knee alone (Collins et al., 2018). The following section will 

present the evidence regarding the use of exercise-based interventions aimed at strengthening the 

musculature of the hip and knee.  

In a randomized-controlled clinical trial by Ferber et al. (2015), treatment outcomes were 

compared between participants with PFP who completed a hip and core-focused rehabilitation 

program and those who completed a rehabilitation program focused on the knee. Pain and self-

reported function were assessed weekly using the VAS (Harrison et al., 1995) and AKPS (Kujala 

et al., 1993), respectively. Isometric muscle strength and core endurance were measured at 

baseline and at 6-weeks. While pain and function scores improved for both groups over the 

course of the intervention, the hip and core group experienced an earlier reduction in pain and 

greater improvements in isometric hip abductor and hip extensor strength than the knee group. 

 Another publication from the same multicenter randomized controlled trial (Bolgla et al., 

2016) compared the hip and core-focused intervention and the knee-focused intervention in a 

sample of females and males with PFP. VAS (Harrison et al., 1995) scores for pain, AKPS 

(Kujala et al., 1993) scores for self-reported function, and hip and knee isometric strength were 

assessed before and after completion of the assigned intervention. VAS scores and AKPS scores 

were statistically analyzed to determine the change in score needed to group participants as 

successful outcomes and unsuccessful outcomes. As a whole, pain and self-reported function 

improved independent of gender or intervention applied. Among those with a successful 
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outcome, improvements were identified for isometrics hip abductor, hip extensor, and knee 

extensor strength. A trend was identified for males improve their isometric hip external rotation 

strength (15.4%) more than females (5.0%). Within the unsuccessful outcome group, there were 

minimal changes in isometric strength reported. The authors concluded that perhaps exercises 

targeting the hip external rotators may be more beneficial for males than females. In these two 

studies, the focus of the intervention was on improving strength of the knee and hip, which are 

factors included in the pathomechanical model (Powers et al., 2017). There were differences 

noted between genders in the results from the hip/core and knee strengthening interventions.   

Şahin, Ayhan, Borman, & Atasoy (2016) conducted a randomized controlled trial to 

compare an intervention incorporating both hip and knee-focused exercises with an intervention 

focused on knee-exercises alone. The outcome measures for this study included pain, measured 

using the VAS (Harrison et al., 1995) and self-reported function, assessed using the AKPS 

(Kujala et al., 1993). Objective function was assessed based on performance of a hop test, single-

leg squat test, and step down, and knee extension, hip flexion, hip abduction, and hip external 

rotation strength was measured using an isokinetic dynamometer. While both groups reported 

reductions in pain and improvements in function at 6- and 12-months follow-up, the hip and knee 

exercise group demonstrated more significant improvements in pain and both self-reported and 

objective function than the knee exercise group. At the 6-month follow-up, both groups 

demonstrated improvements in hip abduction and hip external rotation strength, with the hip and 

knee group experiencing a greater improvement than the knee exercise group. However, when 

comparing strength in the two groups at 12-months follow-up, there was a slight decrease in 

strength for both groups, with no differences noted between groups for hip abduction strength. 

While these findings support the incorporation of hip-focused strengthening exercises in 
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interventions for individuals with PFP, they also suggest that improvements in pain and self-

reported function may occur independently of improvements in muscular strength. This also 

suggests that focusing solely on a biological factor, such as impaired muscle function, may not 

yield the most optimal patient outcomes in the long-term.  

In a paper published by van Linschoten et al. (2009), the authors provide support for the 

use of a supervised exercise therapy intervention over a usual care approach for individuals with 

PFP. This randomized controlled trial evaluated the effectiveness of an exercise-based 

intervention that included exercises to improve strength of the quadriceps, adductor, and gluteal 

muscles compared to simply resting from painful activities. The outcomes of interest were self-

reported recovery, reported using a 7-point Likert scale, pain and rest and with activity, assessed 

using a numerical rating scale (Downie et al., 1978), and self-reported function based on the 

AKPS score (Kujala et al., 1993). All outcome measures were collected at baseline, at 3 months, 

and 12 months post-intervention. At the 3-month follow-up, participants in the exercise therapy 

group reported greater reductions in pain at rest and with activity and greater improvements in 

function than the resting group. At 12 months post-intervention, the exercise therapy group 

continued to report greater reductions in pain with rest and activity than the resting group, but 

not in regards to function. A higher percentage of participants in the exercise therapy group 

reported recovery at 3 months (41.9%) and 12 months (62.1%) than the resting group (35.0% and 

50.8%, respectively). The participants for the exercise therapy group did report improvements in 

pain and self-reported function initially, but at 12-months post intervention, the participants in 

the exercise therapy group did not differ from the resting. 

Another targeted outcome for exercise-based interventions for PFP is to improve faulty 

movement patterns that are theorized to contribute to the increased loading at the patellofemoral 
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joint. Claudon et al. (2012) examined the effect of an exercise-based intervention focused on 

stretching and strengthening the quadriceps and hamstring muscle groups. The AKPS (Kujala et 

al., 1993) was used to assess self-reported symptoms and pain. During baseline assessment of 

walking kinetics, a reduction in knee extension moment and increase in trunk forward bending 

was identified in participants with PFP compared to healthy controls. This movement strategy is 

hypothesized to be a compensation to reduce patellofemoral reaction force and pain. Of the 21 

participants who completed the intervention and reported for the post-intervention testing, 17 

reported a significant reduction in pain. Knee extension moment was increased in participants 

post-intervention and was believed to be a result from the reduction in pain.  

Earl-Boehm & Hoch (2011) assessed changes in hip strength, core endurance, 

biomechanics of the lower extremity, and patient reported outcomes following an exercise-based 

intervention. Females with PFP (n=19) completed an 8-week exercise-based rehabilitation 

intervention aimed at strengthening the hip and core and improving dynamic malalignment. Pain 

severity was assessed using the VAS (Harrison et al., 1995) and self-reported function was 

measured using the AKPS (Kujala et al., 1993) at baseline and post-intervention. Isometric hip 

strength, core endurance, and 3-D kinematic and kinetic analysis of running gait were also 

conducted at baseline and post-intervention. Following the intervention, significant 

improvements were observed for pain severity, self-reported function, lateral core endurance, 

isometric hip abduction and hip external rotation strength. In addition, there was a significant 

reduction in knee abduction moment during the stance phase of running observed post-

intervention. These findings demonstrate improvements in both muscular strength and 

biomechanics following the implementation of an exercise-based intervention in females with 

PFP.  
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Pairot de Fontenay et al. (2018) conducted a cross sectional longitudinal study to 

determine if an exercise-based rehabilitation program was effective at improving hip kinematics, 

pain, and self-reported function in a sample of females (n=16) with PFP. Pain and self-reported 

function were quantified using the KOS-ADLS (Roos & Lohmander, 2003), and hip kinematics 

were measured during performance of a step-down task and a vertical drop jump task. Following 

the 8-week intervention progression, the participants reported significant improvements in KOS-

ADLS scores, with 12 of the 16 reporting a clinically significant improvement in pain and self-

reported function. Post-intervention there was a trend for a decrease in peak hip internal rotation 

and a significant decrease in hip adduction and hip internal rotation variability during 

performance of the step-down task. The improvement in self-reported function was not 

significantly correlated with the changes in hip kinematics. Similarly, the significant 

improvement in hip internal rotation variability during a drop vertical jump task was also not 

correlated with the change in pain or self-reported function. These findings suggest that a 

rehabilitation program may influence hip kinematics and pain and self-reported function, but that 

these changes may occur independent of one another.   

There are other strategies that may be utilized in conjunction with exercise therapy to 

enhance outcomes for individuals with PFP. In a double-blinded randomized clinical controlled 

pilot trial, Yip & Ng (2006) examined the efficacy of EMG biofeedback supplementation to 

exercise-based therapy in the treatment of PFP. Participants (n=26) were randomly assigned to 

either the EMG and exercise group or the exercise-only group. The exercise-based intervention 

for both groups was 8-weeks long, during which the EMG and exercise group received visual 

EMG feedback of the quadriceps muscle activity during the exercises. Isokinetic strength of the 

knee extensors, patellar alignment, and pain severity was assessed at baseline, 4-weeks, and 8-



68 
 

weeks. Both groups demonstrated improvements in knee extension peak torque, work output, 

and patellar alignment, and there was a trend of pain reduction as well. The EMG and exercise 

group demonstrated faster improvements in lateral patellar rotation and peak torque per body 

weight than the exercise-only group, however these differences were not statistically significant. 

These findings suggest that the addition of biofeedback in this situation did not produce 

significant changes in participant outcomes. This may be in part due to the specificity of the 

biofeedback to address quadriceps muscle activity.  

While the evidence provides strong support that exercise therapy is the preferred 

treatment approach in regards to rehabilitation outcomes in individuals with PFP, there are 

several emerging treatment approaches that could enhance recovery for individuals with PFP. 

One of the more recent approaches is movement retraining which, when used in conjunction with 

exercise therapy, is showing promising results and clinical outcomes.  

Movement Retraining 

In an attempt to correct dynamic malalignment during functional weight-bearing tasks in 

individuals with PFP, interventions have been introduced to improve movement patterns during 

tasks such as walking, running, and step-downs. These interventions rely on specific strategies 

aimed at neuromuscular re-education of a specific movement to elicit motor learning and 

improve movement patterns, thereby improving patient recovery and outcomes. The following 

section will provide a synthesis of the research regarding movement retraining interventions 

specific to dynamic malalignment commonly observed in individuals with PFP. 

Roper et al. (2016) conducted a randomized trial to determine whether a gait retraining 

intervention aimed at modifying foot strike patterns during running was effective at reducing 
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pain and select biomechanical factors theorized to contribute to the development of PFP in 

runners. The participants (n=16) were randomly assigned to either the experimental or control 

group. Prior to beginning the intervention, baseline measures were collected, including a 3-D 

kinematic analysis of running gait and completion of the VAS (Harrison et al., 1995) for pain 

severity. These measures were repeated upon completion of the 2-week intervention, and at one-

month post-treatment. The experimental group reported significantly reduced pain at the 

conclusion of the intervention and at the one-month follow-up as compared to the control group. 

The intervention also resulted in significant improvements in knee abduction and in ankle range 

of motion, specifically ankle flexion immediately following the intervention and at the one-

month follow-up. These findings provide support for the use of gait retraining in runners to 

improve biomechanics as well as improving the participant’s pain.  

Willy et al. (2012) also investigated the effects of mirror gait retraining on pain, function, 

and hip kinematics and kinetics in female runners (n=10) with PFP. The participants completed 8 

sessions consisting of mirror and verbal feedback aimed at correcting lower extremity alignment 

while running on a treadmill. Prior to beginning the intervention, the participants completed the 

VAS (Harrison et al., 1995) to measure pain severity and the LEFS (Binkley et al., 1999) to 

assess self-reported function. Three-dimensional kinematics and kinetics were gathered during 

running, single leg squats, and step descent. Participants who exhibited altered hip biomechanics 

(peak hip adduction greater than the one standard deviation above the laboratory’s normative 

mean) while running were invited to participate in the gait retraining phase of the study. The gait 

retraining intervention was performed as eight sessions over the span of two weeks. The 

participants ran on a treadmill in front of a full-length mirror, and were provided scripted verbal 

cueing at the beginning of each session. As the intervention progressed, the running time was 
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gradually increased and both the verbal cues and visual feedback were gradually removed during 

the final four training sessions. All baseline measures (kinematics, kinetics, VAS, and LEFS) 

were repeated post-intervention and at 1-month and 3-months post-intervention. Following 

completion of the intervention, the participants exhibited reduced peaks of hip adduction, 

contralateral pelvic drop, and hip abduction moment while running as compared to the baseline. 

These improvements in dynamic malalignment were also noted in during a single-leg squat and 

step-down when compared to baseline measures, suggesting skill transfer indicative of a higher 

level of motor learning. These improvements were maintained at both the 1-month and 3-month 

follow-up sessions as well, despite the participants no longer receiving any form of feedback. 

The participants also reported improvements in pain and function that persisted to the 3-month 

follow-up.  

Noehren, Scholz, & Davis (2011) found similar results in their study using real-time 

kinematics feedback during treadmill running in a sample of ten runners with PFP. Baseline 3-D 

kinematic and kinetic analysis of running gait and single-leg squat performance was performed. 

The VAS (Harrison et al., 1995) and LEFS (Binkley et al., 1999) were completed to assess pain 

severity and self-reported function, respectively. Those participants who exhibited altered hip 

biomechanics as outlined in the study by Roper et al. (2016) were invited to complete the 

intervention. The intervention followed the same progression and gradual reduction in feedback 

as the study above (Roper et al., 2016). All baseline measures were repeated upon completion of 

the intervention and at one-month post-intervention. Following the gait retraining, significant 

reductions in hip adduction and contralateral pelvic drop were observed during running. Hip 

internal rotation decreased by 23% during running and hip adduction decreased by 18% during a 

single-leg squat following the intervention. Another key finding of this study was an 18% and 
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20% reduction in instantaneous and average vertical load rates, respectively. The participants 

also reported significant improvements in pain and self-reported function that were maintained at 

the one-month follow-up. Both of these studies provide support for the use of gait retraining as 

an effective intervention for improving hip biomechanics, pain, and self-reported function in the 

short-term for runners with PFP.  

While these findings demonstrate the effects that a gait retraining intervention alone may 

have on recovery and outcomes associated with PFP, most clinicians will utilize other treatment 

approaches along with movement retraining to treat their patients. In a block randomized 

controlled trial by Willy & Davis (2011), 20 females with excessive hip adduction observed 

during a running gait analysis were randomly assigned to either the treatment group or the 

control group. The treatment group completed a 6-week intervention that included both hip 

strengthening exercises as well as a movement re-education program utilizing mirror and verbal 

feedback regarding proper mechanics during a single-leg squat. The control group did not 

complete an intervention and were instructed to maintain their current running distance. 

Isometric hip abduction and hip external rotation strength and 3-D kinematics and kinetics 

during running and a single-leg squat were assessed both before and after the intervention for 

both groups. The treatment group demonstrated significant increases in hip abduction and hip 

external rotation strength following the intervention, but no significant differences were noted in 

hip and knee kinematics during running. The treatment group did exhibit significant decreases in 

hip adduction, hip internal rotation, and contralateral pelvic drop during the single-leg squat. The 

control group did not display changes in hip strength or in running or single-leg squat kinematics 

at the end of the 6-weeks. Contrary to the findings of Roper et al. (2016), neuromuscular re-

education and verbal feedback aimed at improving running gait did not lead to significant 
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improvements in running biomechanics in this study. This study did not assess the participant’s 

pain severity or self-reported function at baseline or post-intervention.  

 Esculier et al. (2018) conducted a single-blind randomized clinical trial to compare the 

effectiveness of three 8-week rehabilitation programs on symptoms and self-reported function in 

runners with PFP. The participants (n=69) were randomly assigned to one of the three following 

groups: 1.) an education-focused group, which received patient education on symptom 

management and training modifications; 2.) an exercise-focused group, which completed 

traditional strengthening exercises in addition to the education provided to the education-focused 

group; and 3.) a gait-retraining group that underwent gait retraining in addition to the patient 

education. The KOS-ADLS (Roos & Lohmander, 2003) was used to quantify self-reported 

symptoms and functional limitations and the VAS (Harrison et al., 1995) was used to assess pain 

at baseline and at 4, 8, and 20 weeks.  Isometric strength and kinematics and kinetics of the 

lower extremity during running were assessed at baseline and at 8 weeks. All three groups 

reported similar improvements in KOS-ADLS and VAS scores at 4-, 8- and 20-weeks compared 

to baseline measures. The exercise-focused group had increased knee extension strength 

following the intervention and the gait retraining group increased the step rate and decreased the 

average vertical loading rate following the intervention. Similar to the findings of Willy & Davis 

(2011), the resulting changes in movement strategies were specific to the neuromuscular re-

education program and movement utilized. These findings highlight not only the importance of 

specificity when designing a movement retraining intervention, but also suggest the importance 

of patient education as part of an effective treatment approach for management of symptoms in 

individuals with PFP.  
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The findings from these studies support the use of gait retraining as an effective treatment 

approach to enhance outcomes for individuals with PFP. However, not all individuals with PFP 

are runners, and there is limited evidence existing regarding the use of movement retraining 

interventions focused on a more universal task that more closely mirrors an activity or motion 

encountered in daily life, such as a step down. The only study to examine movement retraining 

outside of running with individuals with PFP is a prospective, non-randomized, within-group, 

double baseline, and feasibility intervention study by Salsich et al. (2018). The purpose of this 

study was to determine whether a novel, task-specific retraining intervention focused on 

correcting pain-producing movement patterns would improve hip and knee kinematics, pain, and 

self-reported function in females with PFP who exhibited observable dynamic malalignment 

during a single-leg squat. Prior to completing the intervention, baseline measures were gathered 

for the participants (n=25). Three-dimensional kinematics and 2-D video analysis was conducted 

to quantify movement quality during a single-leg squat, stair ascent and descent, sit to stand, and 

stand to sit tasks. The kinematic variables of interest included hip adduction, hip internal 

rotation, and knee external rotation angles at the point of peak knee flexion. In addition, pain was 

measured using the VAS (Harrison et al., 1995) and self-reported function was assessed using 

the Patient-specific Functional Scale (PFS; Stratford et al., 1995). The participants then 

completed a 6-week intervention that consisted of supervised repetitive practice of four common 

pain-provoking activities: single-leg squats, double-leg squats, standing up and sitting down 

from a chair, and navigating stairs. The participants received individualized verbal, visual, and 

tactile feedback during the performance of each of the activities. There was an improvement 

following the intervention for hip adduction, hip internal rotation, and knee external rotation 

during the single-leg squat. In addition, the participants reported improvements in pain and self-



74 
 

reported function following the intervention. The participants also completed the Credibility-

Expectancy questionnaire (Devilly & Borkovec, 2000) to determine their value of the 

intervention, and they reported viewing the intervention as “credible”. These findings lend 

support for movement retraining for a novel task to enhance outcomes for a wider range of 

individuals with PFP, however more research is warranted to examine this approach in a larger 

sample, and to determine if muscular strength could also be improved using this intervention.  

Prognosis & Outcomes  

While the short-term prognosis following the commonly utilized treatment interventions 

is generally favorable, the long-term outcomes are moderately effective at best. One study 

followed up with participants following 6 weeks of supervised exercise therapy and 3 months of 

self-monitored home exercises and identified that 41.9% of participants had reported recovery at 

3 months and 62.1% at 12 months (van Linschoten et al., 2009). While these percentages were 

higher compared to the control group who simply rested and avoided painful activities, these 

values still indicate that less than 75% of individuals with PFP will feel that they have fully 

recovered in the long term. Additional studies have reported that four years after being diagnosed 

with PFP, 91-96% of patients reported continued pain or dysfunction (Price et al., 2000; 

Stathopulu & Baildum, 2003).  

Several characteristics have been reported to contribute to the prognosis for patients with 

PFP, including longer duration of symptoms, increased age, gender, decreased function, bilateral 

pain, and greater differences in side-to-side knee extension strength (Lankhorst et al., 2015). 

Given the rising costs of healthcare, there is a need to better treat the symptoms associated with 

PFP to help patients return back to their regular daily activities and to avoid recurrent pain and 
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dysfunction. Furthermore, the symptoms and pain associated with PFP may have debilitating 

effects on an individual’s daily life. Symptoms may interfere with one’s ability to perform 

activities of daily living, including simple tasks such as navigating stairs. As symptoms persist 

and become more chronic, they may also interfere with an individual’s ability to perform work-

related activities as well as physical activity. There are reports that as many as 74% of 

individuals with PFP report that their symptoms are severe enough to limit or stop their 

participation in physical activity (Heintjes et al., 2003). Higher self-reported levels of disability 

along with higher body mass indicies (BMI) have been observed in patients with PFP, providing 

support of this claim (Jensen et al., 2005). These statistics suggest that persistence of pain and 

symptoms from PFP can create other significant health concerns for patients if left untreated or 

mismanaged.  

 Additionally, a large percentage of individuals with PFP may have persistent or recurrent 

chronic pain years after being diagnosed with PFP (Stathopulu & Baildam, 2003). One study 

conducted a long-term follow up with patients diagnosed with PFP and reported that 91% of the 

respondents still complained of knee pain four to eighteen years after the initial clinical 

presentation of their symptoms (Stathopulu & Baildam, 2003). Forty-five percent of the 

respondents indicated that their knee pain affected their ability to perform activities of daily 

living (ADLs) and 36% reported that they were limited in their ability to participate in physical 

activity as a result of their pain (Stathopulu & Baildam, 2003). Fifty-four percent of the 

respondents relied on pain medication to manage their symptoms associated with PFP 

(Stathopulu & Baildam, 2003). These findings stress the need for additional research to not only 

better understand the etiology of PFP, but also to establish treatment interventions that will result 

in a better long-term prognosis.  
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Summary of Treatment Interventions Literature 

Within the PFP rehabilitation literature, several treatment interventions have been 

presented to address biological factors included in the pathomechanical model (Powers et al., 

2017). Braces aimed at improving patellar malalignment and maltracking have been effective in 

reducing pain and improving self-reported function in individuals with PFP in the short-term 

(Uboldi et al., 2018) but not in the long term (Petersen et al., 2016). These studies also did not 

examine patellar position or biomechanics to support the hypothesis that the reduction in pain 

and improvement in self-function was due to improved patellofemoral joint tracking and 

position. When combined with exercise therapy, using a brace did lead to improvements in pain 

and self-reported function, as well as reductions in PFJ loading and peak knee abduction 

(Sinclair et al., 2016). However, it is unclear whether the reduction in PFJ loading and peak knee 

abduction was due to the exercises or the addition of the brace to the intervention. 

Two other external supports have been researched in the PFP rehabilitation literature – 

kinesio-tape and foot orthoses. Kinesio-tape has been shown to improve joint position sense, 

pain and self-reported function, but did not improve muscle strength (Kurt et al., 2016). The use 

of foot orthoses led to improved functional performance, pain, and self-reported function after 12 

weeks, but these improvements did not continue in the long-term (Barton, Menz, et al., 2011) 

and were not more effective than exercise-therapy based treatment interventions (Collins et al., 

2008). These findings suggest that external supports may be beneficial in the short-term for 

improving pain and self-reported function in individuals with PFP, but should be considered in 

conjunction with another treatment approach, such as exercise-based therapy, to lead to 

improved outcomes and prognosis.  
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Exercise-based therapy is considered the gold standard for rehabilitation for PFP (Collins 

et al., 2018). Interventions aimed at improving hip and core strength are successful in improving 

not only strength but also pain and self-reported function for individuals with PFP (Ferber et al., 

2015), but these outcomes may differ between males and females (Bolgla et al., 2016). There is 

also evidence supporting that improvements in pain and self-reported function may occur 

independent of improvements in muscle strength (Şahin et al., 2016), and that these 

improvements do not persist in the long-term (van Linschoten et al., 2009). These exercise-based 

treatment interventions have not been successful in changing biomechanics or dynamic 

malalignment in individuals with PFP.  

Gait retraining is another treatment intervention that has recently gained popularity in the 

PFP rehabilitation literature. This treatment intervention is successful in improving biomechanics 

during running and decreasing pain (Roper et al., 2016), and can lead to higher level skill 

transfer to other tasks, such as single-leg squats and step-downs (Willy et al., 2012). When added 

to an exercise-based approach aimed at improving muscle strength, improvements in strength 

were observed, but not in biomechanics (Esculier et al., 2018). It is important, however to note 

that not all individuals with PFP are runners, and therefore it may be beneficial conduct 

movement retraining for a more novel task, such as a step-down. To date, only one study 

(Salsich et al., 2018) has used movement retraining for novel, every-day tasks and reported 

improvements in biomechanics, pain, and self-reported function. Further research is warranted to 

explore how movement retraining may be used to lead to improvements not only in pain, self-

reported function, and biomechanics, but also muscle strength.  
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Knowledge Gap 

While the pathomechanical model clearly illustrates the interaction of the various risk 

factors and PFP, there are several areas where the findings are inconclusive or inconsistent. This 

model assumes that PFP is solely a product of a biological etiology. While the pathomechanical 

model hypothesizes the interrelationships among biological factors implicated in the etiology of 

PFP, treatment interventions that focus solely on addressing these biological factors often fail to 

result in favorable outcomes, particularly in the long-term. These findings suggest that other 

factors, such as psychological and social factors, may influence recovery from PFP. There is a 

gap in our knowledge of the interactions among the pathomechanical factors and psychological 

and social factors.  Therefore, the use of a Biopsychosocial Model as a framework to examine 

PFP may be more appropriate to understand interrelationships between the multitude of factors 

contributing to the rehabilitation and recovery process. The next section will present the 

Biopsychosocial Model of Sport Injury Rehabilitation (Brewer et al., 2002), followed by a 

review of the existing literature to support the application of this model to the rehabilitation in 

PFP.  

The Biopsychosocial Model of Sport Injury Rehabilitation  

 Conceptual frameworks such as the Biopsychosocial Model of Sport Injury 

Rehabilitation provide a means of recognizing the myriad of factors that interact during 

rehabilitation and return to activity (Brewer et al., 2002; Podlog & Eklund, 2007). The 

Biopsychosocial Model of Sport Injury Rehabilitation (Figure 2) is a conceptual framework 

aimed to broaden the current scope of sport injury rehabilitation in the literature and to enrich 

understanding of the general relationships among biological, psychological, and 



79 
 

social/contextual factors that may influence injury rehabilitation outcomes (Brewer et al., 2002; 

Podlog & Eklund, 2007).  

Figure 2 

The Biopsychosocial Model of Sport Injury Rehabilitation (Brewer et al., 2002) 
 

 
Source: Reproduced from Brewer, B.W., Andersen, M.B., & Van Raalte, J.L. (2002). Psychological Aspects of 
Sport Injury Rehabilitation: Toward a Biopsychosocial Approach. In D.L. Mostofsky & L.D. Zaichkowsky (Eds.), 
Medical and Psychological Aspects of Sport and Exercise (pp. 41-54). Morgantown, WV, USA: Fitness Information 
Technology, Inc. 
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This model consists of seven dimensions: biological factors, psychological factors, social 

and contextual factors, injury characteristics, sociodemographic factors, intermediate 

biopsychosocial outcomes, and sport injury rehabilitation outcomes (Brewer et al., 2002; Santi & 

Pietrantoni, 2013). The model has been applied to the rehabilitation of several musculoskeletal 

injuries, including non-specific chronic low back pain (Saragiotto et al., 2016), anterior cruciate 

ligament (ACL) (Ardern et al., 2016), and ankle injury rehabilitation (Arvinen-Barrow et al., 

2019). 

At the core of the Biopsychosocial Model of Sport Injury Rehabilitation are biological, 

psychological, and social and contextual factors. Biological factors refer to processes and 

function of bodily systems affected by the physical damage resulting from injury, such as 

metabolic processes or neurochemistry changes (Brewer et al., 2002). Psychological factors 

include individual differences in personality as well as the cognitive, emotional, and behavioral 

variables associated with sport injury rehabilitation (Brewer et al., 2002). This model also 

includes the social and contextual factors of the rehabilitation environment, which recognizes 

that rehabilitation can be influenced by the context of the environment in which the rehabilitation 

occurs (Brewer et al., 2002). Psychological factors are positioned in the center of these three 

categories and are theorized to have reciprocal relationships with both biological factors and 

social and contextual factors (Brewer, 2010).   

The biological, psychological, and social contextual factors are conceptualized to be 

influenced by injury characteristics and sociodemographic factors (Brewer, 2010). 

Characteristics of the injury may include the type of injury sustained, cause of injury, severity, 

location, and history of the current injury or past injuries (Brewer et al., 2002). 
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Sociodemographic factors provide the personal background against which sport injury 

rehabilitation takes place (Brewer et al., 2002). Factors such as age, gender, ethnicity, and 

socioeconomic status all fit within the sociodemographic factors (Brewer et al., 2002). For 

instance, the gender of an injured athlete could influence the rehabilitation process by the 

interaction of hormonal influences (biological factor), emotional reactions (psychological factor), 

and societal expectations based on gender (social and contextual factor) (Brewer et al., 2002). 

The psychological factors are also proposed to have a bidirectional relationship with 

intermediate biopsychosocial outcomes and sport injury rehabilitation outcomes (Brewer et al., 

2002). Intermediate biopsychosocial outcomes are also said to affect the overall sport injury 

rehabilitation outcomes (Brewer et al., 2002). These intermediate biopsychosocial outcomes 

include flexibility, muscular strength, endurance, joint laxity, pain, and rate of recovery (Brewer 

et al., 2002). Sport injury rehabilitation outcomes refer to the end point of the rehabilitation 

process and include measures of functional performance, quality of life, treatment satisfaction, 

and readiness to return to sport (Brewer et al., 2002). Biological and social and contextual factors 

are thought to influence intermediate biopsychosocial outcomes (Brewer et al., 2002). A 

bidirectional interaction between the intermediate biopsychosocial outcomes and sport injury 

rehabilitation outcomes illustrates the influence that each of these categories has on one another 

(Brewer et al., 2002).  

Although the Biopsychosocial Model (Brewer et al., 2002) provides an excellent 

framework to conceptualize range of injury factors together, only a limited, explicit application 

of the model to musculoskeletal injury rehabilitation research exists. What follows is a brief 

review of existing literature as it relates to applicability of the biopsychosocial approach to 

chronic injury (i.e. non-specific chronic low back pain) and another knee injury (albeit acute, i.e., 
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anterior cruciate ligament, ACL). The review will also demonstrate the explicit usefulness of the 

biopsychosocial model as a framework for musculoskeletal injury rehabilitation, by presenting 

existing evidence in support of such approach for lateral ankle sprain rehabilitation.  

Biopsychosocial Approach to Chronic Low Back Pain 

Chronic low back pain (LBP) is arguably one of the most studied conditions from a 

biopsychosocial perspective. Traditionally, the typical way to treat patients with chronic LBP 

was bed rest, based on the premise that spinal pain was an indication of an irritated structure that 

would only be exacerbated by movement or physical activity. This view was challenged by 

clinicians and researchers alike, and based on mounting evidence concluding bed rest resulted in 

disability in chronic LBP patients; Waddell (1987) proposed a biopsychosocial model as a means 

of understanding the multifaceted nature of LBP. The model postulates that disability resulting 

from chronic LBP is a psychosocial phenomenon rather than a medical phenomenon, influenced 

by the interaction of pain, attitudes and beliefs surrounding the experience of pain, psychological 

distress, illness behaviors, and the social environment (Waddell, 1987).  

The biopsychosocial model (Waddell, 1987) suggests that at the core of one’s responses 

to LBP, is the patient’s and society’s perceptions and responses to pain (Pincus et al., 2013). 

When the above perceptions and responses are exaggerated, negative behavioral responses may 

occur, such as avoidance of physical activities or movements thought to cause pain. Similar to 

the Brewer et al. (2002) model, the biopsychosocial model proposed by Waddell (1987) assumes 

a relationship between biological, psychological, and social factors that influence LBP patients’ 

behavior and function. More recently, Waddell & Burton (2004) have also stressed that since 

LBP has biopsychosocial components, there is a need for chronic LBP rehabilitation to address 

all three factors in order to enhance patient outcomes.  
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Thus far, several studies have examined the influence of various biological, 

psychological, and social factors on the experience of chronic LBP (Adams, 2006; Campbell et 

al., 2013; Mitchell et al., 2009; George & Beneciuk; 2015). The following papers highlight some 

of the evidence supporting use of a biopsychosocial approach to underpin and explain responses 

to the rehabilitation process in chronic LBP.  

Anchored in Waddell’s (1987) biopsychosocial model of disability, Adams (2006) 

examined various biological and psychological factors proposed to be related to chronic LBP. 

When compared to matched controls (n=23), participants with LBP (n=23) had significantly 

increased EMG activity of the paraspinal muscles and asymmetry than the control group. Of the 

two neuropeptides collected (substance P and neurokinin A), only substance P was found to be 

significantly increased in the chronic LBP group compared to the control group. The chronic 

LBP groups also displayed a significantly higher frequency of psychological distress, such as 

depression, hypochondriasis, hysteria, and psychasthenia. A correlational analysis failed to find 

any correlations between biological and psychological factors, however the biological factors 

(EMG activity and neuropeptide levels) were correlated with one another and the psychological 

factors (depression, hypochondriasis, hysteria, and psychasthenia) were also correlated with one 

another. While these results did not support a relationship between biological and psychological 

factors, this may be due to the inclusion of only specific factors from the biopsychosocial model, 

and the exclusion of social factors. 

In a cross-sectional study, Mitchell et al. (2009) evaluated the contribution of multiple 

biopsychosocial factors to the experience of chronic LBP in nursing students. Of the 170 female 

students who participated in this study, 31% were classified as experiencing significant LBP, 

48% as mild LBP, and only 21% reported no previous history of LBP. The biological factors 
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examined in this study included body mass index, spinal postures and kinematics during 

functional tasks, leg and back muscular endurance, spinal repositioning error (proprioception), 

and cardiorespiratory fitness. Psychological factors were measured and quantified using the 

Depression Anxiety Stress Scales (Lovibond & Lovibond, 1995) (to assess for depression, 

anxiety, and stress), the Back Beliefs Questionnaire (Symonds et al., 1996) (to assess beliefs 

surrounding the impact of low back pain), the General Short Form 19-item Coping Scale for 

Adults (Frydenberg & Lewis, 2004) (to assess coping strategies) and the Pain Catastrophizing 

Scale (Sullivan et al., 1995) (to assess catastrophizing). Sociodemographic factors (socio-

economic status, marital status, alcohol consumption, and tobacco use) were gathered using a 

participant questionnaire (Brašnić, 2003) and physical activity level was assessed using the 

International Physical Activity Questionnaire (Booth, 2000). The students with more significant 

LBP maintained a more extended posture during performance of a functional bed transfer task 

than the other two groups. The significant LBP group also was more physically active, had 

higher stress scores, and were more likely to use passive coping strategies than those in the mild 

LBP and no LBP groups. Regression analysis revealed that spinal kinematics, stress, coping, 

physical activity level, and age all contributed to the presence of LBP, accounting for 23% of the 

variance. These findings further demonstrate the interrelationships between biological factors 

(i.e., spinal kinematics), psychological factors (i.e., stress), and sociodemographic factors (i.e. 

age, physical activity level) in the experience of chronic LBP, providing support for the 

biopsychosocial framework as appropriate for conceptualizing chronic LBP. 

An observational cohort study of 1,591 chronic LBP patients in England (Campbell et al., 

2013) measured self-reported disability, pain severity, and a range of psychological factors with 

an aim to better understand the complex interrelationships among the factors. Self-reported 
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disability was assessed using the Roland-Morris Disability Questionnaire (RMDQ) (Roland & 

Morris, 1983), and pain intensity was measured using a numerical rating scale (Williamson & 

Hoggart, 2004). The psychological factors measured in this study included depressive and 

anxiety symptoms (Hospital Anxiety and Depression Scale, HAD; Zigmond & Snaith, 1983), 

kinesiophobia (TSK; Miller et al., 1991), coping styles (Coping Strategies Questionnaire, CSQ; 

Frydenberg & Lewis, 2004), pain self-efficacy (Pain Self Efficacy Questionnaire; Nicholas, 

2007), and illness perceptions (Illness Perception Questionnaire-Revised; Moss-Morris et al., 

2002). Exploratory factor analysis of the all of the psychological measures (including subscores) 

resulted in four factors, which were defined by the authors as “pain-related distress,” “cognitive 

coping,” “causal beliefs,” and “perceptions of the future” (Campbell et al., 2013). When 

examining the relationships of these derived factors to the outcome measures of pain severity and 

disability, the pain-related distress factor had the strongest association both measures, accounting 

for 34.6% and 51.1% of the variance in pain severity and disability, respectively. These findings 

support the relationship between self-reported disability and pain severity and psychological 

factors, such as pain-related distress.  

Fear avoidance beliefs is a psychological factor that has been widely studied relative to 

chronic LBP in the literature. Saito & Nishida (2015) evaluated the effects of fear avoidance 

beliefs on chronic LBP in Japanese nurses (n=283). Fear avoidance was measured using the Fear 

Avoidance Beliefs Questionnaire (FABQ; Waddell, Newton, Henderson, Somerville, & Main, 

1993). The participants self-reported the number of times they were required to help patients 

change their body position and transfer patients. Pain severity was assessed using a numerical 

rating scale (Williamson & Hoggart, 2004). Regression analysis revealed that fear avoidance 

beliefs were a significant predictor for perception of pain in this population. This finding 
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provides support for a relationship between fear avoidance beliefs (a psychological factor) in 

individuals with chronic LBP.  

Using an internet-based survey, Fujii et al. (2013) investigated the factors associated with 

fear avoidance beliefs among Japanese adults (n=52,650) with chronic LBP. The survey asked 

participants questions regarding selected injury characteristics such as duration of the worst LBP 

episode, cause of worst LBP experienced, history of radiating pain down the leg, and history of 

low back surgery. In addition, the participants were asked questions about selected 

sociodemographic factors, including their exercise routines, smoking habits, marital status, 

highest education attained, whether they had observed relatives experience chronic LBP, and 

current work status. The participants were also asked about the medical advice that had been 

provided to them to help them manage their pain. Finally, the participants completed the FABQ 

(Waddell et al., 1993) to measure fear avoidance beliefs. After controlling for age, gender, and 

LBP severity, history of chronic LBP, history of radiating pain down the leg, observation of 

relatives experiencing chronic LBP, receipt of workers’ compensation, and medical advice to rest 

were all associated with more fear avoidance beliefs. Lower fear avoidance beliefs were 

associated with regular exercise and attributing chronic LBP to sports participation. These 

findings support the relationship among selected injury characteristics, sociodemographic 

factors, and fear avoidance beliefs (a psychological factor) in adults with chronic LBP.  

Fear avoidance beliefs are also correlated with self-efficacy (another psychological 

factor) in individuals with chronic LBP. A cross sectional study (de Moraes Vieira et al., 2014) 

assessed the coexistence of self-efficacy and fear avoidance beliefs in adults with chronic LBP 

(n=215). Potential relationships between self-efficacy and selected sociodemographic factors, 

depression, fatigue, and disability were also explored. Self-efficacy was assessed using the 
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Chronic Pain Self-Efficacy Scale (Anderson et al., 1995), and fear avoidance was measured 

using the TSK (Miller et al., 1991). Depression was evaluated using the Beck Depression 

Inventory (Beck et al., 1961). The Piper Fatigue Scale (Piper et al., 1998) was used to quantify 

fatigue and the Oswestry Disability Index (Fairbank et al., 1980) was used to determine self-

reported disability. High fear avoidance was associated with the male gender, lower income, 

depression, and level of self-reported disability. Furthermore, the results revealed that reduced 

self-efficacy and increased fear avoidance are related to an increase in self-reported disability in 

adults with chronic LBP. These findings support the relationship between select 

sociodemographic factors (in this case, gender and income) and psychological factors 

(depression, self-efficacy, and fear avoidance beliefs) on perceived disability in individuals with 

chronic LBP.  

A more recent article (Panhale et al., 2016) assessed fear avoidance beliefs and perceived 

function in participants (n=30) with chronic LBP to determine if a relationship exists between 

these two factors. The FABQ (Waddell et al., 1993) was used to assess for fear avoidance beliefs 

and the participant’s perception of function was measured using the Back Performance Scale 

(Strand et al., 2002). A strong relationship was found between elevated fear avoidance beliefs 

and perceived function in the participants for this study. The results of this study establish a 

relationship between fear avoidance beliefs (a psychological factor) and chronic LBP 

participants’ perceptions of function.  

George and Beneciuk (2015) conducted a prospective observational study in the US to 

investigate selected psychological factors predictive of recovery in a cohort of patients receiving 

physical therapy for LBP. The STarT Back Tool (SBT; Hill et al., 2008) was administered to 

categorize patients based on their risk for poor disability outcomes following treatment. Pain 
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intensity was measured using numerical pain rating scales and disability was assessed using the 

RMDQ (Roland & Morris, 1983). The psychological factors studied included fear avoidance 

beliefs (FABQ; Waddell et al., 1993), pain catastrophizing (PCS; Sullivan et al., 1995), 

kinesiophobia (TSK; Miller et al., 1991), and depressive symptoms (Patient Health 

Questionnaire; Kroenke et al., 2001). The participants were assessed using these measures at 

intake, at 4-weeks after beginning treatment, and at 6 months post-intake. At the 6-month mark, 

recovery was determined using the NPRS and the RMDQ, with a successful recovery defined as 

a NPRS score of 0 and RMDQ score of < 2, indicating a full recovery. Only 12.6% of the 111 

participants in this study achieved a full recovery following those guidelines. Not surprisingly, 

those who did not fully recover reported higher pain severity and disability at intake than those 

who did recover. When comparing the SBT scores at intake, those individuals who scored as 

high-risk on the SBT had the lowest recovery rates of the participants in this study. At 6 months 

post-treatment, those participants who did not fully recover reported higher fear-avoidance, 

kinesiophobia, and depressive symptoms than those who did recover. The results of this study 

provide support for the direct influence psychological factors have on the rehabilitation outcomes 

associated with LBP. In addition, the authors highlight the importance of adopting a 

biopsychosocial approach to treatment of LBP in order to increase the likelihood of achieving a 

successful outcome.  

The evidence presented above demonstrates how the biopsychosocial framework has 

supported in the LBP rehabilitation literature. There is support in the literature to conclude that 

psychological factors, such as pain-related distress, kinesiophobia, and stress can all influence 

recovery and rehabilitation outcomes for participants with LBP. The paper by Mitchell et al. 

(2009) lends support for the inclusion of other factors, such as age and physical activity level 
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(sociodemographic factors) in consideration for their influence on recovery and rehabilitation 

outcomes. These findings all suggest that LBP is most appropriately conceptualized as a 

biopsychosocial phenomenon, and that treatment interventions that are focused at more than just 

the pathomechanics of LBP are more effective and lead to improved outcomes for patients.  

Biopsychosocial Approach to Anterior Cruciate Ligament Injury 

Although not chronic injury, a knee injury that has received attention in the 

biopsychosocial literature is the anterior cruciate ligament (ACL) injury. In particular, existing 

ACL injury research has investigated interrelationships among psychological factors and 

intermediate biopsychosocial outcomes. Equally, there is evidence in support of using a range of 

interventions aimed at influencing psychological responses following ACL reconstruction.  

One study investigating the range of biopsychosocial factors in ACL injury rehabilitation 

aimed to understand the relationship between adherence to physical therapy (behavior, a 

psychological factor) and post-operative physiological outcomes of laxity, functional ability, and 

self-reported symptoms and function (Brewer et al., 2004). A total of 108 males and females who 

had undergone ACL reconstruction completed demographic questionnaires prior to beginning 

their physical therapy. Adherence was measured for home exercises by self-report and by a 

hidden electronic counter placed in the video cassette of the home rehabilitation exercises that 

recorded each time the video was played. Clinic-based rehabilitation adherence was recorded as 

the ratio of sessions attended to sessions scheduled and by the Sport Injury Rehabilitation 

Adherence Scale (Brewer et al., 2000) completed by the supervising clinician. Regarding 

physiological outcomes, the Lachman test (Jonsson et al., 1982) was performed to assess laxity, 

and the one-leg hop test (Daniel et al., 1984) was used to assess functional ability. The Knee 

Outcomes Survey – Sports Activities Scale (KOS-SAS; Borsa et al., 1998) was used to quantify 



90 
 

self-reported symptoms and function prior to surgery and 6 months post-surgery. The authors 

identified that greater adherence to clinic-based rehabilitation correlated to greater laxity of the 

knee. There were no significant relationships between adherence and functional ability. Greater 

adherence to clinic-based rehabilitation was also related to an improvement in symptom and 

function score on the KOS-SAS. The above results support the biopsychosocial model of sports 

injury rehabilitation (Brewer et al., 2002) in that adherence to physical therapy (behavior, a 

psychological factor) was related to intermediate ACL reconstruction biopsychosocial outcomes 

(laxity) and the sport injury rehabilitation outcomes (functional ability and subjective 

symptoms).  

Another research study investigating the relationship between psychological factors and 

sport injury rehabilitation outcomes in ACL reconstruction examined fear of re-injury and 

athlete’s return to pre-injury level (Kvist et al., 2005). Using a retrospective design, Kvist et al. 

(2005) collected survey responses (n=87) from patients who had underwent ACL rehabilitation 

3-4 years prior to the study. The TSK (Miller et al., 1991) was used to quantify fear of re-injury 

due to movement, and knee-related quality of life was assessed using the KOOS (Roos & 

Lohmander, 2003). A general questionnaire was used to gather information regarding pain 

severity using the VAS (Harrison et al., 1995) and return to pre-injury activity level. The 

statistical analyses revealed a negative correlation between fear of re-injury and knee-related 

quality of life. The results also revealed a weak negative correlation between fear of re-injury 

and pain. These findings are similar to those found with patients with chronic LBP, where 

elevated fear avoidance beliefs were associated with increased pain severity and decreased self-

reported function (George & Beneciuk, 2015; Panhale et al., 2016). Alike to the Brewer et al. 
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(2004) study, these findings are supporting the relationship between psychological factors and 

sport injury rehabilitation outcomes.  

Existing literature also supports the relationships between psychological factors, social 

and contextual factors, and intermediate rehabilitation outcomes following ACL reconstruction. 

Maddison et al. (2006) conducted a video modeling intervention with a goal to evaluate its 

effectiveness on reducing anxiety pre-ACL reconstruction surgery, patient reported expected 

pain levels post-surgery, crutch use following surgery, and a number of functional outcomes. 

This video intervention was aimed at modeling successful outcomes of patients who had 

undergone the same surgery and rehabilitation as the participants. This intervention was 

specifically targeting participant’s cognitive appraisals occurring as part of the rehabilitation 

process. Seventy-two participants were allocated to either the modeling intervention group or the 

control group for this study. Anxiety was assessed using the State-Trait Anxiety Inventory 

(STAI; Spielberger et al., 1970) and all perceptions of pain were assessed by asking the 

participant to write down a number on a scale ranging from 0 to 100. Three types of self-efficacy 

(exercise, walking, and crutches) were quantified using a self-report scale from 0% (no 

confidence) to 100% (complete confidence) for increasing periods of time. The functional 

outcomes measured included crutch usage (the length of time each participant required the use of 

crutches for walking), knee assessment consisting of both subjective and objective measures, 

based on the International Knee Documentation Committee System (IKDC; Hefti et al., 1993) 

and range of motion for knee flexion and extension. The results revealed no differences in pre-

surgery anxiety, experienced post-surgery pain, exercise self-efficacy, walking self-efficacy, or 

range of motion. However, the intervention group reported significantly lower perceptions of 

expected pain, higher crutch self-efficacy, and greater improvement in knee function than the 
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control group. Overall, the results provide support for the biopsychosocial model (Brewer et al., 

2002) in that the intervention provided (modeling video) had an effect on a range of cognitive 

appraisals associated with the ACL reconstruction surgery and behaviors post-surgery. The study 

did not however, support the influence of the intervention on intermediate functional outcomes 

(range of motion).  

As highlighted by the studies described above, support exists within the ACL 

rehabilitation literature for the application of the biopsychosocial model (Brewer et al., 2002). 

Psychological factors, such as adherence (a behavior) and fear of re-injury (an affect) can have a 

direct influence on both intermediate biopsychosocial outcomes and sport injury rehabilitation 

outcomes (Brewer et al., 2004, Kvist et al., 2005). Furthermore, rehabilitation interventions 

aimed at influencing psychological factors led to enhanced intermediate biopsychosocial 

outcomes following ACL reconstruction (Maddison et al., 2006). These findings all support the 

dynamic relationship that psychological factors have with patient outcomes post-surgery for 

ACL injuries.  

Biopsychosocial Approach to Lateral Ankle Sprain  

To date, there is only one study that has explicitly applied the biopsychosocial model of 

sport injury rehabilitation to explain connections between biological and psychological factors. 

Arvinen-Barrow et al. (2019) performed a mixed-methods, single-subject case series design to 

explore the benefits of the addition to active video games to a rehabilitation program. Two 

female soccer athletes with lateral ankle sprains completed a 4-week balance training program. 

One of the participants utilized active video games as part of the balance training, while the other 

participant completed traditional balance exercises. Both balance training interventions were 

effective in restoring balance (an intermediate biopsychosocial outcome). The addition of the 
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active video game to the balance training intervention had a positive impact on rehabilitation 

adherence (behavior, a psychological response), mood (affect, another psychological response). 

While the addition of the active video game to the balance training intervention was not a 

psychological intervention, it did have an influence on psychological factors associated with the 

rehabilitation process.  

Additionally, the participant who completed the active video game balance training 

experienced a setback during her rehabilitation. This setback negatively influenced mood (affect) 

and perceived readiness to return to sport (cognitive appraisal). Despite this, the participant 

adhered to the rehabilitation protocol (behavior) suggesting that personal and situational factors 

may have contributed to this behavioral response. These findings validate the relationship 

between psychological factors and intermediate biopsychosocial outcomes included in the 

biopsychosocial model of sport injury rehabilitation (Arvinen-Barrow et al., 2019).  

The biopsychosocial model of sport injury rehabilitation could be applied more broadly 

to other musculoskeletal injuries. In particular, the addition of the active video game to the 

balance training intervention could be viewed as a modification to the rehabilitation 

environment, which influenced the psychological factors relative to the rehabilitation process.  

Biopsychosocial Approach to Patellofemoral Pain 

 In the absence of research explicitly using the biopsychosocial model of sport injury 

rehabilitation (Brewer et al., 2002) as a framework for PFP research, this section will synthesize 

the existing evidence on a range of factors associated with the model. In the interest of clarity, 

these are organized based on the biopsychosocial model components, with possible 

interrelationships between factors demonstrated as part of the review.  
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Biological Factors. Thus far, much of the PFP research has focused on the biological 

factors implicated within the etiology of PFP, as described earlier in the pathomechanical model 

of PFP (Powers et al., 2017). Several of the etiological factors within the pathomechanical model 

have been supported in the literature, such as decreased PFJ contact area (Besier et al., 2015; 

Brechter & Powers, 2002a; Brechter & Powers, 2002b; Salsich & Perman, 2013) and increased 

PFJ reaction forces (Chen & Powers, 2014; Brechter & Powers, 2002b). Other biological factors 

implicated in PFP and thought to influence PFJ contact area include patellar malalignment and 

maltracking (Biedert & Gruhl, 1997; Draper et al., 2009; Drew et al., 2016; Witoński & Gόraj, 

1999), altered tibiofemoral joint kinematics (Bryant et al., 2014; Huberti & Hayes, 1984; Liao et 

al., 2015), quadriceps weakness (Kaya et al., 2011; Lankhorst et al., 2012; Pappas & Wong-Tom, 

2012), excessive internal rotation of the femur (Powers et al., 2003; Souza et al., 2010), and 

abnormal anatomy of the PFJ (Möller et al., 1986; Pal et al., 2013; Teng et al., 2014).  

Several biological factors are presented as contributors to increased PFJ reaction forces, 

including altered tibiofemoral joint (Herrington, 2014; Nakagawa et al., 2012; Willson & Davis, 

2008) and hip kinematics (Hollman et al., 2014; Meira & Brumitt, 2011; Neal et al., 2016), 

increased navicular drop (Barton et al., 2010; Boling, Padua, Marshall et al., 2009), decreased 

ankle dorsiflexion (Rabin et al., 2014; Wyndow et al., 2016), muscle tightness (Piva et al., 2005; 

Whyte et al., 2010), altered tibiofemoral joint kinetics (Aminaka et al., 2011; Paoloni et al., 

2010), and altered trunk kinematics (Bazett-Jones et al., 2013; Boling & Padua, 2013). However, 

the exact mechanisms by which these factors collectively lead to elevated loading of the PFJ, and 

consequent pain and symptoms remains unclear (Powers et al., 2017). 
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Currently, treatment approaches for PFP target biological factors, such as improving hip 

and knee muscle strength and hip and knee biomechanics during dynamic movement. In 

accordance with the pathomechanical model of PFP (Powers et al., 2017), addressing strength 

and biomechanics would decrease the PFJ reaction forces and loading, thereby reducing pain and 

improving function. However, the outcomes resulting from these biologically targeted 

interventions are less than optimal. There are also several factors that are mentioned in the 

Biopsychosocial Model of Sport Injury Rehabilitation (Brewer et al., 2002) that have yet to be 

examined in the context of PFP rehabilitation. For example, it is unknown how factors such as 

quality and quantity of sleep, nutritional intake, and immune function may influence both 

psychological factors and intermediate rehabilitation outcomes in individuals with PFP.  

Psychological Factors.   

Perception of Pain. Defining the participant’s perception of pain is a complex 

phenomenon that consists of both emotional and sensory components and can be described by 

location, quality, and intensity of the experience (Sternberg, 2007). Typically characterized by its 

unpleasantness, pain is an emotional dimension that consists of both pain sensation and pain 

perception (Sternberg, 2007). Pain sensation refers to the process by which energy contacts the 

sensory receptors resulting in a change in neural activity that is then transmitted to the central 

nervous system via afferent neural pathways (Sternberg, 2007). Pain perception on the other 

hand is defined as the ‘conscious interpretation of the nociceptive stimulus as pain’ (Sternberg, 

2007). In other words, pain perception is an individual’s interpretation of the sensation of pain 

and an attempt to attach meaning to the pain, which could influence their emotional and 

behavioral responses (Peacock & Watson, 2003). Based on previous definitions, for the purposes 
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of this study the perception of pain was operationally defined as, “the individual’s interpretation 

of pain sensation and attempt to attach meaning to the pain”. 

Currently within the PFP literature, pain is commonly studied as pain sensation or 

nociception resulting from elevated loading of the PFJ. Several studies have suggested that the 

pain experienced by individuals with PFP is the result of sensitization of peripheral nociceptors 

(Rathleff et al., 2013; Noehren et al., 2016). If this peripheral input continues for an extended 

period of time, localized and distal hyperalgesia may occur, leading to reduced pressure pain 

threshold (Arendt-Nielsen & Graven-Nielsen, 2011).  However, it can be argued that 

nociception, along with other biopsychosocial factors, influences an individual’s perception of 

pain.  

A cross-sectional study by Rathleff et al., 2013 compared pressure pain thresholds (PPTs) 

between adolescent females with PFP (n=57) and age-matched, healthy control females (n=22). 

A handheld pressure algometer was used to measure PPTs at three sites around the patella and 

one site on the patella, as well as the tibialis anterior. The participants were also asked to report 

duration of symptoms and complete the KOOS (Roos & Lohmander, 2003) to quantify pain 

intensity and knee-related quality of life. This information was gathered to determine if these 

variables were related to PPTs. The PFP group had significantly lower PPTs at each of the five 

sites tested. Multivariate modeling identified that a longer duration of symptoms was 

significantly associated with higher PPTs at all five sites. KOOS pain intensity and KOOS 

quality of life scores were not significantly associated with the PPTs, but when these variables 

were removed from the model, there was a 10% change in the correlation between symptom 

duration and PPTs. These findings demonstrate that while there is a biological component to pain 
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experienced by individuals with PFP, this perception of pain (cognition, or psychological factor) 

is influenced by symptom duration (an injury characteristic).  

A more recent study (Noehren et al., 2016) reported similar PPT findings in adult females 

(n=20) with PFP. When compared to age-matched healthy female control participants, the PFP 

group had significantly lower PPT values at the patella, lateral retinaculum, and elbow. This 

study also measured threshold to detect light touch using monofilaments on the patella and 

lateral retinaculum, as well as knee abduction during performance of a single-leg step down. Pain 

severity was assessed using the numeric pain rating scale. The PFP group had significantly 

higher thresholds to light touch over the patella, but not at the lateral retinaculum. The PFP group 

exhibited significantly more knee abduction during performance of the single-leg squat task. 

Greater knee abduction angle was also related to maximum pain levels reported on the numeric 

pain rating scale and lower PPT for the lateral retinaculum and patella in the PFP group. In this 

study, the participant’s perception of pain (cognition, psychological factor) was related to knee 

abduction angle (biological factor), which suggests that a behavioral response occurred to the 

experience of pain.  

The evidence discussed above supports the notion that within the context of PFP, self-

reported pain is more appropriately considered a perception of pain. While there is a biological 

nociception component involved, the perception of pain is related to duration of symptoms (an 

injury characteristic) and hip and knee biomechanics (both a biological factor and an 

intermediate biopsychosocial outcome). This is important to acknowledge, especially since many 

researchers and clinicians alike utilize measures of self-reported pain to quantify nociception in 

participants with PFP. More appropriately, these measures, such as the VAS (Harrison et al., 

1995), should be considered a measure of the participant’s perception of pain.  
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Perception of Function. Based on the literature, for this study we operationally defined 

perception of function as “a participant’s self-reported subjective symptoms and functional 

limitations” (Kujala, 1993). A participant’s perception of their function can be influenced by 

several factors, such as the perception of pain (Maly et al., 2006) and level of exertion during 

functional tasks (Stratford & Kennedy, 2006). Additionally, there is evidence to support that 

objective measures of function and participant’s perception of function differ at various points of 

the recovery process in individuals undergoing a total knee arthroplasty (Mizner et al., 2011). 

Further research is warranted to examine the factors that may influence the perception of 

function for individuals with PFP, to determine if injury characteristics and sociodemographic 

factors may also be related to the perception of function.  

Thus far, research investigating PFP patients’ perceptions of pain and function have 

received attention solely as outcome measures in the literature. However, since these constructs 

may be influenced by injury characteristics, sociodemographic factors, biological factors, and 

social and contextual factors, perceived pain and function may be arguably regarded as 

cognitions (psychological factors). The following section will review other factors associated 

with PFP that are within the biopsychosocial model (Brewer et al., 2002) and how they are 

related to perceived pain and function.  

Other Psychological Factors. Piva et al. (2009) examined the relationship between 

selected physical factors (muscle strength, soft tissue flexibility, and quality of movement) and 

psychological factors (perceptions of pain and function, anxiety, and fear-avoidance beliefs) 

associated with PFP in 74 participants. Isometric hip abduction and external rotation and 

quadriceps muscle strength and flexibility and length of the hamstrings, quadriceps, plantar 

flexors, ITB complex, and lateral retinacular structures were assessed using clinical examination 



99 
 

techniques. Quality of movement was assessed by scoring the performance of a lateral step-down 

task, awarding points based on the number of errors observed during performance of the task 

(Piva et al., 2006). Perception of pain was measured using the numerical pain rating scale 

(NPRS; Katz & Melzack, 1999), and perception of function was assessed using the Activities of 

Daily Living Scale of the Knee Outcome Survey (ADLS; Irrgang et al., 1998). The Beck Anxiety 

Index (Beck et al., 1961) was used to determine the level of anxiety, and the FABQ (Waddell et 

al., 1993) was administered to measure fear avoidance beliefs. After controlling for age and 

gender, the results revealed no significant relationships between any of the physical factors 

(biological factors) and participant perceptions of pain and function (cognitions, or psychological 

factors). A significant relationship between perception of function (cognition) and psychological 

variables of anxiety and fear avoidance beliefs (affects, other psychological factors) were found. 

Fear avoidance beliefs about work and physical activity were associated with perception of pain. 

The findings of this study provide support for a relationship between cognitions related to pain 

and function and selected psychological factors, in that participants’ perceptions of pain and 

function in PFP and fear-avoidance beliefs are related. This supports a link between cognitions 

and affects (both psychological factors) in individuals with PFP. 

Domenech et al. (2013) performed a cross-sectional study to determine the relationship 

between kinesiophobia, catastrophizing, anxiety, depression and participant’s perceptions of pain 

and disability in 97 participants with PFP. Kinesiophobia was measured using the TSK (Miller et 

al., 1991), and catastrophizing was assessed using the PCS (Sullivan et al., 1995). The HAD 

subscale (Zigmond & Snaith, 1983) was administered to determine the levels of anxiety and 

depression. The VAS (Harrison et al., 1995) and Lysholm Scale (Esculier et al., 2013) were used 

to quantify the participants’ perceptions of pain and disability, respectively. The participants 
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reported relatively high levels of kinesiophobia, catastrophizing, anxiety, and depression. Pain 

and disability were moderately correlated with one another, and catastrophizing also correlated 

with pain and disability. Levels of kinesiophobia, anxiety, and depression were related to both 

pain and disability. Regression analysis revealed that catastrophizing and depression accounted 

for 56% of the variance in disability, while catastrophizing alone explained 37% of the variance 

in pain. These findings demonstrate the relationships that exist among kinesiophobia, 

catastrophizing, anxiety, depression (affects, or psychological factors) and participants’ 

perceptions of their pain and disability (cognitions).  

In a follow-up to the study above, a longitudinal observational study (Domenech et al., 

2014) examined the relationship between changes in psychological variables following treatment 

and participant perceptions of pain and disability in patients with PFP (n=47). The psychological 

variables measured in this study were the same as the previous study described above 

(kinesiophobia, catastrophizing, anxiety, depression) with the addition of pain coping strategies 

measured using the CSQ (Frydenberg & Lewis, 2004). The VAS (Harrison et al., 1995) was used 

to quantify the participant’s perception of pain, and the Lysholm Scale (Esculier et al., 2013) was 

used to quantify participants’ perceptions of disability. Kinesiophobia, anxiety, and depression, 

and the pain coping strategy of catastrophizing were all significantly reduced following treatment 

compared to baseline measures. Additionally, participants who reported decreased levels of 

kinesiophobia, catastrophizing, anxiety, and depression demonstrated a greater improvement in 

their perceptions of pain and function post-treatment. Regression analysis identified that changes 

in catastrophizing predicted improvement in the perception of pain, while changes in both 

catastrophizing and anxiety predicted changes in the perception of disability following treatment. 

The results of this study support the relationship between changes in catastrophizing and anxiety 
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(affects, psychological factors) and participant’s perception of their pain and function 

(cognitions) following treatment for PFP.  

A cross-sectional study by Maclachlan et al. (2018) examined differences in selected 

psychological factors between individuals with PFP and healthy controls and the relationship 

between these factors and the perception of disability in the PFP group. The psychological 

factors examined in this study included kinesiophobia, catastrophizing, anxiety, and depression. 

Kinesiophobia was assessed using the TSK (Miller et al., 1991), catastrophizing was measured 

using the PCS (Sullivan et al., 1995), and anxiety and depression were determined using the 

HAD Scale (Zigmond & Snaith, 1983). The PFP group completed the KOOS (Roos & 

Lohmander, 2003) to determine the severity of their condition and perception of disability, 

allowing for subgrouping of the PFP group according to the severity of their symptoms. There 

were no significant differences between the control group and the PFP group as a whole in 

regards to the kinesiophobia, catastrophizing, anxiety, or depression, indicating that the affects 

were similar among the groups. However, when the PFP group was divided into the subgroups 

by severity, those participants with more severe symptoms reported significantly higher levels of 

catastrophizing and depression than the control group. Compared to the less severe symptom 

group, the more severe symptom group reported significantly higher levels of kinesiophobia, 

catastrophizing, and depression. Regression analysis revealed that kinesiophobia and depression 

were related with the perception of disability in the PFP group. These finding highlights the link 

between symptom severity (injury characteristic) and affects (psychological factors) in 

individuals with PFP. These results are in concord with the results from Domenech et al. (2013), 

identifying a relationship between kinesiophobia and the perception of disability in participants 

with PFP. 
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A case-control study (Priore et al., 2019) explored differences between women with PFP 

(n=55) and pain-free women (n=40) in levels of kinesiophobia, pain catastrophizing, and 

physical function during a forward step-down, single leg hop, and dynamic balance task. Similar 

to the studies presented above, the TSK (Miller et al., 1991) was used to measure kinesiophobia, 

and the PCS (Sullivan et al., 1995) was used to assess pain catastrophizing. The PFP group 

reported significantly higher levels of kinesiophobia and pain catastrophizing and lower 

objective function  than the control group. No relationship was found between the measures of 

kinesiophobia and pain catastrophizing and the physical function measures in the PFP group. 

Contrary to the findings of Piva et al. (2009) and Maclachlan et al. (2018), function in this study 

was quantified using objective, physical measures rather than self-report measures that measure 

the perception of function, which may explain the difference in findings between these studies.  

Social and Contextual Factors. Social and contextual factors refer to the factors that 

constitute the situational circumstances and the environment in which rehabilitation takes place 

(Brewer et al., 2002). As demonstrated in the PFP treatment section, research suggests that 

modifying the rehabilitation environment has related to other components of the biopsychosocial 

model, namely psychological factors such as perceptions of pain and function, and intermediate 

rehabilitation outcomes such as hip and knee biomechanics and muscular strength. For example, 

the addition of an external support may influence psychological factors, such as perceptions of 

pain and function (Barton, Menz et al., 2011; Kurt et al., 2016; Petersen et al., 2016; Uboldi et 

al., 2018). Similarly, the addition of gait retraining has been related to both perception of pain 

(psychological factor) as well as hip and knee biomechanics and muscular strength (intermediate 

biopsychosocial outcomes) (Roper et al., 2016; Willy et al., 2012). It is currently unknown how 
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other social and contextual factors such as existence of social network, life stresses, or other 

situational characteristics influence the rehabilitation process for those with PFP.  

Injury Characteristics.  

Duration of Symptoms. Given that PFP symptoms may persist for years (Collins et al., 

2012) it is unsurprising that duration of symptoms in relation to rehabilitation outcomes have 

received much attention in the literature. A prospective cohort study by Gerbino et al. (2006), the 

relationship between duration of symptoms (injury characteristic) and the perception of pain 

(cognition, psychological factor) was explored. Patients from a sports medicine practice in the 

United States (n=100) with PFP reported their duration of symptoms and their perception of pain 

using a 0-9 point ordinal scale. Duration of symptoms was inversely correlated with perceived 

pain. Participants who reported experiencing symptoms for less than seven months reported a 

median of a 7 out of 10 for pain intensity, compared to those participants who experienced 

symptoms lasting for more than 24 months, who reported a median pain severity of 4 out of ten. 

These findings suggest that longer duration of symptoms is associated with lower perceived pain 

intensity – suggesting that pain is appraised differently over time.  

Lankhorst et al. (2015) conducted a secondary exploratory analysis of a randomized 

controlled trial to identify patient characteristics (including duration of symptoms) that may 

interact with treatment effects of “usual care” as compared to exercise therapy in 131 patients 

with PFP. The primary outcomes of interest for this study were self-reported pain using the NRS 

(Katz & Melzack, 1999) and function using the AKPS (Kujala et al., 1993) at 3 months post-

intervention. The patient characteristics examined in this study were limited to gender, age, body 

mass index, duration of symptoms, and sports participation. While none of these patient 
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characteristics had a significant interaction with treatment for the outcomes of pain or function, 

there was a positive trend for patients with a longer duration of symptoms to report higher levels 

of function following exercise therapy than those with a shorter duration of symptoms when 

compared to usual care. The authors suggested that patients who have experienced symptoms for 

a longer duration of time may have decreased lower extremity muscular strength than those who 

have experienced symptoms for a shorter duration of time, which would explain why those 

individuals responded more favorably to exercise therapy. These findings demonstrate that 

duration of symptoms (injury characteristic) can influence muscle strength (intermediate 

biopsychosocial outcome).  

Earl-Boehm et al. (2017) performed a secondary analysis of data from a single-blinded 

randomized clinical trial for 199 participants with PFP to explore potential relationships among 

perceptions of pain and function, duration of symptoms, selected patient demographics, and 

isometric hip muscle strength. The VAS (Harrison et al., 1995) and the AKPS (Kujala et al., 

1993) were used to measure perceptions of pain and function, respectively. A weak, positive 

correlation was identified between duration of symptoms and patient weight and body mass 

index, indicating that patients with symptoms for a longer duration were heavier than those 

experiencing symptoms of PFP for a shorter period of time. There was also a weak, negative 

correlation between duration of symptoms and hip abduction, external rotation, and internal 

rotation strength. This finding is consistent with the results presented by Lankhorst et al. (2015) 

suggesting that a longer duration of symptoms is associated with muscular weakness in the lower 

extremity. However, the relationship between duration of symptoms and muscular strength was 

weak, which supports the idea that there may be other factors, such as psychological factors, that 

could influence intermediate rehabilitation outcomes such as strength. 
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 Duration of symptoms is related to changes in perception of pain (Gerbino et al., 2006), 

as well as select sociodemographic factors such as body weight and body mass index (Earl-

Boehm et al., 2017). There was also a weak relationship identified between duration of 

symptoms and hip muscle strength (Earl-Boehm et al., 2017), which may help to explain the 

finding that those who experience symptoms for a longer period of time are more likely to 

respond favorably to exercise-based rehabilitation (Lankhorst et al., 2015). However, there is a 

need to better determine how duration of symptoms influences other factors involved in the 

rehabilitation process from PFP. The Biopsychosocial Model (Brewer et al., 2002) provides a 

framework to help underpin how duration of symptoms (an injury characteristic) is related to 

psychological factors and intermediate biopsychosocial outcomes.  

Painful Locations. Painful location(s) is an emergent area of research in PFP. Thus far, 

only three studies have attempted to better understand the painful locations relative to PFP. 

Boudreau et al. (2017) conducted a cross-sectional study to explore detailed drawings of pain 

location patterns in adolescents and young adults (n=35) experiencing PFP for greater than 10 

months. Fifty-seven percent of the participants reported pain along the lower peripatellar region 

of the patella, suggesting involvement of the infrapatellar fat pad and synovium. Duration of 

symptoms was related to self-reported perception of pain for participants who experienced pain 

for less than 5 years. In addition, those individuals who experienced pain for 5 years or more 

reported a greater area of knee pain than those with pain for less than 5 years, suggesting that the 

longer an individual has PFP, the more likely they are to report diffuse pain in the affected 

knee(s). Another finding for participants with longer symptom duration was the report of pain in 

an “O” shape that follows around the peripatellar region of the knee, which differed from the 

“U” shaped pattern found around the patella in individuals who experienced symptoms for a 
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shorter duration. Seventy-seven percent of the participants in this study reported experiencing 

bilateral knee pain, and 82% of those with bilateral pain reported symmetrical pain patterns on 

the left and right knee. The authors attributed this observation to the bilateral exposure of 

overuse mechanisms, but stated that this may be able to provide further insight into the natural 

progression of PFP.  

Similar findings were reported in Boudreau et al. (2018), where digital knee pain 

mapping was utilized to explore spatial variation of pain distribution for patients with PFP 

(n=299). Three pain distribution patterns were identified, resembling an anchor, hook, and an 

ovate shape around the patella, and the variations in these patterns were independent of sex and 

age (sociodemographic factors) and pain intensity. Bilateral knee pain as well as symmetrical 

knee pain was associated with a longer duration of pain, as well as the hook and ovate 

distribution patterns. This suggests that other adjacent structures to the patella (such as the fat 

pad and patellar tendon) might be implicated the experience of pain from PFP, as well as the 

possibility that pain could be driven in part by central neuronal mechanisms (Boudreau et al., 

2018). Within the context of the biopsychosocial model of sport injury rehabilitation, this 

suggests that painful locations are closely related to duration of symptoms, another injury 

characteristic within the model.  

A prospective diagnostic study by Décary et al. (2018) assessed the validity of clustering 

history elements, including painful locations, and physical examination tests to diagnose PFP. 

The selected history elements for this study included gender, age, level of education, 

employment status, comorbidities, affected side, duration of symptoms, location of knee pain, 

acute or insidious onset, and use of an ambulatory aid. The participants also completed the 

KOOS (Roos & Lohmander, 2003) to quantify pain, symptoms, function, and knee-related 
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quality of life and the K6 screening scale (Kessler et al., 2010) to assess psychological distress. 

Using a two-step method, the selected history elements outlined above were combined with 

physical examination tests used to diagnose PFP to develop diagnostic clusters for both 

diagnosing PFP as well as ruling the condition out. Patient reports of isolated anterior knee pain 

in individuals under the age of 40 and isolated or anterior or diffuse pain in those individuals 

between 40 and 58 years of age was included in the diagnostic cluster to rule in PFP. Patient 

reports of isolated medial, lateral, or posterior knee pain in individuals under the age of 58 was 

included in the diagnostic cluster to rule out PFP. These findings support that painful locations 

are an important injury characteristic to consider when diagnosing an individual with PFP.  

Studies by Boudreau et al. (2017), Boudreau et al. (2018) and Décary et al. (2018), have 

demonstrated that painful locations (an injury characteristic) does have an impact on the patients’ 

perception of pain (cognition, a psychological factor). Equally, Décary et al. (2018) also found 

differences in how painful locations influence pain perceptions, depending on the patients age (a 

sociodemographic factor). While these studies inform how painful locations are implicated in the 

experience of PFP, understanding how painful locations affect the PFP rehabilitation warrants 

further exploration.  

Sociodemographic Factors. 

Gender.  Driven by the epidemiological information that PFP is more common in women 

than men, most studies to date have focused primarily on examining PFP in females more so 

than in males. Previous research has examined differences based on sex or anatomical 

differences between males and females. In the context of the biopsychosocial model of sport 

injury rehabilitation, gender as a sociodemographic factor is defined as the gender that each 
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individual self-identifies with, regardless of their anatomical features. However, the previous 

PFP literature has addressed differences strictly between males and females based on anatomical 

sex.  

Boling et al. (2010) examined the association between genders and prevalence and 

incidence of PFP in the military cadet population. The participants for this prospective study 

included 1,529 United States Naval Academy cadets. While gender was not identified as a 

significant predictor of prevalence, females were 25% more likely to have experienced PFP 

previously when compared to males. Gender was determined to be a significant predictor for the 

development of PFP, with females 2.23 times more likely to develop PFP than their male 

counterparts (Boling et al., 2010). The authors attributed the gender differences to biomechanical 

and anatomical factors such as altered mechanics during dynamic movements and diminished hip 

and knee strength. These findings indicate that perhaps there are anatomical and biomechanical 

differences (biological factors) that exist between males and females which warrant differences 

in rehabilitation interventions based on gender. The authors also noted that female military 

recruits may be more likely to report a musculoskeletal injury than males, perhaps due to gender 

socialization. This finding supports that gender has implications as both a sociodemographic 

factor that may influence the social and contextual environment surrounding rehabilitation in 

addition to the biological differences between males and females.  

As referenced above, differences in biomechanics and anatomical factors have been 

identified between healthy males and females. These differences have been hypothesized to 

contribute to the increased incidence of PFP in females. Boling et al. (2019) conducted a 

prospective cohort study to examine any potential relationships existing between selected 

biomechanical factors and the risk of PFP in males and females. The participants (n=4,543) were 
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monitored for the development of PFP during their time in the naval academy, and logistic 

regression analysis was utilized to determine which risk factors were relevant for each gender. 

The risk factors identified as significant for females included exhibiting less than 10 degrees of 

hip abduction at initial contact and greater than 10 degrees of knee internal rotation at 50% of the 

stance phase of a jump-landing task. This differed from the male participants, where greater than 

20 degrees of knee flexion at initial contact and 0-5 degrees of hip external rotation at 50% of the 

stance phase of the jump-landing task decreased the risk of PFP. These findings do support that 

gender differences exist in regards to risk factors for developing PFP, and may be important to 

consider while designing treatment interventions.  

In the study previously discussed by Lankhorst et al. (2015), no interaction was noted for 

gender (sociodemographic factor) and perception of pain (cognition, psychological factor). 

However, a positive trend was identified for improvements in perceptions of function in females 

with PFP following exercise therapy. This trend was not observed with the male participants of 

this study. Gender was not associated with poor prognosis following treatment. The authors cited 

that biomechanical differences between males and females, as identified in the study by Boling 

et al. (2019), could explain why females responded more favorably to exercise therapy. This 

conclusion however fails to acknowledge the role that other psychosocial variables could play in 

the gender differences seen in individuals with PFP. Further research examining gender as a 

component of a biopsychosocial framework is warranted to better understand how gender as a 

sociodemographic factor may influence psychological factors, which in turn can impact 

intermediate biopsychosocial outcomes. 

Age. After review of the literature, there are two studies that examine age as a potential 

factor to influence outcomes for individuals with PFP. Lack et al., (2014) conducted a systematic 
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review and meta-analysis including 15 cohort studies to identify outcome predictors for 

commonly used conservative interventions for individuals with PFP, such as foot orthoses and 

exercise therapy. The authors identified limited evidence to suggest that higher self-reported 

function, greater forefoot valgus, and greater rearfoot eversion magnitude predict improved 

outcomes with an intervention utilizing foot orthoses. Exercise therapy intervention success was 

predicted by shorter symptom duration, lower frequency of pain, younger age, faster vastus 

medialis oblique reflex response time, negative patellar apprehension, absence of 

chondromalacia patella, greater total quadriceps cross-sectional area, and reduced eccentric 

quadriceps peak torque. A trend was identified for older age to predict a successful outcome for 

interventions that included the use of a foot orthosis (Lack et al., 2014). In the discussion, the 

authors speculated that that movement patterns may be more ingrained in older individuals, and 

that younger individuals may have a greater capacity for neuromuscular adaptation and strength 

gains resulting from exercise therapy (Lack et al., 2014). The results from this meta-analysis 

demonstrate that age is related to PFP rehabilitation outcomes.  

In contrast to these findings, the paper by Lankhorst et al. (2015) discussed earlier 

reported that age was not a significant predictor for perception of pain or perception of function 

in their sample of individuals with PFP. While differences in intervention approach may help 

explain the difference in findings, further research is warranted to determine if age, a 

sociodemographic factor does play a meaningful role in the recovery for patients with PFP.  

Intermediate Biopsychosocial Outcomes. Intermediate biopsychosocial outcomes are 

utilized in the rehabilitation process to assess progress, and may be measures of biological or 

psychological factors within the Biopsychosocial Model (Brewer et al., 2002).  
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  Hip Strength. One of the intermediate biopsychosocial outcomes of primary interest is 

hip muscle strength, due to the role it has on proximal kinematics in the pathomechanical model 

of PFP (Powers et al., 2017). The measurement of hip strength (biological factor) can be viewed 

as an intermediate biopsychosocial outcome within the Biopsychosocial Model (Brewer et al., 

2002) because the intended outcome of exercise focused rehabilitation is muscular strengthening. 

Hip strengthening exercises are commonly included within an exercise therapy intervention for 

patients with PFP and have been credited with improving function and reducing pain in several 

studies (Collins et al., 2018; Earl & Hoch, 2011; Ferber et al., 2015). As stated earlier, weakness 

of the hip musculature has been reported in the literature in individuals with PFP. Independent of 

assessing hip strength as an outcome following an exercise therapy-based intervention, very little 

is known about the interrelationships among hip strength and perceived pain and function. The 

following will summarize what is understood about the interrelationships among hip strength, 

perception of pain, and perception of function.  

The contributions of muscle strength and perception of pain on perception of function in 

females with PFP (n=21) were explored in an observational study conducted by Long-Rossi & 

Salsich (2010). The perception of pain during performance of a single-leg squat was assessed 

using the VAS (Harrison et al., 1995). Isometric strength was measured for gluteus medius, 

gluteus maximus, and hip external rotators, and the perception of function was assessed using the 

AKPS (Kujala et al., 1993).  The perception of pain and isometric hip external rotation strength 

were identified as significant predictors of the perception of function in females with PFP. None 

of the isometric hip strength measures were associated with the perception of pain, suggesting a 

relationship between hip muscle strength and the perception of function but not with the 

perception of pain in females with PFP.   
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Another study (Nakawaga et al., 2011) examined the relationship between eccentric hip 

and knee strength measures and perception of pain and function in females with PFP. The VAS 

(Harrison et al., 1995) was used to determine the perception of pain during the last week, and the 

AKPS (Kujala et al., 1993) was used to measure the perception of function. Strength of the hip 

abductors and external rotators and the knee extensors was measured eccentrically using an 

isokinetic dynamometer. Hip external rotation strength was related to the perception of pain, 

which differs from the findings of the study by Long-Rossi & Salsich (2010). The difference in 

findings between these two studies could be attributed to differences in the assessment of muscle 

function. Consistent with the findings of Long-Rossi & Salsich (2010), eccentric hip external 

rotation strength was associated with the perception of function. These findings support the 

relationship between hip external rotation strength (intermediate biopsychosocial outcome) and 

the perception of function (cognition, psychological factor) in females with PFP.  

While these findings suggest a relationship between hip strength and perception of 

function, which is commonly used as an outcome measure for individuals with PFP, it is 

unknown how injury characteristics, such as duration of symptoms and painful locations, and 

sociodemographic factors, such as sex and age, may interact with psychological factors to 

influence intermediate biopsychosocial outcomes such as hip muscle strength.  

Hip and Knee Biomechanics. In addition to muscular strength, biomechanics of the hip 

and knee are another commonly reported intermediate biopsychosocial outcome in intervention 

studies for PFP (Collins et al., 2018). The measurement of the biomechanics of the hip and knee 

biomechanics (biological factors) can be viewed as an intermediate biopsychosocial outcome 

with in the Biopsychosocial Model (Brewer et al. 2002) because they are also intended outcomes 

following rehabilitation. There is some evidence to support that particular hip and knee 
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biomechanics, namely knee abduction, are related to the perception of pain in individuals with 

PFP (Noehren et al., 2016). The following section will summarize the body of PFP literature 

regarding hip and knee biomechanics and their relationship with perceptions of pain and 

function.  

Nakagawa et al. (2013) examined the relationship between perception of pain, perception 

of function, and hip and knee kinematics during a step-down task in both males (n=20) and 

females (n=20) with PFP. The VAS (Harrison et al., 1995) was used to determine perception of 

pain, and the AKPS (Kujala et al., 1993) was used to evaluate the perception of function. Three-

dimensional analysis of hip and knee kinematics and kinetics was performed during the 

performance of a step-down task. Greater perceived pain was related to greater peak hip 

adduction, internal rotation, and knee abduction. Regression analysis identified peak hip internal 

rotation and hip adduction were significant predictors of the perception of pain, and peak hip 

adduction was the only predictor of perception of function. These findings support a relationship 

between perceptions of pain and function (psychological factors) and specific hip and knee 

biomechanics (an intermediate biopsychosocial outcome).  

After review of the existing literature in individuals with PFP, it is evident that the vast 

majority of studies have focused on the biomechanics of the hip and knee from a predominantly 

biomedical perspective. There is support that hip and knee biomechanics are related to the 

perceptions of pain (Noehren et al., 2016) and function (Nakagawa et al., 2013) in individuals 

with PFP, but future research is warranted to better establish the relationships between 

perceptions of pain and function (psychological factors) and hip and knee biomechanics (an 

intermediate biopsychosocial outcome) as illustrated in the Biopsychosocial Model (Brewer et 

al., 2002).  
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Within the PFP literature, there is evidence to suggest that perceptions of pain and 

function (cognitions - psychological factors) are related to injury characteristics (duration of 

symptoms and painful locations), sociodemographic factors (gender and age), and intermediate 

biopsychosocial outcomes (hip strength and hip and knee biomechanics). Each of these factors 

have been primarily studied in isolation of one another. Pain and function, both commonly 

utilized as outcome measures in the PFP literature, have been related to other psychological 

factors, or affects, such as kinesiophobia, depression, and fear-avoidance beliefs (Domenech et 

al., 2013; Maclachlan et al., 2018; Domenech et al., 2014). These findings suggest that measures 

of pain and function are more appropriately viewed as perceptions of pain and function, 

considered cognitions or psychological factors within the biopsychosocial model of sport injury 

rehabilitation. Duration of symptoms (Gerbino et al., 2006; Lankhorst et al.,2015; Earl-Boehm et 

al., 2017) is an injury characteristic that has been related to psychological factors (perceptions of 

pain and function) and intermediate biopsychosocial outcomes (hip muscle strength) in 

individuals with PFP. Another injury characteristic, painful locations, also has evidence to 

support a relationship with perceptions of pain (psychological factor).  

Gender, a sociodemographic factor within the biopsychosocial model of sport injury 

rehabilitation, may be related cognitions or psychological factors, which in turn relates to 

intermediate biopsychosocial outcomes for PFP. There is evidence to support that females and 

males differ in regards to muscle strength and biomechanics (Boling et al., 2010), suggesting 

perhaps differences in response to treatment interventions according to gender. Another 

sociodemographic factor presented in the PFP rehabilitation literature is age, with evidence to 

support that there are differences in intermediate biopsychosocial outcomes following treatment 

interventions for patients depending on their age (Lack et al., 2014).  
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In regards to intermediate biopsychosocial outcomes, hip strength and hip and knee 

biomechanics are two outcome measures that are well-researched in the PFP rehabilitation 

literature. Hip strength has been related to perceptions of function (Long-Rossi & Salsich, 2010) 

and pain (Nakagawa et al., 2011), however this relationship differs depending on the method of 

measuring muscle strength. Hip and knee biomechanics, namely dynamic malalignment, has 

been associated with perceptions of pain and function (Nakagawa et al., 2013) in individuals 

with PFP. 

The Biopsychosocial Model of Sport Injury Rehabilitation (Brewer et al., 2002) provides 

a conceptual framework that can illustrate the interrelationships among all of these factors in the 

context of PFP rehabilitation. This approach may help to better understand the multitude of 

biopsychosocial factors that interact to influence the outcomes and prognosis following PFP 

rehabilitation.  

Literature Review Conclusions  

 Thus far, a vast majority of the research regarding PFP etiology and rehabilitation has 

focused on participants who are recruited from health care facilities or from closed populations, 

such as the military or athletic populations. As such, future studies should examine PFP within a 

sample from the general population to better depict how individuals who may not elect to seek 

medical attention or are not physically active respond to treatment interventions. The use of 

survey screening instruments could be utilized to identify those within the general population 

who have PFP and allow for recruitment for future studies.  

This analysis of the existing evidence regarding PFP suggests that the current 

understanding of the etiology of PFP, largely anchored in the pathomechanical model (Powers et 
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al., 2017) that focuses on PFP as a biological condition is not consistently supported. While the 

pathomechanical model (Powers et al., 2017) provides a framework to explain the etiology of 

PFP from a biological perspective, treatment interventions designed to address these factors 

exclusively have not been consistently successful in producing positive patient outcomes. 

Research involving other conditions, such as chronic LBP, ACL injury, and lateral ankle sprains 

has adopted a biopsychosocial framework to underpin the rehabilitation process and has resulted 

in enhanced patient outcomes and psychological responses. This same approach can be taken 

when considering the rehabilitation and recovery for PFP, in an attempt understand how not only 

the biological factors, but also how psychological factors, social and contextual factors, injury 

characteristics, and sociodemographic factors may collectively influence intermediate 

biopsychosocial outcomes. The evidence presented in this literature review demonstrates that 

many of these factors of the model have been examined individually or relative to one other 

factor, but there has yet to be a study to examine the interrelationships among these factors in 

PFP anchored in a biopsychosocial model. There is support within the PFP literature to warrant 

conceptualizing PFP rehabilitation as biopsychosocial in nature, rather than a simply a chronic 

musculoskeletal condition resulting from increased patellofemoral joint stresses.  

To date, self-reported measures for pain and function within the PFP literature are viewed 

as outcome measures that merely reflect the pain sensation severity experienced by the patient 

due to biological factors. However, these measures may more accurately be viewed as outcomes 

that reflect the constructs of perceptions of pain and function, which are cognitions or 

psychological factors within the Biopsychosocial Model (Brewer et al., 2002). A biopsychosocial 

framework may also be used to conceptualize treatment interventions. Within a treatment 

intervention, there are several elements of the intervention that may be modified, resulting in an 
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alteration to the rehabilitation environment. Within the Biopsychosocial Model (Brewer et al., 

2002), the rehabilitation environment itself is a type of social and contextual factor. Any 

alterations to the rehabilitation environment can directly influence psychological factors, such as 

perceptions of pain and function. Changes in perceptions can in turn influence intermediate 

biopsychosocial outcomes such as muscle strength and biomechanics and vice versa. Specific to 

PFP, treatment interventions that incorporate exercise therapy have yielded the most favorable 

outcomes. The addition of movement retraining, which is an emerging treatment intervention, 

has produced optimal improvements in both participant perceptions of pain and function and 

biomechanics. Further evidence is warranted to determine the effectiveness of a movement 

retraining intervention focused on improving participants’ perceptions of pain and function and 

intermediate biopsychosocial outcomes during an everyday task. 
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Chapter Three: Injury Characteristics & Sociodemographic Factors Associated with 

Perceptions of Pain and Function in Individuals with Patellofemoral Pain 

Introduction 

Patellofemoral pain is a chronic musculoskeletal condition resulting in peri- and retro-

patellar pain with load-bearing activities, such as navigating stairs, squatting, jumping, and 

kneeling (Crossley et al., 2016). It is estimated that as high as 40% of visits to healthcare 

providers for knee pain have been diagnosed as PFP (Witrvouw et al., 2014), however 

preliminary evidence suggests that up to 37% of individuals with PFP elect not to seek medical 

attention for their knee pain, indicating that the prevalence of this condition may be much higher 

(Thorpe et al., 2019).  

Traditionally, PFP has been grounded in a pathomechanical model that suggests a 

combination of faulty lower extremity mechanics during weight bearing and impaired 

neuromuscular function of the surrounding musculature may alter the position of the patella, 

leading to nociception (Powers et al., 2017). While there is evidence to support that these factors 

may contribute to the development of PFP, therapeutic interventions designed to correct 

mechanics and neuromuscular function are not as effective in the long term in eliminating 

perceptions of pain and improving function (van Linschoten et al., 2009). Therefore, it is likely 

that factors other than those in the pathomechanical model may play a role in the etiology and 

rehabilitation of PFP.  

A broader biopsychosocial framework has been adopted to understand other 

musculoskeletal injuries, such as chronic low back pain (Waddell, 1987) and anterior cruciate 

ligament (ACL) injuries (Brewer et al., 2002; Brewer et al., 2004). In chronic low back pain, 
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several affects, or psychological factors all relate to rehabilitation outcomes (Saito & Nishida, 

2015; Fujii et al., 2013; Panhale et al., 2016, George & Beneciuk, 2015). Within the ACL injury 

rehabilitation literature, the use of interventions focused on addressing psychological factors 

(Maddison et al., 2006) have reported favorable outcomes, providing support that rehabilitation 

should be viewed as biopsychosocial in nature. The Biopsychosocial Model of Sport Injury 

Rehabilitation (Brewer et al., 2002), consists of a core of biological, psychological, and social 

and contextual factors (Figure 2). This dynamic core is conceptualized to be influenced by injury 

characteristics and sociodemographic factors (Brewer et al., 2002). The psychological factors 

within this model are proposed to have a bidirectional relationship with intermediate 

biopsychosocial outcomes and sport injury rehabilitation outcomes (Brewer et al., 2002). 

Intermediate biopsychosocial outcomes are also said to affect the overall sport injury 

rehabilitation outcomes as well (Brewer et al., 2002). 

Researchers and clinicians often assess the self-reported outcomes of pain and function in 

patients with PFP. The measures for self-reported pain are interpreted as assessments of pain 

sensation or nociception, the process by which energy contacts the sensory receptors resulting in 

a change in neural activity that is then transmitted to the central nervous system via afferent 

neural pathways (Sternberg, 2007). However, the measures commonly used to quantify pain 

sensation include descriptors including numbers or statements for the participant to attach 

meaning to the pain sensation they are experiencing at that time. Therefore, it may be more 

appropriate to view these measures as assessments of the construct “perception of pain”, or the 

individual’s interpretation of the pain sensation and an attempt to attach meaning to the pain 

(Peacock & Watson, 2003). Similarly, self-reported functional assessments, such as the Knee 

Injury and Osteoarthritis Outcome Score (KOOS; Roos et al., 1998) and Kujala Anterior Knee 
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Pain Scale (AKPS; Kujala et al., 1993), are assessments of the individual’s perception of 

functional ability. “Perception of function” is an individual’s interpretation of the subjective 

symptoms and functional limitations resulting from their condition (Kujala et al., 1993), 

influenced by both the perception of pain and the level of exertion during functional tasks 

(Stratford & Kennedy, 2006). Both the perception of pain and the perception of function may be 

viewed as cognitions, or psychological factors within the Biopsychological Model (Brewer et al., 

2002). 

There are several factors described in the Biopsychosocial Model (Brewer et al., 2002) 

that are found in the body of literature about PFP. Duration of symptoms is one injury 

characteristic of PFP that is associated with poorer long-term prognosis, as individuals who 

experienced symptoms for a longer period of time had a poorer outcome (Lankhorst et al., 2015). 

This is concerning since it appears that as many as 37% of individuals with knee pain lasting 

over 1 month have not sought medical attention for their knee pain (Thorpe et al., 2019).  

Painful locations, or the painful areas around the knee identified by a with PFP patient on 

a knee pain map, is an emerging topic in PFP research. This approach is used to quantify 

localized versus widespread pain in this population. Longer duration of symptoms (five years or 

longer) is associated with more widespread pain than those who have experienced their 

symptoms for a shorter period of time (Boudreau et al., 2017). Painful locations of the knee and 

duration of symptoms are injury characteristics that have not yet been studied relative to 

perceptions of pain and function in this population. 

The sociodemographic factors of gender and age are also described in the 

Biopsychosocial Model (Brewer et al., 2002).  Gender is a sociodemographic factor that may 
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have an impact on how an individual perceives their pain and function. For instance, gender 

could influence the rehabilitation process by the interaction of hormonal influences (biological 

factor), emotional reactions (psychological factor), and societal expectations based on gender 

(social and contextual factor) (Brewer et al., 2002) Age is another sociodemographic factor that 

may impact patient perceptions of pain and function. While there is some evidence to suggest 

that age could influence which treatment options are more beneficial in reducing pain and 

increasing function (Lack et al., 2014), there is also evidence to suggest that age is not a 

significant predictor of perceptions of pain or function in individuals with PFP (Lankhorst et al., 

2015).  

Currently, the long-term prognosis for PFP is less than optimal, with many individuals 

experiencing pain and symptoms months or even years after diagnosis (Collins et al., 2018; van 

Linschoten et al., 2009; Price et al., 2000; Stathopulu & Baildum, 2003). Many of the current 

treatment interventions focus primarily on changing biological factors (e.g. strength or 

biomechanics) to improve perception of pain and function. This approach fails to acknowledge 

the relationship of other biopsychosocial factors, such as injury characteristics and 

sociodemographic factors, that may be related to perceptions of pain and function in this 

population. 

While researchers have acknowledged that the experience of PFP may be 

biopsychosocial in nature (Smith et al., 2018), there is yet to be a study to examine PFP using a 

biopsychosocial model as a framework to explain relationships among factors. The 

Biopsychosocial Model of Sport Injury Rehabilitation (Brewer et al., 2002) may better explain 

the interrelationships among perceptions of pain and function (cognitions, or psychological 
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factors), injury characteristics, sociodemographic factors, and intermediate biopsychosocial 

outcomes that are implicated in PFP rehabilitation.  

Therefore, the purpose of this study was to identify relationships between selected injury 

characteristics (duration of symptoms and painful locations), sociodemographic factors (gender 

and age), and psychological factors (participant’s perceptions of pain and function) in individuals 

with PFP. We hypothesized that there would be relationships between duration of symptoms, 

painful locations, gender, age, and participant’s perceptions of pain in individuals with PFP.  

Methods 

Study Design & Protocol 

 This study was a cross-sectional design utilizing an online survey developed using 

Qualtrics software (Qualtrics, Provo, UT, USA).  

Recruitment & Participants 

While previous studies have utilized recruitment from health care providers or the 

recommended clinical criteria to identify individuals with PFP to participate in their studies, we 

wanted to recruit from the general population. Not everyone who experiences knee pain or PFP 

will seek medical attention, so therefore we opted to utilize a survey specifically designed to 

identify individuals with PFP from the general community. The Survey instrument for Natural 

history, Aetiology and Prevalence of Patellofemoral pain Studies (SNAPPS) has been used in 

previous studies examining the prevalence of PFP within the general population, and can be used 

to differentiate PFP from other conditions of the knee (Dey et al., 2016). 

Participants were recruited using social media invitations, in person at community events, 

and via email invitation. Consent was assumed if the individual clicked next on the consent page 
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at the start of the survey, in accordance with the University of Wisconsin-Milwaukee’s 

Institutional Review Board’s approved protocol for this study. The next several questions 

determined eligibility for the study, and included age (18-45 years), state or United States 

territory, and if they experienced knee pain in the last year.  

Measures 

An online version of SNAPPS was utilized, adapted from the original version using 

Qualtrics software. This questionnaire asked the participant a series of questions regarding their 

knee pain, which are broken down into four sections. The first section consisted of screening and 

demographic questions including age. This section included the question, “Have you had pain or 

problems in the last year around the knee?” to screen for inclusion for the remaining survey 

questions.  

 Section two of SNAPPS included questions relative to the clinical features of the 

participant’s knee pain. The questions in this section are aimed at identifying the presence of 

bilateral pain, previous survey, history of dislocation, swelling of the knee, presence of pain for 

more than one month, the main complaint for the involved knee(s), and perceived onset of 

symptoms. This was followed up by a question asking the participant to report (in months) how 

long their experienced their symptoms. This response was used to quantify the duration of 

symptoms for each participant. 

 The third section of SNAPPS asked the participant if they had experienced pain with 14 

different activities, including sitting for long periods of time, running, and squatting. This section 

provides demographic information about the presence of pain with various activities of daily life. 

 Section four of SNAPPS included a digital picture of a right and left knee and asked the 
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participant to identify the location of their pain by clicking on the image in the corresponding 

region. Participants could click as many times in as many locations as they desired. This question 

was developed in Qualtrics using the heat map question option. The knee images were divided 

into six anatomical regions, which were only visible on the administrator view of the survey. 

These anatomical regions included the quadriceps tendon, medial knee, lateral knee, medial 

patella, lateral patella, and patellar tendon for both the right and left knees (Figure 3). 

Figure 3 

Painful Locations Regions on Knee Pain Map in SNAPPS 

 

The Multidimensional Sex/Gender Measure (MSGM; Bauer et al., 2017) was used to 

determine gender identity, which asked the participant to share their assigned sex at birth and to 

what gender they most closely associate.  

The Numerical Pain Rating Scale (NPRS; Katz & Melzack, 1999), was selected as the 

measure of perception of pain due to its easy adaptability for online use. The NPRS has been 

reported to have excellent test-retest reliability (Alghadir et al., 2018) and has been validated for 

online use in participants with chronic pain (Junker et al., 2008). Participants were prompted to 
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rate their perception of their “usual” pain over the past week using the 10-point slider tab 

provided in Qualtrics. They rated their perception of pain for the involved knee or in the case of 

bilateral pain, the most painful knee. Previous studies have reported that the measure of “usual” 

pain over the past 7 days are more stable and reliable than asking for worst pain experienced 

over the course of one week (Haefeli & Elfering, 2006).  

The Anterior Knee Pain Scale (AKPS; Kujala et al., 1993) was utilized to assess the 

participant’s perception of function. The AKPS asks a series of questions regarding subjective 

symptoms and functional limitations associated with PFP (Kujala et al., 1993). 

Participants were asked to respond to 13 questions regarding the presence of specific symptoms 

and the impact of those symptoms on activities of daily living. This measure has good test-retest 

reliability and previous studies have identified that the AKPS is a reliable, valid, and responsive 

instrument for assessing the perception of function in individuals with PFP (Crossley et al., 

2004). The AKPS is typically administered by a clinician or researcher present, who provides 

verbal instruction to aid the participant in answering the items on the scale. In order to adapt the 

AKPS for online use, the verbal instruction was included alongside each item on the scale. While 

the AKPS has not been used previously in an electronic format, there is ample evidence to 

suggest that the responses from paper patient reported outcome measures are equivalent to those 

from electronic versions, and provide many advantages over the traditional paper format (Coons 

et al., 2009).   

Procedures 

 Once a participant accessed the online survey, they were presented with a consent to 

participate in online survey research, as approved by the university’s Institutional Review Board. 

The participant then selected their current state or United States territory of residence from a 
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drop-down menu to ensure that they met the inclusionary criteria regarding geographical 

location. The participant completed the screening questions included in section one of SNAPPS, 

as described above. If a participant indicated that they were under the age of 18 or over the age 

of 45, no additional information was collected. If the participant was between 18-45 years of age 

they were asked to report their age in years. Similarly, if the participant responded that they have 

not experienced knee pain or problems in the past year, no additional information was collected. 

If the participant indicated that they had experienced knee pain or problems in the past year, they 

completed the rest of SNAPPS.  

 Upon competition of SNAPPS, which included duration of symptoms (reported in 

months) and age (reported in years), the participant completed the remaining measures in the 

following order: MSGM, NPRS, and AKPS. Once the participant completed the survey, their 

participation in the study was complete. 

Data Processing  

The data were reviewed and screened (Microsoft Excel software (Microsoft Corporation, 

Redmond, WA, USA) to ensure that only the responses from those who met the inclusionary 

criteria and had completed the entire survey were included in the final analysis.  

Responses from Section 2 of SNAPPS consistent with a diagnosis of PFP were scored as 

a “1” and those that were consistent with another knee pathology were scored as a “0”. Section 4 

consisted of a digital image of two knees and the respondent identified the location(s) of their 

knee pain by clicking on the image. Identification of pain on the medial or lateral patella or the 

patellar tendon were scored as a “1”. Scores for Section 2 and 4 were totaled together, and a 

score of “6” or higher classified them as having PFP. A score of 6 or greater is the threshold 
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previous used for differentiating PFP from other knee conditions, with sensitivity and specificity 

of over 90% (Dey et al., 2016). Only those participants identified as having PFP using the 

SNAPPS were included in the final statistical analysis for this study.  

On the knee pain map in SNAPPS (Figure 3), we counted how many regions in which the 

patient reported pain, with scores then ranging from 1-6. Heat map visualizations were also 

generated to provide descriptive information about the frequency of responses on the images 

sorted by variables of interest. The heat map visualization displays the digital knee image with 

plots on the image to indicate the number of times participants clicked on that region. The 

warmer colors (red and orange) represent a higher frequency of responses for that particular area 

of the image. 

Responses to questions from the MSGM were reviewed and coded to classify the gender 

identity for each participant included in the final analysis (Bauer et al., 2017). Since there were 

minimal responses for gender identities other than cisgender male and cisgender female, the 

participants were coded by the gender to which they most closely identified. Scoring for the 

AKPS was performed using the standard scoring criteria (Kujala et al., 1993). The maximum 

score possible was 100, with a lower score indicating a lower level of function. Once all of the 

data were carefully reviewed, the CSV file was imported in SPSS Software (IBM Corporation, 

Armonk, NY).  

Statistical Analysis 

The a priori planned statistical analysis had been to perform two separate, stepwise 

regressions to identify the independent variables (duration of symptoms, painful location(s), 

gender, age, and perception of pain/perception of function) that best predicted the dependent 
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variables perception of pain and perception of function. The level of significance was set at p < 

.05. Multicollinearity of the independent variables included in the final predictive models was to 

be assessed using variance inflation factors. However, upon checking whether or not the data set 

met the assumptions for these tests, the assumption of normality was violated for several of the 

variables and the statistical plan was modified.  

The data for each of the dependent and independent variables was tested for normality 

visually using histogram and Q-Q plots and Shapiro-Wilks tests in SPSS software. The 

dependent variable of perception of function was left skewed (W(137) = .917, p < .001), so a 

reflection and square root transformation was used to transform this data into a normal 

distribution. Due to the reflection, the interpretation of the values for perception of function 

changed so that a lower value actually indicates higher function and a higher score indicates 

lower function. This transformed variable will be referred to as perception of function 

transformed. 

The dependent variable of perception of pain (W(137) = .971, p = .005), as well as the 

independent variables duration of symptoms (W(137) = .606, p < .001) and painful location(s) 

(W(137) = .862, p < .001) were right skewed, and were not able to be transformed into a normal 

distribution. Therefore, these variables were categorized. For the perception of pain values, we 

calculated the quartiles for the observed values in our sample to create four perception of pain 

categories, with the descriptive names adapted from a previous study (Boonstra et al., 2016): 

mild pain, mild/moderate pain, moderate pain, and moderate/severe pain. Duration of symptoms 

was categorized following those established by Lankhorst et al. (2016), with the addition of a 

category for the longer durations we had in our sample: 0-2 months, 3-6 months, 6-12 months, 

12-36 months, and 36 months and up. Since the intent of examining painful location(s) was to 
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compare differences between those with localized pain and those with more widespread pain, we 

categorized painful locations into 1 region, 2 regions, and 3-6 regions. The variable gender was 

dummy coded for entry into the statistical analyses.  

A multinomial logistical regression was used to identify the independent variables 

(duration of symptoms categories, painful location categories, gender code, age, and perception 

of function transformed) that best predicted the dependent variable of perception of pain 

categories. All variables were entered in the model and removed stepwise until the model of best 

fit was identified.  

A stepwise regression was used to identify the independent variables (duration of 

symptoms categories, painful location categories, gender code, age, and perception of pain 

categories) that best predicted the dependent variable of perception of function transformed. The 

level of significance for both tests was set at p > .05.  

As a result of the categorization of variables, additional post-hoc analyses were planned 

to examine differences between categories. Separate one-way ANOVAs identified if significant 

differences existed between categories of duration of symptoms and painful locations for the 

dependent variables of perception of pain category and perception of function transformed. 

Tukey HSD tests were also performed to determine the nature of any significant differences 

between categories.  

Results 

Demographic Data  

Out of 400 responses, 243 males and females between the ages of 18-45 who either 

currently experienced knee pain or had experienced knee pain in the past month completed the 
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entire online survey (61% completion rate). A total of 137 participants scored as likely to have 

PFP on the SNAPPS and were included in the analysis for this study. Demographic information 

and means for all variables for the PFP group can be found in Table 1.  

Table  1 

Demographics of PFP Group Identified Using SNAPPS 

Variable n=137 SD % 

Gender    

Female n=105  76.6 

Male n=32  23.4 

Age (years) 30.8 + 8.7  

Duration of symptoms (months)b 15 + 57.0  

0-2 months n=26  19.0 

2-6 months n=28  20.4 

6-12 months n=11  8.0 

12-36 months n=26  19.0 

36 months + n=43  31.4 

Painful location(s) (regions)b 2.0 + 2.0  

1 region n=45  32.8 

2 regions n=45  32.8 

3-6 regions n=47  34.3 

Perception of pain (0-10)b 3.1 + 3.5  

Mild pain (0-1.63) n=34  24.8 

Mild/moderate pain (1.64-3.13) n=35  25.5 

Moderate pain (3.14-5.05) n=34  24.8 

Moderate/severe pain (5.06+) n=34  24.8 

Perception of function (0-100)b 83.5 + 14.0  

Perception of function transformeda 4.3 + 1.3  

Note: a Transformed score was reflected, so a lower value reflects a higher perception of function. b These values 
were non-normally distributed, therefore central tendency values reported are the median and measure of variability 
is the interquartile range.  
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Perception of Pain 

Table 2 includes the step summary for the variables that were excluded from the 

multinomial logistic regression model created to predict membership into the four perception of 

pain categories. 

Table  2 

Step Summary for Multinomial Logistic Regression 

      Effect Selection 

Tests 

Model Action Effect(s) AIC BIC -2 Log 

Likelihood 

Chi-

Square 

df Sig. 

Step 0 Entered ALL 361.247 413.408 325.247    

Step 1  Removed Age 355.484 398.951 325.484 .237 3 .971 

Step 2 Removed Duration of 

symptoms 

categories 

351.867 386.641 327.867 2.383 3 .497 

Step 3 Removed Painful 

location(s) 

categories 

348.442 374.523 330.442 2.575 3 .462 

Step 4 Removed  Gender  346.338 363.725 334.338 3.896 3 .273 

Note: Stepwise Method: Backward Stepwise 
The chi-square for entry and removal is based on the likelihood ratio test. 
 
 

The only predictor to significantly predict perception of pain category was perception of 

function transformed, -2 Log Likelihood = 334.338, ꭓ2(3 N = 134) = 36.917, p < .001. The 

Nagelkerke psuedo R2 indicated that the model accounted for approximately 25.7% of the total 

variance from the predicted mean. Table 3 includes the results of the multinomial logistic 
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regression. Prediction success for the cases used in development of the model was less than 

optimal, with an overall prediction success rate of 41.8%, and correct prediction rates of 61.8%, 

37.1%, 0.0%, and 64.7% for mild pain, mild/moderate pain, moderate pain, and moderate/severe 

pain groups, respectively. 

 Table  3 

Multinomial Logistic Regression Results 
 
Variable B SE Wald df P Exp(B) 95% CI 

Mild/Moderate pain         

Intercept* -2.663 1.051 6.426 1 .011   

Perception of functiona** .715 .272 6.905 1 .009 2.045 [1.199-3.487] 

Moderate pain         

Intercept** -4.045 1.148 12.422 1 <.001   

Perception of functiona** 1.010 .287 12.413 1 <.001 2.746 [1.566-4.818] 

Moderate/Severe pain         

Intercept**  -6.208 1.268 23.982 1 <.001   

Perception of functiona** 1.485 .301 24.314 1 <.001 4.416 [2.447-7.970] 

Note: The dependent variable was perception of pain category with Mild pain (0-1.65) as the reference category. 
aTransformed score was reflected, so a lower transformed value reflects a higher perception of function. 
*p < .05, **p < .01. 

 

A one-way ANOVA was performed to explore difference in perception of function 

transformed values across the four perception of pain categories. A significant difference was 

identified among the perception of pain categories (F(3,133) = 13.361, p < 0.05). Tukey’s HSD 

was used and identified that the moderate/severe pain group had lower perception of function 

transformed values (5.0738 + 1.20270) than the mild pain group (3.4177 + .96698) and the 

mild/moderate pain group (4.1139 + .91818). The moderate pain group did not differ 

significantly from the moderate/severe pain group (4.4749 + 1.29273). (Note: the mean 
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perception of function transformed values reported above were reflected, meaning that a lower 

score actually is representative of higher function). Figure 4 presents a boxplot to illustrate the 

differences in perception of function transformed across the four perception of pain categories.  

Figure 4 

Boxplot Comparing Perception of Function (Transformed) by Perception of Pain Categories 

 
Note: This variable was reflected, so a lower value reflects a higher perception of function. 

 

Perception of Function 

The independent variables (age, gender, duration of symptoms categories, painful 

location categories, and perception of pain categories) were used in a stepwise multiple 

regression analysis to predict perception of function transformed. The correlations of the 

variables are shown in Table 4.  
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135 
 

Table  4 

Correlations for Study Variables 

Variable 1 2 3 4 5 6 

1. Perception of functiona ⸺ .482** .313** .318** .089 .160* 

2. Perception of pain categories .482** ⸺ .160* .230* .098 .073 

3. Duration of symptoms categories .313** .160* ⸺ .174* .151* .147* 

4. Painful location categories .318** .230* .174* ⸺ .049 .040 

5. Gender .089 .098 .151* .049 ⸺ -.028 

6. Age .160* .073 .147* .040 -.028 ⸺ 

Note: aTransformed score was reflected, so a lower transformed value reflects a higher perception of function.  
*p < .05, **p < .01. 
 
 

The prediction model contained three of the five predictors and was reached in four steps 

with the variables of age and gender removed. The model was statistically significant, F(3, 134) 

= 20.533, p < .001 and accounted for approximately 32% of the variance in perception of 

function transformed values (R2 = .322, Adjusted R2 = .306). Perception of function transformed 

values were primarily predicted by perception of pain category, shorter duration of symptoms, 

and fewer painful locations. Table 5 includes the results of the multiple regression.  

Table  5 

Stepwise Multiple Regression Results for Perception of Function (Transformed) 

 Change Statistics 

Model R R2 Adjusted 
R2 

SE ∆R2  ∆F  df1 df2 ∆Sig. F  

1a .575 .330 .304 1.03695 .330 12.619 5 128 <.001 

2b .574 .330 .309 1.03305 .000 .031 1 128 .861 

3c .567 .322 .306 1.03559 -.009 1.640 1 129 .203 

Note: aPredictors: (Constant), age, gender, duration of symptoms categories, painful location categories, perception 
of pain categories. 
bPredictors: (Constant), age, duration of symptoms categories, painful location categories, perception of pain 
categories.  
cPredictors: (Constant), duration of symptoms categories, painful location categories, perception of pain categories. 
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Separate one-way ANOVAs were performed to compare perception of function 

transformed values across the duration of symptoms categories and the painful location 

categories. A significant difference was identified among the duration of symptom categories 

(F(4,133) = 3.993, p < 0.05) as well as the painful location categories (F(2,136) = 8.143, p < 

0.05). Tukey’s HSD was used to determine the nature of the differences in perception of function 

values across the both the duration of symptoms categories and the painful location categories. 

Participants who had symptoms for 0-2 months (3.7398 + 1.25467) and 3-6 months (3.9980 + 

1.11298) had significantly higher perception of function transformed values than participants 

who had pain for 36 months or longer (4.8165 + 1.9967). Participants with pain for 6-12 months 

(4.1150 + 1.21391) and 12-36 months (4.1885 + 1.18084) did not have significantly different 

perception of function transformed values than the other groups. Participants who reported 

having pain in 1 region (3.8048 + .84684) and in 2 regions (4.1859 + 1.29266) of their knee had 

significantly higher perception of function transformed values than participants who reported 

having pain in 3-6 regions of their knee (4.7928 + 1.34623). Figure 5 presents a boxplot to 

illustrate the differences in perception of function transformed values across the duration of 

symptoms categories, and Figure 6 illustrates the differences in perception of function 

transformed values across the painful location categories. 
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Figure 5 

Boxplot Comparing Perception of Function (Transformed) by Duration of Symptoms Categories  

Note: Transformed score was reflected, so a lower value reflects a higher perception of function. 
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Figure 6 

Boxplot Comparing Perception of Function (Transformed) by Painful Location Categories 

 

Note: Transformed score was reflected, so a lower value reflects a higher perception of function. 

 

Painful Locations 

Figure 7 provides a heat map plot demonstrating the frequency of responses for each 

perception of pain category. The warmer hues (with red being the warmest) indicate more 

selections of that region on the knee pain map, while the colder hues (blue being the coldest) 

represent fewer selections.  
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Figure 7 

Heat Map Plots from SNAPPS for Perception of Pain Categories 

Note: The warmer hues (with red being the warmest) indicate more selections by participants of that region on the 
knee pain map within SNAPPS, while the colder hues (blue being the coldest) represent fewer selections. 
 

Figure 8 includes the heat map plots from Qualtrics illustrating the frequency of 

responses on the knee pain map in SNAPPS for perception of function scores in intervals.  
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Figure 8 

Heat Map Plots from SNAPPS for Perception of Function  

 

Note: The warmer hues (with red being the warmest) indicate more selections by participants of that region on the 
knee pain map within SNAPPS, while the colder hues (blue being the coldest) represent fewer selections. Perception 
of function was assessed using the AKPS, with scores of > 90 indicating highest function, 80 > 90 moderate 
function, 70 > 80 poorer function, and < 70 least.  

 

Discussion 

 The purpose of this study was to identify relationships between selected injury 

characteristics (duration of symptoms and painful location(s)), sociodemographic factors (gender 

and age), and psychological factors (participant’s perceptions of pain and function) in individuals 

with PFP. We hypothesized that there would be relationships between the duration of symptoms 
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and painful location(s) and participant’s perceptions of pain and function, as well as between 

gender and age and participant’s perceptions of pain and function.  

 The findings of this study provide partial support for the interrelationships proposed in 

the Biopsychosocial Model (Brewer et al., 2002) for PFP. Duration of symptoms and painful 

location(s) (both considered injury characteristics in the model) predicted perception of function, 

but not with perception of pain. Gender and age (both considered sociodemographic factors in 

the model) were not related to perception of pain or perception of function in our sample of 

individuals with PFP. Perception of pain and perception of function correlated with one another.  

Perception of Pain 

 Perception of pain was not related to the selected injury characteristics or 

sociodemographic factors in this study. This suggests that these selected factors are not 

significantly related to the conscious interpretation of the sensation of pain, particularly in 

regards to the intensity of that pain. It could be that other factors from the model, such as 

biological factors, are more likely related to this perception of pain in this population. 

 Perception of function however was associated with perception of pain. Individuals who 

consciously interpreted that their function was more negatively impacted by their PFP also 

reported higher perceptions of pain. Within the Biopsychosocial Model (Brewer et al., 2002), 

these two constructs can be viewed as cognitions, and these two cognitions are closely related to 

one another in individuals with PFP. Previous researchers have identified a relationship between 

the perception of pain and perception of disability using different measures in individuals with 

PFP (Domenech et al., 2013). This finding does suggest that perhaps one mechanism for 

changing perception of pain could be by changing the perception of function, or vice versa. This 

concept has been supported in the chronic low back pain literature (Waddell, 1987; Waddell & 
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Burton, 2004), where interventions aimed at changing the perception of function led to a change 

in perception of pain as well. 

In contrast to our findings, Hott et al. (2020) identified that duration of symptoms was a 

significant predictor of perception of pain (for worst pain) in their sample (n=112) recruited from 

physician clinics. Also differing from the findings of this study, Gerbino et al. (2006) identified a 

trend towards lower perception of pain as duration of symptoms increased. The median duration 

of symptoms for their population was 20 months (range of 3-20 months) compared to the median 

of 15 + 74.0 months in our sample. However, their sample consisted of 100 adolescent patients 

with PFP from a sports medicine practice, while our sample consisted of adult individuals in the 

community, where 26.3% of our sample had not seen a doctor for their knee pain. Van Cant et al. 

(2021) reported that participants with a shorter duration of symptoms (32.4 + 32.2 months) had 

more frequent and severe pain (4.2 + 1.2 NPRS score) than those with a longer duration of 

symptoms (49.9 + 39.9 months; 2.2 + 1.3 NPRS score). The mean duration of symptoms in their 

sample was 41.2 + 29.1 months, which was longer than our sample. It is apparent however that 

individuals with PFP appraise their pain differently as time progresses. 

Perception of Function 

 In addition to perception of pain, both duration of symptoms and the spatial extent of 

painful location(s) were also related to the perception of function in this study. More specifically, 

longer duration of symptoms and a greater number of painful location(s) had a negative impact 

on how the participants consciously interpreted their function. Previous research has supported 

that a loss of physical and functional ability is a significant complaint for individuals with PFP 

(Smith et al., 2018; Maclachlan et al., 2018). This loss of physical and functional ability has in 

part been attributed to a lack of understanding of the cause of knee pain and the decision to avoid 
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painful movements out of fear of making the condition worse (Smith et al., 2018). This supports 

the idea that early interventions, focused on patient education and encouraging physical activity 

may be key to maintaining positive perceptions of function in this population. As supported in 

our results, maintaining a positive perception of function can also relate to the perception of pain 

in this population.  

Duration of Symptoms 

Lankhorst et al. (2016) reported a positive trend for those with a longer duration of 

symptoms to report increased levels of function following exercise therapy compared to those 

who had symptoms for a shorter duration of time. The sample from this study reported higher 

perception of function values (83.5 + 14.0) compared to Lankhorst et al. (2016), who reported 

baseline perception of function values ranging from 64.9 +15.1 to 75.2 + 8.67. Longer duration 

of symptoms has been associated with higher body mass and decreased hip muscle strength in 

this population (Earl-Boehm et al., 2017). This is concerning as it suggests a link between longer 

duration of symptoms and decreased physical activity, which may contribute to other health 

issues. These findings collectively underscore the importance of duration of symptoms as it 

relates to perception of function in this population. 

Painful Locations 

On the knee pain maps from SNAPPS, the regions identified in our sample as being 

painful were consistent with those of Gerbino et al. (2006). They identified the patella (with 

anterior/posterior compression; 100% of sample reported pain), distal pole of the patella (64%), 

medial plica (63%), medial condyle (50%), and medial patella (24%) as the most common sites 

of pain during the palpation portion of a physical exam in their sample. The median pain 

intensity for their sample was 6 out of 9 (Gerbino et al., 2006), so in comparison to the 
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moderate/severe perception of pain category, it appears that our sample self-reported pain in 

similar regions of the knee. 

Individuals who reported more widespread pain also reported worse perceptions of 

function. The heat map plot images in Figure 8 for those with lower perceptions of function 

illustrate an “O” pattern of pain around the patella.  This is similar to the pattern reported by 

participants who had pain for 5 years of more (Boudreau et al., (2017). This is consistent with 

our findings, where symptom duration, perception of pain, and location of pain were significant 

predictors of perceived function. Consistent with our findings, Boudreau et al. (2017) reported 

that 57% of their sample had pain along the lower peripatellar region of the patella, which from 

the heat map plot images also appears to be a region frequently selected by our sample. This may 

indicate involvement of adjacent structures to the patella, such as the fat pad and patellar tendon 

(Boudreau et al., 2018). Bilateral pain may be considered a progression of PFP, as it has been 

associated with longer symptom duration in individuals with PFP (Boudreau et al., 2018). 

Bilateral pain was similar in our sample (73%) and the sample of Boudreau et al., 2017 (77%). 

These results combined with the previous findings of Boudreau et al. (2018), strengthen the 

evidence that the number of painful locations, which may be reflective of the progression of PFP, 

is related to perception of pain and perception of function. Furthermore, early recognition and 

treatment for those with PFP may be paramount to improving health outcomes for this 

population. 

Age and Gender 

 The two sociodemographic factors from the biopsychosocial model of sport injury 

rehabilitation that we included in our study – age and gender – were not associated with 

perception of pain or perception of function. A previous study identified that younger PFP 
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patients responded more favorably to exercise-based treatment approaches, while older PFP 

patients responded more favorably to orthotic devices as a means of reducing pain and improving 

function (Lack et al., 2014). Our findings are consistent with those of Lankhorst et al., (2016), 

who also reported that age was not a significant predictor of perception of pain and perception of 

function in their sample.  

 Self-identified gender was included as a sociodemographic factor to determine if there 

was a relationship with perceptions of pain and function. PFP is more prevalent in females 

(Boling et al., 2009), but does also occur in males. Previous studies have reported differences in 

risk factors for PFP based on anatomical sex, as well as differences in responses to exercise 

therapy (Boling et al., 2019; Lankhorst et al., 2016). Lankhorst et al. (2016) also found no 

relationship between anatomical sex and perception of pain, but did identify a positive trend for 

females to improvements in perception of function following exercise therapy. It appears that 

while gender is related to exercise therapy outcomes, it may be via other intermediate factors 

related to gender and outcome, and not gender itself.  Likewise, gender did not relate to 

perception of pain in this PFP sample.  It should be noted that previous studies defined gender 

based on anatomical sex, and our study used self-reported gender identity.  

Clinical Impact 

 The results of this study suggest that duration of symptoms as well as painful location(s) 

are related to perception of function in individuals with PFP. More specifically, those individuals 

with a longer duration of symptoms and more painful locations have lower perceptions of their 

function, which is one treatment outcome that clinicians rely on to determine recovery. Previous 

research identified individuals with PFP report feeling a loss of physical & functional ability 

(Smith et al., 2018), which was attributed to their perception of pain. This emphasizes the need 



146 
 

for earlier recognition and interventions for PFP, when symptoms have only been present for a 

short time and before the perception of function is more adversely impacted.  

Limitations 

 While partial support for the relationships among selected injury characteristics and 

perception of pain and perception of function were identified in this study, there are several 

limitations to this study. The responses were all gathered via online survey, and while every 

attempt was made to make the questions and options very concise and clear, participants were 

not able to ask for clarification if needed, like they could if they were completing these surveys 

in person.  

 In addition, we relied solely on the SNAPPS to identify our PFP sample for this study. 

While this instrument has excellent sensitivity and reliability in differentiating PFP from other 

soft tissue knee pathologies (Dey et al., 2006), this approach relies on self-reported responses to 

questions. The objective was to recruit from the general population and not rely on recruitment 

from medical settings, as not everyone with PFP may seek medical attention for their condition.  

Future research 

 Our results provide partial support for the interrelationships between selected injury 

characteristics (duration of symptoms and painful locations) and psychological factors 

(perception of pain and perception of function, both cognitions), however further research is 

warranted to explore what, if any, other factors from the Biopsychosocial Model (Brewer et al., 

2002) are interrelated. Previous researchers have identified that several affects in individuals 

with PFP, such as fear avoidance beliefs, catastrophizing, and anxiety, are also associated with 

perception of pain as well as function (Maclachlan et al., 2018). It remains unclear what if any 
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relationships exist between these affects and injury characteristics and sociodemographic factors 

as illustrated in the model in this population.  

 The decision on which factors to include in this study was based on the existing PFP 

literature. To date, only one qualitative study summarizes the lived experiences of individuals 

with PFP (Smith et al., 2018). Additional qualitative studies with this population may help 

identify factors within the Biopsychosocial Model (Brewer et al., 2002) that warrant further 

exploration as they relate to one another and impact the rehabilitation process.  

Conclusion 

 The results of this study support that injury characteristics such as symptom duration and 

painful locations are related to perception of function in individuals with PFP. The selected 

sociodemographic factors (gender and age) were not related to the perception of pain or the 

perception of function in this sample. The perception of pain and perception of function (both 

cognitions, or psychological factors) were related to one another. Therefore, this study’s findings 

provide partial support for the Biopsychosocial Model (Brewer et al., 2002) as a conceptual 

framework to conceptualize PFP evaluation and treatment. Further work is needed to determine 

how other factors within the model may be related to perception of pain and perception of 

function in this population.  
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Chapter Four: Exploring the Relationships Between Lower Extremity Strength, 

Biomechanics, and Perceptions of Pain and Function in Individuals with Patellofemoral 

Pain 

Introduction 

Patellofemoral pain (PFP) is a chronic musculoskeletal condition characterized by retro-

and peri-articular pain with several activities of daily living, such as navigating stairs, squatting, 

and sitting with the knees flexed for an extended period of time (Crossley et al., 2016). The 

etiology of PFP is complex and multifaceted, and previous researchers have widely adopted a 

biomechanical approach to explain the mechanisms theorized to contribute to PFP. The 

pathomechanical model (Powers et al., 2017) postulates that PFP is the result of elevated stress 

within the patellofemoral joint, which is caused by a decrease in patellofemoral joint contact area 

and/or increased patellofemoral joint reaction forces.  

Within the pathomechanical model, the lower portion of the model suggests that the 

interaction of several impairments in muscle function and biomechanics leads to the elevation of 

patellofemoral joint reaction forces (Powers et al., 2017). The musculature at the hip, particularly 

the hip abductors and external rotators, are speculated to have an influence on patellar position 

(Powers et al., 2017). These muscles are theorized to contribute to control of the femur in the 

transverse and frontal plane during weight-bearing tasks (Boling et al., 2009). Weakness of these 

muscle groups is believed to lead to an altered movement pattern, known as dynamic 

malalignment (Powers et al., 2017). Dynamic malalignment is characterized by increased knee 

abduction, hip adduction, hip internal rotation, and trunk flexion and rotation (Powers et al., 

2017). This movement pattern is commonly identified during single-leg loading tasks, such as 

stepping and single-leg squats (Willson & Davis, 2008; Nakagawa et al., 2012, Herrington, 2014, 
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Bazett-Jones et al., 2013). Dynamic malalignment is believed to cause patellar malalignment and 

maltracking as well as elevated loading of the patellofemoral joint (Powers et al., 2010). 

Several studies have reported weakness of the hip and knee musculature in individuals 

with PFP as compared to their healthy counterparts (Boling, Padua, & Creighton, 2009; Finnoff 

et al., 2011; Magalhães et al., 2010; Prins & van der Wurff, 2009; Kaya et al., 2011; Lankhorst et 

al., 2012; Pappas & Wong-Tom, 2012). However, there are also studies that refuted the presence 

of hip muscle weakness in individuals with PFP (Thijs et al., 2011; Finnoff et al., 2011; Boling, 

Padua, Marshall, et al., 2009; Herbst et al., 2015). Additionally, while deficits in knee extension 

strength are consistently reported in the PFP literature, it is unclear if this is a contributing factor 

or consequence of PFP (Pappas & Wong-Tom, 2012). There also is conflicting evidence 

surrounding the proposed link between hip and knee muscle weakness and altered movement 

patterns in this population (Powers et al., 2017).  

Currently, treatment interventions for PFP widely target muscle weakness and altered 

movement patterns as a means of reducing pain and restoring function (Collins et al., 2018). 

Exercise-based therapy is a common approach that targets strengthening of the hip and knee 

musculature as a means of improving movement patterns (Collins et al., 2018). However, there is 

evidence to suggest that following these interventions, improvements in pain and self-reported 

function occur independent of changes in strength or biomechanics (Şahin et al., 2016; Pairot de 

Fontenay et al., 2018). Furthermore, these improvements in pain and function are reported in the 

short-term, but not as commonly in the long-term following exercise-based therapy (van 

Linschoten et al., 2009).   
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Due to the inconsistencies in the pathomechanical model (Powers et al., 2017) and 

corresponding treatment interventions highlighted above, there is a need to examine this 

condition from a different perspective. Other musculoskeletal conditions, such as chronic low 

back pain and anterior cruciate ligament (ACL) injuries, have adopted biopsychosocial 

frameworks to inform research regarding effective rehabilitation strategies (Waddell, 1987; 

Brewer et al., 2014). There are several studies that suggest PFP is biopsychosocial in nature 

(Smith et al., 2018; Maclachlan et al., 2018; Piva et al., 2009; Domenech et al., 2013; 

Maclachlan et al., 2017), however there has not been a study that has used a biopsychosocial 

framework to explain the interrelationships of factors that influence rehabilitation and recovery.  

The Biopsychosocial Model of Sport Injury Rehabilitation (Brewer et al., 2002) is a 

theoretical framework that illustrates the interrelationships between a multitude of factors 

surrounding the experience and recovery from injury. The core of the model consists of 

biological, psychological, and social/contextual factors that are interrelated with one another 

(Brewer et al., 2002). This core is influenced by both injury characteristics and 

sociodemographic factors (Brewer et al., 2002). Psychological factors are proposed to have a 

bidirectional relationship with intermediate biopsychosocial outcomes and sport injury 

rehabilitation outcomes (Brewer et al., 2002). Both biological factors and social/contextual 

factors influence the intermediate biopsychosocial outcomes (Brewer et al., 2002). Intermediate 

biopsychosocial outcomes also can affect the overall sport injury rehabilitation outcomes 

(Brewer et al., 2002).  

Currently in PFP research and in clinical practice, measurements of pain and self-

reported function are commonly viewed as clinical outcomes that reflect biological processes 

contributing to PFP. Self-reported pain is interpreted as the measure of intensity of pain 
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sensation, or the process by which energy contacts the sensory receptors resulting in a change in 

neural activity that is then transmitted to the central nervous system via afferent neural pathways 

(Sternberg, 2007). The measures commonly used to quantify self-reported pain include 

descriptors that ask the individual to attach meaning to the pain sensation they are experiencing. 

Therefore, these measures may be more accurately viewed as a way to quantify the perception of 

pain, or the individual’s interpretation of the pain sensation and attempt to attach meaning to the 

pain (Peacock & Watson, 2003). Self-reported functional assessments that ask individuals about 

their subjective function and limitations may be better viewed as a measurement of the 

individual’s perception of function. The perception of function can be defined as an individual’s 

interpretation of the subjective symptoms and functional limitations resulting from their PFP 

(Kujala et al., 1993), and is influenced both by perception of pain and the level of exertion during 

functional tasks (Stratford & Kennedy, 2006). Both the perception of pain and the perception of 

function are cognitions, or psychological factors within the Biopsychosocial Model (Brewer et 

al., 2002). 

Several of the factors listed earlier from the pathomechanical model (Powers et al., 2017), 

such as hip and knee strength and trunk, hip, and knee biomechanics, are biological factors and 

intermediate biopsychosocial outcomes within the Biopsychosocial Model (Brewer et al., 2002). 

As the model suggests, biological factors and intermediate biopsychosocial outcomes are related 

to psychological factors. Therefore, the purpose of this study was to identify relationships 

between selected biological factors (hip/knee strength and hip/trunk biomechanics) and 

psychological factors (participant’s perceptions of pain and function) in individuals with PFP, 

using the Biopsychosocial Model (Brewer et al., 2002) as a conceptual framework. We 
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hypothesized that the selected biological factors will be related to participant’s perception of pain 

and perception of function, as suggested by the model. 

Methods 

Study Design & Protocol 

 This was a cross-sectional study design conducted both online and in the laboratory. 

Figure 9 shows the study protocol.  

Figure 9 

Flow Chart of Study Protocol 
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Recruitment & Participants 

Participants were recruited both from a previous online survey study examining PFP as 

well as via word of mouth through social media posts and flyers hung at various locations within 

the community. In order to be eligible for this study, individuals had to be between the ages of 18 

and 45, identified as having PFP using an online screening survey, had access to the internet and 

an electronic device with a camera, and were willing to travel to the laboratory for the data 
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collection session. The exclusionary criteria are listed below in Table 6, and were screened for 

during the online screening survey. In addition, all potential participants will be asked to refrain 

from the use of any nonsteroidal anti-inflammatory drug or corticosteroid within 24 hours of the 

testing session in the laboratory.   

Table  6 

Exclusionary Criteria 
The presence of meniscal or other intra-articular injury  

Current injury or laxity of the cruciate or collateral ligaments of the knee  
Isolated tenderness of the iliotibial band or pes anserine  
A positive finding on the patellar apprehension test  
Current diagnosis of Osgood-Schlatter, Sinding-Larsen-Johansson syndrome, or osteoarthritis of 
the knee  
Any current effusion of the knee joint  
Referred pain from the hip or lumbar region  
History of patellar subluxation or dislocation  
Surgery within the past 24 months to the lower extremity  
History of any neurological or vestibular disorder that may affect balance within the past 6 
months  
Current pregnancy  

 

Measures 

All of the measures outlined below were performed during a single visit to the laboratory. 

Hip and knee strength were assessed using a Lafayette Manual Muscle Testing System hand-held 

dynamometer (HHD). Isometric peak force was recorded for hip abduction, hip extension, hip 

external rotation, and knee extension for the involved limb, or in the case of bilateral pain, the 

more painful limb. For each motion, the participant was instructed in the performance of the task, 

and was be secured to a treatment table using stabilizing straps. For each trial, the participant was 

provided with specific directions regarding the direction of their force. Prior to completing the 

test trials, the participant was instructed to perform three practice trials at 50%, 75%, and 100% 



155 
 

of their perceived maximal effort to gain familiarity with the task. For each practice and test trial, 

the participant was instructed to maintain their effort for 5 seconds, which was timed using the 

HHD and confirmed by the researcher. Following each trial, the participant was provided a 

period of 60 seconds of rest. Three test trials were performed for each motion, with a fourth 

repetition performed only if one of the previous repetitions was more than 10% greater than or 

less than the other repetitions. This procedure has been performed in several previous studies and 

is a highly reliable means of quantifying hip and knee isometric muscle strength (Jaramillo et al., 

1994; Ireland et al., 2003, Boling, Padua, Marshall, et al., 2009). Verbal encouragement was 

provided to all participants during the test trials to encourage a maximal effort.   

 Hip abduction (ABD) strength was measured with the participant positioned in side-lying 

on the treatment table with the limb being tested on top (Figure 10). The torso was secured to the 

table with a strap placed over the waist and around the treatment table, and the HHD was secured 

to the limb being tested approximately 5 cm above the lateral joint line (Ireland et al., 2003). The 

participant was instructed to “lift the top limb straight up towards the ceiling”. 
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Figure 10 

Isometric Strength Testing Positions 

 

 Hip extension (EXT) force was tested with the participant lying prone on the treatment 

table. A stabilizing strap was positioned across the hips to secure the torso to the table during 

testing (Figure 10). The HHD was positioned approximately 3 cm proximal to the popliteal fossa 

of the limb being tested and secured to the table using a second stabilizing strap (Ireland et al., 

2003). For this motion, the participant was instructed to flex the knee to 90 degrees and to “push 

the heel up towards the ceiling.”  

 Hip external rotation (ER) strength was tested also with the participant in a prone position 

on the treatment table (Figure 10). A stabilizing strap was positioned across the hips to secure the 

torso, as described for hip extension strength testing. The limb being tested was flexed at the 
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knee to 90 degrees (Ireland et al., 2003). Foam rolls were placed on both sides of the legs to aid 

in stabilizing the limb for testing. The HHD was placed 1 cm above the medial malleolus and 

was maintained in position by the researcher, who was positioned on the medial side of the leg 

being tested. The participant was instructed to “rotate their lower leg inwards” while the 

researcher maintained the position of the HHD. This testing position has been used in previous 

research (Boling, Padua, Marshall, et al., 2009).  

 Knee extension (EXT) force was tested with the participant also in the prone position on 

the table (Figure 10). A stabilizing strap was positioned over the distal trunk and to the table to 

help stabilize the torso. The limb being tested was flexed at the knee to 90 degrees. The HHD 

was placed 1 cm above the anterior ankle mortise of the limb being tested and secured by the 

researcher. The participant was instructed to “straighten their leg down to the table” while the 

researcher maintained the position of the HHD. This position has also been utilized in previous 

research (Boling, Padua, Marshall, et al., 2009) and is a reliable method of quantifying knee 

extension strength. 

 Three-dimensional (3-D) biomechanics of the trunk and hip were recorded using a 10-

camera Motion Analysis Eagle System (Motion Analysis Corp., Santa Rosa, CA) at 200 Hz. 

Reflective markers were placed on the participant to allow for identification of structures and 

joint centers (Figure 11). The single reflective markers were placed on the spinous process of C7, 

sternal notch, and right scapula, bilaterally on the acromioclavicular joints, anterior superior iliac 

spines, posterior superior iliac spines, iliac crests, greater trochanters, lateral and medial femoral 

epicondyles, medial and lateral malleoli, and the 1st and 5th metatarsal heads. In addition to 

these single reflective markers, marker clusters consisting of four reflective markers affixed to a 

rigid plastic shell were positioned bilaterally to the lateral thigh, lateral shank, and a marker 
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cluster of three reflective markers was positioned on the posterior heel counter to allow for 

tracking of each of these segments. Each of the marker clusters were secured to the participant 

using elastic straps and athletic tape. Once the reflective markers were placed on the participant, 

a standing calibration trial was completed for 3-D kinematic analysis. After the calibration trial 

was complete, the reflective markers on the right scapula, acromioclavicular joints, greater 

trochanters, medial and lateral epicondyles, medial and lateral malleoli, and 1st and 5th 

metatarsal heads were removed.   

Figure 11 

Placement of 3-D Reflective Markers 

 

 The variables of interest were the angles for trunk flexion (FLEX), hip adduction (ADD), 

and hip internal rotation (IR) at peak knee flexion. These three joint angles were selected due to 

their relationship with dynamic malalignment, as identified in previous studies (Willson & 

Davis, 2008).   
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Two-dimensional (2-D) biomechanics of the trunk and knee were measured 

simultaneously with the 3-D measures. Fluorescent markers were placed bilaterally on the 

participant’s greater trochanters, lateral femoral epicondyles, center of the patella, lateral 

malleoli, and anterior ankle mortise. Two Yi 4k+ action cameras (Yi Technology, Shanghai, 

China) were used to record the participant’s movement in both the frontal and sagittal planes. 

Both cameras were positioned at a height of 104 cm, 162.5 cm from the front of the step, and 

167.5 cm from the side of the step on the stance limb side. 

The variables of interest for 2-D analysis were trunk lateral motion angle (LTM) and 

knee frontal plane projection angle (FPPA) at the point of peak knee flexion.  These measures 

were selected due to their relationship with dynamic malalignment (Willson & Davis, 2008).   

A visual analog scale (VAS, Harrison et al., 1995) was used to assess the participant’s 

perception of pain. The VAS consists of a bidirectional 10-cm line, with labels on each end 

designating “no pain” and “severe pain”. The participants were instructed to draw a vertical mark 

on the line to correspond with their ‘usual’ pain on average over the past week, as well as current 

pain before the testing and current pain after the testing. The distance from the left side of the 

scale (or ‘0’) to the participant’s vertical mark was then measured and recorded in cm. The VAS 

is a reliable, valid, responsive, and commonly used measure to assess the perception of pain, 

particularly in individuals with PFP (Crossley et al., 2004).  

 The Anterior Knee Pain Scale (AKPS, Kujala et al., 1993) was utilized to assess the 

participant’s perception of function. The participants completed a paper version of the AKPS for 

this study.  
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Procedures 

Verbal informed consent for this study was obtained in an online, virtual meeting in 

accordance with the university’s Institutional Review Board’s approved protocol for this study. 

In the same meeting, once consent was obtained, the researcher conducted a telehealth-style 

clinical examination due to the data collection period being within the COVID-19 pandemic. 

During this clinical examination, the researcher asked questions about the duration of symptoms, 

pain management strategies utilized since the onset of their knee pain, physical activity level, and 

whether they experienced pain with any of the following: during or after activity, navigating 

stairs, kneeling, or squatting. The researcher then guided the participant through self-palpation of 

the knee to identify any areas of point tenderness. The participant was instructed to position their 

camera on their knees so that the researcher could see where they were palpating to ensure they 

were on the correct anatomical structure, and to press on the identified structure with “enough 

pressure to indent the skin.” The participants were shown a visual slide with a photograph of two 

knees, and as the researcher advanced through the palpation, the structure to be palpated was 

highlighted on the slide.  

 The participant then attended an in-person data collection session in the lab, which 

consisted of gathering demographic information such as height, weight, and dominant limb 

defined by asking the participant their preferred limb for kicking a ball. They then completed the 

VAS (Harrison et al., 1995) for 1.) usual pain over the past 7 days and 2.) current pain to assess 

their perception of pain, and the AKPS (Kujala et al., 1993) to assess their perception of their 

function. 

 Once this was completed, the participant was provided with standardized shoes 

(Saucony Jazz, Lexington, MA) to ensure consistency in footwear between all participants. Next 
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the participant was asked to warm-up for five minutes by walking at a self-selected, moderate 

pace on a treadmill. Upon completion of the warm-up, isometric hip and knee strength was 

assessed as described earlier.  

The 3-D and 2-D measures were completed while the participant performed a forward 

step-down task from a height of 4 inches (Thorpe et al., 2021). The primary investigator first 

demonstrated the performance of the task for the participant. The step-down task was initiated 

from a standing position on top of the step, with the stance leg positioned with the foot facing 

forward on the edge of the step (Figure 12). The rate of movement for this task was standardized 

to 60 bpm set by a metronome. The participant was instructed to touch the non-stance foot to the 

floor on a beep, and return to the starting position on the subsequent beep. The only cues that 

were provided to the participant were to keep their arms folded across their chest and to maintain 

their weight on the stance foot during performance of the step-down. The participant was 

allowed complete as many practice trials as necessary to familiarize themselves with the task. 

The stance limb was the involved limb, or the more painful limb in the case of bilateral pain. 

After the practice trials, the participant was instructed in the test trials. The participant was asked 

to complete three sets of five successive step-downs. In the event that a participant lost their 

balance or placed their foot completely down on the floor, the trial was stopped and repeated 

after a period of rest.  
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Figure 12 

Start and End Position for the Step-down Task 

 

Once the participants completed the step-down task, they were asked to complete the 

VAS once again, this time indicating their current perception of pain. This will help identify if 

the testing resulted in an increase in the perception of pain. 

Data Processing 

 The isometric hip and knee strength measures for each of the four motions were averaged 

across the three test trials. The averages were then normalized to body mass and recorded as a 

percentage of body mass in kg.  

For 3-D kinematic analysis, joint angle data was collected from the step-down task trials 

and was filtered using a 4th order Butterworth filter with a cutoff frequency of 12 Hz. The 

segment coordinate systems for the lab set-up in this study followed the right-hand convention. 

The X-axis aligned with the medial-lateral direction, the Y-axis aligned in the anterior-posterior 

direction, and the Z-axis aligned in the vertical direction. The angles of trunk FLEX, hip ADD, 
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and hip IR at the point of peak knee flexion were calculated using a joint coordinate system 

approach (Grood & Suntay, 1983) for the middle three repetitions of the five step-down trials for 

each set. The kinematic data were processed using Visual 3D software (C-Motion, Inc., 

Rockville, MD). The angles of interest were averaged and reported in degrees.   

For the 2-D biomechanical analysis, the videos recorded on the Yi 4k+ action 

cameras were uploaded into Dartfish 8 software (Dartfish USA, Inc., Alpharetta, GA) and 

synced. In Dartfish, the angles for LTM and kFPPA were calculated at the point of maximum 

knee flexion for the middle three repetitions of each set of step-downs. This approach has been 

used in previous research (Dingenen et al., 2013). The LTM angle was calculated as the angle 

between a vertical line starting from the anterior superior iliac spine and the horizontal line 

connecting the anterior aspect of the acromioclavicular joint and the sternal notch (Figure 13). 

Negative or smaller values indicate more lateral trunk lean over the stance limb, while larger 

values indicate lateral trunk lean away from the stance limb (Dingenen et al., 2013). The kFPPA 

was calculated as the angle between the line connecting the anterior superior iliac spine and the 

center of the patella and the line connecting the center of the patella and the anterior ankle 

mortise (Figure 14). A value of 180 degrees would indicate a neutral position of the knee relative 

to the hip. Values less than 180 would indicate dynamic malalignment, or positioning of the knee 

medial to the stance foot, and values over 180 would indicate positioning of the knee lateral to 

the stance foot (Dingenen et al., 2013). These values were reported in degrees.   

The VAS (Harrison et al., 1995) was measured in cm from the left end of the scale to the 

mark that the participant marked on the scale. The AKPS was scored using the standard scoring 

criteria (Kujala et al., 1993). The maximum score possible was 100, with a lower score 

indicating a lower level of function. 
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Figure 13 

Calculation of Lateral Trunk Motion (LTM) in Dartfish 

 

Figure 14 

Calculation of Knee Frontal Plane Projection Angle (kFPPA) in Dartfish 
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Statistical Analysis 

The a priori planned analysis consisted of a correlation matrix to assess relationships 

between each of the strength measures, 3-D joint angles, 2-D joint angles, and the participant’s 

perception of pain and perception of function. In addition, a model selection regression using a 

stepwise approach was planned to determine which independent variables (strength and 

biomechanical measures) had the most significant influence on the dependent variables of 

perception of pain and perception of function. The level of significance for all analyses set at p ≤ 

.05. However, upon checking whether or not the data set met the assumptions for these tests, 

several assumptions of normality were violated and the statistical plan was modified. 

The data collected for each measure was tested for normality using Shapiro-Wilk tests. 

We identified that five of the outcome variables (hip ABD strength, W(38) = .923, p = .012, hip 

EXT strength, W(38) = .923, p = .012, hip ER strength, W(38) = .873, p < .001, kFPPA, W(38) = 

.905, p = .003, and hip ADD angle, W(38) = .926, p = .015) violated the assumptions of 

normality. A square root transformation was applied to hip ABD strength and hip EXT strength 

and successfully transformed the data into a normal distribution while maintaining the same 

interpretation of these values (i.e. a higher value indicates more strength). A natural log 

transformation was used for normalized hip ER strength, which also maintained the scaling and 

interpretation of these values. Hip ADD angle was not able to be transformed into a normally 

distributed variable, so this data was categorized into two categories – one including all 

participants who exhibited hip adduction (values greater than 0) and those who exhibited hip 

abduction (values less than 0). The kFPPA values were left-skewed, so a reflection and square 

root transformation was used to transform the data into a normal distribution. Therefore, larger 

values indicated more 2-D adduction of the knee.  
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The transformations of hip ABD strength, hip EXT strength, hip ER strength and kFPPA 

and the categorization of the hip adduction angle allowed for us to continue with the more robust 

parametric statistical analysis as originally planned.  

Results 

Demographic Data 

Thirty-eight adults (8 males, 30 females, 33.92 + 7.49 years old) identified by the 

SNAPPS survey as having PFP were included in this study. Demographic information for the 38 

participants and means for all outcome measures can be found in Table 7. Table 8 presents 

descriptive data from the clinical examination. 

Table  7 

Demographic Information & Outcome Measures  

Variable n=38 SD % 

Gender    

Female n=30  78.9 

Male n=8  21.1 

Age (years) 33.92 + 7.49  

Range (years) (20-45)   

Height (cm) 169.88 + 9.71  

Weight (kg) 81.03 + 19.36  

Duration of symptoms (months)f 36.0 + 90.00  

Range (months) (1-420)   

0-2 months n=2  5.2 
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Variable n=38 SD % 

2-6 months n=3  7.9 

6-12 months n=7  18.4 

12-36 months n=8  21.1 

36 months + n=18  47.4 

Involved limb    

Right knee n=11  28.2 

Left knee n=8  20.5 

Both knees  n=19  51.3 

Usual Perception of pain 3.55 + 3.20  

Perception of pain pre-task 2.08 + 2.02  

Perception of pain post-task 3.24 + 2.18  

Perception of function 80.49 + 7.87  

Strength     

Normalized Hip ABD Strength (%BW) f 0.31 + 0.15  

Transformed Hip ABD Strength a 0.56 + 0.10  

Normalized Hip EXT Strength (%BW) f 0.23 + 0.18  

Transformed Hip EXT Strength b 0.50 + 0.12  

Normalized Hip ER Strength (%BW) f 0.12 + 0.05  

Transformed Hip ER Strength c 0.37 + 0.06  

Normalized Knee EXT Strength (%BW) 0.23 + 0.09  

3-D joint angles at peak knee flexion    
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Variable n=38 SD % 

Hip ADD angle d,f 5.46 + 17.21  

Hip ABD group (n=16) -10.00 + 4.72  

Hip ADD group (n=22) 9.21 + 3.92  

Hip IR angle -1.63 + 5.15  

Trunk FLEX angle -1.31 + 3.93  

2-D joint angles at peak knee flexion    

LTM 15.83 + 2.97  

kFPPA f 188.38 + 7.72  

Transformed kFPPA e 3.52 + 0.95  

Note: a,b,c These measures were transformed, but their interpretation remains the same.  
d Hip ADD angle was categorized into hip ABD group (<0 degrees) and hip ADD group (>0 degrees). 
e kFPPA was reflected then transformed, so larger angles represent more 2-D adduction of the knee.  
f These values were non-normally distributed, therefore central tendency values reported are the median and 
measure of variability is the interquartile range.  

 

Table  8 

Clinical Examination Findings 

Clinical feature Yes  

 n (%) 

No  

n (%) 

Presence of peri- or retro-patellar pain with self-palpation: 31 (81.6) 7 (18.4) 

Presence of peri- or retro-patellar pain on knee pain map: 31 (81.6) 7 (18.4) 

Presence of peri- or retro-patellar pain with the following: 

During/After Activity 31 (81.6) 7 (18.4) 

Prolonged Sitting 27 (71.1) 11 (28.9) 

Navigating Stairs 26 (68.4) 12 (31.6) 

Kneeling 30 (78.9) 8 (21.1) 

Squatting 22 (57.9) 16 (42.1) 
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Palpation of patellar facets 14 (36.8) 24 (63.2) 

Step-down 14 (36.8) 24 (63.2) 

Met clinical criteria for PFP? 36 (94.7) 2 (5.3) 

Correlation Analysis 

Pearson correlations were performed for all the variables of interest (transformed hip 

ABD strength, transformed hip EXT strength, transformed hip ER strength, knee EXT strength, 

hip ADD angle category, hip IR angle, trunk flexion angle, LTM, transformed kFPPA, and 

perception of pain, and perception of function). The significance level was set at p < .05. The 

correlations of the variables are shown in Table 9. Perception of pain was significantly correlated 

with perception of function and hip IR angle, while perception of function was significantly 

correlated with perception of pain, transformed hip ABD strength, transformed hip ER strength, 

knee EXT strength, and LTM. 
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Perception of Pain 

The independent variables that were significantly correlated (hip IR angle and perception 

of function) were used in a stepwise multiple regression analysis to predict perception of pain. 

The prediction model contained both of the predictors and was reached in two steps. The model 

was statistically significant, F(2, 37) = 6.799, p = .003 and accounted for approximately 28% in 

the variance in perception of pain (R2 = .280, Adjusted R2 = .239). Perception of was primarily 

predicted by less hip IR and lower perception of function values. Table 10 includes the results of 

the multiple regression.  

Table  10 

Stepwise Multiple Regression Results for Perception of Pain 

 Change Statistics 

Model R R2 Adjusted 

R2 

SE ∆R2  ∆F  df1 df2 ∆Sig. F  

1a .433 .187 .165 1.5313 .187 8.302 1 36 .007 

2b .529 .280 .239 1.14620 .092 4.491 1 35 .041 

Note: a Predictors: (Constant), Perception of function 
b Predictors: (Constant), Perception of function, Hip IR angle 

 

Figures 15 & 16 present scatterplots of the relationships between perception of pain and 

perception of function and hip IR angle, respectively. Lower perception of function was 

associated with higher perception of pain, and less hip IR was associated with higher perception 

of pain.  
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Figure 15 

Scatterplot of Perception of Pain versus Perception of Function 
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Figure 16 

Scatterplot of Perception of Pain versus Hip IR Angle 

 

Note: For Hip IR, 0.0 represents neutral. Negative values for Hip IR angle indicate more hip ER. 

Perception of Function 

A separate stepwise multiple regression was performed to predict perception of function 

using the independent variables that were significantly correlated (transformed hip ABD 

strength, transformed hip ER strength, knee extension strength, LTM, and perception of pain). 

The prediction model included one of the five predictors and was reached in one step with all but 

the perception of pain removed. The model was statistically significant, F(1,37) = 8.302, p=.007 

and accounted for approximately 43% of the variance in perception of function (R2 = .433, 

adjusted R2 = .165). Table 11 includes the results of the multiple regression to predict perception 

of function.  As mentioned earlier and depicted in Figure 15, higher perception of pain was 

associated with lower perception of function. 
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Table  11 

Stepwise Multiple Regression Results for Perception of Function 

 Change Statistics 

Model R R2 Adjusted 

R2 

SE ∆R2  ∆F  df1 df2 ∆Sig. F  

1a .433 .187 .165 6.896 .187 8.302 1 36 .007 

Note: aPredictors: (Constant), Perception of pain 

Discussion 

 The purpose of this study was to identify relationships between selected biological factors 

(hip and knee strength and trunk, hip, and knee biomechanics) and psychological factors 

(participant’s perception of pain and perception of function) in individuals with PFP. We 

hypothesized that the selected biological factors would be related to the participant’s perception 

of pain and perception of function in our sample of individuals with PFP.  

Perception of Pain 

In our sample, only perception of function and hip IR angle significantly predicted 

perception of pain, with none of the strength variables being significantly related. Similar to the 

findings reported in Chapter 3, the perception of function and perception of pain are closely 

related. Out of all of the biological factors examined in this study, only hip IR angle was 

included as a significant predictor for the perception of pain. However, due to the relatively 

small value of this joint angle and large standard deviation of this measure, we question the 

clinical significance of this finding.  

The lack of significant relationships between the selected biological factors and 

perception of pain does provide support that the perception of pain is a cognition rather than 
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solely an outcome measure to assess pain sensation. Psychological factors (including cognitions 

such as the perception of pain) are situated at the core of the Biopsychosocial Model (Brewer et 

al., 2002), and are influenced by injury characteristics, sociodemographic factors, biological 

factors, social/contextual factors, intermediate biopsychosocial outcomes, and sport injury 

rehabilitation outcomes. It is possible that factors from these other dimensions of the model have 

a stronger relationship with the perception of pain in individuals with PFP. For example, there 

may be other underlying biological factors, such as central sensitization (Sigmund et al., 2021), 

that are present and thereby influencing the perception of pain.  

Perception of Function 

We also identified that lower perception of function was correlated with higher 

perception of pain, lower hip ABD strength, lower hip ER strength, and lower knee EXT 

strength, and greater LTM away from the stance leg. However, when entered into the regression 

model only perception of pain was a significant predictor of perception of function.  

Muscle strength of the muscles contributing to hip ABD, hip ER, and knee EXT all had a 

weak correlation with perception of function. This finding helps to support the evidence 

supporting the use of exercise-based therapy targeting strengthening of the hip and knee 

musculature for individuals with PFP. These interventions have been effective in changing 

perceptions of pain and function in the short-term independent of changes in strength (Şahin et 

al., 2016; Pairot de Fontenay et al., 2018). A potential explanation for this change in perception 

of function could be that participants viewed the exercises included in the intervention (a 

component of the rehabilitation environment) that were aimed at correcting muscle strength (a 

biological factor). The participants may have felt the exercises contributed to a change in their 
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perception of function (cognition, psychological factor), supporting the relationships within the 

Biopsychosocial Model (Brewer et al., 2002). 

Hip & Knee Strength 

 Within the context of the Biopsychosocial Model (Brewer et al., 2002), it appears that 

biological factors such as hip and knee strength do not predict the perception of pain in 

individuals with PFP. Despite weak correlations between several of the strength variables, none 

of the hip or knee strength variables predicted perception of function either. 

The hip strength values collected from our sample were consistent with those reported in 

previous studies using a sample of individuals with PFP. Our sample exhibited slightly greater 

hip ABD strength (33 + 12% of body weight, or BW) than reported in a systematic review (Prins 

& van der Wurff, 2009) reviewing hip strength in individuals with PFP (ranging 16 + 9 to 29 + 

8% BW) and as reported by Long-Rossi & Salsich (2010) (10.3 + 3.9% BW). Our values were 

consistent with those reported by Boling, Padua, Marshall et al. (2009) from a military 

population (35.9 + 9% BW).  Our sample’s hip EXT strength (23 + 9% BW) was consistent with 

Prins & van der Wurff (range of 16 + 8 to 29 + 8% BW) and Boling, Padua, Marshall et al. (30 + 

7% BW), but slightly higher than reported by Long-Rossi & Salsich (21.3 + 6.0% BW). Hip ER 

strength for our sample (14 + 5% BW) was consistent with Prins & van der Wurff (range of 11 + 

3 to 21 + 4% BW) and Long-Rossi & Salsich (14 + 3.4% BW), but lower than Boling, Padua, 

Marshall et al. (21 + 4% BW). 

We adopted the same knee EXT strength testing method as Boling, Padua, Marshall et al. 

(2009). Our sample had much lower knee EXT strength values (23 + 9% BW) than their sample 

(46 + 9% BW); however, their sample consisted of military cadets, while our sample consisted of 

individuals who were older, from the general community, with current PFP. Furthermore, our 
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data collection took place during the COVID-19 pandemic, when many individuals were 

working remotely. It is plausible that this could also explain the difference in knee EXT strength 

as well, especially if our participants were less active in general.  

Similar to Long-Rossi & Salsich (2010) and Nakagawa et al. (2011), we also found a 

significant, albeit weak, correlation between hip ER strength and perception of function in our 

sample. We did not find any significant relationships between any of the hip strength measures 

and perception of pain, which is also consistent with the results from Long-Rossi & Salsich. In 

contrast, Nakagawa et al. reported that hip ER strength was associated with perception of pain, 

however they utilized a different method for assessing hip ER strength than both our study and 

Long-Rossi & Salsich. Additionally, Nakagawa et al. reported higher perception of pain in their 

sample (4.56 + 2.6) than in our sample (3.55 + 3.2) and in Long-Rossi & Salsich (3.12 + 1.7). 

This could also potentially explain the difference in findings between studies as well. Our sample 

on average had higher perception of function (80.49 + 7.87) than Long-Rossi & Salsich (76.3 + 

11.8) and Nakagawa et al. (73.88 + 9.57).  

Knee extension strength was also weakly correlated with lower perception of function in 

our sample. Given that the AKPS asks about several activities that involve flexing the knee, this 

finding is not surprising. Hip and knee strengthening exercises are commonly included in 

exercise therapy interventions for patients with PFP and has been credited with improving the 

perception of function in several studies (Collins et al., 2018; Earl & Hoch, 2011; Ferber et al., 

2011; Ferber et al., 2015).  

Trunk, Hip, and Knee Biomechanics 

 Based on previous research (Powers et al., 2003; Powers et al., 2017; Nakagawa et al., 

2012), we anticipated that our sample would display dynamic malalignment at the point of peak 
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knee flexion during performance of the step-down task. Dynamic malalignment is characterized 

by excessive medial displacement of the knee in the frontal plane, and has been associated with 

3-D hip adduction and hip internal rotation angles. Within the pathomechanical model of PFP 

(Powers et al., 2017), dynamic malalignment during weight-bearing activities is theorized to 

increase the laterally directed component of the patellofemoral joint reaction force vector. Due to 

this proposed relationship, we expected that this movement pattern would influence the 

participant’s perception of pain in our sample.  

Interestingly, we identified 3-D hip IR angle as a significant predictor for perception of 

pain, and 2-D LTM was correlated with perception of function. However, in contrast to the 

movement pattern we expected to see based on the pathomechanical model, we identified that 

increased hip external rotation was associated with worse perception of pain in our sample. Two 

previous studies also reported decreased hip IR (or more external rotation) during walking in 

individuals with PFP as compared to healthy controls (Barton et al., 2011; Powers et al., 2002). 

This was hypothesized to be a compensatory movement to reduce patellofemoral joint stress 

while walking, but those two studies did not assess the perception of pain. Our finding conflicts 

with another study, Nakagawa et al. (2013), who reported that greater perception of pain was 

related to greater peak internal rotation, as well as greater peak hip adduction and knee abduction 

during a step-down task. Nakagawa et al. (2013) also identified greater hip adduction as a 

significant predictor for perception of function, while none of our 3-D measures were associated 

with perception of function. However, it should be noted that we measured our joint angles at the 

point of maximum knee flexion as compared to peak angle during the duration of the movement, 

which could explain the differences in findings in our study.   



180 
 

An interesting observation in our sample was that while we expected to see participants 

exhibit dynamic malalignment during the step-down task, we actually saw a larger proportion of 

our sample exhibit a different movement pattern at the point of maximum knee flexion (Figure 

17). This movement pattern included a drop of the contralateral pelvis during single-leg support, 

leading to a shift of the center of mass away from the stance limb. This shift increases the 

distance from both the resultant ground reaction force vector and knee joint center, leading to an 

increase in varus moment at the knee (Powers, 2010). This type of movement pattern was 

observed in eleven of the 38 participants in this study. 

Figure 17 

Movement Pattern Observed at Peak Knee Flexion of Step-down Task 

 

Also, interestingly, LTM was correlated with perceived function in our sample. 

Individuals who reported worse perception of function also tended to exhibit more lateral trunk 

lean away from the stance leg at the point of peak knee flexion. This suggests that our sample 
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may have adopted a “trunk dominance” movement pattern of leaning their trunk away from the 

stance leg to avoid dynamic malalignment, which would be consistent with the movement 

pattern described earlier. Our sample demonstrated greater LTM during the step-down (15.83 + 

2.97 degrees) than reported by Dingenen et al. (2014) during performance of a single leg squat in 

healthy individuals (10.8 + 6.5 degrees), which supports this possibility. Also supporting this 

finding, our sample also reported higher mean kFPPA angles (186.69 + 7.11 degrees) than 

Dingenen et al. did with the single leg squat (178 + 6.9 degrees), indicating that our sample 

moved their knee into a more varus position at the point of maximum knee flexion. However, we 

did not find a relationship between kFPPA values and participant perception of their pain or 

perception of function.  

These findings suggest that the movement pattern we did observe in a third of our sample 

may be a compensatory movement specific to the step-down task to reach the foot to the ground. 

The step-down task from the height of 4-inches may not have been demanding enough to 

challenge the participants biomechanically. We may have witnessed more participants exhibit 

dynamic malalignment had we increased the step-height to 6-inches (Thorpe et al., 2021). 

Another potential explanation for this movement pattern is that the participants may have 

adopted this movement pattern in an attempt to avoid pain during the movement. The duration of 

symptoms for this sample was relatively long (36 + 90 months), confirming the chronicity of 

their condition. It is plausible that there was an adaptation to their movement pattern over time to 

avoid pain, however we did not assess perception of pain during the step-down task so this 

explanation is purely speculative.  
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Clinical Impact 

 While the results of this study identified correlations between hip IR rotation and 

perception of pain, and between hip ABD, hip ER, knee EXT strength, LTM, and perception of 

function, only hip IR was predictive of perception of pain. As mentioned earlier, given the value 

for the hip IR angle and standard deviation, we question the clinical significance of this finding. 

The perception of pain and perception of function were correlated and predictive of one another. 

Collectively, the results underscore the importance of considering the patient’s perception of 

pain and perception of function in the design of treatment interventions for PFP. In particular, 

focusing treatment interventions on changing the perception of function for a patient with PFP 

could in turn change their perception of pain as well. These cognitions of perception of pain and 

perception of function appear to occur independent of muscle strength and biomechanics in this 

population, so therefore clinicians should consider more than just these factors when developing 

a plan of care.  

Additionally, there was variability in the movement patterns observed in our sample. This 

may in part explain the inconsistencies in the pathomechanical model (Powers et al., 2017) and 

suggests that there isn’t one specific altered movement pattern exhibited by individuals with 

PFP. This further emphasizes the need to target interventions on a patient’s perceptions of pain 

and function. 

Limitations 

 One limitation of this study was the selection of factors from within the Biopsychosocial 

Model (Brewer et al., 2002). There are many other factors within the model that we did not 

account for or examine as part of this study. The decision to include the factors selected was 

based on existing PFP literature, suggesting a relationship with the perception of pain and 
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perception of function (Nakagawa et al., 2011; Nakagawa et al., 2012; Powers et al., 2017). Due 

to the COVID-19 pandemic, we had to perform the clinical examination virtually, relying on 

patient responses to questions and researcher guided self-palpation to determine areas of point 

tenderness, which may differ from an in-person clinical examination where the clinician is 

palpating for tenderness. In our study we assessed isometric strength, which may differ from how 

muscles are activated during a dynamic task such as a step-down movement. We also had a 

relatively small sample for a multivariate regression model, which may not have adequate 

statistical power to adequately identify relationships, possibly resulting in a type II error. We 

based our sample size estimates on those in previous published studies with a similar design 

(Nakagawa et al., 2011; Nakagawa et al., 2012). 

Future Research 

 More research is warranted to examine how other factors within the Biopsychosocial 

Model (Brewer et al., 2002), such as injury characteristics and sociodemographic factors 

alongside intermediate biopsychosocial outcomes and biological factors, may relate to the 

perception of pain and perception of function in patients with PFP.   

 There are also other psychological factors, such as fear avoidance, catastrophizing, and 

kinesiophobia that have been related to perceptions of pain and function in individuals with PFP 

(Maclachlan et al., 2018; Domenech et al., 2013). There is also support that fear-avoidance 

beliefs are associated with hip and knee strength and trunk biomechanics in individuals with PFP 

(Glaviano et al., 2019). There may be relationships between several of these affects and 

biological factors in this population that need to be better understood. 

More research is warranted to examine perhaps other kinematic variables implicated in 

the pathomechanical model (Powers et al., 2017), such as pelvic position, and potential 
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relationships with the perception of pain and perception of function in this sample. Given the 

movement pattern observed in a third of our sample and the correlation between LTM and 

perception of function, it is possible that motion at the pelvis might be related to the perception 

of function in this population. 

Conclusion 

Higher usual pain was predicted by increased hip ER angle and worse perception of 

function. Worse perception of function was predicted by worse perception of pain, and correlated 

with decreased hip ABD strength, hip ER strength, and knee EXT strength, and increased LTM. 

Factors from the Biopsychosocial Model (Brewer et al., 2002) that predict perception of pain 

appear to be different than those that predict perception of function. This suggests that 

researchers and clinicians may wish to assess perception of function in individuals with PFP to 

determine a baseline, but also perhaps to gauge recovery from PFP following an intervention. In 

addition, since perception of function and perception of pain were highly related to one another, 

it would be advantageous to design exercise-based interventions that target these psychological 

factors within in the Biopsychosocial Model (Brewer et al., 2002) as a means of influencing both 

intermediate biopsychosocial outcomes and sport injury rehabilitation outcomes.  
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Chapter Five: The Use of a Tele-health Squat Retraining Intervention for Individuals with 

Patellofemoral Pain (PFP) 

Introduction  

 Patellofemoral pain (PFP) is a chronic musculoskeletal condition characterized by retro- 

and peri-articular pain during activities such as squatting, navigating stairs, running, and sitting 

with the knees bent for a prolonged period of time (Crossley et al., 2016). Approximately 25% of 

the population has experienced PFP (Smith et al., 2018) and accounts for up to 40% of 

musculoskeletal conditions assessed in health care clinics (Witvrouw et al. 2014). The onset of 

pain and symptoms associated with PFP is insidious and is not the result of a specific acute 

trauma or direct tissue damage (Collins et al., 2018), and can interfere with the ability to engage 

in activities of daily living, physical activity, and occupational tasks (Smith et al., 2018). If left 

untreated, long-term PFP may ultimately contribute to the development of patellofemoral 

osteoarthritis (Crossley, 2014).  

PFP is commonly treated conservatively, with interventions aimed primarily at 

addressing a pathomechanical mechanism theorized to cause an elevation in patellofemoral joint 

stress (Powers et al., 2017). External supports, such as taping (Kurt et al., 2016), bracing 

(Petersen et al., 2016; Uboldi et al., 2018), and orthotics (Barton et al., 2011) have been 

identified in previous studies to be effective in reducing participant’s pain and function in the 

short term, but not as well in the long term. Exercise-based therapy is considered the gold 

standard treatment intervention for PFP (Collins et al., 2018) and often focuses on improving 

strength of the hip and knee musculature as a means of improving faulty movement patterns and 

biomechanics of the lower extremity. This approach is effective in improving hip and knee 

muscle strength (Ferber et al., 2015) and in some cases hip kinematics (Earl & Hoch, 2011) 
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however these improvements are not always associated with improvements in participants’ 

perception of pain /or perception of function (Pairot de Fontenay et al., 2018). Much like the 

evidence on external supports, exercise-based therapy that focuses on hip and knee strengthening 

does not improve the long-term prognosis for individuals with PFP (van Linschoten et al., 2009).  

More recently, movement retraining has been explored as an adjunctive therapy focused 

on neuromuscular re-education of a movement that causes pain in individuals with PFP (Salsich 

et al., 2018; Roper et al., 2016; Willy et al., 2012; Noehren et al., 2011). In particular, running 

gait retraining has been a focus in this population as a means of not only significantly improving 

hip and knee biomechanics, but also improving participant’s perceptions of pain and function 

(Roper et al., 2016; Willy et al., 2012; Noehren et al., 2011). Emerging evidence suggests the 

same approach may be utilized with a different task, such as step-down, that mimics a movement 

encountered in everyday life by the general population (Salsich et al., 2018). This is of 

significance since not all patients with PFP may be runners, or may be hesitant to try running due 

to their knee pain. The previous studies on these movement retraining interventions have also 

largely examined changes in 3-D joint kinematics using highly expensive and technical systems 

(Roper et al., 2016; Willy et al., 2012; Noehren et al., 2011; Salsich et al., 2018). There are more 

clinician-friendly measures, such as two-dimensional measurements like knee frontal plane 

projection angle (kFPPA) and lateral trunk motion (LTM) that may more practical and efficient 

to assess movement quality (Dingenen et al., 2013; Willson & Davis, 2008).  

 Collectively, the current treatment interventions primarily target muscular weakness or 

altered movement patterns that are theorized to cause PFP (Powers et al., 2017; Collins et al., 

2018). Given the poor long-term prognosis following these interventions (van Linschoten et al., 

2009), perhaps rehabilitation for PFP should be considered within a biopsychosocial framework. 
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The Biopsychosocial Model of Sport Injury Rehabilitation (Brewer et al., 2002) is a conceptual 

framework that considers the influence of a multitude of factors on the rehabilitation process. 

This model has been applied to the rehabilitation process for several acute injuries, including 

anterior cruciate ligament injuries (Brewer et al., 2004) and lateral ankle sprains (Arvinen-

Barrow et al., 2019). The core of the Biopsychosocial Model consists of biological, 

psychological, and social and contextual factors, which are all interrelated (Brewer et al., 2002). 

The core is influenced by injury characteristics and sociodemographic factors, and influences 

intermediate biopsychosocial outcomes (Brewer et al., 2002). Psychological factors has a 

bidirectional relationship with intermediate biopsychosocial outcomes and sport injury 

rehabilitation outcomes, which are also interrelated (Brewer et al., 2002).  

 One of the social and contextual factors in the Biopsychosocial Model (Brewer et al., 

2002) is the rehabilitation environment. The rehabilitation environment includes the treatment 

intervention selected for the patient along with the delivery of the intervention by a trained health 

care professional. This includes the decisions made by the health care professional regarding the 

delivery of the intervention. Modifications to the rehabilitation environment can have an impact 

on both psychosocial factors as well as intermediate biopsychosocial outcomes (Brewer et al., 

2002; Arvinen-Barrow et al., 2019).  

 Within the context of movement retraining, there are several aspects of the delivery of the 

intervention that could be modified to enhance the rehabilitation environment. Consideration of 

factors that may enhance motor learning of the task, such as the progression, duration, and focus 

of attention on external cueing and tactile feedback schedule (Lorenz et al., 2010; Benjaminse et 

al., 2018; Aoyagi et al., 2019) are just some examples. In addition, adjusting the delivery of the 

treatment intervention to be more convenient for the patient, such as using tele-medicine, is 
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another modification of the rehabilitation environment that may improve outcomes in this 

population (Tenforde et al., 2020).  

 Therefore, the purpose of this study was to determine if a synchronous, tele-health squat 

retraining intervention can change hip and knee strength, trunk, hip, and knee biomechanics 

(assessed in both 3D motion capture and 2D video), and participant’s perception of pain and 

perception of function in individuals with PFP, and to determine the success rate of this 

approach. We hypothesized that the intervention would be effective in improving strength, 

biomechanics, and perception of pain and perception of function in individuals with PFP.  

Methods 

Study Design & Protocol 

The design for this study was a single-arm, repeated-measures feasibility study, 

conducted both in the laboratory and online. The study protocol is shown in Figure 18.  
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Figure 18 

Intervention Study Protocol Flow Chart 
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Recruitment & Participants 

 Participants were recruited from another study that identified individuals with PFP using 

a screening survey that included the Survey instrument for Natural history, Aetiology, and 

Prevalence of Patellofemoral pain Studies, or SNAPPS (Dey et al, 2016). This recruitment 

approach, rather than a clinical based approach, was used to sample from a broader general 

population instead of only those who are seeking medical care for their knee pain.  Inclusion 

criteria from the other study that participants were recruited from included: 1.) between the ages 

of 18-45 years old; 2.) access to the internet and an electronic device with a camera; 3.) willing 

to travel to the laboratory data collection session(s). In addition, participants needed to report a 

score of a ‘3’ or higher on the usual visual analog scale (VAS; Harrison et al., 1995). Following 

participation in the other study, the 2-D videos were reviewed and scored using a movement 

assessment rubric for a single-leg squat (Crossley et al., 2011) that was adapted for the step-

down task used in this study. If a participant scored as “poor” or “fair”, they were then invited to 

participate in this study. The exclusionary criteria also remained the same as the previous study 

(Table 6). If more than 2 weeks passed since the time the participant completed the baseline 

measurement, they were asked to complete an online VAS to confirm that their usual score on 

the VAS was still a ‘3’ or higher prior to scheduling the sessions for the intervention. 

Measures 

 The following section includes all the measures included in this study and the time points 

when they were gathered. 

Hip and knee strength were assessed isometrically using a Lafayette Manual Muscle 

Testing System hand-held dynamometer (HHD). Peak force was recorded for the motions of hip 

abduction (ABD), hip extension (EXT), hip external rotation (ER), and knee extension (EXT) for 



191 
 

the involved or most painful limb (in the case of bilateral pain). The participant was instructed in 

the performance of each motion and secured to a treatment table using stabilizing straps. Prior to 

completing the test trials, the participant was instructed in the direction of the force and asked to 

perform three practice trials of increasing effort to gain familiarity with the task. The participant 

was instructed to maintain their maximum effort for each practice and test trial for a total of 5 

seconds, which was timed using the HHD and confirmed by the researcher. Sixty seconds of rest 

was provided following each test trial. Three test trials were performed for each of the motions, 

with a fourth repetition performed if one of the previous repetitions was more than 10% greater 

or less than the other repetitions. The procedure, placement, and instructions for each of the four 

motions was replicated from previous studies and these methods are a reliable means of 

quantifying hip and knee isometric muscle strength (Figure 10; Jaramillo et al., 1994; Ireland et 

al., 2003, Boling, Padua, Marshall, et al., 2009). Verbal encouragement was provided to all 

participants during the test trials to encourage a maximal effort. These measures were performed 

at baseline and post-intervention in the laboratory. 

Three-dimensional (3-D) biomechanics of the trunk & hip during a step-down task were 

recorded using a 10-camera Motion Analysis Eagle System (Motion Analysis Corp., Santa Rosa, 

CA) at 200 Hz. Reflective markers were placed on the participant prior to the movement trials to 

allow for identification of structures and joint centers (Figure 13). Single reflective markers were 

placed on the spinous process of C7, sternal notch, and right scapula; and bilaterally on the 

acromioclavicular joints, anterior superior iliac spines, posterior superior iliac spines, iliac crests, 

greater trochanters, lateral and medial femoral epicondyles, medial and lateral malleoli, and the 

1st and 5th metatarsal heads. In addition, marker clusters consisting of four reflective markers 

affixed to a rigid plastic shell were positioned bilaterally to the lateral thigh, lateral shank, and a 
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marker cluster of three reflective markers was positioned on the posterior heel counter. Once the 

reflective markers were in place, a standing calibration trial was completed and the markers on 

the right scapula, acromioclavicular joints, greater trochanters, medial and lateral epicondyles, 

medial and lateral malleoli, and 1st and 5th metatarsal heads were removed.  

 The variables of interest were the angles for trunk flexion (FLEX), hip adduction (ADD), 

and hip internal rotation (IR) at peak knee flexion. These three joint angles were selected due to 

their relationship with dynamic malalignment, as identified in previous studies (Willson & 

Davis, 2008).  Kinematic analysis of these joint angles took place at the baseline and the post-

intervention data collection sessions in the laboratory.  

 Two-dimensional (2-D) biomechanics of the trunk and knee were measured during 

performance of the step-down task both in the laboratory as well as during the online 

intervention sessions. During the laboratory sessions, fluorescent markers were placed bilaterally 

on the participant’s greater trochanters, lateral femoral epicondyles, center of the patella, lateral 

malleoli, and anterior ankle mortise. Two Yi 4k+ action cameras (Yi Technology, Shanghai, 

China) were used to record the participant’s movement during the step-down in both the frontal 

and sagittal planes. Both cameras were positioned at a height of 104 cm, 162.5 cm from the front 

of the step, and 167.5 cm from the side of the step on the stance limb side.  

For the online intervention sessions, participants were instructed in the placement of the 

markers on the sternal notch, bilaterally on the anterior superior iliac spines, and on the center of 

patella and anterior ankle mortise of the stance limb. The participant’s electronic device was 

positioned to allow a straight-on view of the participant on the step. The intervention sessions 

were recorded on the researcher’s computer for later analysis.  
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The variables of interest for 2-D analysis were trunk lateral motion angle (LTM) and 

knee frontal plane projection angle (FPPA) at the point of peak knee flexion.  These clinician-

friendly measures were selected due to their relationship with dynamic malalignment (Willson & 

Davis, 2008). 

 For the purposes of this study, a visual analog scale (VAS; Harrison et al., 1995) was 

used to assess the participant’s perception of pain for the past week, as well as the current 

perception of pain. Each participant was asked to rate their ‘usual’ perception of pain over the 

past 7 days at the beginning of the baseline and post-intervention sessions as well as at the 

beginning of each intervention session. This score was used to quantify the perception of pain for 

this study. Each of the participants was also asked to complete the VAS to assess current 

perception of pain before and after completing the step-downs and the intervention at the 

baseline testing session, intervention sessions, and post-intervention session. 

 The Anterior Knee Pain Scale (AKPS; Kujala et al., 1993) was utilized to assess the 

participant’s perception of function. The AKPS was completed at the beginning of the baseline 

testing session, each intervention session, and at the post-intervention testing session.  

 At the end of the 8th and final intervention session, participants were asked to complete a 

brief, 5 question survey to gather information on the participant’s opinions about the intervention 

delivery and set-up.  

Procedures 

Eligible participants were included in this study from a previous study if they met the 

eligibility criteria listed earlier. Verbal consent for both this study and the previous study was 

obtained during a virtual online meeting in accordance with the university’s Institutional Review 
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Board (IRB). In the same meeting, once consent was obtained, the researcher conducted a 

telehealth-style clinical examination due to the data collection period being within the COVID-

19 pandemic. During this clinical examination, the researcher asked questions about the duration 

of symptoms, pain management strategies utilized since the onset of their knee pain, physical 

activity level, and whether they experienced pain with any of the following: during or after 

activity, navigating stairs, kneeling, or squatting. The researcher then guided the participant 

through self-palpation of the knee to identify any areas of point tenderness. The participant was 

instructed to position their camera on their knees so that the researcher could see where they 

were palpating to ensure they were on the correct anatomical structure, and to press on the 

identified structure with “enough pressure to indent the skin.” The participants were shown a 

visual slide with a photograph of two knees, and as the researcher advanced through the 

palpation, the structure to be palpated was highlighted on the slide.  

The participants then reported to the laboratory for their baseline testing session. During 

this session, anthropometric data such as height, weight, and dominant limb (defined as preferred 

limb for kicking a ball) was recorded. Participants also completed the VAS (Harrison et al., 

1995) for both ‘usual’ perception pain over the past 7 days and current perception of pain 

followed by the AKPS (Kujala et al., 1993) to assess perception of function. Following a five-

minute walking warm-up on the treadmill, isometric strength for hip ABD, hip EXT, hip ER, and 

knee EXT was measured as described in measures. Participants then completed the step-down 

task as described in measures, followed by another VAS (Harrison et al., 1995) to assess current 

perception of pain following the step-downs.  

After this baseline testing session, the primary researcher reviewed the participant’s VAS 

for ‘usual’ perception of pain to determine if they met the inclusion criteria of a score of a ‘3’ or 
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higher. If this was met, the participant’s movement during the step-down task was reviewed and 

scored using a movement assessment rubric for a single-leg squat (Crossley et al., 2011) that was 

adapted for the step-down task used in this study. If a participant scored as “poor” or “fair”, they 

were then invited to participate in this intervention phase of the study. If more than 2 weeks 

passed since the time the participant completed the baseline measurement, they were asked to 

complete an online VAS (Harrison et al., 1995) to confirm that their current pain level was still a 

‘3’ or higher prior to scheduling the sessions for the intervention. 

All participants were informed that this was a novel intervention and the outcomes of this 

intervention are unknown. The primary researcher scheduled eight sessions with the participants 

over the course of two weeks for this intervention. All intervention sessions took place 

synchronously online, using Zoom (Zoom Video Communications, Inc., San Jose, CA). Upon 

completion of the intervention sessions, the participants were scheduled for a post-intervention 

testing session in the laboratory. During this post-intervention testing session, the participant 

returned the exercise kit and the measures from the baseline testing session were repeated.  

 Prior to the first intervention session, the primary researcher delivered an exercise kit that 

included all of the materials necessary to complete the intervention remotely (Figure 19). This 

exercise kit included an exercise step with adjustable risers to change the step height from 4 

inches to 6 or 8 inches, fluorescent stickers, and an adjustable tripod for smaller electronic 

devices such as a cell phone or tablet. The kit also included a device consisting of a base and 

upright pole constructed of PVC pipes that served as the target for the movement during the 

intervention, as well as instructions for the intervention set-up. 
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Figure 19 

Exercise Kit Provided to Participants 

 

 During the first session, the participants were instructed in the set-up of the exercise step, 

positioning of the camera, safety measures, and placement of the fluorescent stickers. At the 

beginning of each session, the researcher would use the chat feature in Zoom to share the links 

for online versions of the VAS and AKPS in Qualtrics, which the participant would complete 

first. Next, the researcher would assist the participant as they adjusted their camera and position 

of the exercise step so that the researcher could see the participant and the exercise step in the 

screen. The researcher would then instruct the participant in proper placement of the fluorescent 

stickers on anatomical landmarks (sternal notch, bilaterally on the anterior superior iliac spines, 

and on the center of the patella and anterior ankle mortise on the involved limb). Next, the 

researcher led the participant through a 5-minute warm-up, consisting of marching in place, hip 

mobility exercises, quadriceps stretch, hamstring stretch, and calf raises.  

 Once the warm-up was complete, the researcher guided the participant in positioning of a 

target PVC pole in front of the involved limb. This PVC pole was positioned on a rectangular 

base and was attached to the base with an adjustable c-clamp. This allowed the participant to 
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adjust the position of the target pole and to fold it down when it was not needed. This device 

provided an externally focused cue to direct the participants’ knee position during the step-down 

exercise. For purposes of this exercise, the involved limb was the stance limb during 

performance of the step-down task. The target PVC pipe was positioned just lateral to the stance 

limb ASIS, and adjusted so that when the participant performed the step-down, they were able to 

touch the fluorescent sticker on the front of their knee to the pole in front of them while keeping 

their knee in proper alignment (Figure 20). 

Figure 20 

Placement of the Target PVC Pole for the Intervention Sessions 

 

For the first session, all participants started with three sets of five repetitions of the step-

down task on the involved limb. The participants were verbally instructed to “tap the pole in 

front of them” as they performed each repetition of the step-down. Participants were provided 

with verbal feedback as they requested during and after these repetitions. This feedback included 
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directing the participant to slow down their motion to control movement as they lowered into the 

step-down motion, reminding the participant to lightly touch the reach limb to the floor instead 

of transferring their weight when performing the task, and counting the repetitions for the 

participant as they performed the task. Due to the use of teleconferencing for this intervention, 

the participants were able to view themselves while performing the task on their screen, as well 

as the researcher providing the cues, providing them with visual feedback of their performance. 

This portion of the session (the step-downs) were recorded using Zoom to allow for the 

researcher to watch later to calculate knee frontal plane projection angle as well as to ensure 

proper performance of the task and help in determining progression for the subsequent sessions. 

Once the participant had completed the step-downs, they researcher shared a link to 

another online VAS to assess current pain following performance of the step-downs. The 

researcher then would confirm the next session with the participant.  

 The progression for this intervention was determined by the ability of the participant to 

execute a minimum of 80% of the repetitions during each session without errors. Errors were 

consistent with those used in another study using a similar task (Crossley et al., 2011) and 

include repositioning of the arms to aid in balance, complete transfer of weight to the non-stance 

limb, having to place the non-stance limb down to regain balance, and failure to touch the center 

of the patella to the pole. If the participant was able to perform at least 80% of these sets and 

repetitions without errors, they progressed as outlined in Table 12. This progression increased in 

the number of repetitions first, then step height (Lorenz et al., 2010).  
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Table  12 

Progression for Intervention Sessions 

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 

3x5 on 
4in step 

3x8 on 
4in step 

3x10 on 
4in step 

3x5 on 
6in step 

3x8 on 
6in step 

3x10 on 
6in step 

3x5 on 
8in step 

3x8 on 
8in step 

 

The use of verbal and tactile cueing was also gradually reduced beginning with the 

second session, as outlined in Table 13 (Aoyagi et al., 2019). For each session that verbal and 

tactile cueing were provided, the participant was given the same verbal cueing to direct their 

alignment with the pole at the beginning of the intervention, but the pole was removed upon 

completion of the prescribed percentage of repetitions. Also, at this point, the researcher did not 

provide any verbal cues to the participant regarding the performance of their movement.  

Table  13 

Verbal & Tactile Cueing Schedule 

Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 Session 8 

100% of 
repetitions 

80% of 
repetitions 

60% of 
repetitions 

40% of 
repetitions 

20% of 
repetitions 

None None None 

 

Upon completion of the step-downs on the final intervention session, the participants 

were asked to complete a brief participant input survey to provide information on the 

participant’s opinions about the intervention and style of delivery. The participant was then 

scheduled for a post-intervention session in the lab to re-measure the pain and function measures, 

strength, and 3-D and 2-D biomechanical measures assessed in the baseline session. 
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Data Processing 

 The isometric hip and knee strength measures gathered at baseline and post-intervention 

testing sessions for each of the four motions were averaged across the three test trials. The 

averages were then normalized to body mass and recorded as a percentage of body mass in kg.  

For 3-D kinematic analysis, joint angle data was collected from the step-down task trials 

performed in the laboratory and was filtered using a 4th order Butterworth filter with a cutoff 

frequency of 12 Hz. The segment coordinate systems for the lab set-up in this study followed the 

right-hand convention. The X-axis aligned with the medial-lateral direction, the Y-axis aligned in 

the anterior-posterior direction, and the Z-axis aligned in the vertical direction. The angles of 

trunk FLEX, hip ADD, and hip IR at the point of peak knee flexion were calculated using a joint 

coordinate system approach (Grood & Suntay, 1983) for the middle three repetitions of the five 

step-down trials for each set. The kinematic data were processed using Visual 3D software (C-

Motion, Inc., Rockville, MD). The angles of interest were averaged and reported in degrees.   

For the 2-D biomechanical analysis of the trials recorded in the laboratory, the videos 

recorded on the Yi 4k+ action cameras were uploaded into Dartfish 8 software (Dartfish USA, 

Inc., Alpharetta, GA) and synced. In Dartfish, the angles for LTM and kFPPA were calculated at 

the point of maximum knee flexion for the middle three repetitions of each set of step-

downs. This approach has been used in previous research (Dingenen et al., 2013). The LTM 

angle was calculated as the angle between a vertical line starting from the anterior superior iliac 

spine and the horizontal line connecting the anterior aspect of the acromioclavicular joint and the 

sternal notch (Figure 14). Negative or smaller values indicate more lateral trunk lean over the 

stance limb, while larger values indicate lateral trunk lean away from the stance limb (Dingenen 

et al., 2013). The kFPPA was calculated as the angle between the line connecting the anterior 
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superior iliac spine and the center of the patella and the line connecting the center of the patella 

and the anterior ankle mortise (Figure 15). A value of 180 degrees would indicate a neutral 

position of the knee relative to the hip. Values less than 180 would indicate dynamic 

malalignment, or positioning of the knee medial to the stance foot, and values over 180 would 

indicate positioning of the knee lateral to the stance foot (Dingenen et al., 2013). These values 

were reported in degrees.  The videos from the intervention sessions were also uploaded into 

Dartfish and both LTM and kFPPA were calculated for these sessions to view the change in 

these measures across the intervention sessions. 

For the baseline and post-intervention testing sessions in the laboratory, paper versions of 

the VAS and AKPS were utilized. The VAS (Harrison et al., 1995) was measured in cm from the 

left end of the scale to the mark that the participant marked on the scale. For analysis in this 

study, the ‘usual’ VAS score was used to quantify the perception of pain. The AKPS was scored 

using the standard scoring criteria (Kujala et al., 1993). The maximum score possible was 100, 

with a lower score indicating a lower level of function. During the intervention sessions, the 

VAS and AKPS were performed electronically using Qualtrics software. The participant input 

survey was also delivered electronically using Qualtrics. The values for all three of these 

measures were downloaded from Qualtrics in a CSV file for review and statistical analysis.  

Statistical Analysis 

 The a priori statistical analysis was to perform separate, one-sided, paired-sample t-tests 

to determine if there was a significant change in perception of pain, perception of function, hip or 

knee strength, 3-D joint angles, kFPPA, or LTM following completion of the intervention. The 

level of significance for this testing was set at p < 0.05. In addition, post-intervention perception 

of pain and perception of function were compared to baseline measures of these constructs to 
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determine whether or not the intervention was successful or not for each participant based on the 

minimal clinically important difference (MCID) values for each measure. In order to be 

considered a successful outcome, the participant’s perception of pain must have improved by at 

least 2cm on the VAS and/or the perception of function must have improved by at least 10 points 

on the AKPS (Crossley et al., 2004). The percentage of successful versus unsuccessful outcomes 

was calculated for this sample. Descriptive statistics were used to demonstrate changes in 

perception of pain, perception of function, kFPPA, and LTM across the intervention sessions.  

The data were examined for each measure and tested for normality using Shapiro-Wilk 

tests. Baseline hip ABD strength, W(10) = .722, p = .002, baseline kFPPA, W(10) = .746, p = 

.003, and post-intervention hip ABD strength, W(10) = .841, p = .045 were not normally 

distributed. Therefore, related samples Wilcoxon Signed Rank tests were performed to determine 

if there were any significant differences in hip ABD strength and kFPPA from baseline to post-

intervention, with the level of significance set at p < 0.05. The other outcome measures from this 

study were normally distributed, and the analysis for these variables was conducted as originally 

planned. Given the small sample size for this study, effect sizes were also calculated for each of 

the outcome measures in this study. 

Results 

Demographic Data 

 A total of ten participants were included in this study and completed the 8 sessions of the 

intervention and two testing sessions. Table 14 provides demographic information for each of the 

participants, as well as means for the outcome measures of interest. All ten of the participants 
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attended all of the testing and intervention sessions and completed all of the sets and repetitions 

of the step-down task as prescribed in the intervention.  

Table  14 

Intervention Participant Demographics  

Variable n=10 SD % 

Gender    

Female n=9  90 

Male n=1  10 

Age (years) 36.30 + 6.48  

Height (cm) 172.15 + 11.06  

Weight (kg) 85.39 + 18.41  

Duration of symptoms (months) a 45.00 + 127.40  

Note: a These values were non-normally distributed, therefore central tendency values reported are the median and 
measure of variability is the interquartile range.  

Comparison of Baseline and Post-Intervention Measures 

The perception of pain improved significantly from baseline to post-intervention (t(9) = 

1.894, p = .045). Lateral trunk motion also significantly improved from baseline to post-

intervention (t(9) = -2.206, p = .027). No significant differences were found for perception of 

function (t(9) = -1.291, p = .114) or any other biomechanical variables (hip ABD strength (Z = -

.866, p = .386), hip EXT strength (t(9) = -.463, p = .327), hip ER strength (t(9) = -1.103, p = 

.149), knee EXT strength (t(9) = -.910, p = .193), hip ADD angle (t(9) = .526, p = .306), hip IR 

angle (t(9) = -.641, p = .269), trunk FLEX angle (t(9) = -1.007, p = .170), and kFPPA (Z = -.153, 

p = .878). The paired t-tests results for the baseline measures and post-intervention measures 

(except for Hip ABD strength and kFPPA), as well as means and effect sizes for all measures, 

are presented in Table 15. Small effect sizes were identified for the strength measures, 3-D joint 
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angles, and AKPS scores, and kFPPA. Moderate effect sizes were identified for usual VAS 

scores and LTM.   
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Individual Participant Progress 

Table 16 presents the actual progression followed for each of the 10 participants in this 

study. Figures 21 and 22 present line graphs depicting the change in perception of pain and 

perception of function across the intervention sessions, respectively. Figure 23 illustrates the 

average kFPPA at peak knee flexion during the step-downs performed across the intervention 

sessions, and Figure 24 illustrates the average LTM at peak knee flexion across the intervention. 

Table  16 

Participant Progression: Sets x Repetitions (Step Height in Inches) 

 Session 
Participant   1 2 3 4 5 6 7 8 

1 3x5 (4)  3x8 (4)  3x8 (4)  3x10 (4)  3x5 (6)  3x5 (6)  3x8 (6)  3x10 (6)  
2 3x5 (4)  3x5 (4)  3x5 (4)  3x5 (4)  3x8 (4)  3x8 (4)  3x8 (4)  3x8 (4)  
3 3x5 (4)  3x5 (4)  3x5 (4)  3x8 (4)  3x10 (4)  3x5 (6)  3x5 (6)  3x5 (6)  
4 3x5 (4)  3x8 (4)  3x8 (4)  3x10 (4)  3x5 (6)  3x5 (6)  3x5 (6)  3x5 (6)  
5 3x5 (4)  3x5 (4)  3x8 (4)  3x8 (4)  3x8 (4)  3x8 (4)  3x10 (4)  3x5 (6)  
6 3x5 (4)  3x8 (4)  3x10 (4)  3x10 (4)  3x5 (6)  3x5 (6)  3x8 (6)  3x8 (6)  
7 3x5 (4)  3x5 (4)  3x5 (4)  3x5 (4)  3x8 (4)  3x8 (4)  3x10 (4)  3x5 (6)  
8 3x5 (4)  3x5 (4)  3x5 (4)  3x8 (4)  3x8 (4)  3x10 (4)  3x10 (4)  3x5 (6)  
9 3x5 (4)  3x5 (4)  3x5 (4)  3x5 (4)  3x8 (4)  3x8 (4)  3x10 (4)  3x5 (6)  
10 3x5 (4)  3x8 (4)  3x10 (4)  3x5 (6)  3x8 (6)  3x10 (6)  3x5 (8)  3x5 (8)  
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Figure 21 

Perception of Pain across Intervention Sessions 

 
Note: Each of the lines represents the data points for each of the participants in the intervention.  
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Figure 22 

Perception of Function across Intervention Sessions 

 
Note: Each of the lines represents the data points for each of the participants in the intervention.  
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Figure 23 

kFPPA across Intervention Sessions 

 
Note: Each of the lines represents the data points for each of the participants in the intervention.  
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Figure 24 

LTM across Intervention Sessions 

 
Note: Each of the lines represents the data points for each of the participants in the intervention. 
 

Minimal Clinically Important Difference (MCID) Results 

Five of the ten participants achieved a minimal clinically important difference in usual 

VAS score and/or AKPS score from baseline to post-intervention, which suggests the 

intervention had a 50% success rate in our sample.  

Participant Input Survey Results 

A summary of the responses from the participant input survey can be found in Table 17. 

Almost all of the participants reported that the intervention scheduling, directions and cueing, 
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Table  17 

Participant Input Survey Results 

 Very easy Somewhat 
easy 

Neither easy 
or difficult 

Somewhat 
difficult 

Very 
difficult 

Scheduling the sessions 
necessary for this intervention? 

9   1    

Following the directions given 
to you to set up the intervention 
at home? 

10     

Following the cueing & 
feedback given to you during 
the intervention? 

10     

Setting up the equipment for the 
intervention? 

10     

Utilizing the technology used to 
complete the intervention? 

10     

Note: n=10 

Discussion 

We aimed to determine if the synchronous, tele-health squat retraining intervention aimed 

at changing faulty lower extremity movement patterns could change hip and knee strength, trunk, 

hip, and knee biomechanics (assessed in both 3D motion capture and 2D video), and 

participant’s perceptions of pain and function in individuals with PFP. We hypothesized that the 

intervention would be effective in improving strength, biomechanics, and perceptions of pain and 

function in individuals with PFP. 

Significant Findings 

The intervention used in this study improved the perception of pain in our sample. These 

findings are consistent with those of other studies that support the use of exercise-based therapy 

on changing the perception of pain in the short term (Collins et al., 2018). We also identified a 

significant increase in 2-D lateral trunk motion in our sample, suggesting that participants tended 

to be more upright with less lean during performance of the step-down following the 
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intervention. We did not identify significant changes in our other outcome variables (perception 

of function, 3-D trunk and hip biomechanics, and 2-D knee biomechanics). Therefore, it appears 

that the improvement in the participants’ perception of pain was due to other reasons 

independent of movement pattern or strength following the intervention.  

 The participants in this study varied greatly in the duration of symptoms associated with 

their PFP (median 45 months, range 2 – 240 months). Previous studies have reported that those 

with a longer duration of symptoms respond more favorably to exercise-based interventions 

(Lankhorst et al., 2015), which is consistent with what we found in our sample as a whole. In 

review of the trend lines for the change in perception of pain across the intervention sessions 

(Figure 24), it was noted that it appeared half of the sample had a more marked improvement in 

perception of pain compared to the other half. In comparison of the participants who exhibited a 

more marked improvement in perception of pain, the average duration of symptoms was 516.5 

months (range 6.5-240 months) compared to an average duration of 262 months (range 2-120 

months) in the remaining participants.  

There also was a significant increase in 2-D lateral trunk motion following the 

intervention. Lower LTM values indicate that the participant was leaning over the stance limb, 

while larger values indicate more lean of the trunk away from the stance limb. While the 

intervention targeted motion at the knee, the participants may have adjusted the position of the 

trunk as a compensatory motion resulting from the cueing at the knee in the intervention. 

Ipsilateral trunk lean (or lateral trunk motion over the stance limb) is theorized to be a 

compensatory action to control contralateral pelvic drop and hip adduction of the stance limb 

during single-limb loadings tasks (Dierks et al., 2008; Souza & Powers, 2009). The intervention 

targeted improving motion at the knee, which in turn would influence hip position. It is possible 
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that the change in position at the hip and/or the pelvis lead to the change in LTM. Further 

research into the role of pelvic control and how it may be used to enhance movement patterns in 

individuals with PFP is warranted given these findings.  

In review of the trend lines for LTM in Figure 24, there appeared to be a noticeable 

increase in LTM at the post-intervention testing session compared to the intervention sessions for 

a majority of our sample. This could due to the differences in the execution of the step-down task 

between the intervention sessions and the testing sessions. During the baseline and testing 

sessions, the participant was instructed to perform the step-down at a cadence of 60 bpm for ease 

of post-processing. The participants were allowed to perform the step-downs during the 

intervention sessions at a self-selected pace, which could have influenced their movement 

pattern. In addition, the participants completed 3 sets of 5 repetitions of the step-down task from 

a 4-inch step height in the laboratory sessions. The participants varied in their progression during 

intervention sessions, but none of the participants remained at that phase of the progression up to 

the post-intervention testing session. Changes in step-height can lead to changes in lower 

extremity kinematics (Thorpe et al., 2021). The change in step height and number of repetitions 

may have attributed to differences in movement patterns as well.  

Another consideration with these findings is that we utilized a 2-D measure for LTM. 

One limitation of 2-D measures is the inability to measure rotation in the transverse plane. 

Increased trunk rotation is a compensation that has been reported in females with PFP during 

performance of a similar task (Nakagawa et al., 2012). It is possible that motion in the transverse 

plan contributed to the 2-D measure of LTM calculated in this study.  
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Non-significant Findings 

While not statistically significant, on average participants’ perception of their function 

demonstrated slight improvement from baseline to post-intervention. This intervention focused 

solely on the performance of one task, the step-down task, which only encompasses one aspect 

of function. Comparatively, other studies that demonstrated improvements in self-reported 

function short-term included a wider range of exercises (Şahin et al. 2016; van Linschoten et al., 

2009; Bolgla et al., 2016), which may have a larger impact on changing someone’s perception of 

their overall function. However, the slight improvement identified in our sample is promising for 

this intervention to be coupled with other intervention strategies to improve self-reported 

function. 

The intervention did not result in significant improvements in hip or knee strength or in 

3-D trunk and hip biomechanics or 2-D knee biomechanics in our study. One potential 

explanation for the lack of change in biomechanics could be in part attributed to the age of our 

participants. The mean age of the participants in this study was 36.30 + 6.48 years of age. Lack 

et al. (2014) reported that older individuals respond less favorably than younger individuals to 

exercise-based treatment interventions for PFP. Younger individuals may have a greater capacity 

for neuromuscular adaptations and strength gains than older individuals who are more fixed in 

their movement patterns (Lack et al., 2014).  

Another potential influence on this finding could be the combination of the inclusion into 

the intervention and the designed purpose of the intervention. Based on previous studies on 

individuals with PFP, we hypothesized that we would observe dynamic malalignment at the 

point of peak knee flexion during the step-down task in our sample (Powers et al., 2003; Powers 

et al., 2017; Nakagawa et al., 2012). Dynamic malalignment is characterized by excessive medial 
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displacement of the knee in the frontal plane, and has been associated with 3-D hip adduction 

and hip internal rotation angles. The intervention was designed to use the PVC pipe as an 

external target to redirect movement of the knee and elicit motor learning to improve movement 

during the step-down. As described in Chapter 4, we saw a larger proportion of the sample we 

recruited from for this study exhibit a different movement pattern at the point of maximum knee 

flexion (Figure 16). In contrast to dynamic malalignment, the movement pattern observed more 

commonly in our sample was marked by a drop of the contralateral pelvis during single-leg 

support, leading to a shift of the center of mass away from the stance limb. This shift increases 

the distance from both the resultant ground reaction force vector and knee joint center, leading to 

an increase in varus moment at the knee (Powers, 2010).  

 In review of the 10 participants in our study, there was a lot of variation in the movement 

patterns exhibited during the baseline step-down task. We had one participant who exhibited 

dynamic malalignment, five who exhibited the other movement pattern described above, and 

four who exhibited a large degree of perturbation of the stance limb during the ascent and 

descent of the step-down task. We opted to use a movement screening rubric we adopted from 

Crossley et al. (2011). This assessment consisted of 5 sections: 1.) overall impression across the 

5 trials (including ability to maintain balance, perform the movement slowly with minimal 

perturbations, etc.), 2.) trunk posture, 3.) the pelvis “in space”, 4.) hip joint, and 5.) knee joint. 

Only five of the participants were rated as fair or poor in the hip joint section, and four 

participants were rated as fair or poor in the knee joint section. In contrast, all ten participants 

were rated as fair or poor for the pelvis “in space” section. Given the variability in movement 

among the participants, and that approximately only half of the participants were rated as fair or 
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poor for the hip and knee section of our scoring rubric, it is possible that the exercise intervention 

did not target the most influential segment for their movement pattern.  

 One of the challenges of this intervention was designing an exercise that was universal in 

nature but could be individualized in execution. We chose the external cueing of the knee 

position during the step-down based on the hypothesis that we would see participants exhibit 

dynamic malalignment. As we saw more participants from our recruitment pool demonstrate a 

different movement pattern, we opted to retain this approach to determine if it would improve 

knee alignment to a more neutral position during the step-down task. In retrospect, given the 

frequency of participants who were rated as fair or poor for their pelvic control during the 

movement, we may have elicited better results regarding motor learning and movement pattern 

had we targeted this segment rather than the knee. We did not assess pelvic angles at baseline 

and post-intervention as part of this study, however we do have that data for future analysis. This 

would determine if targeting the position of the knee during this task may have influenced pelvic 

position.  

Findings Relative to the Biopsychosocial Model  

 As highlighted earlier, the rehabilitation process can be viewed as biopsychosocial in 

nature. The Biopsychosocial Model of Sport Injury Rehabilitation (Brewer et al., 2002) can be 

used to in part explain the findings of this study. The squat retraining intervention, as well as the 

various aspects of delivery of the intervention contribute to the rehabilitation environment, a 

social and contextual factor within the Biopsychosocial Model (Brewer et al., 2002). The squat 

retraining intervention was designed to address not only strength and biomechanics (an 

intermediate biopsychosocial outcome of a biological factor); but also, to change the 

participants’ perception of pain and perception of function (cognitions, psychological factors). 
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The intervention resulted in a significant improvement in the perception of pain independent of 

changes in strength and biomechanics. This supports the notion that rehabilitation is in fact 

biopsychosocial in nature. Several aspects of the intervention delivery, including the tele-health 

format and individualized attention from the clinician/researcher, may be viewed as 

modifications to the rehabilitation environment focused on making the intervention more 

accessible and convenient for the participant. In the preliminary research on the use of tele-health 

for rehabilitation of musculoskeletal conditions, patients have cited the elimination of travel time 

and convenience as two main benefits of this format (Telforde et al., 2020). These modifications 

to the rehabilitation environment may have had an impact on the participant’s cognitions, leading 

to a change in the perception of pain.  

Clinical Impact 

 These findings suggest that doing step-down exercises in a supervised, tele-health format 

may be an effective intervention to use for changing the perception of pain in patients with PFP.  

The utilization of an easy to perform task, such as the step-down, is key since it is a task that a 

vast majority of PFP patients can perform and encounter in everyday life. The feasibility of a 

similar approach was tested in another study, who reported trends towards improvement in lower 

extremity biomechanics and perceived pain and function following the 6-week intervention 

(Salsich et al., 2018). Clinicians may consider utilizing this approach in addition to other 

treatment intervention proven to improve outcomes for patients with PFP, such as other exercise-

based therapies. 

This study is the first to our knowledge to utilize a synchronous, virtual tele-health 

movement retraining intervention for PFP. Our findings suggest that this approach may be 

beneficial for patients and may improve accessibility to rehabilitation for individuals with PFP. 
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Given the fact that early interventions have been linked to better outcomes for those with PFP, 

this could help improve long-term outcomes. 

Limitations 

 The main limitation of this study was the small sample size. Our recruitment was 

impacted by the COVID-19 pandemic and time constraints for completion of the study, which 

made it more challenging to include a larger sample size. Another limitation of this study was the 

lack of a control group, which makes it difficult to determine if this intervention is superior to 

taking a “wait and see” approach. The variability in movement patterns exhibited by our 

participants and the uniformity of the task targeting movement of the knee was another limitation 

of this study. Finally, another limitation was the lack of assessing long-term outcomes from the 

intervention. Due to time constraints, we only assessed short-term outcomes. 

Future Research 

 Future research is warranted with a larger sample to determine if any significant 

improvements may be achieved with this intervention approach, specifically in perhaps targeting 

different segments, such as the pelvis given its implication in both trunk and knee motion. In 

addition, it would be beneficial to examine if incorporating other exercises, such as hip and knee 

strengthening in a tele-health manner could further enhance outcomes in this population. We also 

only assessed short-term outcomes from this study, so further examination of the long-term 

outcomes associated with this intervention would be beneficial. Lastly, it would be of interest to 

examine the transferability of this movement retraining approach to other functional activities, 

such as running.  
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Conclusion 

 The use of a tele-health movement retraining intervention resulted in decreased pain in 

our sample of participants with PFP with no changes in lower extremity strength and 

biomechanics. This suggests the improvement in pain observed in our sample may be attributed 

to biopsychosocial factors, such as the rehabilitation environment and accessibility to the 

intervention. Live, tele-health rehabilitation sessions are feasible and may be employed on a 

larger scale to increase accessibility to a larger population of individuals with PFP. This could 

expand the reach of early interventions for PFP to a larger population, thereby enhancing health 

outcomes for PFP.  
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Chapter Six: Conclusion 

Exploration of PFP from a Biopsychosocial Perspective 

The underpinning framework for this research project was the biopsychosocial model of 

sport injury rehabilitation (Brewer et al., 2002). The main objectives of this research project 

were: 

1) to better understand how selected injury characteristics (i.e., duration of symptoms and 

location of pain), sociodemographic factors (i.e. gender and age), and intermediate 

biopsychosocial outcomes (i.e. hip and knee strength, trunk, hip and knee biomechanics) 

relate to participant’s perceptions of pain and/or function in individuals with 

patellofemoral pain (PFP); 

2)  to assess how a squat retraining intervention changes a participant’s hip and knee 

strength, trunk, hip and knee biomechanics and perceptions of pain and function in 

individuals with PFP.  

Given the inconsistencies in the pathomechanical model of PFP (Powers et al., 2017), and the 

need to determine more effective rehabilitation strategies for patients with PFP, we proposed 

examining this condition from a different perspective. The biopsychosocial model of sport injury 

rehabilitation (Brewer et al., 2002), similar to the biopsychosocial model by (Waddell, 1987), 

consists of a dynamic core consisting of biological, psychological, and social and contextual 

factors. This conceptual framework may be beneficial to consider relative to PFP to help better 

identify and understand the interrelationships among biopsychosocial factors that may influence 

the rehabilitation process and recovery of PFP.  
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Within the scope of this study, we aimed to explore the nature of interrelationships of 

biopsychosocial factors commonly reported in individuals with PFP. Within the Biopsychosocial 

Model (Brewer et al., 2002), the perception of pain and perception of function were viewed as 

cognitions, which are considered psychological factors. In PFP research, pain severity and self-

reported function are considered outcome measures influenced by physical factors within the 

pathomechanical model (Powers et al., 2017). However, these measures are influenced by a wide 

range of factors as highlighted in the Biopsychosocial Model (Brewer et al., 2002).   

Our findings supported the relationship between duration of symptoms, painful location(s) 

(localized versus widespread), and participants’ perception of their function. We assessed 

perception of function using the AKPS (Kujala, 1993), which asks the participant about a wide 

range of activities that they may perform on a daily basis. Longer symptom duration and more 

widespread pain had a negative impact on how a patient perceived their function. Theoretically, 

the longer someone experienced pain, the more aware they become of how their pain impacts 

their ability to function relative to their PFP, which is reflected by worse perception of function. 

Similarly, the experience of more widespread pain may lead to the perception that the “injury” is 

worse than expected. For this reason, participants may feel that their function is more impacted 

than if they only had localized pain.  

Interestingly, neither duration of symptoms or painful location(s) significantly predicted 

perception of pain. We assessed participant’s perception of pain using an NPRS (Katz & 

Melzack, 1999) and the VAS (Harrison et al., 1995), reflecting their usual pain over the past 7 

days. While these are both reliable and responsive measures (Crossley et al., 2004; Alghadir et 

al., 2018), it is a one-dimensional measure that may not adequately capture the whole nature of 

how that participant perceives their pain. Additionally, there could be a wide range of other 
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factors that may have a more profound influence on participant’s perception of pain, including 

past experiences with injuries and resulting pain, different coping strategies, life stresses, or 

perhaps biological factors such as central sensitization (Sigmund et al., 2020).  

Neither of the selected sociodemographic factors (gender or age) were related to 

participants’ perception of pain or perception of function. It is plausible that other 

sociodemographic factors in this box of the Biopsychosocial Model (Brewer et al., 2002) may be 

more influential on PFP participants’ perceptions of their pain and function. For example, this 

study was conducted during the COVID-19 pandemic. There may have been other factors 

outside of the design of this study, such as socioeconomic status during the shutdowns that 

occurred during the pandemic, that may have also influenced these patient perceptions. 

Additionally, other factors, such as access to health care, may be more likely to be related to the 

perception of pain and perception of function in individuals with PFP.  

We also sought out to describe the relationship between hip and knee strength and trunk, 

hip and knee biomechanics (biological factors) and participant perceptions of pain and function. 

In the Biopsychosocial Model, biological factors and psychological factors are interrelated 

(Brewer et al., 2002). Our study focused on the predictive relationship of these selected 

biological factors on psychological factors, but not the relationship in the opposite direction. We 

did find a correlation between hip IR angle and participants’ perception of pain, and between hip 

ABD strength, hip ER strength, knee EXT strength, LTM, and participants’ perception of 

function. Only hip IR was identified as a significant predictor of perception of pain, and given 

the relatively small magnitude of this value and the large standard deviation, we question the 

clinical significance of this finding. Collectively, these findings did not support the expected 
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relationship between these selected biological factors of strength and biomechanics and PFP 

participants’ perception of pain and perception of function.  

Our findings suggest that individuals with PFP perceive their pain and function 

independent of their hip and knee strength and movement pattern. Standard exercise therapy 

typically is focused on improving strength and movement patterns, however the literature is 

conflicting on if these changes actually occur (Collins et al., 2018; Earl-Boehm & Hoch, 2011; 

Şahin et al., 2016; Pairot de Fontenay et al., 2018).  Furthermore, improvements in perception of 

pain and perception of function frequently occur in the absence of other physical changes (Şahin 

et al., 2016; Pairot de Fontenay et al., 2018).  Our results support this by the lack of significant 

predictive relationships between strength and biomechanics and perception of pain and 

perception of function, as well as the improvement in perception of pain independent of changes 

in movement or strength following the intervention. 

There are several other factors that may fall into the context of intermediate 

biopsychosocial outcomes that were not examined in this study, however, that may be related to 

how individuals with PFP perceive their pain and function. We chose to examine joint angles at a 

very specific point within a dynamic movement (Thorpe et al., 2021). There may be other 

aspects of movement that might be more impactful. Additionally, the measures of hip and knee 

strength in our study were not dynamic and may not be indicative of muscle function during 

movement. There may be other measures, such as pelvic position or stability of the femur during 

a loading task, that may be more predictive of perception of pain and perception of function in 

this population.  
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What these results do highlight is that perhaps the factors from the top of the 

Biopsychosocial Model (Brewer et al., 2002), such as injury characteristics, may be more 

influential on the perception of pain and perception of function in patients with PFP. It also 

supports the notion that pain severity and self-reported function are perhaps better recognized as 

cognitions, or psychological factors within the Biopsychosocial Model (Brewer et al., 2002). The 

experience of pain resulting from PFP is a result of a cumulation of biopsychosocial factors that 

as a whole shape the individual appraisal and interpretation of their knee pain. This is important 

for both researchers and clinicians to recognize, as there may be variation in how each individual 

with PFP presents clinically in regards to strength and movement. It appears that individuals with 

PFP may in fact alter their movement for a wide range of reasons, and this may or may not 

contribute to increased PFJ loading and nociception, leading to PFP. This could in part explain 

the inconsistencies in the literature surrounding the mechanisms within the pathomechanical 

model (Powers et al., 2017). The experience of pain may be better explained as the cumulation of 

a range of biopsychosocial factors, which could include how long they have had their pain, how 

widespread their pain is, how effective their management strategies have been, in addition to 

biological factors such as central sensitization, impaired muscle function, altered movement 

patterns, etc. These factors are all very individualized and there may not be a single profile of 

factors that best define those who have PFP.  

The movement retraining intervention that was piloted in this study may be viewed as a 

modification of the rehabilitation environment within the Biopsychosocial Model (Brewer et al., 

2002). This intervention was delivered live and virtually, providing the participants with an 

intervention to address their knee pain in the comfort of their own homes. In addition, we utilized 

externally focused cues when directing the participants’ knee position during the step-down task 
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in an attempt to elicit motor learning. While we did not see significant changes in the hip and 

knee strength and biomechanics to suggest that motor learning occurred, we did observe 

significant improvements in the perception of pain. This could in part be explained by our 

modification of the rehabilitation environment, considered a social/contextual factor within the 

Biopsychosocial Model (Brewer et al., 2002). While the intent of the intervention was to 

encourage motor learning to improve movement during a step-down task, there were several 

aspects of the intervention that may have also impacted the participant’s perceptions. As 

mentioned, due to modifications that were needed due to the COVID-19 pandemic, these 

sessions were held online instead of in-person in the laboratory as originally intended. This 

change in environment from an unfamiliar place to their home, an environment that they are 

comfortable in, may have had implications their perception of their pain.  

Additionally, the live interaction with a clinician who was working with them to address 

their knee pain may have also had an impact, creating a supportive environment where the 

participant felt comfortable sharing their experiences. Although not an aim of this study, several 

participants did offer up their perspectives on their knee pain and how they felt the intervention 

was influencing their knee pain. Interestingly, there were differing perspectives that emerged, 

including feeling “stronger” during other activities throughout the day as a result of doing the 

intervention, to others acknowledging that while the exercises may have increased their pain 

initially, overall, they felt that the “exercises were helping”.  

Overall, the Biopsychosocial Model (Brewer et al., 2002) is a good starting point as a 

conceptual framework for understanding PFP. Our findings do suggest that the experience of 

PFP may be very individual and is the cumulation of a wide range of factors, not simply the 

product of a set combination of muscle weakness and faulty movement pattern. It is important 
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for future research to examine this condition within the context of a biopsychosocial framework, 

rather than solely a pathomechanical approach. More qualitative studies are needed to better 

understand the lived experiences of those with PFP, which could help develop and better define 

an inclusive model that is more specific to PFP and incorporates both the biopsychosocial and 

pathomechanical factors that influence the experience for those with this condition.  

Limitations 

There were several limitations to this study that should be acknowledged. While we did 

find excellent agreement with SNAPPS (Dey et al., 2016) and the recommended clinical criteria 

(Willy et al., 2019) for diagnosing PFP, we relied only on SNAPPS score to define our sample 

with PFP. We had two participants in Study 2 who met the SNAPPS score cutoff, but did not 

meet the clinical criteria for PFP. Additional research should explore the alignment between 

SNAPPS and the clinical criteria for PFP.   

 Secondly, for Study 2 and 3, our sample sizes were relatively small. We had 38 

participants in Study 2 and 10 in Study 3. We estimated our sample size for Study 2 and 3 based 

on previous studies (Nakagawa et al., 2011; Nakagawa et al., 2013). We did recruit the full 40 

participants for Study 2, but had one participant who did not report for the data collection session 

in the lab, and we had issues with one participant’s 3-D biomechanical data that we were unable 

to re-collect due to the COVID-19 pandemic onset. For Study 3, we had hoped to recruit 20 

participants from Study 2 who displayed dynamic malalignment and had a VAS score of greater 

than 3. However, we did not see as many participants with dynamic malalignment as we had 

hypothesized we would, so we adjusted the inclusion criteria to use a movement assessment 

rubric (Crossley et al., 2011). This adjustment led to 17 eligible participants, with two reporting 
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at follow-up that they no longer had knee pain and five who did not wish to continue into Study 

3.  

 We focused solely on the step-down task for Study 2 and 3 given its applicability to 

activities of daily living, such as walking down stairs. There may be other dynamic tasks that 

may be better suited for identifying dynamic malalignment in individuals with PFP. 

Additionally, we standardized the step height for all participants at 4 inches. It is plausible that 

had we increased the step-height, we may have challenged the participants movement pattern 

more than the 4-inch height (Thorpe et al., 2021). In Study 3, we consistently observed an 

increase in perception of pain following an increase in step height during the intervention 

progression. This also seemed to make the task more difficult for the participants as well.  

 Another limitation was that in the lab sessions we used a metronome to standardize the 

movement cadence for our 3-D analysis. This may have had an impact on the participant’s 

movement during the step-down, as it not only may have led to alterations in the preferred 

cadence of the movement, but also provided another attentional focus that may have interfered 

with focus on the step-down task performance.  

Impact on Clinical Practice 

 We hypothesized that the individuals with PFP in our study would demonstrate dynamic 

malalignment during performance of the step-down task. We did have some participants who 

displayed this movement pattern, however we also saw a larger portion of our sample display a 

different movement pattern at the point of maximum knee flexion during the step-down. This 

observation led to the decision to change the inclusion criteria into the intervention phase of this 

study. These findings may suggest that there isn’t a “one shoe fits all” approach when it comes to 
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movement patterns in individuals with PFP. More research is warranted to examine how 

movement patterns differ among those with PFP and to perhaps examine if a different 

assessment of movement is more indicative of pain and function. It appeared from our study that 

simply increasing activity levels may have had an impact on the perception of pain. Clinicians 

may want to design interventions focused on increasing activity levels and thereby perception of 

function rather than correcting biomechanics to improve alignment.  

 The movement retraining intervention performed in this study shows promise for treating 

patients with PFP. More research is needed to identify ways in which this intervention can be 

enhanced and paired with other exercises to enhance treatment outcomes. These same principles 

may be able to be applied to other novel tasks as well. The participants in this study reported that 

the live, tele-health approach was easy to follow and complete. This approach became vital 

during the COVID-19 pandemic but may be a means of providing access to rehabilitation for 

those who would normally face barriers, such as cost, transportation, or scheduling difficulties.  

 Our study also suggested that the role of the rehabilitation environment is one that should 

be leveraged when working with patients with PFP. The simple act of listening to a patient’s 

experience with their knee pain might in itself serve a very important part of the healing process, 

and may help change how an individual with PFP perceives their condition. The importance of a 

good rapport with the clinician is something that can only serve to enhance outcomes for patients 

moving forward.  

Impact on PFP Research 

There are several aspects of this study that are novel and contribute to the future research 

and clinical practice regarding PFP. We utilized SNAPPS (Dey et al., 2016) to identify PFP in 
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our sample because it allowed us to recruit from a general population, capturing those who 

haven’t sought medical attention or may have chosen self-management strategies to cope with 

their knee pain. This allows for inclusion of a broader sample in research to allow for a better 

understanding and more generalizability of the research findings. To our knowledge, this is the 

first study to utilize SNAPPS to identify individuals with PFP for inclusion. There was a 94% 

agreement between SNAPPS and the recommended clinical criteria for diagnosing PFP in Study 

2. This supports the use of SNAPPS for larger scale survey research studies as well as for 

recruitment into laboratory-based studies.  

 One feature within SNAPPS that was of interest in our study was the knee pain maps to 

identify painful location(s). We utilized the heat map question within Qualtrics to build a knee 

pain map that allowed us to both get output regarding which regions of the knee were selected as 

well as descriptive visualizations that could be filtered to reflect responses to other items within 

the survey. While these visualizations were informative and aligned with patterns identified in 

previous studies, there is an opportunity for further development to create a more robust knee 

pain map tool within SNAPPS, similar to the one created by Boudreau et al. (2017).  

 The use of technology to enhance the availability of health care to a wider population is 

another topic that can be explored further in research. The execution of our intervention was easy 

for participants to complete in an online format. The outcomes we assessed were able to be 

captured digitally at each session, allowing us to gauge progress as the intervention was applied. 

This presents an exciting opportunity in PFP research to explore the capability of this type of 

intervention to reach an even broader population, as well as use other forms of technology to 

follow up on outcomes over a longer period of time.  



230 
 

 Directions for Future Research 

 Given our findings relative to the application of the Biopsychosocial Model of Sport 

Injury Rehabilitation (Brewer et al., 2002), there is a need for more qualitative research to 

understand the lived experiences of those with PFP to inform the application of a 

biopsychosocial framework to this condition.  We selected variables to include in our study 

based on existing literature that has largely been anchored in a biomedical approach (Powers et 

al., 2017). During the clinical examination part of this study in particular, participants often 

wanted to share as much as possible about how their knee pain impacted the decisions they made 

on a daily basis. Some participants chose to accept their knee pain and simply coped with it as 

they went about their daily life and physical activity, while others had decided to avoid painful 

activities. Consistently it was noted that each participant’s perception of the knee pain was very 

impactful in a personal way. This is important for researchers to recognize as future studies are 

designed. Not all PFP patients present alike – and their experience of PFP is a byproduct of a 

wide range of factors, including injury characteristics, potentially accessibility to health care, 

responsiveness to the rehabilitation environment, etc. Further qualitative work that captures the 

lived experiences of those with PFP is needed to help inform the best underpinning framework 

for evaluating and treating patients.  

 As previously identified, we observed a different movement pattern than we anticipated 

in our sample. We anticipated seeing more dynamic malalignment of the thigh and knee, but in 

reality, the movement of the hip, pelvis, and trunk appeared to be more impactful in our sample. 

Future studies examining biomechanics in individuals with PFP should include the pelvis and 

trunk to determine if movement of these segments is perhaps more significant to consider during 

tasks such as the step-down.  
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 In addition to examining different lower extremity segments during performance of a 

dynamic task, it would be beneficial to look at other aspects of movement quality besides joint 

angles and moments. Many of the participants in our sample displayed a lot of perturbation of 

the knee as they descended and ascended during the step-down. Future studies could examine if 

this instability of the thigh during a step-down could be related to perception of pain and 

perception of function in this population.  

 Larger sample studies examining the effectiveness of novel movement retraining 

interventions are also warranted. While our study showed promise for a movement retraining for 

a step-down task, our relatively small sample size makes our findings more difficult to generalize 

to the larger population with PFP. Future studies may also consider comparing this approach to a 

control or other commonly utilized treatment approach. 

 Lastly, our study was the first to our knowledge to utilize a live, tele-health intervention 

with individuals with PFP. More research is warranted to determine the feasibility and 

effectiveness of this approach, utilizing other exercise-based therapies for PFP treatment. This 

approach may help overcome barriers that patients may face in seeking treatment for their knee 

pain by providing an opportunity to do so in the comfort of their own homes.  

Conclusion 

Our results support that injury characteristics such as symptom duration and painful 

locations are related to how individuals with PFP perceive their function, which underscores the 

importance of early identification and treatment of PFP to minimize pain and preserve function. 

Our findings do not support a relationship between hip and knee strength and trunk, hip, and 

knee biomechanics and participant perceptions of pain and function. This suggests that the 
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experience of PFP may be individual and there may not be a specific movement pattern or 

muscle weakness that is uniform to individuals with PFP. It is also plausible that other 

intermediate biopsychosocial outcomes may be related to the perception of pain and perception 

of function in individuals with PFP, such as range of motion or muscular endurance. The 

movement retraining intervention piloted in this study was effective at improving perception of 

pain, even though it did not lead to significant changes in strength or biomechanics. Further 

research is warranted to determine if modifications to this approach, such as increasing the 

duration or including other rehabilitation exercises could enhance other patient outcomes. While 

we identified some support for the application of the Biopsychosocial Model of Sport Injury 

Rehabilitation to PFP (Brewer et al., 2002), future work should be performed to develop a model 

that better depicts the complexity and individuality of this condition. 
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Appendix A 

Qualtrics Survey consisting of SNAPPS, MSGM, NPRS, & AKPS 

 University of Wisconsin - Milwaukee 

 Consent to Participate in Online Survey Research 

  Study Title: Injury Characteristics & Sociodemographic Factors Associated with Perceptions 

of Pain and Function in Individuals with Patellofemoral Pain 

  Person Responsible for Research: Jennifer Thorpe, MS, ATC (Doctoral student, University of 

Wisconsin-Milwaukee) & Jennifer Earl-Boehm, Ph.D, ATC (Faculty, University of Wisconsin-

Milwaukee) 

  Study Description: The purpose of this research study is to determine the relationships 

between injury characteristics and sociodemographic factors with patient perceptions of pain and 

function in those experiencing patellofemoral pain, or chronic knee pain centered around the 

knee cap. We are recruiting participants residing in the United States between the ages of 18-45 

to participate in this study. In order to participate in this study, you must be able to read and 

understand English and be able to use a computer or electronic device. If you agree to 

participate, you will be asked to complete four online surveys that will take approximately 15-20 

minutes to complete. The questions you will be asked include basic demographic information as 

well as information regarding your knees and relative medical history regarding any recent knee 

pain. 

  Risks / Benefits: Risks to participants are considered minimal. All responses are voluntary. 

Collection of data and survey responses using the internet involves the same risks that a person 

would encounter in everyday use of the internet, such as breach of confidentiality. While the 

researchers have taken every reasonable step to protect your confidentiality, there is always the 



270 
 

possibility of interception or hacking of the data by third parties that is not under the control of 

the research team. You will be asked upon completion of the survey if you wish to be contacted 

about other upcoming research regarding knee pain. Sharing your personal information for us to 

contact you is completely voluntary and you will only be contacted about other research 

opportunities if you elect to share this information.  

 

  There will be no costs for participating. There are no benefits to you other than to further 

research. 

  Limits to Confidentiality: Identifying information such as your name, email address, and the 

Internet Protocol (IP) address of this computer will not be automatically provided to the 

researcher. If you elect to share your personal information to be contacted about future research 

opportunities, you may do so voluntarily upon completion of the online surveys. Data will be 

retained on the Qualtrics website server for two years and will be deleted by the research staff 

after this time. However, data may exist on backups or server logs beyond the timeframe of this 

research project. Data transferred from the survey site will be saved on a password protected 

computer indefinitely. Only Jennifer Thorpe and Jennifer Earl-Boehm will have access to the 

data collected by this study. However, the Institutional Review Board at UW-Milwaukee or 

appropriate federal agencies like the Office for Human Research Protections may review this 

study's records. 

  Voluntary Participation: Your participation in this study is voluntary. You may choose not to 

answer any of the questions or withdraw from this study at any time without penalty. Your 

decision will not change any present or future relationship with the University of Wisconsin 

Milwaukee. 
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  Who do I contact for questions about the study: For more information about the study or 

study procedures, contact Jennifer Thorpe at jln@uwm.edu. 

  Who do I contact for questions about my rights or complaints towards my treatment as a 

research subject? Contact the UWM IRB at (414) 229-3173 or irbinfo@uwm.edu. 

  Research Subject's Consent to Participate in Research: By entering this survey, you are 

indicating that you have read the consent form, you are 18 or older and that you voluntarily agree 

to participate in this research study. 

  Thank you!    
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Please select the state or United States territory that you currently reside in. 

State or Territory (1)  

▼ Alabama (AL) (1) ... None, currently reside outside of the US (57) 

 

Survey Instrument for Natural History, Aetiology, and Prevelence of Patellofemoral Pain Studies  

 

The following survey will ask you a series of questions about your age and knee pain. Please 

answer each question honestly and accurately.  

 

Are you over 18 years of age? 

o Yes  (1)  

o No  (2)  

 

Are you under 45 years of age? 

o Yes  (1)  

o No  (2)  

 

How old are you? (years) 

________________________________________________________________ 
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Have you ever been to a doctor because of knee problems? (Please choose only one). 

o Yes  (1)  

o No  (2)  

 

Have you had pain or problems in the last year in or around the knee? (Please choose only one) 

o Yes  (1)  

o No  (2)  

 

In which knee have you had pain or problems? (Please choose only one of the options listed 

below) 

o Left knee only  (1)  

o Right knee only  (2)  

o Both knees  (3)  

 

Have you ever had surgery to your knee? (Including arthroscopy, scope surgery, camera in your 

knee) (Please choose only one option) 
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o No  (1)  

o Yes, Left knee only  (2)  

o Yes, Right knee only  (3)  

o Yes, Both knees  (4)  

 

Have you ever had a knee cap that has gone out of place (dislocated)? (Please choose only one 

option) 

o No  (1)  

o Yes, Left knee only  (2)  

o Yes, Right knee only  (3)  

o Yes, Both knees  (4)  

 

Since your knee problem started, does your knee ever swell up? (Please choose only one option) 

o No  (1)  

o Yes, Left knee only  (2)  

o Yes, Right knee only  (3)  

o Yes, Both knees  (4)  

  



276 
 

Have you ever had pain and discomfort for more than one month? (Please chose only one option) 

o No  (1)  

o Yes, Left knee only  (2)  

o Yes, Right knee only  (3)  

o Yes, Both knees  (4)  

 

How long have you had pain and discomfort in your knee? Please report in number of months. 

________________________________________________________________ 

 

 

Because of your knee problems would you suffer from pain or difficulty with sitting for a long 

time? (Please choose only one option) 
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o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with going up stairs? 

(Please choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with going down stairs? 

(Please choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 



278 
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Because of your knee problems would you suffer from pain or difficulty with squatting? (Please 

choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with standing for long 

periods? (Please choose only one option) 
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o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with walking on a level 

surface? (Please choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with getting up out of a 

chair? (Please choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  
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Because of your knee problems would you suffer from pain or difficulty with kneeling? (Please 

choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with walking on uneven 

surfaces? (Please choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with walking down 

slopes? (Please choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  
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o Yes, Both knees  (4)  

Because of your knee problems would you suffer from pain or difficulty with walking up slopes? 

(Please choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with hopping? (Please 

choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with jumping? (Please 

choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  
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o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

Because of your knee problems would you suffer from pain or difficulty with running? (Please 

choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

We are now going to ask you some questions about each knee, starting with your right knee. 

Thinking about your right knee, what do you consider is your main problem with your knee? 

(Please choose only one option) 

o Pain or discomfort  (1)  

o Locking  (2)  

o Giving way or feeling like it will give way  (3)  

o No problem in this knee  (4)  

 

Thinking about your right knee, did your current knee problem come on: (Please choose only one 

option) 
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o Because of sudden injury e.g. twist, fall or accident that you needed to see a doctor about  (1)  

o Gradually over a period of time  (2)  

o Neither gradually nor because of a sudden injury  (3)  

o Not sure, can't remember  (4)  

o No problem in this knee  (5)  

 

Now we are going to ask you some questions about your left knee. 

Thinking about your left knee, what do you consider your main problem with your knee? (Please 

choose only one option) 

o Pain or discomfort  (1)  

o Locking  (2)  

o Giving way or feeling like it will give way  (3)  

o No problem in this knee  (4)  

 

Thinking about your left knee, did your current knee problem come on (Please choose only one 

option) 
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o Because of a sudden injury e.g. twist, fall or accident that you needed to see a doctor about  (1)  

o Gradually over a period of time  (2)  

o Neither gradually nor because of a sudden injury  (3)  

o Not sure, can't remember  (4)  

o No problem in this knee  (5)  

 

Please take a moment to think about where you get your knee pain. We would like you to 

imagine that this is a picture of your knees. Please click to mark where you feel your knee pain 
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on this photograph. You can use several clicks if needed. When you have finished, please click 

on the double arrows at the bottom right of the page. 

 

If you feel pain in the back of your knee, please select the box that corresponds to the knee you 

are experiencing pain. If you do not have pain in the back of your knee, select none. 

 Right Knee  (1)  

 Left Knee  (2)  

 None  (3)  
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Considering both your knees which would you say is the knee that gives you the most problems? 

o Always right  (1)  

o Usually right  (2)  

o Right and left equally  (3)  

o Usually left  (4)  

o Always left  (5)  

 

Multidimensional Sex/Gender Measure  

 

Next, you will be asked a series of questions regarding your sex and gender identity.  
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What sex were you assigned at birth, meaning on your original birth certificate? 

o Male  (1)  

o Female  (2)  

 

Which best describes your current gender identity? 

o Male  (1)  

o Female  (2)  

o Indigenous or other cultural gender minority identity (e.g. two-spirit)  (3)  

o Something else (e.g. gender fluid, non-binary)  (4)  
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Numerical Pain Rating Scale 

The next question will ask you to rate the severity of your pain over the past 7 days. Please rate 

the average intensity of your knee pain over the past week on a scale of 0 (indicating no pain) to 

10 (worst pain imaginable) using the scale pictured below.  

 0 = No pain 10 = Worst possible 

pain 

 

 0 1 2 3 4 5 6 7 8 9 10 

 

  (11) 

 

 

The following section will ask you to select the response that best corresponds to your knee 

symptoms.  

Limp: Do you walk with a limp (or have difficulty with ambulating?) 

o None  (1)  

o Slight or periodical  (2)  

o Constant  (3)  
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Support: Are you able to support (ability to bear weight on the involved limb or limbs)? 

o Full support without pain  (1)  

o Painful  (2)  

o Weight bearing is impossible  (3)  

 

Walk: Are you able to walk? 

o Unlimited  (1)  

o More than 2 km (1.2 miles)  (2)  

o 1-2 km (0.6-1.2 miles)  (3)  

o Unable  (4)  

 

Stairs: Are you able to navigate stairs? 

o No difficulty  (1)  

o Slight pain when descending  (2)  

o Pain both when descending and ascending  (3)  

o Unable  (4)  
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Squatting: Are you able to squat? 

o No difficulty  (1)  

o Repeated squatting painful  (2)  

o Painful each time  (4)  

o Possible with partial weight bearing  (5)  

o Unable  (6)  

 

Running: Are you able to run? 

o No difficulty  (1)  

o Pain after more than 2km (1.2 miles)  (2)  

o Slight pain from the start  (3)  

o Severe pain  (4)  

o Unable  (5)  

 

Jumping: Are you able to jump? 

o No difficulty  (1)  

o Slight difficulty  (2)  

o Constant pain  (3)  
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o Unable  (4)  



293 
 

Prolonged sitting with the knees flexed: Are you able to sit for long periods of time with your 

knees bent? 

o No difficulty  (1)  

o Pain after exercise  (2)  

o Constant pain  (3)  

o Pain forces to extend knees temporarily  (4)  

o Unable  (5)  

Pain: Which of the following best describes your knee pain? 

o None  (1)  

o Slight and occasional  (2)  

o Interferes with sleep  (3)  

o Occasionally severe  (4)  

o Constant and severe  (5)  

 

Swelling: Which of the following best describes swelling in your knee? 

o None  (1)  

o After severe exertion  (2)  

o After daily activities  (3)  

o Every evening  (4)  
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o Constant  (5)  

 

Abnormal painful kneecap movements or subluxations: Which of the following best describes 

any episodes of the kneecap moving out of place? 

o None  (1)  

o Occasionally in sports activities  (2)  

o Occasionally in daily activities  (3)  

o At least one documented dislocation  (4)  

o More than two dislocations  (5)  

 

Atrophy of the thigh: Do you notice that your thigh muscle is smaller in size on the leg where 

you are experiencing knee pain? 

o None  (1)  

o Slight  (2)  

o Severe  (3)  

 

Flexion deficiency: Do you experience any difficulty or limitation in bending your knee? 
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o None  (1)  

o Slight  (2)  

o Severe  (3)  

 

Would you be interested in being contacted by our research team regarding participation in other 

studies regarding your knee pain? 
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o Yes  (4)  

o No  (5)  

 

Do you reside in southeastern Wisconsin, within driving distance of Milwaukee? 

o Yes  (1)  

o No  (2)  

 

Please provide your contact information below for our research team to contact you. 

o First name:  (1) ________________________________________________ 

o Phone number (with area code):  (2) ________________________________________________ 

o Email address:  (3) ________________________________________________ 

 

Thank you for your information. Someone from our research team will contact you regarding 

other research study opportunities. 

 

Thank you for your time. 
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Appendix B 

Screening Survey in Qualtrics Including SNAPPS & Exclusion Criteria 

 

Thank you for your interest in participating in our study about knee pain. In the following 

survey, you will be asked several questions about your knee pain. These questions will help the 

researchers to determine if you are eligible to participate in the study. Please answer all questions 

completely and truthfully. At the end of the survey, you will be asked to share your contact 

information so we can confirm your responses and contact you if you are eligible to schedule a 

session in the lab. 

 

Questions about this study can be directed to Jenny Thorpe (jln@uwm.edu) University of 

Wisconsin-Milwaukee, Department of Kinesiology - Integrated Health Care & Promotion Unit 

This research study has been approved by the University of Wisconsin-Milwaukee 

Institutional Review Board for the Protection of Human Subjects (IRB # approved on ) 

 

Survey Instrument for Natural History, Aetiology, and Prevelence of Patellofemoral Pain 

Studies  

Are you over 18 years of age? 

o Yes  (1)  

o No  (2)  
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Are you under 40 years of age? 

o Yes  (1)  

o No  (2)  

 

How old are you? (years) 

________________________________________________________________ 

 

Have you ever been to a doctor because of knee problems? (Please choose only one). 

o Yes  (1)  

o No  (2)  

 

Have you had pain or problems in the last year in or around the knee? (Please choose only one) 
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o Yes  (1)  

o No  (2)  

 

In which knee have you had pain or problems? (Please choose only one of the options listed 

below) 

o Left knee only  (1)  

o Right knee only  (2)  

o Both knees  (3)  
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Have you ever had surgery to your knee? (Including arthroscopy, scope surgery, camera in your 

knee) (Please choose only one option) 

o No  (1)  

o Yes, Left knee only  (2)  

o Yes, Right knee only  (3)  

o Yes, Both knees  (4)  

 

Have you ever had a knee cap that has gone out of place (dislocated)? (Please choose only one 

option) 

o No  (1)  

o Yes, Left knee only  (2)  

o Yes, Right knee only  (3)  

o Yes, Both knees  (4)  
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Since your knee problem started, does your knee ever swell up? (Please choose only one option) 

o No  (1)  

o Yes, Left knee only  (2)  

o Yes, Right knee only  (3)  

o Yes, Both knees  (4)  
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Have you ever had pain and discomfort for more than one month? (Please chose only one option) 

o No  (1)  

o Yes, Left knee only  (2)  

o Yes, Right knee only  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with sitting for a long 

time? (Please choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with going up stairs? 

(Please choose only one option) 
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o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  
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Because of your knee problems would you suffer from pain or difficulty with going down stairs? 

(Please choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with squatting? (Please 

choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with standing for long 

periods? (Please choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  
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o Yes, Both knees  (4)  
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Because of your knee problems would you suffer from pain or difficulty with walking on a level 

surface? (Please choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with getting up out of a 

chair? (Please choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  
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Because of your knee problems would you suffer from pain or difficulty with kneeling? (Please 

choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with walking on uneven 

surfaces? (Please choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with walking down 

slopes? (Please choose only one option) 
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o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with walking up slopes? 

(Please choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with hopping? (Please 

choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  
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Because of your knee problems would you suffer from pain or difficulty with jumping? (Please 

choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

Because of your knee problems would you suffer from pain or difficulty with running? (Please 

choose only one option) 

o No  (1)  

o Yes, Left knee  (2)  

o Yes, Right knee  (3)  

o Yes, Both knees  (4)  

 

We are now going to ask you some questions about each knee, starting with your right knee. 

Thinking about your right knee, what do you consider is your main problem with your knee? 

(Please choose only one option) 
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o Pain or discomfort  (1) 

o Locking  (2)  

o Giving way or feeling like it will give way  (3)  

o No problem in this knee  (4)  

 

Thinking about your right knee, did your current knee problem come on: (Please choose only one 

option) 

o Because of sudden injury e.g. twist, fall or accident that you needed to see a doctor about  (1)  

o Gradually over a period of time  (2)  

o Neither gradually nor because of a sudden injury  (3)  

o Not sure, can't remember  (4)  

o No problem in this knee  (5)  

 

Now we are going to ask you some questions about your left knee. 

Thinking about your left knee, what do you consider your main problem with your knee? (Please 

choose only one option) 
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o Pain or discomfort  (1)  

o Locking  (2)  

o Giving way or feeling like it will give way  (3)  

o No problem in this knee  (4)  

 

Thinking about your left knee, did your current knee problem come on (Please choose only one 

option) 

o Because of a sudden injury e.g. twist, fall or accident that you needed to see a doctor about  (1)  

o Gradually over a period of time  (2)  

o Neither gradually nor because of a sudden injury  (3)  

o Not sure, can't remember  (4)  

o No problem in this knee  (5)  
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Please take a moment to think about where you get your knee pain. We would like you to 

imagine that this is a picture of your knees. Please click to mark where you feel your knee pain 

on this Diagram. You can use several clicks if needed. When you have finished, please click on 

the double arrows at the bottom right of the page. 
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If you feel pain in the back of your knee, please select the box that corresponds to the knee you 

are experiencing pain. If you do not have pain in the back of your knee, select none. 

 Right Knee  (1)  

 Left Knee  (2)  

 None  (3)  
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Considering both your knees which would you say is the knee that gives you the most problems? 

o Always right  (1)  

o Usually right  (2)  

o Right and left equally  (3)  

o Usually left  (4)  

o Always left  (5)  

 

Next we are going to ask a series of questions about relevant medical history to determine your 

eligibility for participation in our study.  

Do you currently have an injury to your meniscus in your knee or any of the cartilage within the 

knee joint? 

o Yes  (1)  

o No  (2)  

 

Do you currently have an injury to any of the ligaments of the knee (including anterior cruciate 

ligament (ACL), posterior cruciate ligament (PCL), medial collateral ligament (MCL), or lateral 

collateral ligament (LCL))? 

o Yes  (1)  

o No  (2)  
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Are you currently diagnosed with Osgood-Schlatter, Sinding-Larsen-Johansson syndrome, 

osteoarthritis of the knee? 

o Yes  (1)  

o No  (2)  

 

Do you currently have effusion (major swelling) of your knee joint? 

o Yes  (1)  

o No  (2)  

 

Do you currently experience pain in the knee caused by an injury to your hip or lower back? 

o Yes  (1)  

o No  (2)  

 

Have you had surgery to your lower extremity (hip, knee, ankle, or foot) in the past 24 months? 

o Yes  (5)  

o No  (6)  
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Have you experienced any neurological or vestibular disorder in the past six months that may 

affect your ability to balance? 

o Yes  (1)  

o No  (2)  

 

Are you currently pregnant? 

o Yes  (4)  

o No  (5)  

 

Thank you for your time! You are eligible to participate in our study. Please fill in the 

information below to confirm your contact information so we can schedule your session in the 

lab.  

o Name  (1) ________________________________________________ 

o Email  (2) ________________________________________________ 

o Phone  (3) ________________________________________________ 

 

Thank you for your interest in our study. Unfortunately, you do not meet the eligibility criteria 

for participation. Thank you for your time! 
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Appendix C 

Informed Consent Form 
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Study title The Use of a Squat Retraining Intervention for Patellofemoral Pain 

Researchers Jennifer Thorpe, MS, ATC & Erin Lally, MS, ATC, & Jennifer Earl-Boehm, PhD, 
ATC, FNATA  
Department of Kinesiology - Integrated Health Care & Promotion Unit 

 

We’re inviting you to participate in a research study. Participation is completely voluntary. If you agree 

to participate now, you can always change your mind later. There are no negative consequences, 

whatever you decide. 

 

Overview 

Purpose: The purpose of this research study is to investigate if your hip and knee muscle strength and 
how you move during a step-down task relate to how you rate your pain severity and function, as well as 
assess the outcomes of an exercise program focused on the step-down task.  
 
A second purpose is to investigate the accuracy of a video method of analyzing the quality of movement 
during a stepdown task. 
 
Procedures: As part of your involvement in this study, you will be asked to participate in an online 
session for a brief telehealth clinical examination of your involved knee(s). You will also be asked to 
report to the lab for a session to complete surveys about your knee pain and symptoms, muscle strength 
testing of your hip and knee muscles, and video-recording of your movement during a set of step-down 
exercises. If have a certain movement pattern during the step-down exercises, you will advance to the 
exercise program of our study, which takes place over the span of two weeks. After the exercise 
program is complete, we will re-test your knee pain and symptoms, muscle strength, and movement 
during the step-down exercises like we did in the first session of this study. 
 
Time Commitment: The online session will take approximately 20 minutes. The first visit to our lab will 
take approximately 40-70 minutes to complete all the measures. If you move on to the exercise 
program, those sessions will include 8 sessions over the span of 2 weeks (4 sessions per week), with 
each exercise session lasting approximately 20-30 minutes. The final re-testing session will take 
approximately 60-90 minutes to complete. 
 
Primary risks: It is possible you may experience some mild muscle soreness or increased knee pain from 
your participation in this study. 

Benefits: You will learn more about your knee pain, your hip and knee muscle strength, and how you 
move during a step-down task. You will also help researchers better understand how muscle strength 
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and movement relate to pain severity and function, as well as understand how our exercise program 
affects those with patellofemoral pain. 

 

 

 

What is the purpose of this study? 

We want to better understand how knee pain severity and your symptoms are related to your hip and 

knee strength and how you move during a step-down task, and assess the outcomes of an exercise-

based program using the step-down task. 

What will I do? 

During our online session: 

 We will conduct a brief clinical examination on your painful knee(s). You will be asked some 

questions and instructed through some prompts by research personnel who are also licensed 

athletic trainers to allow us to better classify your knee pain. (10 minutes). 

 

During our first in-person testing session: 

● You’ll complete two surveys - one will ask about your knee pain, and the other will ask about 

your symptoms from your knee pain. (10 minutes). 

● We’ll measure your height and weight. (5 minutes). 

● We’ll ask you to complete a brief warm-up consisting of walking at a self-selected moderate 

pace on a treadmill (10 minutes). 

● We’ll perform a series of muscle strength tests to assess your hip and knee strength (12 

minutes). 

● We’ll apply reflective stickers to your joints to allow us to record your movement during the 

step-down task (10 minutes). 

● We’ll show you the step-down task and allow you to practice it (10 minutes). 

● We’ll record you performing the step-down task, completing 3 sets of 5 repetitions. (15 

minutes). 

● We’ll remove the reflective stickers and allow you to change out of the lab clothing. (5 minutes). 

● We’ll ask you to complete a brief survey about your knee pain after the muscle testing and step-

down task. (1-2 minutes) 

After review of your data from the testing session, we will assess if you have a certain movement 

pattern that might be changed with the exercise program for our study. If you do not have a certain 

movement pattern your involvement in the study is complete. 

If you move on to the exercise program, you will be asked to do the following: 
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● Take an exercise kit home with you including all the materials needed to complete the exercise 

sessions (which will need to be returned to the lab).  

● Attend 8 online virtual tele-rehabilitation sessions over the span of 2 weeks, each session lasts 

20-30 minutes. 

At each online exercise session you will: 

●  complete two brief surveys about your knee pain and symptoms. (5 minutes) 

●  complete a brief dynamic warm-up consisting of leg swings, walking/marching in place, etc. (5 

minutes).  

● be instructed  in how to set up the adjustable step, rehab device, camera view on your device 

and how to apply the stickers to your chest/shoulder, hip, knee, and ankle area (10 minutes). 

● be taught  the step-down exercise for that session, and allow you time to practice (5 minutes). 

● be recorded performing the step-down exercises for that session (10 minutes). 

● complete a brief survey about your knee pain after the step-down exercises. (1-2 minutes) 

After the virtual tele-rehabilitation sessions are complete, you will be asked to return to our lab for 

another testing session, where you will be asked to repeat the steps from the first testing session listed 

above and return the exercise kit materials that were loaned to you.  

Risks 
Possible risks How we’re minimizing these risks 

Muscle soreness and/or muscle 
cramping 

The muscle testing for this study only requires a maximal 
effort for 5 seconds at a time. We will provide generous rest 
intervals in between these testing efforts to decrease the 
likelihood of muscle soreness. In addition, you will be asked to 
perform warm-up repetitions for each motion of the strength 
tests to allow you to ramp up your effort, decreasing the 
likelihood of a muscle cramp. 

Risk of losing balance or falling during 
the step-down task 

The step-down task included in this study requires you to 

perform the movement while balancing on one foot. The initial 

step height is set at a height of 4in for the first testing session, 

and you will be asked to perform the motion at a set rate of 

speed to ensure a slow, controlled motion to improve your 

ability to balance. Prior to the performance of this task, you 

will be properly instructed in how to perform the task safely 

and what to do if you should lose your balance. If you advance 

to the exercise portion of the study, you will need to meet 

specific criteria in order to progress in step height as part of 

the exercise program for your own safety.  

Breach of confidentiality (your data 
being seen by someone who 
shouldn’t have access to it) 

● All identifying information is removed and replaced 

with a study ID.  

● We’ll remove all identifiers once data collection is 

complete. 

● We’ll store all electronic data on a password-

protected, encrypted computer.  
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● We’ll store all paper data in a locked filing cabinet in a 

locked office.  

● We’ll keep your identifying information separate from 

your research data, but we’ll be able to link it to you 

by using a study ID. We will destroy this link after we 

finish collecting and analyzing the data. 

Online screening data being hacked 
or intercepted  

● This is a risk you experience any time you provide 

information online. We’re using a secure system to collect 

this data, but we can’t completely eliminate this risk. 

Potential increase in knee pain The step-down task and exercises used in this study are 

designed to mimic walking down stairs, a task that many 

adults perform on a daily basis. You are free to discontinue the 

step-down task at any point during the study if you are 

uncomfortable performing the task. 

There may be risks we don’t know about yet. Throughout the study, we’ll tell you if we learn anything 

that might affect your decision to participate. 

Other Study Information 
Possible benefits ● The researcher will explain the clinical examination findings 

with you, allowing you to better understand your knee pain. 
● You will be provided information about your hip and knee 

strength and your movement during the step-down task. 
● The results of this study will help clinicians and patients with 

patellofemoral pain better understand how muscle strength 
and movement relate to pain severity and symptoms. 

● The results will also help researchers better recommend 
exercises for clinicians to treat patients with patellofemoral 
pain.  

Estimated number of participants 45 participants are needed to complete the first data 

collection, and 30 participants are needed to move on to the 

exercise program of this study. 

How long will it take? 90 minutes or up to 7 hours total (spread out over the course 

of several weeks) 

Costs You’ll pay for your own transportation and parking. 

Compensation You will receive a $10 gift card for your participation in this 

study. If you advance to the exercise phase of this study, you 

will receive an additional $50 gift card upon completion of all 

8 exercise sessions and the re-testing session, as well as 

returning the exercise kit materials loaned to you.  Due to 

UWM policy and IRS regulations, we may have to collect your 
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name, address, social security / tax ID number, and signature 

to give you this compensation. 

Future research De-identified (all identifying information removed) data may 

be shared with other researchers and may be used for further 

analysis of the data. You won’t be told specific details about 

these future research studies. 

Recordings / Photographs We will record / photograph you. The recordings / 

photographs will be used for measurement of your joint angles 

during the step-down task and exercises.  

The recording / photography is necessary to this research. If 

you do not want to be recorded / photographed, you should 

not be in this study. 

These video recordings and photographs may be used in 

future presentations and/or publications, but your face will 

not be included.  

Removal from the study  In order for our data to be useful, it is important that you 

attend every exercise session, if applicable.  If you miss a 

session and can’t reschedule, we’ll have to take you out of the 

study. 

Alternative Care An alternative to participating in this study is to seek medical 

care for your knee pain from an outside health care provider. 

Funding Source UWM College of Health Sciences, Office of Research Programs 

& Wisconsin Athletic Trainers’ Association 

What if I am harmed because I was in this study? 
If you’re harmed from being in this study, let us know. If it’s an emergency, get help from 911 or your 

doctor right away and tell us afterward. We can help you find resources if you need psychological help. 

You or your insurance will have to pay for all costs of any treatment you need. 

Confidentiality and Data Security 

We’ll collect the following identifying information for the research: your name, email address, and 

phone number. This information is necessary so that we can contact you to schedule sessions in the lab.  

Where will data be stored? On our computers in the lab at UWM 

How long will it be kept? Indefinitely 

 

Who can see my data? Why? Type of data 
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The researchers To conduct the study and analyze 
the data 

We will keep your survey 
results, height, weight, 
age, gender, clinical 
examination findings, 
muscle strength results, 
and videos of your step-
down task to allow us to 
analyze our findings. These 
findings will be coded with 
your name removed and 
labeled with a study ID. 

The IRB (Institutional Review Board) 
at UWM  

The Office for Human Research 
Protections (OHRP) or other federal 
agencies 

To ensure we’re following laws 
and ethical guidelines 

We will keep your survey 
results, height, weight, 
age, gender, clinical 
examination findings, 
muscle strength results, 
and videos of your step-
down task to allow us to 
analyze our findings. These 
findings will be coded with 
your name removed and 
labeled with a study ID. 

Anyone (public) If we share our findings in 
publications or presentations 

 

Aggregate (grouped) data 

will be used to share our 

findings with the public.  

Contact information: 

For questions about the research Jennifer Thorpe 
Jennifer Earl-Boehm 
Erin Lally 

jln@uwm.edu  
jearl@uwm.edu  
Emlally@uwm.edu 

For questions about your rights 
as a research participant 

IRB (Institutional Review Board; 
provides ethics oversight) 

414-229-3173 / 
irbinfo@uwm.edu 

For complaints or problems Jennifer Thorpe 
Jennifer Earl-Boehm 
Erin Lally 

jln@uwm.edu  
jearl@uwm.edu  
Emlally@uwm.edu 

IRB 414-229-3173 / 
irbinfo@uwm.edu 

Signatures 
If you have had all your questions answered and would like to participate in this study, sign on the lines 

below. Remember, your participation is completely voluntary, and you’re free to withdraw from the 

study at any time. 

mailto:jln@uwm.edu
mailto:jearl@uwm.edu
mailto:irbinfo@uwm.edu
mailto:jln@uwm.edu
mailto:jearl@uwm.edu
mailto:Emlally@uwm.edu
mailto:irbinfo@uwm.edu
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Name of Participant (print)  

              

Signature of Participant          Date 

          

Name of Researcher obtaining consent (print)  

              

Signature of Researcher obtaining consent       Date 

Appendix D 

Virtual Clinical Examination Flow & Script 

Virtual Consent and Clinical Exam 
Schedule a time to meet with participant in Zoom. 
Review the involvement in the study, address questions, and have the participant virtually 
consent (note date and time). 

Clinical Exam: 
1. Ask the participant to confirm which knee(s) is the involved knee. If they reply both, note 
which one is the most painful. (Note SNAPPS scores too in case of bilateral pain – make sure 
the knee you are examining meets the SNAPPS criteria) 

2. Ask the participant “How long have you experienced symptoms in the involved knee”? 

3. Palpation: “I am going to show you a slide with an image of two knees. I will guide you 
through the image with animations to highlight the region of the knee I will ask you to touch. I 
would like for you to press on your knee in the following locations with enough force to indent 
the skin in the view of your camera so I can verify you are pressing on the correct location. As 
you press on each of the locations, I will ask you if you experience any tenderness with the 
pressure from your fingers. We will start with your knees straight out in front of you as you are 
seated.”  
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 Patella (medial and lateral borders and facets, inferior pole, superior 
border/quad tendon) 
“Start at the bottom middle edge of your kneecap. Press around the outside, including 
the edges, going around in a circle. Next press down along the middle of the knee 
cap, hitting all of the front of the knee cap, and let me know if you feel tenderness with 
that pressure of your fingers.” 

 Patellar tendon 
“Next, I want you to start at the bottom middle edge of your kneecap, and follow 
along down the tendon underneath the kneecap. Press down along the middle, and 
each side of the tendon.” 

 Gerdy’s tubercle 
“Now, starting from the tendon we just pressed on, I would like you to move your 
fingers towards the outside of your knee from the tendon. You should feel a small 
bony bump on the bone. Press down on this bump. 

 Distal IT band 
“Moving up from the bump we just pressed on, I want you to follow up the side of 
your knee and just past your knee cap along the outside of your knee. You should 
feel a band of tissue, this is your IT band. Press along this band until you are just 
past the knee as illustrated in this picture.” 

 Pes anserine 
“Now we will go back to the tendon below the kneecap that we pressed on earlier. 
Move your fingers over towards the inside of your knee, feeling for a soft plateau 
on the bone. Press on this plateau area as illustrated in the picture. 

 Lateral joint line 
“Next I will ask you to bend your knee so it is at a 60-90 degree angle. Starting on 
the knee cap, I would like you to move just outside of the middle of the kneecap 
until you feel the divot between the thigh bone and the shin bone. Starting at the 
point nearest to the kneecap, press on this divot moving to the outside of your 
knee.” 

 Medial joint line 
“Now we will do the same thing on the inside of the knee. Start on the knee cap, 
move your fingers just inside of the middle of the kneecap until you feel the divot 
between the thigh bone and the shin bone. Starting at the point nearest to the 
kneecap, press on the divot moving to the outside of the knee. 

 If tender, confirm where by asking and visually observing where they 
are pointing. 

 Also use my own knee to demonstrate if they are having trouble finding 
the landmarks. 

4. Effusion: Ask them if they notice any swelling of their knee. Ask them to position 
the camera so I can see their knees side by side to look for any visible signs of 
swelling. 

5. Presence of retropatellar or peripatellar pain: Ask the participant: 
 “Do you experience knee pain during or after any activity?” If yes, “Where do you 

experience that pain?” 
 “Do you experience knee pain with prolonged sitting?” If yes, “Where do you 

experience that pain?” 
 “Do you experience knee pain with walking up or down stairs?” If yes, “Do 

you experience pain when walking up stairs? What about walking down 
stairs? Where do you experience your pain?” 
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 “Do you experience knee pain with kneeling?” If yes, “Where do you experience 
your pain?” 

 “Please perform a double leg squat. Does this cause you any pain?” If yes, 
“Where do you experience your pain?” 

 Palpation of medial and lateral facets – this is noted during the palpation part of 
the exam. 

 Step-down from a 20cm height – I have the participant step down from the stairs 
in the lab to determine if this is painful. 

 

6. Rehabilitation/Treatment history: “Have you completed any rehabilitation or 
treatment for your knee pain?” If so, what did you do? When/how long ago did you do 
this? How often? Was it helpful? 
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7. Current physical activity level: “What is your current physical activity 
level? What activities do you do, and how often per week, for how long?” 

8. Complete COVID-19 screening using the UWM Symptom Check website 
(have pulled up ahead of meeting. 

 
9. Confirm/schedule for lab session. Give directions on where to park, where to 
meet, mask reminder, and to contact me if they are ill or unable to attend. Remind 
them about COVID screening 24 hours before arriving on campus and confirm how we 
will complete the screening. Ask about shoe size to help have shoes ready for arrival. 
Answer any questions they may have.



 
 

Appendix E 

Clinical Examination Form 
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Clinical Examination        Participant Code: 

 

Involved knee(s):  Right Left Both 

Duration of current symptoms: ___________ 

Point tenderness: 

______________________________________________________________________________

__________________________________________________________________________ 

Effusion of knee joint:   Y N 

Presence of retropatellar and/or peripatellar pain: 

● During or after activity     Y N 

● Prolonged sitting     Y N 

● Navigating stairs     Y N 

● Kneeling      Y N 

● Double Leg Squatting     Y N 

● Palpation of patellar facets    Y N 

● Step-down from a 20-cm box    Y N 

 

Current or past treatment or rehabilitation for knee pain: ______________________________ 

____________________________________________________________________________ 

Current physical activity level: ____________________________________________________ 

____________________________________________________________________________ 
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Appendix F 

VAS for In-person Testing 
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VISUAL ANALOG SCALE  

Participant Code: ______Session: ________Date: ___________   

Place a vertical line on the scale below, indicating how much pain you experienced, on average, 

during the past week.  

_______________________________________________ 

No pain                Severe pain  

VISUAL ANALOG SCALE  

Participant Code: ______Session: ________Date: ____________ 

Place a vertical line on the scale below, indicating how much pain you are currently 

experiencing. 

  ________________________________________________ 

No pain                Severe pain  

VISUAL ANALOG SCALE   

Participant Code: ______Session: ________Date: ____________ 

Place a vertical line on the scale below, indicating how much pain you are currently 

experiencing. 

  ________________________________________________ 

No pain                Severe pain 
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Appendix G 

AKPS for In-person Testing 
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Participant Code: __________ Session:__________    Date:______________ 

 

The following section will ask you to select the response that best corresponds to your 

knee symptoms. If you are experiencing pain in both knees, please select the response 

that best describes the worse knee.  

 

Limp: Do you walk with a limp (or have difficulty with ambulating)? 

❏ None 

❏ Slight or periodical 

❏ Constant 

 

Support: Are you able to support (ability to bear weight on the involved limb or limbs)? 

❏ Full support without pain 

❏ Painful 

❏ Weight bearing is impossible 

 

Walk: Are you able to walk? 

❏ Unlimited 

❏ More than 1 mile 

❏ Between ½ mile and 1 mile 

❏ Unable 

 

Stairs: Are you able to navigate stairs? 

❏ No difficulty 

❏ Slight pain when descending  

❏ Pain both when descending and ascending 

❏ Unable 

 

Squatting: Are you able to squat? 

❏ No difficulty 

❏ Repeated squatting painful 

❏ Painful each time 

❏ Possible with partial weight bearing 

❏ Unable 

 

Running: Are you able to run? 

❏ No difficulty 

❏ Pain after more than 1 mile 

❏ Slight pain from the start 

❏ Severe pain 

❏ Unable 
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Jumping: Are you able to jump? 

❏ No difficulty 

❏ Slight difficulty 

❏ Constant pain 

❏ Unable 

 

Prolonged sitting with the knees flexed: Are you able to sit for long periods of time with 

your knees bent? 

❏ No difficulty 

❏ Pain after exercise 

❏ Constant pain 

❏ Pain forces to extend knees temporarily 

❏ Unable 

 

Pain: Which of the following best describes your knee pain? 

❏ None 

❏ Slight and occasional 

❏ Interferes with sleep 

❏ Occasionally severe 

❏ Constant and severe 

 

Swelling: Which of the following best describes swelling in your knee? 

❏ None 

❏ After severe exertion  

❏ After daily activities 

❏ Every evening 

❏ Constant 

 

Abnormal painful kneecap movements or subluxations: Which of the following best 

describes any episodes of the kneecap moving out of place? 

❏ None 

❏ Occasionally in sports activities 

❏ Occasionally in daily activities 

❏ At least one documented dislocation 

❏ More than two dislocations 

 

Atrophy of the thigh: Do you notice that your thigh muscle is smaller in size on the leg 

where you are experiencing knee pain? 

❏ None 

❏ Slight 

❏ Severe 
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Flexion deficiency: Do you experience any difficulty or limitation in bending your knee? 

❏ None 

❏ Slight 

❏ Severe 
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Appendix H 

Data Collection Form 
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Participant ID:           Date: 

Session: 

Involved limb: 

Dominant limb: 

Weight:  

Height: 

Pain with step-down: Y  N 

 Trial #1 Trial #2 Trial #3 Trial #4 Trial #5 

Hip ABD 
 

     

Hip EXT 
 

     

Hip ER 
 

     

Knee EXT 
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Appendix I 

Step-down Assessment for Screening into Intervention Phase 
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Participant ID: _____________       Date: ____________ 

SDS Movement Assessment (adapted from Crossley et al. 2011) 

Criterion: 

1. Overall impression across the 5 trials 

 Participant maintains balance:       Y N 

 Movement is performed smoothly, minimal perturbations: Y N 

 Depth of movement, touches heel to floor:   Y N 

 Speed of movement, stays with pace of metronome:  Y N 

2. Trunk posture 

 Trunk/thoracic lateral deviation or shift:    Y N 

 Trunk/thoracic rotation:     Y N 

 Trunk/thoracic lateral flexion:     Y N 

 Trunk/thoracic forward flexion:     Y N 

3. The pelvis “in space” 

 Pelvic shunt or lateral deviation     Y N 

 Pelvic rotation       Y N 

 Pelvic tilt       Y N 

4. Hip joint 

 Hip adduction       Y N 

 Hip (femoral) internal rotation     Y N 

5. Knee joint    

 Apparent knee valgus      Y N 

 Knee position relative to foot position    Y N 

Final rating: 

□ Good: Participant has all Y’s for 4 of the 5 criteria for all 5 reps. 

□ Poor: Participant did not meet all of the requirements for at least 1 criterion for all trials. 

□ Fair: Participant can not be rated as good or poor.  
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Appendix J 

Qualtrics VAS for Usual Pain and Pre-session  

Please enter in your participant ID number. (If you are unsure, please ask the researcher for this 

number).  

________________________________________________________________ 

 

Place the slider on the scale below, indicating how much pain you experienced, on average, 

during the past week. 

 No pain Severe pain 
 

 0 10 
 

 
 

 

Place the slider on the scale below, indicating how much pain you are currently experiencing. 

 No pain Severe pain 
 

 0 10 
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Appendix K 

Qualtrics AKPS Version  

Please enter in your participant ID number. (If you are unsure, please contact the researcher for 

this number).  

________________________________________________________________ 

 

The following section will ask you to select the response that best corresponds to your knee 

symptoms. If you are experiencing pain in both knees, please select the response that best 

describes the worse knee.  

Limp: Do you walk with a limp (or have difficulty with ambulating)? 

o None  (4)  

o Slight or periodical  (5)  

o Constant  (6)  

 

Support: Are you able to support (ability to bear weight on the involved limb or limbs)?  

o Full support without pain  (1)  

o Painful  (2)  

o Weight bearing impossible  (3)  
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Walking: Are you able to walk? 

o Unlimited  (1)  

o More than 1 mile  (2)  

o Between a 1/2 mile and 1 mile  (3)  

o Unable  (4)  

 

Stairs: Are you able to navigate stairs? 

o No difficulty  (1)  

o Slight pain when descending  (2)  

o Pain both when descending and ascending  (3)  

o Unable  (4)  

 

Squatting: Are you able to squat? 

o No difficulty  (1)  

o Repeated squatting painful  (2)  

o Painful each time  (3)  

o Possible with partial weight bearing  (4)  

o Unable  (5)  

 

Running: Are you able to run? 
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o No difficulty  (1)  

o Pain after more than 1 mile  (2)  

o Slight pain from the start  (3)  

o Severe pain  (4)  

o Unable  (5)  

 

Jumping: Are you able to jump? 

o No difficulty  (1)  

o Slight difficulty  (2)  

o Constant pain  (3)  

o Unable  (4)  

 

Prolonged sitting with the knees flexed: Are you able to sit for long periods of time with the 

knees bent? 

o No difficulty  (1)  

o Pain after exercise  (2)  

o Constant pain  (3)  

o Pain forces to extend knees temporarily  (4)  

o Unable  (5)  
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Pain: Which of the following best describes your knee pain? 

o None  (1)  

o Slight and occasional  (2)  

o Interferes with sleep  (3)  

o Occasionally severe  (4)  

o Constant and severe  (5)  

 

Swelling: Which of the following best describes swelling in your knee? 

o None  (1)  

o After severe exertion  (2)  

o After daily activities  (3)  

o Every evening  (4)  

o Constant  (5)  

 

Abnormal painful kneecap (patellar) movements (subluxations): Which of the following best 

describes any episodes of the knee cap moving out of place? 
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o None  (1)  

o Occasionally in sports activities  (2)  

o Occasionally in daily activities  (3)  

o At least one documented dislocation  (4)  

o More than two dislocations  (5)  

 

Atrophy of thigh: Do you notice that your thigh muscle is smaller in size on the leg where you 

are experiencing knee pain? 

o None  (1)  

o Slight  (2)  

o Severe  (3)  

 

Flexion deficiency: Do you experience any difficulty or limitation in bending your knee? 

o None  (1)  

o Slight  (2)  

o Severe  (3)  
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Appendix L 

Qualtrics VAS Post-session  

Please enter in your participant ID number. (If you are unsure, please ask the researcher for this 

number).  

________________________________________________________________ 

 

Place the slider on the scale below, indicating how much pain you are currently experiencing. 

 No pain Severe pain 
 

 0 10 
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Appendix M 

Qualtrics Patient Input Survey  

Please enter your participant ID. (If you are unsure of your participant ID, please ask the 

researcher). 

_______________________________________________________________ 

Please answer the following questions below.  

 

 Very easy (1) Somewhat 
easy (2) 

Neither easy 
or difficult 
(3) 

Somewhat 
difficult (4) 

Very difficult 
(5) 

scheduling 
the sessions 
necessary for 
this 
intervention? 
(1)  

o  o  o  o  o  

Following the 
directions 
given to you 
to set up the 
intervention 
at home? (2)  

o  o  o  o  o  

Following the 
cueing and 
feedback 
given to you 
during the 
intervention? 
(3)  

o  o  o  o  o  

Setting-up the 
equipment for 
the 
intervention? 
(4)  

o  o  o  o  o  

Using the 
technology 
used to 
complete the 
intervention? 
(5)  

o  o  o  o  o  
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Curriculum Vitae 

JENNIFER THORPE, MS, LAT, CSCS 

 

EDUCATION 

 University of Wisconsin-Milwaukee      2011-Present 

o Candidate for PhD: Health Sciences 

 University of Illinois, Urbana, IL      2004-2006 

o Master of Science: Kinesiology 

 University of Wisconsin-Milwaukee, Milwaukee, WI 

o Bachelor of Science: Kinesiology/Athletic Training   2000-2004 

 

PROFESSIONAL EXPERIENCE 

 

Assistant Professor in Health and Human Performance   2012-Present 

 Concordia University Wisconsin, Mequon, WI 

 HHP 115  Medical Terminology for the  

Health Professions 

 HHP 272  Introduction to Athletic Training 

 HHP 289  Seminar in Athletic Training 

 HHP 292  Athletic Training Practicum II 

 HHP 301/302  Rehabilitation of Athletic Injuries 

 MSAT 303/304 Therapeutic Modalities 

 HHP 330  Manual Muscle Testing 

 HHP 392  Athletic Training Practicum VI 

 HHP 403  Advanced Injury Management 

 HHP 491  Athletic Training Practicum 

 MSAT 501  Manual Based Examination &  

Treatment 

 MSAT 571  Advanced Practice in Athletic Training 

  

Instructor in Health and Human Performance    2010-2012 

 Concordia University Wisconsin, Mequon, WI 

 HHP 115  Medical Terminology for the  

Health Professions 

 HHP 272  Introduction to Athletic Training 

 HHP 289  Seminar in Athletic Training 
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 HHP 292  Athletic Training Practicum II 

 HHP 301/302  Rehabilitation of Athletic Injuries 

 HHP 330  Manual Muscle Testing 

 HHP 403  Advanced Injury Management 

 HHP 491  Athletic Training Practicum V 

 

Adjunct Instructor in Health and Human Performance   2006-2010 

 Concordia University Wisconsin, Mequon, WI 

 HHP 272/273  Introduction to Athletic Training 

 HHP 292  Athletic Training Practicum II 

 HHP 330  Manual Muscle Testing 

 HHP 491  Athletic Training Practicum V 

 HHP 492  Athletic Training Practicum VI 

 

Clinical Education Coordinator      2010-Present 

Concordia University Wisconsin, Mequon, WI 

 Coordinate and establish athletic training clinical experiences both  

on and off campus for all students in the Athletic Training  

Program (ATP) 

 Training of all preceptors involved with the ATP 

 Ensure that all athletic training clinical experiences meet the  

expectations of the Commission on Accreditation of Athletic  

Training Education (CAATE) 

 Serve as academic advisor to students enrolled in the ATP 

 CAATE Athletic Training Student Supervision during clinical 

practice in the athletic training room 

 

Associate Head Athletic Trainer      2007-2010 

Concordia University Wisconsin, Mequon, WI 

 Provide athletic training coverage for various teams 

o Men’s Soccer 

o Men’s Basketball 

o Track and Field 

 Provide athletic training services to students, faculty,  

and staff during clinical hours. 

 Maintain and oversee budgets and supplies for athletic  

training facility. 
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 Develop a staff schedule providing athletic training     

services to all athletic practices and events. 

 CAATE Athletic Training Student Supervision 

 

Staff Athletic Trainer        2006-2007 

Concordia University Wisconsin, Mequon, WI 

 Provide athletic training coverage for various teams 

o Men’s Soccer 

o Men’s Basketball 

o Track and Field 

 Provide athletic training services to students, faculty,  

and staff during clinical hours. 

 CAATE Athletic Training Student Supervision 

 

Teaching Assistant in Kinesiology and Community Health   2004-2006 

University of Illinois, Urbana, IL 

 KIN 120  Injuries in Sport 

 KIN 320 Advanced Assessment of Athletic Injuries- 

Upper Extremity 

 KIN 325 Advanced Assessment of Athletic Injuries- 

Lower Extremity 

 

 Graduate Assistant Athletic Trainer      2004-2006 

 SportWell Clinic, McKinley Health Center, Urbana, IL 

 Provide athletic training services to students, faculty, and staff  

with athletic injuries. 

 Educate and design exercise programs for students, faculty,  

and staff. 

 Perform body compositions and personal fitness assessments. 

 

PROFESSIONAL PREPARATION 

 

 Certified Graston Technician- M1 & M2    2012-Present 
o Graston Technique Instructor     2013-Present 

 

 Licensed Athletic Trainer in Wisconsin    2006-Present 
 

 Licensed Athletic Trainer in Illinois     2004-2006 
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 American Heart Association Healthcare Provider CPR  2005-Present 
 

 Certified Strength and Conditioning Specialist   2006-Present 
 

 Certified Athletic Trainer- National Athletic Trainers’   2004-Present 
Association  

 

 American Red Cross CPR/AED for the Professional Rescuer  2000-2005 
 

PROFESSIONAL DEVELOPMENT & MEMBERSHIPS 

 

 International Patellofemoral Research Retreat and Clinical   Oct. 2019 
Symposium 

o Milwaukee, WI  
 

 National Athletic Trainers’ Association Annual Meeting  June 2019 
o Las Vegas, NV 

 

 Commission on the Accreditation of Athletic Training   Oct. 2018 
Education Accreditation Conference 

o Tampa Bay, FL 
 

 Wisconsin Athletic Trainers’ Association Annual Meeting  April 2018 
o Wisconsin Dells, WI 

 

 Great Lakes Athletic Trainers’ Association Annual Meeting  March 2018 
o Wheeling, IL 

 

 Wisconsin Athletic Trainers’ Association Strategic Planning  Jan. 2018 
Summit 

o Madison, WI 
 

 Wisconsin Athletic Trainers’ Association Annual Meeting  April 2017 
o Wisconsin Dells, WI 

 

 National Athletic Trainers’ Association Annual Meeting  June 2016 
o Baltimore, MD 

 

 National Athletic Trainers’ Association Annual Meeting  June 2015 
o St. Louis, MO 
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 Wisconsin Athletic Trainers’ Association Annual Meeting  April 2015 
o Milwaukee, WI  

 

 Wisconsin Athletic Trainers’ Association Strategic Planning  Oct. 2014 
Retreat  
 

 National Athletic Trainers’ Association Annual Meeting  June 2013 
o Las Vegas, NV 

 

 Wisconsin Athletic Trainers’ Association Annual Meeting 
o Wisconsin Dells, WI      April 2013 

 

 National Athletic Trainers’ Association Educators’    Jan. 2013 
Conference 

o Dallas, TX 
 

 National Athletic Trainers’ Association Educators’    Feb. 2011 
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