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Introduction

Patellofemoral pain (PFP) is one of the most common lower extremity conditions seen 

in orthopaedic practice.6 While patellofemoral problems are evident in a wide range of 

individuals, PFP is particularly prevalent in younger persons who are physically active. 

Based on the data of Taunton et al,5 approximately 2.5 million runners will be diagnosed 

with PFP in a given year. PFP also is a significant problem in the military as it has been 

reported that 37% of recruits develop symptoms while participating in basic training.2 

Females are reported to be at higher risk for the development of PFP than their male 

counterparts.3 The problem of PFP is highlighted by the fact that 70% to 90% of individuals 

with this condition have recurrent or chronic pain.4

While interventions for PFP have shown positive short-term outcomes, long-term clinical 

outcomes are less compelling. This is illustrated by the fact that 80% of individuals who 

have completed a rehabilitation program for PFP still reported pain, and 74% had reduced 

their physical activity, at a 5 year follow-up.1 The apparent lack of long-term success in 

treating this condition may be due to the fact that the underlying factors that contribute to the 

development of PFP are not being addressed. While it is generally agreed that the etiology of 

PFP is multifactorial in nature, it is our contention that the root causes of this condition are 

not well understood.

The mission of the second International Patellofemoral Pain Research Retreat was to bring 

together scientists and clinicians from around the world who are conducting research 

aimed at understanding the factors that contribute to the development, and consequently 

the treatment, of PFP. The retreat was held in Ghent, Belgium and was hosted by the 

Department of Rehabilitation Sciences and Physiotherapy at Ghent University.
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A call for abstracts was made in the fall of 2010. All abstracts were peer-reviewed for 

scientific merit and relevance to the retreat. In the end, 30 abstracts were accepted for 

podium presentations, and 19 were accepted as posters. In total, 50 individuals from 9 

countries participated in the meeting.

The format of the 2.5 day retreat included 2 keynote presentations interspersed with 6 

podium and 4 poster sessions. The presentations were grouped into 3 mechanistic categories 

(local factors, distal factors, and proximal factors) and 1 clinical category (interventions). 

Presentations in the local factors session were studies focused on the contribution of 

patellofemoral joint mechanics and surrounding tissues to PFP. Presentations in the distal 

factors session were dedicated to research on the contribution of foot and ankle mechanics 

to PFP. Presentations in the proximal factors session were focused on understanding how 

the hip, pelvis, and trunk may contribute to patellofemoral joint dysfunction. Finally, 

presentations in the intervention session addressed research related to clinical outcomes 

associated with various interventions for PFP.

The keynote presenters for the retreat were chosen for their clinical and scientific 

contributions in the area of patellofemoral joint dysfunction. Christopher Powers from 

the University of Southern California gave the first keynote address titled “Mechanisms 

Underlying Patellofemoral Joint Pain: Lessons Learned over the Past 20 Years”. The second 

keynote presenter was Jenny McConnell from Sydney Australia whose talk was titled “Knee 

Pain: Where Does It Come From?” These keynotes provided the platform for rich discussion 

and debate throughout the remainder of the meeting.

An important element to the retreat was the development of consensus statements that 

summarized the state of the research in each of the 4 presentation categories. Group leaders 

were selected, and these individuals were charged to take notes on points of consensus 

during the presentations and ensuing discussions. At the end of the meeting, participants 

were divided into 4 groups based on their area of interest. Each group was then asked to 

summarize the state of the research in their area by addressing 2 questions: What have we 

learned to date? Where do we need to go in the future? The groups also were instructed to 

include references to support their consensus statements. Following the individual group 

meetings, all of the consensus statements were discussed and debated with the entire 

group. Following the conclusion of the meeting, the consensus statements were refined and 

distributed to participants for final editing and approval.

In the following pages, you will find the consensus documents from the meeting. The 

statements should be viewed as the state of present thought based upon current knowledge, 

with the realization that these documents will evolve with time. It is our hope that this 

summary will promote ideas for future research studies to advance our knowledge in this 

area.
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Consensus Statement: Local Factors

Consensus Statement: Distal Factors

Consensus Statement: Proximal Factors

Consensus Statement: Interventions

The source of patellofemoral pain (PFP) is believed to be multifactorial. The obvious factors 

are those that can be defined as having a direct pathway to pain (eg, ligament tears, arthritis, 

acute trauma, bone bruise, stress fractures, patellar replacement, or total knee replacement). 

Once the standard sources of pain are ruled out, a large percentage of patients remain with 

what can only be termed as having “chronic idiopathic PFP”. Due to the high prevalence of 

idiopathic PFP,8,27,56 much research has been focused on trying to identify the true sources 

of this pain. At the current time, the primary theory is that patellofemoral malalignment 

and/or maltracking (pathomechanics) results in PFP. One potential pathway to pain is that 

patella malalignment/maltracking overloads the subchondral bone resulting in pain. This 

theory has been substantiated by a recent study that demonstrated a direct correlation 

between the level of pain and patellofemoral kinematics.53 Another potential pathway to 

PFP is that patella malalignment/maltracking leads to a shortened lateral retinaculum and/or 

ischemia with eventual secondary nerve changes resulting in pain.46 An alternative theory, 

the tissue homeostasis model, has been proposed by Dye.18 This theory states that a loss of 

tissue homeostasis at the patellofemoral joint resulting from pathophysiological processes 

(eg, an inflamed synovial lining and fat pad tissues, retinacular neuromas, increased 

intraosseous pressure, and increased osseous metabolic activity), accounts for idiopathic 

PFP. Although this theory has been presented as exclusive to potential patellofemoral 

pathomechanics, it remains as an expert opinion (Level of evidence = V) and it is highly 

likely that patella malalignment/maltracking underlies the loss of tissue homeostasis leading 

to PFP.
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What Have We Learned?

1. The patella acts as a dynamic lever65 for the quadriceps musculature and 

experiences some of the highest loads of any structure in the human body (0.5 

times body weight for walking34,43 to over 7 times body weight for squatting33). 

Because this lever’s fulcrum (center of patellofemoral contact)50 changes with 

knee angle and activity, the relationship between the quadriceps forces and the 

torque it produces likewise changes with knee angle and activity.

2. PFP can arise from any innervated patellofemoral joint structure19 and a 

combination of innervated tissues may be involved concurrently.7,23,31 These 

structures include subchondral bone, infrapatellar fat pad, quadriceps tendon, 

patellar tendon, synovium, the medial and lateral retinaculum,24,45 and patellar 

(medial and lateral) ligaments. Although cartilage is aneural, the forces applied 

are passed to the innervated subchondral bone.

3. Pain is subjective, thus the importance of psychological state cannot be 

overstated.1,14,40

4. Proprioception appears to play an important role in the dynamic stability of the 

patellofemoral and tibiofemoral joints12 and a decrease in proprioception has 

been noted for patients with post-traumatic patellar dislocation.29

5. Although there are competing theories as to the source of idiopathic PFP, few 

variables have been directly correlated with pain. A recent study demonstrated a 

correlation between patellofemoral kinematics (change in varus rotation during 

extension) and pain intensity on an average day (r=0.56).53 Another study 

documented a correlation between a measure of bone metabolic activity and 

the highest level of pain experience in the previous year (r=0.55).17 The latter 

study excluded patients with pain who demonstrated no bone metabolic activity, 

thus the strength of the correlation is suspect. Lastly, 1 study documented 

a significant (P=.04) correlation between pain and mean innervated area in 

the lateral retinaculum.44 The study size was small (n=13) and a correlation 

coefficient was not provided, but with a P-value close to 0.05, it is most likely 

that the correlation was weak.

6. Patellar and femoral bone shape, and the amount of patellar engagement in the 

femoral trochlea sulcus influence patellofemoral kinematics. Specifically, a low 

lateral trochlea inclination angle has been associated with excessive lateral shift 

and patellar dislocation,3 where a high lateral trochlea inclination angle has been 

correlated to medial patellofemoral shift and tilt in patients with PFP (r=0.48 

and 0.57, respectively) and controls (r=0.35 and 0.61, respectively).25 When the 

percentage of patellar to trochlear cartilage overlap is less than 30%, the patella 

tends to sublux.36

7. Increased subchondral bone metabolic activity has been demonstrated in 

individuals with idiopathic PFP.17,37 The study with the largest population37 

found that 44% (48/109) of the knees experiencing patellofemoral pain had 

increased metabolic activity.
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8. The medial patellofemoral ligament has been identified as the strongest static 

patellofemoral joint stabilizer in early knee flexion (0–30°), contributing 50% to 

60% of the passive resistance to lateral patellar motion in this range.38

Maltracking

9. Maltracking occurs in a subset of patients with PFP and potentially progresses 

towards patellofemoral osteoarthritis.58 In certain patients maltracking is likely 

the primary impairment leading to repetitive patellofemoral joint cartilage 

overload from the continuous impact load as the patella re-engages with the 

femur.53 This in turn overloads the underlying subchondral bone, resulting in 

pain. Alternatively, maltracking can damage the ligaments of the patellofemoral 

joint, potentially leading to increased innervation and pain.45

10. There is a large amount of inter-subject variability in patellofemoral joint 

kinematics. However, based on recent 3-dimensional studies, there is general 

agreement that the patella extends and moves proximally as the tibiofemoral 

joint extends.5,32,48,61 One potential source for this inter-subject variability is the 

likely presence of subgroups47,53 within the general population of individuals 

experiencing maltracking. In addition variability in the anatomical references 

used to define the kinematics can result in large inconsistencies (eg, measuring 

the patellar tilt angle in an axial image 10 mm above versus 10 mm below the 

patellar center results in a 27° change in this angle).54

11. The specific type of maltracking pattern likely alters the pathway to pain and can 

influence the effectiveness of interventions.15

12. Recent 3-dimensional patellofemoral kinematic studies53,61 have documented 

that maltracking exists outside the axial plane (eg, patella alta, flexion, and varus 

rotation).

Loading of the Lower Limb

13. The manner in which the lower limb is loaded affects patellofemoral 

kinematics.35 For example, there is evidence to suggest that in weight bearing, 

patellofemoral malalignment and/or maltracking may be the result of internal 

rotation of the femur as opposed to lateral tilt/displacement of the patella.42,55 

Conversely, patellofemoral malalignment/maltracking in non-weight bearing is 

the result of the patella moving on a relatively stable femur.42,55

14. Increased quadriceps force tends to exacerbate pathological patellofemoral 

kinematics.10,28,42 For this reason it has been stated that “radiographic 

examination under static conditions can be misleading”.47

15. During weight bearing exercises the quadriceps force decreases as the knee 

extends into terminal extension, whereas the opposite occurs for non-weight 

bearing exercises.26 Specifically, when standing with the knee fully extended 

there is minimal required active quadriceps force and this force requirement 

increases with increasing flexion. In sitting, with the knee at 90° flexion there 

is no required active quadriceps force and this force requirement increases as 
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the knee extends.26 Thus, in weight bearing terminal knee extension there are 

minimal loads on the patella and patellar maltracking is often not observed.42,61 

Yet, in deep knee flexion (greater than 60°) during weight bearing, maltracking 

has been observed in individuals with chronic patellofemoral pain.61 This is due 

to the distal widening of the femoral groove and the high quadriceps forces on 

the patella in this range of motion.

16. As the axial plane kinematics tend to “normalize” once the patella engages 

with the femoral sulcus,53,61 documented patellar maltracking in full knee 

extension during non-weight bearing exercises may serve as a marker of altered 

patellofemoral joint contact stress in deeper flexion.

Patellofemoral Cartilage Contact

17. Patellofemoral joint pressure distribution has been studied using pressure sensor 

films in-vitro and it has been reported that patellofemoral contact force, 

contact area, and maximum peak pressure rise with increasing flexion angles 

in cadaveric specimens with loaded quadriceps.64

18. Peak cartilage thickness in healthy adults has been reported to range from 4.5 

to 5.5 mm for the patella and 3.5 to 4.0 mm for the femur,16,20 indicating 

that sub-millimeter accuracies are necessary to keep the errors in estimating 

patellofemoral contact kinematics within acceptable limits. Few techniques that 

can non-invasively quantify in vivo patellofemoral kinematics/alignment have 

reported accuracies to such a level.4,6,22

19. Based on modeling studies, patellofemoral joint and cartilage stress is 

significantly greater in individuals with PFP compared to controls.21

Bracing and Taping

20. Patellar taping has been shown to reduce pain60 and alter patellofemoral 

kinematics.15

21. Taping has been shown to improve knee joint proprioception in individuals 

experiencing PFP who were rated as having poor proprioception.12 Whereas 

bracing has been shown to influence the somatosensory inflow from the skin 

around the knee.57

22. In individuals with PFP, an improvement in the control of the tibiofemoral joint 

with both bracing and neutral patella taping has been demonstrated.51

23. Taping has been shown to reduce the amount of superior translation15 of 

the patella in extension, which would likely lead to increased contact area. 

Additionally, the change in lateral shift, lateral tilt, and varus rotation with 

taping has been demonstrated to be dependent on the value of these kinematic 

parameters in the un-taped state.15

Powers et al. Page 6

J Orthop Sports Phys Ther. Author manuscript; available in PMC 2023 February 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Alterations in the Quadriceps

24. Quadriceps weakness and atrophy30 and vastus medialis obliquus (VMO) 

atrophy39 has been associated with idiopathic PFP, but evidence to the contrary 

has also been reported.11

25. While impaired VMO function (as assessed by EMG signal magnitude and 

timing) has been implicated in PFP,13,59,63 this finding has not been consistent 

across all studies.9,41

26. Recent in-vivo work demonstrated that the largest component of the vastus 

medialis moment arm relative to the patella center of mass is in the anterior 

direction with a secondary component in the superior direction.62 Thus, for every 

unit force within this muscle, the largest torques will result in patella varus 

rotation with the secondary torque resulting in medial tilt. The same holds true 

for the vastus lateralis with the largest torque resulting in valgus rotation with 

secondary torque production causing lateral tilt.

27. Recent work comparing the in-vivo patellofemoral kinematics before and after a 

motor branch block to the VMO demonstrated that a loss of force in the VMO 

could explain some, but not all, of the kinematic changes typically observed in 

patients with PFP.52 This confirms the speculations of earlier anatomical study.2

Where Do We Need To Go In The Future?

1. It is widely accepted that PFP is multifactorial and that individuals can arrive 

at a painful state through multiple mechanisms. Yet, there remains no consensus 

on causative relationships between chronic idiopathic PFP and any of these 

mechanisms. Thus, future studies must work at developing a direct link between 

tissue stress and pain. Specific attention should be given to tissues that are the 

likely sources of pain.

2. As part of providing this direct link, future studies evaluating potential factors 

leading to PFP should focus on obtaining a large database of individuals with 

pain (eg, greater than 50) along with an appropriate control group of the same 

size in an attempt to capture a true representation of the spectrum of individuals 

experiencing PFP. These studies should make every attempt to explain the 

pathway to pain for each subject (or subgroup of patients) within the study, as 

opposed to assuming that individuals who do not fit within the primary theories 

being tested are “outliers” and can be eliminated from the analysis or ignored in 

discussing the results.

3. It has been hypothesized that “periodic short episodes of ischemia due to 

vascular bending” could be 1 source of PFP.46 Clinically this may be related 

to a subgroup of patients whose pain is associated with low environmental 

temperatures and poor rehabilitation outcomes.49 Further work is needed to 

substantiate these hypotheses.
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4. Because PFP can arise from surgery and other injuries, the relationship of the 

pain experience by these individuals and those with idiopathic PFP should be 

investigated.

5. Future studies need to include clear definitions of the eligibility criteria (eg, 

idiopathic pain, traumatic onset of pain, pain on activity, previous surgery, 

total knee replacement, previous history of dislocation, instability without any 

history of dislocation, PFP following other specific knee injuries) along with 

justifications for the inclusion/exclusion criteria.

6. Because it is known that the level of quadriceps force, as well as the knee angle 

affect patellofemoral bone and cartilage contact kinematics, studies focused on 

exploring the pathomechanics of PFP should do so under dynamic conditions, 

with high quadriceps loads, in regions of the greatest patellofemoral instability.

7. Clinical diagnostic tests need to be developed that differentiate the potential 

pathological parameters that lead to PFP. Specifically, a system of relatively 

simple clinical tests for the classification of patients needs to be developed 

to facilitate targeted patient-specific treatment options. As part of this, the 

relationship between complex imaging and modeling techniques should be 

related to more available clinical measures.

8. As in-vivo measures of patellofemoral cartilage stress are unavailable, there 

is a need to develop neuro-musculoskeletal computational models that are 

validated and accurate to provide greater assessment of contact mechanics under 

physiological loading conditions. As this area continues to advance, proper 

validation, accuracy, and sensitivity studies will be crucial to maintain clinical 

relevance.

9. The current image-based alignment and kinematics assessment methodologies 

need to be transferred to the clinic. Relationships must be developed that explain 

the variation across experimental paradigms (eg, weight bearing versus non-

weight bearing, static versus dynamic). In each of these, a clear understanding of 

accuracy, precision, and repeatability is required. In addition, a clear consistent 

definition of the anatomical references used to define the kinematics is essential 

for reducing variability and enhancing cross- study comparisons.10,54

10. Further development of imaging modalities (eg, MR spectroscopy, water-fat 

differentiating MRI, PET, CT), as well as other tools, that will enhance the 

diagnosis of underlying mechanisms of PFP is needed.

11. Metrics of maltracking should consider the underlying geometry of the 

articulating surfaces to infer the influence of maltracking on contact areas and 

joint stress.

12. Long-term, prospective studies are needed to investigate the long term sequelea 

of PFP.

13. The inter-relationships between proximal, distal, and local factors needs to be 

better understood.
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14. Taping and bracing have been shown to improve proprioception at the knee.12 

Future work is needed to determine if this improvement in proprioception can be 

directly correlated with improved knee function or a reduction in PFP.
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What Have We Learned?

Relationship Between Distal Factors and PFP

1. Since the first consensus statement, there has been an increase in the amount of 

research investigating distal contributions to PFP. However, knowledge regarding 

causative relationships remains limited due to a dearth of prospective studies.2

2. A systematic review of 24 case-control studies found that individuals with PFP 

tend to have delayed peak rearfoot eversion and a greater amount of rearfoot 

eversion at heel strike during walking and running, as well as less rearfoot 

eversion range during running.2 However, it is unclear how these kinematic 

variations relate to patellofemoral joint loading and subsequent pathology, 

and whether they represent aetiological factors or compensatory strategies in 

response to pain.

3. A prospective study identified a non-gender specific increase in midfoot mobility 

when moving from subtalar joint neutral to static relaxed stance (navicular drop) 

as a risk factor for developing PFP in military trainees.9,10 Case-control studies 

have also reported greater midfoot mobility in patients with PFP, measured when 

moving from non-weight bearing to static relaxed stance (midfoot height),19 and 

as navicular drop.3

4. There is emerging evidence of a relationship between rearfoot eversion, and 

tibia and hip motion in PFP. Peak rearfoot eversion has been shown to be 

positively correlated with peak tibia internal rotation in PFP (but not controls), 

while greater rearfoot eversion range of motion was also positively correlated 

with hip adduction range in both PFP and controls.4 This has implications 

for patellofemoral joint loading because both tibia internal rotation and hip 
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adduction are likely to increase dynamic knee valgus (medial knee collapse) and 

patellofemoral joint stress.

5. Static measures of foot posture appear to be an inadequate representation of 

dynamic foot function.5 Static alignment measures have not been identified as 

risk factors for PFP development.25,27 However, measures of foot mobility can 

distinguish between PFP and controls.19

6. Based on recent findings of reduced dorsiflexion in runners with a history of 

PFP, it has been proposed that increased rearfoot eversion during running may 

be a mechanism to unlock the midfoot and allow a compensatory increase in 

midfoot dorsiflexion.18 The resulting reduced ability to re-supinate the foot 

during late stance to form a rigid lever may prolong dynamic knee valgus.

7. While research has continued to focus on foot pronation, other variations in foot 

posture may be associated with PFP, particularly in different at-risk populations. 

A prospective study reported that a more lateral roll over pattern of plantar 

pressure was a risk factor for PFP development in predominantly male military 

recruit,25 which may suggest a predominant gait pattern in these individuals.

Foot interventions for PFP

8. There is growing evidence that foot orthoses are efficacious for PFP in the short 

term (ie, 6–8 weeks).1,6,14,15,17,20,23,24 However, the mechanism(s) by which 

orthotics reduce PFP remain(s) unclear.

9. Foot orthoses have been shown to improve functional performance immediately7 

and in the medium term (12 weeks)6 in persons with PFP, and appear to have 

similar immediate effects in patellofemoral joint osteoarthritis.13

10. Those with PFP tend to report soft foot orthoses to be more comfortable,20,21 

which may have implications for compliance and, therefore, efficacy.16,22

11. Clinical predictors of successful outcome with foot orthoses for PFP include 

greater midfoot (width) mobility under load,20,26 and lower baseline pain 

severity,8,26 as well as less ankle dorsiflexion and wearing of less supportive 

shoes.8 Furthermore, the strongest predictor of success at 12 weeks was found 

by 1 study to be an immediate reduction in pain during a single leg squat,8 

suggesting that modifying orthoses to enhance functional performance should be 

a consideration during prescription.

12. A recent case series trained rearfoot strike runners with PFP to land with a 

non-rearfoot strike pattern, and found changes in their running foot strike pattern 

for 3 months, reduced vertical impact peak and loading rates, and improved PFP 

symptoms.11

What are some of the challenges in furthering our knowledge of distal factors?

1. Accurate 3-dimensional measurement of foot motion remains 1 of the greatest 

challenges. Inconsistent definitions of segments within multi-segment foot 

models may in part explain some of the discrepancies between studies.

Powers et al. Page 13

J Orthop Sports Phys Ther. Author manuscript; available in PMC 2023 February 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2. Advances in imaging techniques that have enabled more sophisticated evaluation 

of hip and knee motion have limited applicability at the foot and ankle, due to 

the complex anatomy of multiple bones and joints of varying orientations. Two-

dimensional imaging is therefore insufficient. Biplanar fluoroscopy equipment 

may not adequately capture joint motion.

3. Current techniques limit accurate measurement of intrinsic foot muscles, which 

may be important in controlling foot motion. Unlike the knee and hip, insertion 

of fine wire electrodes into intrinsic foot muscles is likely to cause discomfort 

and alter gait patterns.

4. Challenges in recruiting large samples for prospective studies have led to 

predominantly military cohorts, which may not be generalizable to the general 

population due to higher proportions of males, screening for musculoskeletal 

anomalies, and excessive loading.

5. The traditional paradigm that foot orthoses work via mechanical alterations has 

expanded to include alternative paradigms of shock attenuation, neuromuscular 

effects, proprioceptive input, or placebo. Evaluation is limited by difficulties with 

measuring these entities, particularly while wearing foot orthoses.

6. In light of this, placebo interventions for foot orthoses that have been utilized 

in previous studies may have been ineffective due to their primary goal of 

controlling for mechanical effects of orthoses. However, it is difficult to develop 

an effective placebo for foot orthoses when their mechanism of effect is unclear.

Where Do We Need To Go In The Future?

1. There remains a strong need for the development of a model of how altered foot 

function affects the patellofemoral joint.

2. Patterns of coupling and variability between the foot and ankle and more 

proximal kinetic chain components (knee, hip) need to be established with 

respect to the development of PFP.

3. The contribution of the midfoot should be investigated further, particularly with 

respect to midfoot mobility (midfoot height and width).

4. The focus of future studies should expand beyond pronation, and consider how a 

more supinated foot type or a lack of ankle dorsiflexion may contribute to PFP.

5. There needs to be on-going development of simple, reliable, and valid clinical 

measures of foot alignment and function that represent dynamic foot function. 

This will help bridge the gap between the laboratory and clinic, and aid decision-

making regarding foot orthosis prescription for patients with PFP.

6. To determine the influence of dynamic foot function on the patellofemoral joint, 

laboratory-based gait analysis requires development of validated multi-segment 

kinematic foot models that consider the forefoot and midfoot, and methods of 

measuring patellar motion. Technologies such as standing MRI would allow 
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more accurate visualisation of bony movement (eg, during single leg squat). 

Collaboration with biomechanists and engineers would be beneficial to enhance 

foot measurement.

7. More sophisticated methods of measuring intrinsic foot muscles, as well as 

tibialis posterior, are required.

8. Future studies should focus on prospective designs, in at-risk populations and the 

general community, to strengthen knowledge regarding distal risk factors for PFP 

and provide evidence for whether foot interventions (eg, foot orthoses, intrinsic 

exercises) are worthwhile to prevent PFP in those at risk. More studies utilising 

both male and female participants, and evaluating the effect of age on the foot’s 

role in PFP, are also required.

9. Additional work is required to re-evaluate how foot orthoses are prescribed for 

PFP. Given known short-term effects on pain and their relatively low expense, 

orthoses may be best used as an interim modality (eg, to facilitate pain-free 

exercise), and may produce greater effects if used as an adjunct intervention (eg, 

with exercise)27 or in a different capacity (eg, as a proprioceptive tool).

10. More emphasis needs to be placed on the orthosis-footwear interaction, and 

whether orthoses are redundant if good supportive footwear is worn.

11. Published clinical prediction rules for foot orthosis success, which are post-hoc 

and preliminary in nature, need to be validated.

12. Future research should focus on perceptions and characteristics of the person, 

rather than the device, particularly characteristics of those with PFP (eg, 

kinematics, kinetics) who respond to foot orthoses. This may help enhance 

orthosis design.

13. The clinical efficacy of custom foot orthoses, and methods of retraining foot 

function (eg, intrinsic foot exercises, barefoot running, gait retraining) need to 

be further evaluated, ideally in randomized clinical trials with a natural history 

control.
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What Have We Learned?

1. Findings from the current literature suggest that females with PFP demonstrate 

altered hip kinematics during more demanding tasks like running, jumping, 

and landing. Data from investigations that used either 2-dimensional or 

3-dimensional analysis showed increased frontal plane hip motion.8,13,22 

Furthermore, findings from investigations that used 3-dimensional analysis 

showed altered transverse plane motion. Some researchers reported increased 

hip internal rotation18 whereas others found greater external rotation.22,23 

Inconsistent data may reflect compensatory strategies among tasks or different 

measurement techniques.

2. Results from cadaveric12 and magnetic resonance imaging14,16,17 studies 

have shown that excessive femoral internal rotation increases lateral patella 

displacement/tilt and patellofemoral joint stress.

3. Females with PFP demonstrate hip abductor and external rotator weakness 

compared with healthy females.15 However, findings from prospective studies 

have not identified hip weakness as a possible risk factor.5,11,20 It remains elusive 

if males with PFP exhibit a similar pattern of hip weakness.

4. Preliminary data suggest that hip abductor and extensor endurance and fatigue 

may be a more important contributor to altered hip kinematics during demanding 

tasks like running.8,19,21 However, the confounding nature of pain during 

fatiguing tasks requires further investigation.8,21

5. Emerging evidence suggests that individuals with PFP have altered gluteus 

medius and gluteus maximus neuromuscular activity during different activities 

like running, landing, and stair-stepping.1,4,6,7,18,24

6. Individuals with PFP may benefit from hip strengthening exercise.3,9,10 

However, additional data are needed to understand if benefits result from 

improvements in hip strength or neuromuscular activity.13,25

Where Do We Need to Go In The Future?

1. Comprehensive studies are needed to better understand the inter-relationships 

among hip muscle performance (eg, strength, endurance, and neuromuscular 

activity), kinematics, and kinetics (collectively referred as neuromechanics) in 

individuals with and without PFP.

2. Altered trunk function may adversely affect lower extremity mechanics.7,23 

However, additional studies are needed to determine the effect that altered trunk 

function may have on patellofemoral joint loading.
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3. Researchers need to establish a standard method for assessing hip and trunk 

muscle strength and endurance to allow more meaningful comparisons between 

study results. The chosen method should account for the following: type 

of muscle contraction, use of a static or dynamic test, subject position, 

measurement device (eg, a handheld or an isokinetic dynamometer), type of 

applied resistance, and normalization method.2

4. Further work is needed to better understand trunk and hip neuromuscular 

activity during functional tasks (eg, stair-stepping, running, jumping, landing) 

in individuals with PFP. This includes a need to establish a standard method for 

collecting, processing, and reducing electromyographic data.

5. Clinical prediction rules are needed to identify a subgroup of individuals who 

may have developed PFP from altered hip neuromechanics.

6. Investigations are needed to examine changes in hip and trunk strength 

and neuromuscular activity during functional activities following rehabilitation 

exercise. Findings from these studies will provide important information as to 

whether or not clinicians develop and implement interventions focusing on hip 

and trunk strength, neuromuscular re-education, or a combination of both.

7. Comprehensive (ie, simultaneous assessment of strength, neuromuscular activity, 

kinetics, and kinematics) prospective studies are necessary to identify trunk and 

hip risk factors that may contribute to patellofemoral joint pathology.

8. Additional information is needed to determine the influence altered hip, pelvic, 

and lumbar spine range of motion and flexibility may have on PFP.

9. Future research should examine sex differences in hip and knee neuromechanics 

in individuals with PFP. If sex differences exist, then sex-specific interventions 

may be indicated for this patient population.
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What Have We Learned?

1. There have been approximately 11 published randomized clinical trials (RCTs) 

on therapeutic interventions for PFP since 2009. There have been several 

other non-randomized clinical trials also assessing the efficacy of therapeutic 

interventions.

2. On the ISRCTN clinical trials register there are 5 trials, studying bracing, taping, 

advice, exercise, and insoles on PFP.

3. There remain several difficulties in conducting robust clinical intervention trials 

on PFP. These are primarily small sample size, threat of bias from participants, 

and assessors or therapists not being blinded to treatment allocation. The most 

difficult of these is blinding of the treating clinician. Although the RCT is 

usually regarded as the most robust way to evaluate a therapeutic intervention, 

it is not necessarily ideal to address the problems associated with complex 

therapeutic intervention trials.

4. Despite the myriad of biomechanical, electromyographic, and gait outcome 

measures in intervention trials, there remains a lack of knowledge of normative 

data, and the known range of abnormal values in PFP. Furthermore, there are 

many variations in the data collection procedures limiting the interpretation of 

outcome data.

5. Standardizing outcome measures in terms of the measures themselves and the 

time points at which the intervention is evaluated remains problematic. For 

example, although there are many clinical trials evaluating patellar taping, it is 

difficult to get an overall picture of treatment efficacy due to our inability to pool 

data.1

6. There is evidence that treating hip muscle weakness can reduce PFP.3,4,6

7. There is limited evidence that interventions such as taping,8 bracing of the 

knee,5,7 exercise,3,8 orthotics in combination with physiotherapy,2 can help 

PFP when measured by self-reported questionnaires or a visual analog scale. 

The relationship between improved pain and altered lower limb biomechanics, 

kinetics and kinematics or muscle activity is still not clear. Bracing may help 

prevent PFP.9

Where Do We Need to Go In The Future?

1. Gait training and muscle re-education are new areas for intervention research.

2. New intervention trials may need to consider broad sub-grouping of subjects so 

that the intervention is more targeted and may increase the power of the trial.

3. These sub-groups might include foot posture, patellar alignment, muscle 

weakness and flexibility as well as patient fear, psychology, and the menstrual 

cycle that may all affect treatment efficacy. Stratifying by gender may also 

provide a clearer picture of the efficacy of treatment.
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4. Prior to intervention trials, cohort studies will need to establish if these sub-

groups exist and if they can be identified in clinical practice.

5. Finally, there are effective non-surgical interventions, but they are not as 

effective as we would like them to be. The pooled data of Collins et al2 and 

van Linschoten et al8 (n=310) showed that 40% of the patients still reported 

persistent complaints 1 year post intervention. Therefore, studies with at least 1 

year follow up may give a different impression of treatment efficacy.
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