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How effective is an evidence-based exercise intervention in individuals with patellofemoral pain?  
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ABSTRACT 

Objectives  

Guidelines for a comprehensive rehabilitation programme for patellofemoral pain (PFP) have been 

developed by international experts. The aim of this study was to analyse the effect of such a 

rehabilitative exercise programme on pain, function, kinesiophobia, running biomechanics, quadriceps 

strength and quadriceps muscle inhibition in individuals with PFP.  

Design: Observational study 

Setting: Clinical environment 

Participants: Twenty-seven participants with PFP 

Main outcome measures: Symptoms [numeric pain rating scale (NPRS)and the pain subscale of the Knee 

Injury and Osteoarthritis Outcome Score (KOOS)], function measured by using the KUJALA scale and 

KOOS, kinesiophobia measured by using the Tampa scale, three-dimensional biomechanical running 

data, quadriceps isometric, concentric and eccentric strength and arthrogenic muscle inhibition (AMI) 

were acquired before and after the six-week exercise programme.  

Results  

Although pain did not significantly improve all patients were pain-free after the six-week exercise 

programme (NPRS: p = 0.074). Function, kinesiophobia and quadriceps AMI improved significantly after 

the six-week exercise programme (KUJALA: p = 0.001, KOOS: p = 0.0001, Tampa: p = 0.017, AMI: p = 

0.018). Running biomechanics during stance phase did not change after the exercise intervention. 

Quadriceps strength was not different after the six-week exercise programme (isometric: p = 0.992, 

concentric: p = 0.075, eccentric: p = 0.351).  

Conclusion  

The results of this study demonstrate that the current exercise recommendations can improve function 

and kinesiophobia and reduce pain and AMI in individuals with PFP. There is a need for reconsideration 

of the current exercise guidelines in stronger individuals with PFP.  
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INTRODUCTION 

Patellofemoral pain (PFP) describes pain around or behind the patella, which is commonly aggravated 

by activities that load the patellofemoral joint, such as stair stepping, squatting or running 16. PFP is a 

common overuse injury in young and physically active people and can lead to limitations in sport and 

recreational activities 16. Alarmingly, the results of long term follow up studies have reported that the 

majority of individuals with PFP still suffered from pain four to eight years later despite initially receiving 

treatment and education 41, 58, 59. Such findings underline that PFP is not self-limiting and the gold 

standard strategy for managing PFP is yet to be identified 38. It also indicates that the majority of patients 

with PFP do not respond to treatment and might be at risk of developing chronic pain 69. Despite this, 

there are few published guidelines to help clinicians choose the appropriate evidence-based treatment 

for patellofemoral pain 17. To address this gap, guidelines for a comprehensive rehabilitation programme 

were developed by international researchers during a consensus meeting at the 5th International 

Patellofemoral Pain Research Retreat in Manchester 2015 17.  

The consensus meeting was held to update the current evidence base and produce consensus-based 

recommendations regarding treatment for PFP. The participants of the consensus meeting were all 

active researchers in PFP17. The following six evidence-based recommendations to guide medical and 

health practitioners were established: 

1. Exercise-therapy is recommended to reduce pain and improve function, regardless of the type 

of exercise (such as weight-bearing or not, targeting hip or knee).  

2. The combination of hip and knee exercises is recommended to reduce pain and improve 

function and should be used in preference to knee exercises alone.  

3. Combined interventions consisting of exercise therapy, targeting hip and knee musculature, 

patellofemoral taping, mobilisation and foot orthoses are recommended to reduce pain in adults 

with PFP. 

4. Foot orthoses are recommended to reduce pain in the short term. 

5. Patellofemoral, knee and lumbar mobilisations are not recommended. 

6. Electrophysical agents are not recommended 17. 

The experts at the consensus meeting also concluded that there is a lack of clarity regarding the 

taxonomy and reporting of exercise programmes and reported that the measurement of effectiveness 

of interventions to achieve a target, such as improved strength was rarely undertaken. To solve these 

problems, they recommended that future trials should publish the intervention in sufficient detail to 

enable clinicians to apply these in clinical practice. Furthermore, the potential mechanisms underpinning 
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the treatment effects are still not understood enough which to date hinders the optimisation of 

treatments 17. 

The experts at the consensus meeting concluded: “Exercise therapy is the intervention of choice for PFP, 

with the largest body of evidence supporting its use to improve pain and function in the short, medium 

and long terms” 17. Previously, researchers reported that multimodal interventions, such as the gluteal 

and quadriceps strengthening resulted in the strongest and most consistent evidence3, 16, 63. Hip and knee 

strengthening programmes were effective in the management of PFP, especially when open and closed 

kinetic chain exercises were applied 21, 63.  

This study aimed to investigate the effect of a multi-modal rehabilitation programme, based on these 

guidelines. Therefore, the authors aimed to developed and delivered a six- week exercise programme, 

based on the published recommendations, and investigated the effect on pain, function, kinesiophobia, 

running biomechanics, quadriceps strength and inhibition in individuals with PFP. 

It was hypothesised that pain, function, kinesiophobia, running biomechanics and quadriceps strength 

and inhibition would improve after the six- week exercise programme in individuals with PFP.  

 

METHODS 

Ethical approval was obtained from the University Research and Governance committee (HSCR 15–142) 

and the HRA (16/NW/0497). The trial was registered at ClinicalTrials.gov (NCT02786784). 

Participant recruitment 

Twenty-seven participants, aged 22 to 43 years, were recruited by physiotherapists of the Salford Royal 

Hospital NHS Foundation Trust (Figure 1).  

The eligibility criteria for patients with PFP were: 1) aged 18-45 years; 2) antero- or retro-patellar pain 

with at least two of these activities: ascending or descending stairs or ramps, squatting, kneeling, 

prolonged sitting, hopping/ jumping, isometric quadriceps contraction or running 3) duration of current 

PFP symptoms >1 month.  

The exclusion criteria for patients with PFP were: (1) any history of previous lower limb surgery or 

patellar instability and dislocation, (2) lower limb deformities or any history of traumatic, inflammatory, 

or infectious pathology in the lower extremities or any internal derangements, (3) not able to perform 

running during the measurement.  

 

http://clinicaltrials.gov/
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Figure 1: Recruitment process for this study 

Procedure 

Upon arrival at the laboratory, the patients were asked to fill in the numeric pain rating scale 

corresponding to their current pain, the knee injury and osteoarthritis outcome score (KOOS), the 

anterior knee pain scale KUJALA score and the Tampa scale for kinesiophobia. All patients were fitted 

with standard running shoes (New Balance, model M639SA UK), to control the interface of the shoe and 

the surface. Before the test, the body mass and height of each participant was measured. Only the lower 

limb where participants experienced PFP was assessed. If the participant experienced PFP in both limbs 

the more painful limb was assessed in this study.  

Specific six-week exercise 
programme 

Patient attends the … and receives an initial screening 
(nine questions on PFP inclusion/ exclusion criteria). 

Patient receives a study information pack 

Yes No 

No 

If patient withdraws from study  

 
Is participant interested 

in participating in a 
research study? 

Baseline assessment at gait lab 
at the Salford University 

Standard exercise 
treatment at SRFT 

Repeat measurements of the 
baseline assessment after 6 
weeks at gait lab at the … 
University 

Patient details forwarded to 
Principal Investigator 

Principal Investigator calls patient, 
study will be explained to patient 
again and patient concerns will be 
discussed. Is participant interested 

in participating in a research 
study? 

 
Yes 
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An intra-rater reliability study on running kinematics, quadriceps inhibition and strength assessment was 

carried prior to this study. Therefore, 9 healthy individuals were tested in two separate sessions within 

two weeks. This unpublished study reported good reliability for all parameters30.  

Lower limb biomechanics assessment  

Three-dimensional kinematic data were collected with ten Qualisys OQUS7 cameras (Qualisys AB, 

Sweden) sampling at 250 Hz. Forty retro-reflective markers, with a diameter of 14.5 mm, were placed 

on the lower limb of the participants. Kinetic data were calculated based on the GRF data collected with 

three force plates (BP600900, Advanced Mechanical Technology, Inc. USA), sampling at 1500 Hz, which 

were synchronised with the Qualisys system. The calibrated anatomical system technique (CAST) model, 

which included anatomical landmarks (markers on anatomical bony landmarks) and anatomical frames 

(segment mounted marker clusters), was used 12.  

The retro-reflective markers were placed at the following anatomical landmarks: the anterior superior 

iliac spine, the posterior superior iliac spine, the iliac crest, the greater trochanter, the medial and lateral 

femoral epicondyle, the medial and lateral malleolus, the posterior calcanei, and the head of the first, 

second and fifth metatarsals31. The movement of the shank and thigh were tracked using a rigid 4-marker 

cluster, which were attached on the lateral side of shank and thigh with elastic wraps. A reference trial 

was collected to specify the location of the anatomical landmark markers in relation to the clusters and 

to approximate the joint center. The ankle and knee joint centers were calculated as midpoints between 

the medial and lateral malleolus and femoral epicondyles, respectively. The hip joint center was 

calculated using the regression model of Bell5.  

After the static trial, each subject was asked to run on a 15 m walkway at his/her own self-selected speed 

until 5 successful trials were collected. Unsuccessful trials were ones whereby less than three markers 

per segment were visible, or where a partial/double contact with the force platforms occurred. The self-

selected running speed was collected and reported (Brower timing lights, Draper, UT).  

After finishing all the tasks, the exercise programme was introduced to the patients, whereby each 

exercise was explained and shown to the patients. The booklet was explained to the patient and he/she 

was instructed how to document the exercises for the upcoming 6 weeks. They were informed that they 

should contact the researcher if they required advice or if they develop pain.  

Within one week after finishing the six-week exercise programme a second assessment session was 

arranged to reassess the treatment effect.   
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Biomechanical data processing 

The kinematic and kinetic outcomes were calculated with a 6 degrees of freedom model in Visual3D 

(Version 5, C-motion Inc, USA), which included six components to define the joint angle and joint 

moment. The joint angle was the rotation angle of the shank about the femur in a Cardan sequence of 

XYZ. The joint moment was calculated with inverse dynamics based on the kinematic data and GRF. The 

joint moments were normalised to body mass to ensure that the observed differences resulted from the 

body mass. The joint moments were presented as external moments referenced to the proximal 

segment. Marker movement and GRF data were filtered with a 4th order Butterworth filter with cut-off 

frequencies of 12 Hz. The kinematic and kinetic data were normalised to 100% of the stance phase during 

running. Stance phase was normalised from the force platform data when the forces exceeded 10 N for 

heel strike and went below 10 N for toe-off. The stance phase was sub-grouped into early (0-24% of 

stance phase), mid (25-62%) and late-stance phase (63%-100%) 44. The peaks of the hip and knee flexion, 

adduction and internal rotation angles and moments were calculated for the early, mid, and late-stance 

phase.  

Strength measurement 

The isometric, eccentric and concentric (angular velocity of 60 degrees/second) peak torque of the 

quadriceps were assessed with an isokinetic dynamometer (Kin-Com, Chattanooga, USA). Participants 

were seated with 90° hip flexion on an isokinetic dynamometer and secured to the test chair with a chest 

and pelvic belt. The resistance pad was attached 1 cm proximal to the malleoli of the ankle and a gravity 

correction was performed prior to the strength test in line with previously described procedures 62. The 

participant was verbally encouraged throughout the strength tests to ensure their attempt to a maximal 

voluntary effort.  

The arthrogenic muscular inhibition (AMI) of the quadriceps was assessed, during the maximal voluntary 

isometric contraction (MVIC) of the quadriceps with the interpolated twitch technique. Therefore, the 

participants were seated in an isokinetic dynamometer and positioned in 90° hip flexion and 60° knee 

flexion. This position had been chosen as previous studies demonstrated that peak torques and flexor-

to-extensor torque ratios were only symmetrical at 60° knee flexion36. Two electrodes (Axelgaard, 

Fallbrook, Ca, USA) were placed on the quadriceps muscle at one-third and two-thirds from the distance 

between the anterior superior iliac spine and the upper border of the patella 31. A single twitch was 

triggered by the assessor manually on the relaxed muscles prior to the MVC (resting twitch torque (RTT). 

During the MVIC another single twitch with a pulse duration of 200 ms and a stimulus amplitude of 

125mA (DS7AH Digitimer Ltd, Hertfordshire, England) was triggered manually by the investigator when 

the MVIC force had plateaued on the monitor (interpolated twitch torque - ITT). AMI was quantified 
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with the following equation: AMI = (ITT/ RTT)*100. An inhibition of 0% meant that the subject was able 

to fully recruit the muscle without showing any signs of inhibition11, 28 (Figure S1). 

Prior to the test a warm-up session of 4 submaximal isometric, eccentric and concentric quadriceps 

contractions was performed. Each participant was tested during the concentric and eccentric 

contraction at the angular velocity of 60°/second through the full available range of motion (ROM) from 

90° knee flexion to maximal knee extension. Each individual performed three repetitions of both the 

isometric and isokinetic knee extensor strength tests with resting times of 30 seconds in between each 

maximal isometric and isokinetic assessments 10. The order of the strength tests was randomized 

between isometric, concentric and eccentric testing.  

Development of a six-week exercise programme 

A six-week exercise programme, which patients could follow on their own at home, was developed 

based on the current recommendations, since the current guidelines recommend an exercise 

programme as a stand-alone treatment 17. An exercise booklet was created, which described the correct 

execution of the exercises, with videos of all exercises uploaded to a password-protected website 

(Vimeo) to permit participants to undertake the programme without the supervision of a therapist.  

Experts recommended that not more than 3-4 exercises should be prescribed to ensure the compliance 

of the patient with the treatment 3, 17. Thus, the main exercise programme consisted of four 

strengthening exercises. In addition, two stretches for the hamstrings and gastrocnemius muscles were 

included. 

The current PFP treatment guidelines emphasised that there was a need to individualise the treatments 

to each patient, as not all patients will require the same treatment 3, 17. To meet these needs, each 

exercise included a progressive loading in six steps. The participants were instructed to progress 

individually for each exercise. They could enter a higher progression stage, if they did not experience 

any pain and if they felt only light or no exertion. If patients experienced pain during an exercise, they 

were instructed to either progress to the next lower level of the exercise or to contact the Principal 

Investigator of the study.  

The first exercise was a squatting exercise, which has shown to strengthen and activate successfully the 

quadriceps and gluteal muscles with a relative low hamstrings co-activation 4, 14, 39, 50, 56, 67. If the 

participant experienced pain, they were instructed to lean their trunk more forward or place their feet 

wider 25, 37.  
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The second exercise was a bridging exercise to strengthen the gluteus medius and maximus muscle 13, 

50. Unilateral bridging was chosen to increase gluteus maximus activity 50. The execution of the exercise 

with a thera-band and on unstable surface has shown to generate more gluteus medius activity 13, 50.  

To improve the control of the lower limb alignment, side band and rotational walks were included as a 

third exercise 33, which demonstrated to produce high levels of gluteus medius and maximus activity 2, 8, 

20. 

The last strength exercise was an open kinetic chain exercise to strengthen the quadriceps. This exercise 

was included since studies have shown that the combination of open and closed kinetic chain strength 

exercises seem to be the most effective method to strengthen the quadriceps 32, 68. 

Reduced ankle dorsiflexion range of motion has shown to increase dynamic knee valgus during 

functional tasks 45. Thus, mobilisations to address dorsiflexion restrictions are recommended as part of 

an exercise programme 17. To ensure optimised knee and ankle biomechanics, the integration of a 

hamstrings stretch exercise has also been recommended 17, 66. The integration of these two stretching 

exercises also served the purpose of planned rests for the participants in between their exercises. 

The exercise programme was organised as a circuit training strategy of maximal 30 minutes, with three 

sets of 10 to 25 repetitions. The exercise booklet involved an exercise schedule. The participants were 

asked to note daily his/her level of progression and the number of repetitions for each exercise. They 

were asked to bring the booklet back after the six-week exercise programme to examine the individual 

progression (supplement: Exercise booklet).  

Ankle weights and thera-bands were given to the participants and were returned after the six-week 

exercise programme.  

 

Statistical analyses 

The statistical analysis was performed using SPSS (v. 20). Normality was assessed by applying the 

Shapiro-Wilk’s test and by the investigation of the normal q-q plots. For the data that was normally 

distributed, two-tailed paired sample t-tests and 95% confidence intervals were calculated to determine 

whether the six-week exercise programme significantly influenced the lower limb biomechanics. Data 

that was not normal distributed, as well as ordinal data (pain scale) was tested by using the Wilcoxon’s 

rank test with an a priori alpha level set at p <0.05. Furthermore, the mean change, SD of the mean 

change and the 95% confidence intervals of the difference were calculated.  
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Cohen’s d effect sizes were calculated to determine the magnitude of the effect of the intervention (>0.8 

large effect, 0.3-0.8 moderate effect, <0.3 small effect) 15. 

Power calculation  

A post hoc power calculation was performed on participants with PFP, using G-Power (Version 3.1.9.2), 

for pain (KOOS-pain), function (KUJALA), kinesiophobia (Tampa), quadriceps strength (isometric), 

quadriceps inhibition and hip adduction angle during stance phase by using a two-tailed t-test for two 

dependent means. The calculated effect size for the pain was dz=1.31 with a power of 99%, for function 

it was dz=1.2 with a power of 99%, for kinesiophobia (Tampa) it was dz= 0.48 with a power of 44%, 

quadriceps strength it was dz= 0.29 with a power of 19%, for inhibition it was dz=0.57 with a power of 

56% and for hip adduction angle during stance phase it was dz=0.17 with a power of 9%.  

 

RESULTS 

Twenty-seven participants were recruited to the study and undertook the first examination. However, 

there was a drop-out of individuals who completed the six-week exercise programme with only 16 

participants successfully completing the programme (Figure 2, Table 1). There were no significant 

differences in NPRS between participants that completed and participants that did not complete the 

study.  
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Figure 2: Study flow diagram 

Pain was assessed with the NPRS and the KOOS-pain. Pain did not improve significantly on the NPRS (p 

= 0.074) but did significantly improve by 13.2 points from 79.7 to 92.9 points on the KOOS pain scale (p 

= 0.0001) (Table 2). 

Function was assessed by the the KOOS and the KUJALA scores which improved significantly in patients 

with PFP after the six-week exercise programme. The KUJALA improved by 10.06 points (p = 0.001) and 

the KOOS by 16.26 points (p = 0.0001) with large effect sizes (Table 2, Figures 2 and 3). The Tampa scale 

of kinesiophobia improved by 3.44 points (p = 0.017) after the treatment with a moderate effect size 

(Table 2).  

Running speed before and after the exercise treatment was not significantly different (p = 0.717, before 

the treatment: 3.42 ± 0.12 m/s, after the treatment: 3.43 ± 0.12 m/s). The peak joint angles and 

moments of hip and knee during the stance phase did not significantly change after the exercise 

intervention (Table 3 & 4).  

Quadriceps strength was not significantly different after the six-week exercise programme (isometric: p 

= 0.992, concentric: p = 0.075, eccentric: p = 0.351, Supplements Figure S3). However, the concentric 

strength demonstrated the tendency to increase with a moderate effect size. Quadriceps AMI decreased 

by 4.69% after the six-week exercise programme with a moderate effect size (p = 0.018, Table 2, 

Supplements Figure S2).  

Initial evaluation (n=12 females, n=15 males) 

3 excluded:  
postoperative (previous knee arthroscopy): 2 

other knee pathology: 1 
 

1st measurement (n=13 females, n=12 males) 
 

2nd measurement after six-week exercise programme 

(n=7 females, n=9 males) 
 

drop out of 9 patients:  
knee surgery: 1 

pregnancy and miscarriage: 1 
no time to exercise regularly: 7 
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Table 1: Baseline characteristics of participants who successfully completed the six-week exercise 

programme. Values are mean (SD) unless stated otherwise.  

No of women (%) Age in years Height in m Body mass in kg Body mass index (kg/m2) Unilateral PFP (%) 

7 (43.8%) 30.8 (6.34) 1.73 (0.08) 69.04 (9.07) 22.9 (1.64) 6 (37.5%) 

 

Table 2: Function, Kinesiophobia, pain, quadriceps strength and arthrogenic muscle inhibition (AMI)  

 

Before the 
exercise 

treatment 

After the 
exercise 

treatment 

P value:  
(T-test,  

sig  
2-tailed) 

Effect 
size 

Mean 
change 

Std.  
 Deviation  

of mean 
change 

95% Confidence 
Interval of the 

Difference 

Mean SD Mean SD Lower Upper 

Strength 
(Nm/kg)a 

 

Quadriceps isometric torque 2.91 0.67 2.91 0.57     0.992             0.11 0.00 0.61 -0.34 0.33 

Quadriceps concentric torque 1.92 0.48 2.05 0.38  0.075 0.60 0.13 0.24 -0.26 -0.01 

Quadriceps eccentric torque 3.34 1.33 3.00 0.73     0.351 0.29 0.34   1.35 -0.43   1.13 

Quadriceps AMIb in % 12.75 7.93 8.07 5.38     0.018* 0.62 4.68 7.04 0.93 8.43 

Pain 
numeric pain rating scale (NPRS) 0.88 0.46    0     0     0.074 2.71 0.88   1.82 -0.10 1.85 

KOOSc pain 79.70 11.19 92.88 8.42     0.001* 1.33 13.18 11.40 -19.26 -7.10 

Tampa scale of kinesiophobia 32.63 6.34 29.19 7.70     0.017* 0.46 3.44   5.10 0.72    6.15 

Function 

KUJALA scale 81.69 9.23 91.75 7.23     0.001* 1.21 10.06 10.29 -15.55 -4.58 

KOOSc sum 73.50 10.54 89.76 8.89     0.0001* 1.67 16.26 12.81 -23.09 -9.44 

KOOSc symptoms 79.62 13.11 87.72 9.40     0.064 0.71 8.10 16.21 -16.73   0.54 

KOOSc ADL 87.08 12.91 96.34 6.46     0.024* 0.91 9.26 14.73 -17.11  -1.41 

KOOSc Sport/ Rec 65.31 16.88 91.00 11.25     0.0001* 1.79 25.69 15.88 -34.15 -17.22 

KOOSc QOL 57.42 17.26 80.86 18.88     0.002* 1.30 23.44 25.05 -36.79 -10.09 
a= Torque in Nm/kg normalised to body mass; b= Arthrogenic muscle inhibition; c= knee injury and 

osteoarthritis outcome score; *= indicated the results were significantly different after the intervention 

 

 

Figure 3: Changes in the knee injury and osteoarthritis outcome score (KOOS) after the six-week exercise 
programme. The thick black bar represents the mean change.  

0

10

20

30

40

50

60

70

80

90

100

KOOS before
intervention

KOOS after
intervention

0

5

10

15

20

25

30

35

40

45

50

D
if

fe
re

n
c

e
 i
n

 K
O

O
S



 

13 

 

 

Figure 4: Changes in the anterior knee pain scale KUJALA score after the six-week exercise programme. 
The thick black bar represents the mean change. 

 

Table 3: The lower extremity kinematics during the stance phase in running. Flexion, adduction, 

internal rotation are positive and extension, abduction, external rotation are negative.  

The kinematic variables (º) during 
stance phase 

Before the 
exercise 

treatment 

After the 
exercise 

treatment 

P value: 
(T-test, 
sig 2-

tailed) 

Effect 
size 

Mean 
change 

Std.  
Deviation  
of mean 
change 

95% Confidence 
Interval of the 

Difference 

Mean SD Mean SD Lower Upper 

Hip flexion angle ESPa 36.2 5.7 35.5 6.3 0.427 0.15 0.7 4.9 -2.1 3.5 

Hip flexion angle MSPb 35.5 6.9 34.4 6.3 0.233 0.23 1.1 4.5 -1.5 3.7 

Hip flexion angle LSPc 21.6 5.9 20.5 5.0 0.233 0.23 1.1 4.8 -1.6 3.9 

Hip adduction angle ESPa 6.2 5.1 6.3 3.9 0.609 0.11 0.0 3.2 -1.9 1.8 

Hip adduction angle MSPb 9.5 4.9 9.3 5.2 0.570 0.25 0.2 4.1 -2.2 2.6 

Hip adduction angle LSPc 5.9 4.8 5.8 4.6 0.394 0.11 0.1 2.2 -1.1 1.4 

Hip internal rotation angle ESPa 4.1 7.6 2.5 7.1 0.910 0.15 1.6 7.4 -2.6 5.9 

Hip internal rotation angle MSPb 0.2 8.8 -1.7 8.3 0.570 0.18 1.9 7.1 -2.2 6.0 

Hip internal rotation angle LSPc 1.2 8.7 -1.3 8.1 0.233 0.23 2.4 5.5 -0.7 5.6 

Knee flexion angle ESPa 32.2 3.2 31.0 3.2 0.173 0.40 1.2 3.1 -0.6 3.0 

Knee flexion angle MSPb 45.6 4.5 43.2 6.0 0.125 0.41 2.4 4.1 0.0 4.7 

Knee flexion angle LSPc 42.3 4.8 40.7 4.8 0.334 0.26 1.6 3.7 -0.5 3.7 

Knee adduction angle ESPa 3.1 4.2 2.8 3.4 0.691 0.17 0.3 3.3 -1.6 2.2 

Knee adduction angle MSPb 2.5 4.1 1.9 3.4 0.609 0.26 0.7 4.4 -1.9 3.2 

Knee adduction angle LSPc 2.0 3.3 1.5 2.5 0.609 0.20 0.5 3.6 -1.6 2.6 
a= Early stance phase (ESP); b= Mid stance phase (MSP); c= Late stance phase (LSP); *= indicated the 

results were significantly different after the intervention 
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Table 4: The lower extremity kinetics during stance phase in running. Flexion, adduction, internal rotation 
are positive and extension, abduction, external rotation are negative. 

The kinematic variables (º) during 
stance phase 

Before the 
exercise 

treatment 

After the 
exercise 

treatment 

P value: 
(T-test, 
sig 2-

tailed) 

Effect 
size 

Mean 
change 

Std.  
Deviation  
of mean 
change 

95% Confidence 
Interval of the 

Difference 

Mea
n 

SD Mean SD Lower Upper 

Hip flexion moment ESPa 2.01 0.37 1.94 0.46 0.776 0.16 0.07 0.41 -0.17 0.30 

Hip flexion moment MSPb 1.19 0.35 1.23 0.33 0.460 0.14 -0.04 0.39 -0.26 0.19 

Hip flexion moment LSPc 0.04 0.10 0.07 0.16 0.532 0.24 -0.03 0.15 -0.12 0.06 

Hip adduction moment ESPa 1.46 0.24 1.44 0.17 0.125 0.47 0.05 0.17 -0.05 0.14 

Hip adduction moment MSPb 0.55 0.27 0.52 0.24 0.334 0.16 0.03 0.28 -0.13 0.19 

Hip adduction moment LSPc 0.85 0.37 0.84 0.36 0.820 0.18 0.01 0.41 -0.23 0.25 

Hip internal rotation moment ESPa 1.92 0.38 1.93 0.35 0.691 0.14 -0.01 0.34 -0.21 0.19 

Hip internal rotation moment MSPb -0.28 0.21 -0.30 0.17 0.281 0.10 0.02 0.15 -0.07 0.10 

Hip internal rotation moment LSPc 2.52 0.57 2.77 0.53 0.460 0.28 -0.24 0.93 -0.78 0.29 

Knee flexion moment ESPa 0.55 0.23 0.61 0.26 0.865 0.12 -0.06 0.35 -0.25 0.14 

Knee flexion moment MSPb -0.03 0.23 -0.11 0.23 0.570 0.17 0.08 0.24 -0.06 0.21 

Knee flexion moment LSPc 1.43 0.44 1.45 0.35 0.570 0.10 -0.03 0.30 -0.20 0.15 

Knee adduction moment ESPa 0.02 0.04 0.03 0.03 0.532 0.28 -0.01 0.04 -0.03 0.01 

Knee adduction moment MSPb 1.73 0.46 1.97 0.35 0.233 0.43 -0.24 0.51 -0.53 0.06 

Knee adduction moment LSPc 0.37 0.14 0.42 0.25 0.532 0.10 -0.05 0.25 -0.20 0.09 
a= Early stance phase (ESP); b= Mid stance phase (MSP); c= Late stance phase (LSP); *= indicated the 

results were significantly different after the intervention 

 

DISCUSSION 

This study aimed to investigate the effect of a six- week exercise programme, based on the published 

recommendations. The hypothesis that pain, function, kinesiophobia, and quadriceps inhibition would 

improve could be confirmed. However, running biomechanics and quadriceps strength did not improve 

after the six- week exercise programme.  Pain was assessed with the NPRS and this did not improve 

significantly. However, the patients had very low pain scores to begin (0.9 ± 0.5 on the numeric pain 

rating scale) and thus only little room for improvement (p = 0.074). Although, pain did not significantly 

improve all patients were pain-free after the six-week exercise programme (0 ± 0 on the NPRS).  

Participants with PFP demonstrated a significant and meaningful improvement in reported function 

after the six-week exercise programme. Function, measured by the KOOS was improved by 16.3 points 

which is greater than the meaningful difference of 8- 10 51. Thus, the result of this study shows a clinically 

meaningful improvement of function after the exercise treatment. These improvements of the KOOS 

are comparable to the improvements reported by Rathleff et. al. (2019), who investigated the outcomes 

of activity modification and load management in patients with PFP 60. Rathleff outlined that a potential 

explanation for this success might be the structured approach to build up the tolerance of aggravating 

activities and guidance back to sports in a graded manner, which might explain the improvements in this 

study as well. The KOOS for sports in this study was 100 and for ADLS 97.1 which means that these 

patients had no limitations in their sporting activities and ADLs after the exercise programme, although 
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they still reported symptoms (KOOS symptoms: 67.9). These large improvements in function are strong 

clinical indicators for the effectiveness of the six-week exercise programme in participants with PFP. 

Function was also measured by the KUJALA score which improved by 10.1 points after the exercise 

programme. This is lower than the clinically meaningful difference in the KUJALA score (14 points) and 

thus it is questionable whether the change is meaningful 65. The patients in this study had relatively high 

KUJALA scores (before: 81.7 and after: 91.8 the exercise treatment treatment), which might be also an 

explanation why the patients only improved by 10 points.  

The Tampa scale demonstrated a significant reduction of kinesiophobia by 3.4 points after the exercise 

treatment (p = 0.021). Previous studies reported that a change of 5.5 points should be reported to define 

a clinical meaningful difference for the Tampa Scale of Kinesiophobia and thus it should be critically 

questioned whether these differences are clinical meaningful 40. Previous studies showed a correlation 

of greater kinesiophobia with reduced peak knee flexion during stair descending19. Although 

kinesiophobia in this study improved the running biomechanics remained unchanged. However, it 

should be noted that the overall Tampa score was mild to moderate in the recruited group and thus, 

kinesiophobia appeared to not be a main problem of these patients.  

These participants with PFP did not show differences in running biomechanics after the six-week exercise 

programme. These findings are in accordance with previous studies that demonstrated that hip muscle 

strengthening resulted in decreased pain but did not change running kinematics in individuals with PFP 

24, 26, 67. The observed improvements were believed to be caused by an increase in strength and improved 

neuromuscular control 7, 24, 26, 67. Earl et al (2011) described that an explanation for the absent changes 

in kinematics might be that not all participants had a dynamic malignment at the onset of the study and 

that PFP might have been caused by other factors. Participants in this study did not show lower limb 

abnormalities before the exercise programme, which might be an explanation why no kinematic or 

kinetic changes of the sagittal and transverse plane of the hip and the sagittal plane of the knee after 

the intervention programme were found. 

No improvement in quadriceps strength was achieved even though the strengthening protocol of this 

study was comparable to the strengthening protocols in previous studies 6, 46, 48, 52. The lower loads 

combined with a higher amount of repetitions compared to a traditional hypertrophy/ strength training 

was chosen to reduce the flare up of symptoms 1. However, such a strength endurance programme has 

been shown to increase muscle endurance and muscle power in relatively untrained / weak individuals, 

but only increased muscle strength slightly 1. Previous exercise training in participants with PFP were still 

successful in increasing muscle strength might be related to the training status and quadriceps strength 

of the recruited individuals as weaker individuals adapt more rapidly. The American College of Sports 



 

16 

 

Medicine outlined that a training outlined above is recommended for novice training1. Compared to 

participants with PFP in previous studies, the participants with PFP in this study produced higher 

isometric quadriceps strength 22, 23, 43, 47, 64. Thus, the participants with PFP in this study appeared to be 

stronger than subjects in previous studies and the strength endurance training was very likely not 

demanding enough to improve quadriceps strength. For intermediate to advance training, the American 

College of Sports Medicine recommends to use a wider loading range from 1 to 12 RM in a periodized 

fashion, with eventual emphasis on heavy loading1. So, it seems that participants with PFP that are 

stronger, as in this study, might require a strength training with higher loads and reduced repetitions 

and not a strength endurance training stimuli 55 to enhance their quadriceps strength. To ensure that an 

increased loading does not flare up the PFP, modifications of traditional strength training should be 

applied. Previous studies investigated the application of a blood flow restriction (BFR) training in 

participants with PFP, which aims to induce muscle hypertrophy and increase strength more than the 

same programme without BFR 29, 34, 35, 55. These studies demonstrated promising outcomes in 

improvements in quadriceps strength and might be a potential solution to improve strength in stronger 

participants with PFP 29, 34, 35.  Thus, there might be a need for a reconsideration of the current available 

exercise guidelines in strong participants with PFP and further studies are required to investigate forms 

of modified hypertrophy and strength training in stronger patients with PFP. Another explanation for 

the absence of strength improvements might be that other factors that contribute to muscle function 

such as force steadiness or the rate to force development which might be impaired. These factors of 

muscle function might require a different treatment approach and might not respond to strengthening 

exercises9, 27, 42. Furthermore, factors related to the muscle physiology, such as a reduced thickness of 

the muscle or a reduced amount of non-contractile tissue of the muscle might also result in reduced 

muscle function and strengthening exercises might not be able to address these impairments42.    

In previous literature researchers have described that the magnitude of strength improvements 

decrease with high strength levels, which might be another explanation for no strength changes after 

this intervention 61. 

Since the recruited individuals appeared to be a very strong patient group, it becomes difficult to 

compare this patient group results to previously published findings. The diversity of patients with PFP 

emerged during the International Patellofemoral Research Retreat 18. Selfe et al. (2013) addressed this 

challenge and developed a framework of subgroups of participants with PFP by defining three main 

subgroups: 1. "Weak and tighter", 2. "Weak and pronated", 3. "strong" participants with PFP 53, 54. The 

strength results, the trend towards less pain, higher function and better quality of life indicate that the 

recruited participants with PFP in this study could be categorised as "strong" 54. It seems that the 
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recruited study group also demonstrated a different biomechanical movement than previously 

described in participants with PFP, likely due to the higher strength levels, although further research is 

required to confirm this.  

Furthermore, the quadriceps inhibition reduced from 12.8% before to 8.1% after the treatment with a 

moderate effect size (p = 0.018). Previous studies established that a normative AMI value was 8.8% (SD 

6.1) meaning that an activation level above 91.2% could be classed as within normal limits11. This means 

that after the six-week exercise programme the participants with PFP had a quadriceps activation that 

fell within normal limits. The reduced quadriceps inhibition might be one explanation why participants 

with PFP improved significantly in function and pain without observed improvements in quadriceps 

strength or lower limb biomechanics. These results are in accordance with previous research reporting 

that an increase in pain caused no alterations of lower limb biomechanics or strength but resulted in an 

improved quadriceps AMI 31. Thus, it seems that quadriceps AMI might be a key factor in participants 

with PFP. However, to date studies investigating quadriceps AMI in participants with PFP are rare and 

more research is needed.  

 

LIMITATIONS TO THE STUDY 

One limitation of this study is the high-drop-out rate of 33.3%, which indicated that the exercise 

programme should be amended to increase compliance with the exercise programme. The reduced 

sample size also prevented division of the subjects into sub-groups. Smith et al. (2019) reported a loss 

of follow up of 21 of 30 patients in their loaded self-managed group, which emphasises that further 

research should focus on how compliance could be improved 57.  

Another limitation is the absence of an apriori power calculation. Furthermore, the post hoc power 

calculation demonstrated that the study did not reach power of 80% for the assessment of kinesiophobia 

(Tampa), quadriceps strength, quadriceps inhibition and hip adduction angle and emphasises that a 

larger sample size would be required.  

Another limitation is that no data on symptom duration and level of physical activity of the participants 

were collected and analysed in this study. This might have helped to give a further insight into which 

participants with PFP might have benefitted most and should be incorporated in future research. 

Furthermore, no minimum NPRS score for inclusion was required, which resulted in a very low baseline 

NPRS of only 0.9±0.5.  
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The improvements in function and pain might be related to neuromuscular improvements, which might 

not be reflected in the running biomechanics. Furthermore, the improvements in function and pain 

might also result from improved gluteal strength, which was not assessed in this study. Future research 

should incorporate these measurements.  

The participants with PFP in this study did not improve quadriceps strength which indicates that the 

resistance training was not demanding enough. The strengthening programme in this study consisted of 

lower loaded exercises with a higher amount of repetitions. The American college of sports medicine 

outlines that this is a recommended approach for novice training. However, intermediate to advance 

training requires a wider loading range in a periodized fashion which was not applied in this study. Thus, 

future exercise programmes should ensure an adequate progressive overload training in stronger 

participants with PFP.  

The participants in this study were part of a mixed-sex cohort which can lead to biased outcomes, 

especially in regard to quadriceps strength deficits49. The study sample was not divided into subgroups 

of females and males to avoid a further reduction in sample size, but this should be addressed in future 

research.  

Lastly, the individuals in this study underwent a follow-up directly after finishing the six-week exercise 

programme but were not followed up at later time points. It would be worthwhile to investigate further 

follow-up timelines to assess the medium and long-term effects of an evidence-based exercise 

programme in patients with PFP.  

 

CONCLUSION 

The participants with PFP demonstrated a significantly improved function, reduced quadriceps inhibition 

and showed improvements in pain after the six-week exercise programme. Despite the strength training 

the quadriceps strength did not increase and there were no differences in running biomechanics after 

the exercise treatment. The reduced quadriceps inhibition might be a key factor in individuals with PFP 

and might have resulted in improved function and pain in the absence of improvements in quadriceps 

strength or changes in lower limb biomechanics. This study also showed that the quadriceps 

strengthening programme was not demanding enough for strong individuals with PFP to result in 

increased quadriceps strength, which suggests that strong individuals with PFP might require a strength 

training with higher loads and reduced repetitions to enhance quadriceps strength. 

 



 

19 

 

 1 

REFERENCES 2 

1. American College of Sports M. American College of Sports Medicine position stand. 3 

Progression models in resistance training for healthy adults. Med Sci Sports Exerc. 4 

2009;41(3):687-708. 5 

2. Baldon Rde M, Serrao FV, Scattone Silva R, Piva SR. Effects of functional stabilization 6 

training on pain, function, and lower extremity biomechanics in women with 7 

patellofemoral pain: a randomized clinical trial. J Orthop Sports Phys Ther. 8 

2014;44(4):240-A248. 9 

3. Barton CJ, Lack S, Hemmings S, Tufail S, Morrissey D. The 'Best Practice Guide to 10 

Conservative Management of Patellofemoral Pain': incorporating level 1 evidence 11 

with expert clinical reasoning. Br J Sports Med. 2015;49(12): 923-934. 12 

4. Begalle RL, Distefano LJ, Blackburn T, Padua DA. Quadriceps and hamstrings 13 

coactivation during common therapeutic exercises. J Athl Train. 2012;47(4):396-405. 14 

5. Bell AL, Pedersen DR, Brand RA. A Comparison of the Accuracy of Several Hip Center 15 

Location Prediction Methods. J Biomech. 1990;23(6):617-621. 16 

6. Bisi-Balogun A, Torlak F. Outcomes Following Hip Abductor and Quadriceps 17 

Strengthening Exercises for Patello-Femoral Syndrome: A Systematic Review and 18 

Meta-Analysis. Int. J. Orthopedics Rehabil. 2016;3:22-34. 19 

7. Bolgla LA, Malone TR, Umberger BR, Uhl TL. Hip strength and hip and knee kinematics 20 

during stair descent in females with and without patellofemoral pain syndrome. J 21 

Orthop Sports Phys Ther. 2008;38(1):12-18. 22 

8. Boren K, Conrey C, Le Coguic J, Paprocki L, Voight ML, Robinson TK. Electromyograhic 23 

analysis of gluteus medius and maximus during rehabilitation exercises. Int. J. Sports 24 

Phys. 2011;6(3):206-223. 25 

9. Briani RV, de Oliveira Silva D, Ducatti MHM, et al. Knee flexor strength and rate of 26 

torque development deficits in women with patellofemoral pain are related to poor 27 

objective function. Gait & Posture. 2021;83:100-106. 28 

10. Brown LE, Weir JP. ASEP procedures recommendation I: accurate assessment of 29 

muscular strength and power. J. Exerc. Physiol. 2001;4(3):1-21. 30 

11. Callaghan MJ, Parkes MJ, Hutchinson CE, Felson DT. Factors associated with 31 

arthrogenous muscle inhibition in patellofemoral osteoarthritis. Osteoarthr Cartilage. 32 

2014;22(6):742-746. 33 

12. Cappozzo A, Catani F, Croce UD, Leardini A. Position and orientation in space of bones 34 

during movement: anatomical frame definition and determination. Clin Biomech 35 

(Bristol, Avon). 1995;10(4):171-178. 36 

13. Choi S-A, Cynn H-S, Yi C-H, et al. Isometric hip abduction using a Thera-Band alters 37 

gluteus maximus muscle activity and the anterior pelvic tilt angle during bridging 38 

exercise. J Electromyogr Kinesiol. 2015;25(2):310-315. 39 

14. Claiborne TL, Armstrong CW, Gandhi V, Pincivero DM. Relationship between hip and 40 

knee strength and knee valgus during a single leg squat. J Appl Biomech. 41 

2006;22(1):41-50. 42 



 

20 

 

15. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. Hillsdale, New 43 

Jersey: Erlbaum; 1988. 44 

16. Crossley KM, Stefanik JJ, Selfe J, et al. 2016 Patellofemoral pain consensus statement 45 

from the 4th International Patellofemoral Pain Research Retreat, Manchester. Part 1: 46 

Terminology, definitions, clinical examination, natural history, patellofemoral 47 

osteoarthritis and patient-reported outcome measures. Br J Sports Med. 48 

2016;50(14):839-843. 49 

17. Crossley KM, van Middelkoop M, Callaghan MJ, Collins NJ, Rathleff MS, Barton CJ. 2016 50 

Patellofemoral pain consensus statement from the 4th International Patellofemoral 51 

Pain Research Retreat, Manchester. Part 2: recommended physical interventions 52 

(exercise, taping, bracing, foot orthoses and combined interventions). Br J Sports Med. 53 

2016;50(14):844-852. 54 

18. Davis IS, Powers CM. Patellofemoral pain syndrome: proximal, distal, and local factors, 55 

an international retreat, April 30-May 2, 2009, Fells Point, Baltimore, MD. J Orthop 56 

Sports Phys Ther. 2010;40(3):A1-16. 57 

19. de Oliveira Silva D, Barton CJ, Briani RV, et al. Kinesiophobia, but not strength is 58 

associated with altered movement in women with patellofemoral pain. Gait Posture. 59 

2019;68:1-5. 60 

20. Distefano LJ, Blackburn JT, Marshall SW, Padua DA. Gluteal muscle activation during 61 

common therapeutic exercises. J Orthop Sports Phys Ther. 2009;39(7):532-540. 62 

21. Dorey C, Williams JM. Strengthening the hip muscles in individuals with patellofemoral 63 

pain: what can be learned from the literature? Physical Therapy Reviews. 64 

2015;20(2):63-72. 65 

22. Duvigneaud N, Bernard E, Stevens V, Witvrouw E, Van Tiggelen D. Isokinetic 66 

assessment of patellofemoral pain syndrome: a prospective study in female recruits. 67 

Isokinet Exerc Sci. 2008;16(4):213-219. 68 

23. Dvir Z, Shklar A, Halperin N, Robinson D, Weissman I, Ben-Shoshan I. Concentric and 69 

eccentric torque variations of the quadriceps femoris in patellofemoral pain 70 

syndrome. Clin Biomech (Bristol, Avon). 1990;5(2):68-72. 71 

24. Earl JE, Hoch AZ. A proximal strengthening program improves pain, function, and 72 

biomechanics in women with patellofemoral pain syndrome. Am J Sports Med. 73 

2011;39(1):154-163. 74 

25. Escamilla RF, Fleisig GS, Zheng N, et al. Effects of technique variations on knee 75 

biomechanics during the squat and leg press. Med Sci Sports Exerc. 2001;33(9):1552-76 

1566. 77 

26. Ferber R, Kendall KD, Farr L. Changes in knee biomechanics after a hip-abductor 78 

strengthening protocol for runners with patellofemoral pain syndrome. J Athl Train. 79 

2011;46(2):142-149. 80 

27. Ferreira AS, de Oliveira Silva D, Ferrari D, et al. Knee and Hip Isometric Force 81 

Steadiness Are Impaired in Women With Patellofemoral Pain. J Strength Cond Res. 82 

2019. 83 

28. Folland JP, Williams AG. Methodological issues with the interpolated twitch 84 

technique. J Electromyogr Kinesiol. 2007;17(3):317-327. 85 

29. Giles L, Webster KE, McClelland J, Cook JL. Quadriceps strengthening with and without 86 

blood flow restriction in the treatment of patellofemoral pain: a double-blind 87 

randomised trial. Br J Sports Med. 2017. 88 



 

21 

 

30. Greuel H. The role of muscle dysfunction in patellofemoral pain: Influence of different 89 

treatment approaches. Salford, UK: School of Health, Sport and Rehabilitation 90 

Sciences, University of Salford; 2017. 91 

31. Greuel H, Herrington L, Liu A, Jones RK. How does acute pain influence biomechanics 92 

and quadriceps function in individuals with patellofemoral pain? Knee. 93 

2019;26(2):330-338. 94 

32. Herrington L, Al-Sherhi A. A controlled trial of weight-bearing versus non-weight-95 

bearing exercises for patellofemoral pain. J Orthop Sports Phys Ther. 2007;37(4):155-96 

160. 97 

33. Kato S, Urabe Y, Kawamura K. Alignment control exercise changes lower extremity 98 

movement during stop movements in female basketball players. Knee. 99 

2008;15(4):299-304. 100 

34. Korakakis V, Whiteley R, Epameinontidis K. Blood Flow Restriction induces hypoalgesia 101 

in recreationally active adult male anterior knee pain patients allowing therapeutic 102 

exercise loading. Phys Ther Sport. 2018;32:235-243. 103 

35. Korakakis V, Whiteley R, Giakas G. Low load resistance training with blood flow 104 

restriction decreases anterior knee pain more than resistance training alone. A pilot 105 

randomised controlled trial. Phys Ther Sport. 2018;34:121-128. 106 

36. Krishnan C, Williams GN. Effect of knee joint angle on side-to-side strength ratios. J 107 

Strength Cond Res. 2014;28(10):2981-2987. 108 

37. Kulas AS, Hortobagyi T, DeVita P. Trunk position modulates anterior cruciate ligament 109 

forces and strains during a single-leg squat. Clin Biomech (Bristol, Avon). 110 

2012;27(1):16-21. 111 

38. Lankhorst NE, van Middelkoop M, Crossley KM, et al. Factors that predict a poor 112 

outcome 5-8 years after the diagnosis of patellofemoral pain: a multicentre 113 

observational analysis. Br J Sports Med. 2016;50(14):881-886. 114 

39. Lee TK, Park SM, Yun SB, Lee AR, Lee YS, Yong MS. Analysis of vastus lateralis and 115 

vastus medialis oblique muscle activation during squat exercise with and without a 116 

variety of tools in normal adults. J Phys Ther Sci. 2016;28(3):1071-1073. 117 

40. Monticone M, Ambrosini E, Rocca B, Foti C, Ferrante S. Responsiveness of the Tampa 118 

Scale of Kinesiophobia in Italian subjects with chronic low back pain undergoing motor 119 

and cognitive rehabilitation. Eur Spine J. 2016;25(9):2882-2888. 120 

41. Noehren B, Pohl MB, Sanchez Z, Cunningham T, Lattermann C. Proximal and distal 121 

kinematics in female runners with patellofemoral pain. Clin Biomech (Bristol, Avon). 122 

2012;27(4):366-371. 123 

42. Nunes GS, Barton CJ, Serrao FV. Hip rate of force development and strength are 124 

impaired in females with patellofemoral pain without signs of altered gluteus medius 125 

and maximus morphology. J Sci Med Sport. 2018;21(2):123-128. 126 

43. Oliveira LVd, Saad MC, Felício LR, Grossi DB. Muscle strength analysis of hip and knee 127 

stabilizers in individuals with Patellofemoral Pain Syndrome. Fisioter. Pesqui. 128 

2014;21:327-332. 129 

44. Perry J, Burnfield JM. Gait Analysis: Normal and Pathological Function. Vol 9. 130 

Thorofare, USA: Slack Incorporated; 2010. 131 

45. Rabin A, Kozol Z. Measures of range of motion and strength among healthy women 132 

with differing quality of lower extremity movement during the lateral step-down test. 133 

J Orthop Sports Phys Ther. 2010;40(12):792-800. 134 



 

22 

 

46. Ramazzina I, Pogliacomi F, Bertuletti S, Costantino C. Long term effect of selective 135 

muscle strengthening in athletes with patellofemoral pain syndrome. Acta Biomed. 136 

2016;87:60-68. 137 

47. Rathleff CR, Baird WN, Olesen JL, Roos EM, Rasmussen S, Rathleff MS. Hip and knee 138 

strength is not affected in 12-16 year old adolescents with patellofemoral pain--a 139 

cross-sectional population-based study. PLoS One. 2013;8(11):e79153. 140 

48. Rathleff MS, Bandholm T, McGirr KA, Harring SI, Sørensen AS, Thorborg K. New 141 

exercise-integrated technology can monitor the dosage and quality of exercise 142 

performed against an elastic resistance band by adolescents with patellofemoral pain: 143 

an observational study. J Physiother. 2016;62(3):159-163. 144 

49. Rathleff MS, Rathleff CR, Crossley KM, Barton CJ. Is hip strength a risk factor for 145 

patellofemoral pain? A systematic review and meta-analysis. Br J Sports Med. 146 

2014;48(14):1088. 147 

50. Reiman MP, Bolgla LA, Loudon JK. A literature review of studies evaluating gluteus 148 

maximus and gluteus medius activation during rehabilitation exercises. Physiother 149 

Theory Pract. 2012;28(4):257-268. 150 

51. Roos EM, Lohmander LS. The Knee injury and Osteoarthritis Outcome Score (KOOS): 151 

from joint injury to osteoarthritis. Health Qual Life Outcomes. 2003;1:64-64. 152 

52. Santos TR, Oliveira BA, Ocarino JM, Holt KG, Fonseca ST. Effectiveness of hip muscle 153 

strengthening in patellofemoral pain syndrome patients: a systematic review. Braz J 154 

Phys Ther. 2015:0. 155 

53. Selfe J, Callaghan M, Witvrouw E, et al. Targeted interventions for patellofemoral pain 156 

syndrome (TIPPS): classification of clinical subgroups. BMJ Open. 2013;3(9):e003795. 157 

54. Selfe J, Janssen J, Callaghan M, et al. Are there three main subgroups within the 158 

patellofemoral pain population? A detailed characterisation study of 127 patients to 159 

help develop targeted intervention (TIPPs). Br J Sports Med. 2016;50(14):873-880. 160 

55. Sheppard JM, Triplett NT. Program Design for Resistance Training. . In: Haff GG, 161 

Triplett NT, eds. Essentials of Strength Training and Conditioning. Vol Sheppard, J. M. 162 

and N. T. Triplett (2016). . G. G. Haff and N. T. Triplett. Champaign, Il, Human Kinetics: 163 

439-470. Canada; 2016. 164 

56. Shields RK, Madhavan S, Gregg E, et al. Neuromuscular control of the knee during a 165 

resisted single-limb squat exercise. Am J Sports Med. 2005;33(10):1520-1526. 166 

57. Smith BE, Hendrick P, Bateman M, et al. A loaded self-managed exercise programme 167 

for patellofemoral pain: a mixed methods feasibility study. BMC Musculoskelet Disord. 168 

2019;20(1):129. 169 

58. Souza RB, Powers CM. Predictors of hip internal rotation during running: an evaluation 170 

of hip strength and femoral structure in women with and without patellofemoral pain. 171 

Am J Sports Med. 2009;37(3):579-587. 172 

59. Stathopulu E, Baildam E. Anterior knee pain: a long-term follow-up. Rheumatology 173 

(Oxford). 2003;42(2):380-382. 174 

60. Straszek CL, Rathleff MS, Graven-Nielsen T, Petersen KK, Roos EM, Holden S. Exercise-175 

induced hypoalgesia in young adult females with long-standing patellofemoral pain - 176 

A randomized crossover study. Eur J Pain. 2019;23(10):1780-1789. 177 

61. Suchomel TJ, Nimphius S, Bellon CR, Stone MH. The Importance of Muscular Strength: 178 

Training Considerations. Sports Med. 2018;48(4):765-785. 179 



 

23 

 

62. Thomas C, Comfort P, Dos'Santos T, Jones PA. Determining Bilateral Strength 180 

Imbalances in Youth Basketball Athletes. Int J Sports Med. 2017;38(9):683-690. 181 

63. Thomson C, Krouwel O, Kuisma R, Hebron C. The outcome of hip exercise in 182 

patellofemoral pain: A systematic review. Man Ther. 2016;26:1-30. 183 

64. Van Tiggelen D, Witvrouw E, Coorevits P, Croisier J, Roget P. Analysis of isokinetic 184 

parameters in the development of anterior knee pain syndrome: a prospective study 185 

in a military setting. Isokinet Exerc Sci. 2004;12(4):223-228. 186 

65. Watson CJ, Propps M, Ratner J, Zeigler DL, Horton P, Smith SS. Reliability and 187 

responsiveness of the lower extremity functional scale and the anterior knee pain 188 

scale in patients with anterior knee pain. J Orthop Sports Phys Ther. 2005;35(3):136-189 

146. 190 

66. Williams DSB, Welch LM. Male and female runners demonstrate different sagittal 191 

plane mechanics as a function of static hamstring flexibility. Braz J Phys Ther. 2015. 192 

67. Willy RW, Davis IS. The effect of a hip-strengthening program on mechanics during 193 

running and during a single-leg squat. J Orthop Sports Phys Ther. 2011;41(9):625-632. 194 

68. Witvrouw E, Danneels L, Van Tiggelen D, Willems TM, Cambier D. Open versus closed 195 

kinetic chain exercises in patellofemoral pain: a 5-year prospective randomized study. 196 

Am J Sports Med. 2004;32(5):1122-1130. 197 

69. Yosmaoglu HB, Selfe J, Sonmezer E, et al. Targeted Treatment Protocol in 198 

Patellofemoral Pain: Does Treatment Designed According to Subgroups Improve 199 

Clinical Outcomes in Patients Unresponsive to Multimodal Treatment? Sports Health. 200 

2019:1941738119883272. 201 

 202 


