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Summary (English) 

Introduction: International consensus based on current evidence advocate the use of resistance 
training for the lower extremities for the treatment of patients with patellofemoral pain (PFP). 
But direct comparisons of exercise modalities are few, sample sizes are small, and intervention- 
and follow-up periods have been short. Collectively, this challenges the choice of the most 
effective treatment for the patient group. Moreover, the PFP population is very heterogenous and 
a ‘one-size-fits-all’ approach presumably is not optimal. We need to identify patient 
characteristics that can predict a superior outcome from one specific treatment over the other. 
One of these potential characteristics is functional alignment of the knee. However, the 
reproducibility of assessing functional knee alignment in patients with PFP in the clinic has not 
been established. 
Purpose: The primary purpose of this PhD project was to investigate the comparable 
effectiveness of two commonly prescribed exercise protocols on symptoms and physical function 
for patients with PFP. Further, we aimed to assess which patient characteristics that predict a 
better outcome of one of the exercise protocols over the other. As a final purpose, we wanted to 
investigate the intra- and interrater agreement for visual assessments of knee alignment during a 
single-leg squat (SLS) and a forward lunge (FL).  
Methods: To address the purposes set above, three studies were completed. First, a randomized 
clinical equivalence trial exploring the comparable effectiveness of a hip focused vs a quadriceps 
focused exercise program was conducted (Study 1). Secondly, a post-hoc analysis exploring the 
interaction between certain pre-specified patient characteristics and group allocation was 
performed (Study 2). Finally, we conducted a cross-sectional agreement study to establish the 
reproducibility of visual assessments of knee alignment (Study 3).  
 In Study 1, we included 200 participants diagnosed with PFP. They were randomly 
allocated to either quadriceps focused exercises (QE), including squat, lunge, and knee extension 
or hip muscle focused exercises (HE), including hip abductions, clam-shell, and hip extensions. 
Upon an instructional consultation, participants did their exercises three times per week at home 
with monthly clinical visits at the clinic. The primary outcome was change from baseline in the 
Anterior Knee Pain Scale (AKPS) at week 12. Secondary outcomes included change in the Knee 
injury and Osteoarthritis Outcome Score (KOOS), isometric muscle strength, Dynamic 
Assessment of Pain (DAP), Pain Self-Efficacy Questionnaire, the 3-level version of EuroQoL 5 
dimensions (EQ-5D-3L) Questionnaire, and The Transition Questionnaire of global perceived 
effect on overall health, pain, and function at week 12. Change from baseline in questionnaire 
data was re-assessed at week 26.  
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 In Study 2, we performed a post-hoc analysis on the population from the main trial. 
Primary outcome was the AKPS at week 12, and the candidate baseline characteristics 
encompassed a range of self-reported information as well as clinical observations. The analyses 
focused on the interaction between presence/absence of the patient characteristics and group 
allocation (QE vs. HE) at each time point (week 12 and 26). 
 In Study 3, we included the first 60 participants from the main study. A video was 
recorded using a tablet from an anterior view of participants performing the SLS and FL. The 
investigator scored the movement as observed clinically according to preset criteria (valgus, 
varus, or no malalignment). At least one week later, the investigator did another scoring based on 
the recorded video and another investigator repeated the scoring independently. Cohen’s 
weighted kappa statistics was used to assess the intra- and interrater agreement. 
Findings: We included 200 participants for Study 1 and 2 (mean age 27.2 years, SD 6.4); 60 of 
these were included for Study 3. Mean changes in AKPS questionnaire score from baseline to 
week 12 were 7.5 (SE ±0.8) for QE and 7.2 (SE ±0.8) for HE. The 95% CI of the group 
difference in change in AKPS questionnaire from baseline to week 12 was within the predefined 
equivalence margin of±8 points; p<0.0001 for equivalence. The key secondary outcomes were 
all within the predefined criteria for equivalence. Further, we found a significant subgroup 
difference at week 12 in favor of QE among participants with pain catastrophizing at baseline 
compared to those without pain catastrophizing (subgroup difference 8.3 AKPS points (95% CI 
1.6 to 15.0; p=0.016). At 26 weeks, participants with a baseline BMI ≥25 m/kg2 benefitted from 
QE compared to those with BMI <25 m/kg2 with a subgroup difference of 11.1 AKPS points 
(95% CI 4.8 to 17.4; p=0.001). In contrast, participants with severe baseline knee pain seemed to 
benefit from HE when compared to those with mild-moderate baseline knee pain with a 
subgroup difference of -9.1 AKPS points (95% CI -15.7 to -2.6; p=0.006). Lastly, we found that 
Kappa values for the intrarater agreement when visually assessing dynamic knee alignment 
ranged from 0.58 to 0.70, i.e., moderate to good agreement, whereas the interrater agreement 
ranged from 0.22 (p=0.08) to 0.50 (p<0.0001), i.e., fair to moderate agreement. 
Conclusion: We found that an exercise program that focused on either quadriceps or hip 
muscles provided equivalent improvements in symptoms and function in the short (12 weeks) 
and medium term (26 weeks). Further, we found that participants with pain catastrophizing or a 
high BMI benefitted more from quadriceps exercises than from hip exercises, whereas hip 
exercises were better for patients with more severe knee pain at baseline. Lastly, we found 
moderate to good intrarater agreement visually assessing dynamic knee alignment during SLS 
and FL, whereas the interrater agreement ranged from fair to moderate.  
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Resumé (Dansk) 

Introduktion: I international forskning er der konsensus om og evidens for at anbefale
styrketræning til underekstremiteterne til behandling af patienter med patellofemorale smerter 
(PFP). Dog har kun få studier sammenlignet forskellige træningsmodaliteter, sample sizes har 
generelt været små og interventions- og follow-up-perioder har været korte. Dette gør det 
udfordrende at vælge den mest effektive behandling til patientgruppen. Desuden er PFP-
populationen meget heterogen, hvorfor en 'one-size-fits-all' tilgang formodentlig ikke er optimal. 
Vi er derfor nødt til at identificere patientkarakteristika, der kan forudsige et bedre resultat af den 
ene behandling frem for den anden. En af disse potentielle patientkarakteristika er dynamisk 
alignment af knæet. Reproducerbarheden af at vurdere knæalignment hos patienter med PFP i 
klinikken er dog ikke blevet undersøgt. 
Formål: Det primære formål med dette ph.d.-projekt var at sammenligne effekten af to ofte 
anvendte træningsprotokoller målt på symptomer og fysisk funktion hos patienter med PFP. 
Herudover ville vi undersøge, hvilke patientkarakteristika der kunne forudsige et bedre resultat 
af den ene slags træning frem for den anden. Som et sidste formål ønskede vi at undersøge intra- 
og interterrater agreement når terapeuter vurderer dynamisk knæalignment under en etbenssquat 
(SLS) og en lunge (FL). 
Metoder: For at undersøge formålene angivet ovenfor blev tre forskningsstudier gennemført. Vi 
udførte et randomiseret klinisk ækvivalensstudie, der undersøgte effekten af et hoftefokuseret 
versus et quadricepsfokuseret træningsprogram (Studie 1). Herudover lavede vi en post-hoc-
analyse, der undersøgte interaktionen mellem de præspecificerede patientkarakteristika og 
interventionsgruppe (Studie 2). Endelig gennemførte vi en tværsnitsundersøgelse for at fastslå 
reproducerbarheden af visuel vurdering af dynamisk knæalignment (Studie 3). 
 I Studie 1 inkluderede vi 200 deltagere diagnosticeret med PFP. De blev tilfældigt 
allokeret til enten quadriceps øvelser (QE), inklusive squat, lunge og knæstræk eller hofteøvelser 
(HE), inklusive hofteabduktioner, muslingeøvelsen og hofteekstensioner. Efter en instruktion 
lavede deltagerne deres øvelser tre gange om ugen derhjemme med månedlige kontrolbesøg i 
klinikken. Det primære effektmål var ændring fra baseline i Anterior Knee Pain Scale (AKPS) 
ved uge 12. Sekundære effektmål var ændring i Knee injury and Osteoarthritis Outcome Score 
(KOOS), isometrisk muskelstyrke, Dynamic Assessment of Pain (DAP), Pain Self-Efficacy 
spørgeskema, EuroQoL 5 dimensions (EQ-5D-3L) spørgeskema og Transition Questionnaire of 
global perceived effect on overall health, pain, and function ved uge 12. Ændring fra baseline i 
spørgeskemaundersøgelserne blev revurderet i uge 26. 
 I Studie 2 udførte vi en post-hoc analyse af populationen fra hovedstudiet. Det primære 
effektmål var AKPS ved uge 12, og patientkarakteristika omfattede en række selvrapporterede 
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oplysninger samt kliniske observationer. Analyserne fokuserede på interaktionen mellem 
tilstedeværelse/fravær af patientkarakteristika og interventionsgruppe (QE vs. HE) ved uge 12 og 
26. 
 I Studie 3 inkluderede vi de første 60 deltagere fra hovedundersøgelsen. Deltagerne 
udførte en SLS og FL, og undersøgeren vurderede og scorede bevægelsen i knæet i henhold til 
fastsatte kriterier (valgus, varus eller ingen fejlstilling). Der blev samtidig optaget en video af 
bevægelserne. Mindst én uge senere lavede undersøgeren en ny vurdering baseret på den 
optagede video, og en anden undersøger gentog vurderingen uafhængigt. Cohens kappa blev 
brugt til at analysere intra- og interrater agreement. 
Resultater: Vi inkluderede 200 deltagere til Studie 1 og 2 (gennemsnitsalder 27,2 år (SD 6,4)); 
60 af disse blev inkluderet i Studie 3. Gennemsnitlige ændringer i AKPS-score fra baseline til 
uge 12 var 7,5 (SE ±0,8) for QE og 7,2 (SE ±0,8) for HE. 95% konfidensintervaller for ændring i 
AKPS-score fra baseline til uge 12 lå inden for den foruddefinerede ækvivalensmargin på ±8 
point; p<0,0001. De sekundære effektmål lå også alle inden for de foruddefinerede kriterier for 
ækvivalens. Ydermere fandt vi en signifikant forskel mellem subgrupper i uge 12 til fordel for 
QE blandt deltagere med smertekatastrofering ved baseline sammenlignet med dem uden 
smertekatastrofering (forskel på 8,3 AKPS-point (95 %CI 1,6 til 15,0; p=0,016). Efter 26 uger 
havde deltagere med en baseline BMI ≥25 m/kg2 fordel af QE sammenlignet med dem med BMI 
<25 m/kg2 med en forskel på 11,1 AKPS-point (95 %CI 4,8 til 17,4; p=0,001). Deltagere med 
svære knæsmerter ved baseline syntes at have gavn af HE sammenlignet med dem med milde til 
moderate knæsmerter med en subgruppe forskel på -9,1 AKPS-point (95 %CI -15,7 til -2,6; 
p=0,006). Endelig fandt vi, at Kappa værdier for intrarater-agreement ved visuel vurdering af 
dynamisk knæalignment varierede fra 0,58 til 0,70 dvs. moderat til god overensstemmelse, 
hvorimod interrater-agreement varierede fra 0,22 (p=0,08) til 0,50 (p<0,0001) dvs. rimelig til 
moderat overensstemmelse. 
Konklusion: Vi fandt ud af, at quadriceps- og hofteøvelser gav ækvivalente forbedringer i 
symptomer og funktion på kort (12 uger) og mellemlang sigt (26 uger). Yderligere fandt vi, at 
deltagere med smertekatastrofering eller et højt BMI havde mere gavn af quadricepsøvelser end 
af hofteøvelser, hvorimod hofteøvelser var bedre for patienter med mere alvorlige knæsmerter 
ved baseline. Endelig fandt vi moderat til god intrarater-agreement ved visuel vurdering af 
dynamisk knæalignment under SLS og FL, hvorimod interrater-agreement varierede fra rimelig 
til moderat. 
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Introduction 

Patellofemoral pain (PFP) is considered one of the most common musculoskeletal disorders (1, 

2). PFP is characterized by significant pain behind or around the patella (kneecap) aggravated by 

squatting, stair climbing, running, and prolonged sitting with the knees bend (3). Patients are 

often young, symptom duration is long, and the impact on activity levels, participation in sports, 

and ultimately quality of life, is substantial (4). The prevalence is high, and the prognosis is 

worse than for other knee disorders (5). This implies high burdens on the individual and on 

society (6, 7). 

 The pathogenesis of PFP is probably multifactorial and not fully understood (8). 

Therefore, treatment is nonspecific and non-curative and mainly aims at relieving pain and 

increasing function (9). Exercise is well documented as a treatment for pain and physical 

impairment in patients with PFP and is recommended as a core element of treatment (10, 11). 

The latest consensus statements recommend inclusion of resistance exercises for the quadriceps 

and hip muscles (10, 11). Traditionally, quadriceps based exercise programs have been 

recognized as cornerstones in PFP rehabilitation (12). It is theorized that patella instability and/or 

maltracking causes the retro- and peripatellar pain (13), and that strength training of the 

quadriceps muscle improves stability and alignment, thereby relieving the pain. The rationale for 

applying hip strengthening is to address the functional stability and alignment of the lower 

extremity (14). Moreover, an analgesic effect of exercising a non-painful limb has been reported 

in chronic pain conditions, whereas exercising the painful limb, e.g., in knee osteoarthritis, is 

associated with hyperalgesia (15, 16). Direct comparisons of exercise protocols are few (11, 17), 

with short intervention follow-up periods, and with insufficient sample sizes (18, 19). Moreover, 

the PFP population is very heterogeneous (9) presumably making "one-size-fits-all"-approaches 

to exercise prescription suboptimal. It is therefore unclear which patients that will benefit most 

from different types of treatment, including quadriceps and hip exercises (20, 21). Collectively, 

this challenges the choice of the most appropriate treatment for the individual patient and may 

also explain the lack of differences in direct comparisons of different exercise types (22). There 

is a need for large high-quality studies of comparative effectiveness of quadriceps and hip 

muscle exercises for PFP and for identification of subgroups that respond differentially to 

different exercise regimens. 
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Aims of the thesis 

The overall aim of this thesis was to compare the effectiveness of a focused Quadriceps Exercise 

program (QE) vs a focused Hip Exercise program (HE) and to identify which patients that can 

expect to gain more from one exercise program than the other. This was addressed in three 

studies with the following individual aims: 

  

1. To assess effectiveness equivalence between QE and HE on symptoms and function in a 

population of PFP-patients (Study 1) 

2. To identify contextual factors that modify the observed treatment effect of the two 

treatments (QE vs. HE) across patient subgroups, i.e., assess whether the treatment effect is 

modified by the value of a variable assessed at baseline (Study 2)  

3. As one of the contextual factors that was planned to be assessed in Study 2 was knee 

alignment during a single leg squat (SLS) and a forward lunge (FL), the third aim was to 

determine the intrarater and interrater agreement of a subjective visual scoring of dynamic 

knee alignment during SLS and FL (Study 3). 

Hypotheses 

1. QE and HE have equivalent effectiveness on self-reported function and symptoms after 12 

weeks of treatment in patients with PFP (Study 1) 

2. One or more baseline characteristic can predict a superior outcome of either QE or HE 

(Study 2) 

3. Visual assessments of dynamic knee joint alignment during a FL and a SLS performed by 

patients with PFP can be done reliably regarding both intrarater and interrater agreement 

(Study 3) 
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Background 

Epidemiology 

More than half of the Danish population experience musculoskeletal pain at a regular basis and 

the number is increasing (23). Each year there are 10 million consultations in general practice 

due to musculoskeletal pain. Overall, this type of pain costs the Danish society DKK 16 billion 

(EUR 2.15 billion) every year (24). PFP is considered one of the most common musculoskeletal 

disorders seen in the clinic of general practitioners and physiotherapists (25, 26). A lifetime 

prevalence as high as 45% among females have been reported (27), and the annual prevalence is 

23% in mixed populations (2). Point prevalence is 7.2% in a general adolescent population and 

16.3% in female only adolescents (2). Incidence rates in military recruits is reported to range 

between 9.7 and 571.4 per 1000 person-years, in amateur runners 1080.5 per 1000 person-years 

and in amateur athletes between 5.1% and 14.9% per season (2). The incidence of PFP during a 

long-distance running race range between 5.9% and 25.6% (28, 29). With regards to gender 

specific differences, females are twice as likely to experience PFP as males (30).  

 Collectively, the data highlight, that PFP is widespread in the population. But variations 

in the reporting of prevalence and incidence is apparent. The reason for this is likely differences 

in populations, definitions, and diagnostic criteria between studies.   

Etiology 

The etiology of PFP is unknown, but PFP is described as nontraumatic in nature and presents 

with pain behind and/or around the kneecap on activities that load the joint such as squatting, 

running, climbing, and descending stairs (3, 31). Traditionally a biomechanical model has been 

applied when describing the causes of PFP. In this model, the disorder is linked to over- or 

misuse of the patellofemoral joint leading to joint stress, pain and even osteoarthritis (OA) (32-

34). Several contributing factors to the pathophysiology of PFP in this model have been 

proposed including knee malalignment (35, 36), patella maltracking (37, 38), imbalances in 

muscle strength and architecture (39, 40), and foot posture (41). The presentation of 

biomechanical deficits in people with PFP is commonly reported with the most reported being a 

larger Q-angle, larger sulcus angle, larger patellar tilt angle, less hip abduction strength, and less 

knee extension strength compared to pain free subjects (42). Theoretically, the maltracking 

increases patellofemoral joint stress, initiating nociceptive firing from the subchondral bone or 

soft tissue (33).  
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 Some suggest that PFP and patellofemoral OA exist along a continuum of disease (32, 

43, 44). No studies, however, have prospectively verified this relationship (32). A retrospective 

case-control study observed that patients under-going arthroplasty for patellofemoral OA were 

more than twice as likely to report having had PFP as an adolescent than patients undergoing 

arthroplasty for isolated tibiofemoral OA (45). In another study including adults aged 40 years 

and older with chronic PFP, radiographic patellofemoral OA was present in 69% of people, and 

was more prevalent than tibiofemoral OA (45%) (46). This infers a relationship that is 

strengthened by the similarities in symptoms and impairments between PFP and patellofemoral 

OA (32). In line with this, studies indicate that the pain of PFP may originate from the 

subchondral bone areas in the joint between the patella and the femur. A study with PET/CT 

using the tracer [18F]sodium fluoride showed increased bone remodeling in the subchondral bone 

structures of the knee joint in people with PFP and a correlation between increasing bone 

remodeling and increasing pain intensity (47). The increased activity in the study was thought to 

occur due to increased mechanical load in the joint possibly related to poor tracking of the 

patella and can be seen as an expression of a healing process and changes which are also seen in 

early OA.  

 Whereas the biomechanics (wear and tear) is one hypothetical theory in the 

development of PFP, another proposed mechanism is pain sensitization. Pain sensitization has 

been defined by the International Association for the Study of Pain as “increased responsiveness 

of nociceptive neurons in the central nervous system” (48). In patients with persistent PFP, local 

and widespread sensitization has been reported, indicating altered pain processing (49-52). 

Widespread sensitization is common in other knee disorders such as knee OA with spreading of 

pain beyond the local painful area (53). It has been proposed that tissue stress can lead to 

sensitization of peripheral nociceptors (54), hence increasing pain. But pain can persist even 

when patients modify or reduce physical activity (5). Therefore, the phenomenon may not be 

driven nor maintained entirely by load. Characteristics such as catastrophizing thoughts, fear-of-

movement and pain self-efficacy have been associated with pain and disability and recognized as 

barriers to recovery (55). A psychologically informed intervention targeting pain-related fear and 

pain catastrophizing, did not, however, induce any significant group difference compared to a 

control intervention in a recently conducted randomized controlled trial (RCT) (56). And in a 

mediation analysis of the plausible mechanisms of the treatment effect of exercises, changes in 

anxiety, kinesiophobia, or pain catastrophizing did not mediate the effect of a training 

intervention (57). Like with the biomechanical paradigm, methodological limitations make it 

challenging to causally link psychological features with the etiology of PFP. The evidence is 
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based on cross sectional and retrospective analyses and any causal relationship with the 

development of PFP has not been established (42). Pain catastrophizing, fear-avoidance beliefs, 

and pain self-efficacy are considered clinically important, and it is emphasized that researchers 

should prioritize investigating the psychological features of PFP in the future (58).  

Assessment 

As described, the etiology of PFP is considered multifactorial but largely unknown and the 

diagnosis is made on a “diagnosis by exclusion” basis in the absence of other identifiable 

pathology such as meniscal injury, tendinopathy, bursitis or apophysitis (3, 59, 60). Therefore, 

the accuracy of clinical and functional tests for diagnosing PFP is low (59). A systematic review 

concluded that the presence of pain during a squatting test is most accurate in diagnosing PFP, 

although it could not be considered sufficient as a basis for PFP diagnosis (59). Combinations of 

functional assessment tests including e.g., pain during muscle contraction, pain during squatting, 

and pain during palpation yielded no better diagnostic value for PFPS than did the squat test per 

se (61). Methodological limitations make it difficult to draw any decisive conclusions on which 

diagnostic tests are the best, including insufficient blinding, assessing healthy participants vs. 

PFP patients, and lack of a solid gold standard as a reference test (60). 

  In the clinic a thorough history taking is recommended. Patients typically present with 

insidious onset of pain unrelated to trauma and with gradual progression of pain (3). Patients 

describe pain behind or around the patella, often provoked by activities that stress the 

patellofemoral joint, such as stairclimbing, squatting, kneeling, and prolonged sitting with knee 

flexed (31). Further, a clinical exam including visual assessment of alignment and movement 

quality will highlight any biomechanical variations or altered neuromuscular function. Kinematic 

alterations like knee valgus, pelvic drop, femoral anteversion, and high Q-angle has been linked 

to PFP (31, 38, 62, 63) but are not independent risk factors (64). The step-down test, single leg 

squat, and forward lunge tests are methods that can be reliably used in the biomechanical 

examination (65, 66). However, most evaluations have been performed using time consuming 

and sophisticated assessment equipment, e.g., 2- or 3-Dimensional motion capture systems (67, 

68). Therapists rely on visual assessments in the clinic as they often do not have access to the 

equipment or time required for complex biomechanical analysis. Most studies have included 

only pain free participants (69, 70), and therefore the reliability of visual assessment of knee 

alignment in PFP patients in the clinic is unclear.  

 As stated in the ‘Etiology’ section psychological factors related to patients’ cognitive 

appraisal of their pain experience may play a role in the development and persistence of PFP. As 
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in other pain disorders fear of pain and pain anxiety may lead to avoidance behaviors, which can 

result in disuse, disability, and depression (58). Change in fear-avoidance beliefs has been 

reported to predict function and pain outcomes in PFP (71). It is therefore recommended that 

clinicians consider pain catastrophizing, pain self-efficacy, and fear-avoidance beliefs when 

undertaking a clinical examination (58). Further, pain sensitization should be considered and 

examined. Clinically a variety of diagnostic markers are used for the assessment of pain 

sensitization including questionnaires, simple sensory testing, and mapping of areas with sensory 

abnormalities (72). 

Treatment 

Like for other chronic musculoskeletal pain conditions, there are many different treatment 

modalities proposed to be beneficial for patients with PFP. These include patellar taping (73), 

dry needling (74), photobiomodulation (75), whole-body vibration (76), and diacutaneous 

fibrolysis (77), just to mention a few. The many proposed modalities have limited effect and 

reflect that the underlying causes of PFP are unknown (3). It has been repeatedly emphasized 

that active rehabilitation comprising strengthening exercises for the hip, the knee or both the hip 

and knee should be the cornerstone of treatment, best combined with education in pain and 

guidance on how to manage pain without stopping exercise (10, 78, 79). A wait-and-see 

approach is not considered appropriate, and therefore people with PFP should be referred for 

active rehabilitation or combined interventions, i.e., exercise plus another intervention (80). 

  Studies including direct comparisons of the separate exercise protocols are few and 

intervention durations and follow-up periods have been short (17, 19, 80-84). Whereas some 

potential benefits of exercise may be acute, e.g., exercise induced pain relief (85), others will 

likely need longer time to arise. Muscle hypertrophy and structural adaptations of soft tissue are 

usually minimal during the first 4 weeks of a resistance training program (86), implying that 

short term rehabilitation periods may not be sufficient to benefit fully from training. Concerning 

the follow-up periods, there is a dearth of high-quality exercise therapy trials beyond a short-

term follow up which highlights the disparity between reported symptom persistence and follow 

up duration (80). Collectively, this challenges the choice of the most appropriate treatment and 

may also explain the variation in effect in clinical practice (13). 

Quadriceps focused exercises 

Quadriceps based exercise programs have been recognized as cornerstones in PFP rehabilitation 

(12), but the mechanisms by which quadriceps exercises affect pain and function are not clear. 
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Patients with PFP demonstrate less knee extensor strength than controls (87, 88), and it is 

theorized that patella instability and/or maltracking causes the retro- and peripatellar pain (13). 

In the biological model, a focus is on the biomechanical changes induced by exercises, i.e., 

increasing muscle strength, altering neuromuscular function, increasing flexibility, improving 

stability, optimizing alignment etc. (57, 89). Strength training of the quadriceps muscle 

proposedly improves knee stability and alignment, thereby relieving the pain (13). Another 

proposed mechanism of the effect of exercises for PFP is the analgesic effect. It is well known 

that exercise produces analgesic effects in chronic pain patients through numerous 

biopsychosocial mechanisms (85, 90). However, exercising painful joints have also been 

reported to have the opposite effect in chronic pain (91, 92). 

Hip focused exercise 

There is growing evidence that impaired hip muscle strength and function is associated with PFP 

(93, 94). This often is observed as excessive hip adduction and/or internal rotation during 

activities such as running and stair climbing (95, 96) .The rationale for applying hip 

strengthening is that the patellofemoral joint may be stressed by the excessive dynamic valgus 

and medial femoral rotation during weight bearing activities caused by poor hip joint control due 

to muscle weakness (97, 98). Therefore, strengthening the hip abductors and external rotators 

potentially modifies the biomechanics and may be beneficial in the rehabilitation process. An 

increasing quantity of literature supports the implementation of hip strengthening exercises in the 

rehabilitation process (81, 99-101).  

 Another proposed mechanism concerns the analgetic effect of exercising a distant non‐

painful joint that may be associated with exercise induced hypoalgesia. In patients with knee 

OA, exercising a distant body region induced decreased pain sensitivity, whereas exercising the 

knees did not (15, 16).  

Treatment effect modifiers 

It can be hypothesized that certain patient characteristics may predict outcome success of either a 

hip training program or a training program that focus on quadriceps training, but this remains to 

be shown. Identifying subgroups of individuals who may benefit more from one treatment than 

the other and potential treatment effect modifiers is an important goal in health research (102, 

103). Whereas a treatment might be effective for some, it may be ineffective or even harmful for 

others. Therefore, increased focus has been put on modifiers of treatment effect on outcome in 

clinical trials. Hereby, individual differences between patients can be acknowledged and may 
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inform identification of subgroups who are likely to benefit from one type of treatment over the 

other (104). 

 The PFP population is described as very heterogenous in terms of e.g., age, activity 

level, biomechanical and psychosocial factors, and symptoms (3, 105, 106). Substantial efforts 

have been made to identify which patients or patient characteristics that predict outcome in 

conservative PFP management (6, 20, 107). Several factors have been linked to a poor outcome 

with longer duration of symptoms, older age, lower function, bilateral symptoms, and number of 

pain sites at baseline being the most reported (20, 21, 108-111). However, although prognostic 

factors help predict the likelihood of an outcome within a certain time period, they cannot predict 

which specific treatment is the best (20, 112). There is a paucity of literature on effect modifiers 

and therefore, adequately designed randomized trials are needed. 

Outcome assessment tools 

When evaluating the treatment response in patients with PFP, valid, reliable, responsive, and 

specific assessment tools are of outmost importance – both for the clinician to effectively 

monitor treatment response and for the researcher. Several outcome measures have been used in 

clinical trials of interventions for patellofemoral pain, but since PFP is a nonspecific pain 

disorder with no signs of tissue specific abnormalities, no objective measure is appropriate. 

Therefore outcomes are most often evaluated by patient reported outcome measures (PROMs) 

that address function, pain and disability (113). PROMs are essential for evaluating treatment 

impact of many conditions including pain syndromes (114), but there are limitations and biases 

one needs to be aware of. PROMs may be affected by mood, expectations, time, and interactions 

with the therapist. Further, patients often tend to overestimate the benefits of a treatment (115).  

  As pain is one of the main features of PFP, several trials have used a pain scale to 

assess outcome, e.g., a visual analog scale (VAS), numeric rating scale (NRS), or a verbal rating 

scale (VRS). Furthermore, several PROMs have been developed to assess the level of symptoms 

and disability of persons affected by knee pain (116) and specifically for PFP (117, 118). Lastly, 

measures of global ratings of improvement, participant satisfaction, physical activity level, and 

clinical evaluation have also been frequently used in PFP trials (116). Several secondary 

outcomes measuring physiologic and psychologic aspects not directly related to PFP, e.g., 

muscle strength, mobility, knee alignment, and pain self-efficacy, are also frequently used and 

give additional information on the effects and characteristics of the disorder (8). 

 The Anterior Knee Pain Scale (AKPS) and VAS for usual or worst pain are found to be 

the most reliable, valid, and responsive and are therefore recommended for clinical trials in PFP 
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and clinical practice (113). The AKPS is a 13-item self-report questionnaire that documents 

response to 6 activities (walking, running, jumping, climbing stairs, squatting, and sitting for 

prolonged periods with knees bent), as well as symptoms such as limp, inability to weight bear, 

swelling, abnormal patellar movement, muscle atrophy, and limitations in knee flexion. The 

questionnaire ranges from 0 (delineating the worst function and symptoms) to 100 (full function 

and no symptoms) (117). The minimal clinical important difference (MCID) is reported to range 

from 8 to 19 points in patients with PFP (113, 116). The minimal MCID for VAS for usual pain 

is established at 1.5 to 2 cm and at 2 cm for the VAS for worst pain (113). Besides the AKPS, 

The Knee injury and Osteoarthritis Outcome Score (KOOS) is commonly used in PFP trials, but 

it was originally intended to be used for knee injury that can result in post-traumatic OA, i.e., 

anterior cruciate ligament injury, meniscus injury, chondral injury, etc. (119). 

 Different modalities of transition ratings or Global Rating of Change Scores (GRoC) are 

frequently used for the measure of improvements in a patient's condition. The participants are 

asked at follow-up to compare their current state with the state at baseline. This approach has 

limitations regarding recall bias and poor reliability over time, and fluctuation in results from 

week to week is a well-known downside (120). 
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Methods 

The studies included in this thesis embrace different scientific designs and methods. Study 1 was 

the main study (an RCT) and Study 2 and 3 were sub studies. In the following, the design and 

methods of the individual studies are presented. A flowchart of the studies and included 

participants in the three studies is provided in figure 1.  

 
Figure 1. Flowchart depicting the inclusion and exclusion rates with reasons for the three studies in the PhD thesis 

 

 

 

Assessed for eligibility (n=288) 

Excluded (n=88) 
i   Not meeting inclusion criteria (n=67) 
i   Declined to participate (n=20) 
i   Other reasons (n=1) 

Included in intention-to-treat analysis (n=100) 
Included in the per-protocol analysis (n=75) 
Included in the safety analysis (n=98) 

Quadriceps exercises (QE) 
Allocated to intervention (n=100) 
i Received allocated intervention (n=98) 
i Did not receive allocated intervention (n=2) 

Lost to follow-up (n=2)  
i Unable to contact (2) 
Discontinued intervention (n=9)  

i Lost motivation (3) 
i Illness in the family (1) 
i Personal reasons (2) 
i Other illness (3) 
 
 

Hip exercises (HE) 
Allocated to intervention (n=100) 
i Received allocated intervention (n=99) 
i Did not receive allocated intervention (n=1) 

Included in intention-to-treat analysis (n=100) 
Included in the per-protocol analysis (n=80) 
Included in the safety analysis (n=99) 
 

Allocation 

Randomized (study 1 
and 2) (n=200) 

Enrollment 

Lost to follow-up (n=14) 
i Unable to contact (14) 
 
 

Lost to follow-up (n=11) 
i Unable to contact (11) 
 
 

26 weeks follow-up 
 

Analysis 

Lost to follow-up (n=7) 
i Unable to contact (7) 
Discontinued intervention (n=5)  

i Lost motivation (4) 
i Illness in the family (1) 
 
 

12 weeks follow-up 

Included in 
agreement study 
(study 3) (n=60) 
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Design 

The RCT design is considered the gold standard for clinical trials and allows for valid 

conclusions on effect differences when conducted in accordance with acknowledged guidelines 

(121). In Study 1, we intended to compare two groups of patients performing two different 

exercise programs. The RCT design provides the most precise and valid data and was therefore 

chosen for the main study. Further, we used an equivalence framework as 1) our hypothesis was, 

that the two treatments (QE and HE) were equal in effectiveness, 2) it allowed for a more clinical 

applicable interpretation of the difference between treatments, and 3) it increased precision of the 

estimated differences. Equivalence is quantified by applying a tolerance margin often related to a 

clinically meaningful difference. If the mean difference and both ends of the 95% confidence 

interval of two groups fall within the tolerance range, the interventions are considered 

equivalent. Whereas a superiority trial is designed to detect a difference between treatments, the 

equivalence trial is designed to show that two treatments are not different in characteristics 

defined in a clinical manner (122). Further, it is possible to claim superiority with an equivalence 

design, but you can only rarely claim equivalence from a superiority design, primarily because of 

smaller sample sizes and wider confidence intervals (123). In PFP research, clinical trials are few 

and sample sizes often small, and therefore claims of superiority or no effect may not always be 

correctly interpreted. The equivalence design allowed us to draw reliable conclusions regarding 

the comparative effectiveness of the interventions and increases the precision of the estimated 

group differences. 

 A description of the research designs used for each individual study is provided in the 

following: 

Study 1 

Study 1 was a single center, randomized, parallel-group, 26 weeks (6 months), equivalence trial 

comparing a 12-weeks focused QE protocol and a 12-weeks focused HE protocol with a primary 

endpoint at 12 weeks (after treatment) and a follow-up at 26 weeks. The trial was conducted in 

patients with PFP. The trial design is illustrated in figure 2.  

 An equivalence threshold for the primary outcome, the AKPS, were set to ±8 points, 

which is the established MCID for the PROM (113). That means that equivalence could be 

claimed if the observed difference in AKPS and its 95% CI fall inside the interval of clinical 

equivalence (±8 AKPS points).   

 
 



 22 

Figure 2. An illustration of the trial design for the main study (Study 1) 

 

Study 2 

Randomized clinical trials provide evidence on the average effect of an intervention across the 

range of participants. However, it relies on the assumption that the effect of the intervention is 

consistent across all the participants in a trial. Stratified medicine refers to the division of a 

patient population into distinct subgroups based on particular characteristics. The PFP population 

is very heterogeneous and "one-size-fits-all"-approaches presumably are sub-optimal because the 

heterogeneity is ignored.  

 Study 2 was a secondary analysis of Study 1, exploring potential patient characteristics 

that predict differential responses to the two exercise programs (QE vs. HE) on self-reported pain 

and physical function. The analyses were based on assumptions that treatment effects vary 

according to an interaction between group allocation and certain baseline patient characteristics 

that can be defined dichotomously as present/absent. Continuous data was dichotomized when a 

reasonable and clinically applicable threshold could be set. 

Study 3 

This study was a cross-sectional study aiming to assess the inter- and intrarater agreement of 

visually assessing dynamic knee joint alignment during a single leg squat (SLS) and a forward 

lunge (FL). The population was a subset of the RCT study (Study 1) selected before 
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randomization. Dynamic knee alignment was included as a potential patient characteristic 

associated with treatment response (Study 2), and therefore we wanted to establish the 

consistency of the measurement process.  

 Reliability and agreement both refer to the issue of reproducibility of measures. 

Reliability assesses whether a test can differentiate between participants when measured twice 

under the same conditions, i.e., measurement variability. Agreement is the capacity of a 

measurement tool applied twice on the same population under the same conditions to provide 

strictly identical results, i.e., the measurement error in repeated measurements (124). Since 

therapists use visual assessments of lower extremity alignment in the clinic and in research, it is 

therefore relevant to examine the extent to which therapists can reproduce assessments and 

thereby trust their measures. It was out of the scope of this study to assess the reliability or the 

clinical validity as it would require repeated testing sessions and comparisons with advanced and 

expensive equipment. 

Randomization technique, allocation concealment and blinding 

Randomization technique describes the method of dividing the study sample into comparable 

groups, in order to balance the effect of confounders and to avoid systematic differences between 

treatment groups (125). Allocation concealment is defined as “A technique used to prevent 

selection bias by concealing the allocation sequence from those assigning participants to 

intervention groups, until the moment of assignment. Allocation concealment prevents 

researchers from (unconsciously or otherwise) influencing which participants are assigned to a 

given intervention group” (126).  

 Blinding or masking is essential for the internal validity of RCTs. It is intended to limit 

the occurrence of conscious or unconscious bias in the conduct and interpretation of a clinical 

trial. Potential biases can be the influence which the knowledge of treatment may have on the 

recruitment and allocation of subjects, their subsequent care, the attitudes of subjects to the 

treatments, the assessment of endpoints, the handling of withdrawals, the exclusion of data from 

analysis, and so on.  

 In the following, randomization, allocation concealment and blinding methods are 

described for the individual studies: 

Study 1 and 2 

In Study 1, the study director (MH) was responsible for preparation of the randomized group 

allocation list. Eligible participants were randomly assigned to one of the two groups (QE or HE) 
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in permuted blocks of 4 and 6 according to a computer-generated list of random numbers. The 

block randomization was chosen to ensure a balance in sample size across groups (125, 127, 

128). The randomization was equal, meaning that 100 participants were randomly assigned to 

each group. Prior to the study initiation, a folder containing 200 envelopes was created and each 

envelope contained a piece of paper with the randomization written on it representing the group 

allocation (i.e., “QE”, or “HE”). The order of the envelope content matched the randomization 

list. It was ensured that the envelopes were closed and opaque. The folders were stored in a 

locked locker in the principal investigator’s (RH) office. Duplicates of the randomization list and 

envelopes were stored under lock in the Department of Physical and Occupational Therapy and 

delivered sequentially to the study physiotherapist at randomization. After inclusion of a 

participant, collection of signed informed consent from the participant, and completed baseline 

measurements, the clinical staff allocated participants according to the randomization list.  

  In the main RCT, the investigators, study coordinators, and the outcome assessor were 

blinded to allocation, and participants were requested not to disclose allocation during clinical 

assessments. Participants and staff involved in the exercise delivery were not blinded to the 

group allocation. Information that could potentially unblind otherwise blinded staff was not 

shared and was stored in facilities with limited access until the study was completed.  

Study 3 

The agreement study was a cross-sectional study, and the participants were sequentially asked to 

participate upon agreement to participation in the main RCT (Study 1). The first sixty individuals 

with PFP who were included in the RCT accepted the invitation to participate in the agreement 

study which minimizes the potential risk of selection bias. 

 The re-assessments (intra-rater assessment) were performed after a minimum of one 

week, so that any recall bias would be minimized. The mean time from baseline to re-evaluation 

was 29.1 days (SD 14.8). The visual analysis of the video recordings by the two raters (inter-

rater assessment) was performed separately and without any interaction as recommended (129). 

Ratings from the two raters were saved on separate external hard drives and stored in facilities 

with limited access until the data collection was completed.  

Participants and settings 

The sample to be studied must be appropriate to the hypothesis being tested so that any results 

are appropriately generalizable (external validity). Patellofemoral pain patients are a 

heterogenous group consisting of both elite athletes, recreational exercisers, and sedentary 
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individuals (27), and hence it is important to set inclusion and exclusion criteria defining target 

populations that are appropriate to the research hypothesis.  

 Participants were recruited from the Institute of Sports Medicine Copenhagen (ISMC), 

Bispebjerg-Frederiksberg Hospital, Copenhagen, Denmark. Patients were eligible to participate 

in the study if they were diagnosed with PFP, if their symptom onset were insidious, and if the 

average pain during daily living exceeded 2 on a verbal 0-10 rating scale. Exclusion criteria 

included suffering from other knee disorders. A full description of in- and exclusion criteria is 

provided in the study protocol (Appendix 1) 

 The setting for the rehabilitation is another issue that concerns the generalization of the 

results. In the RCT, the setting resembled a typical rehabilitation in a Danish outpatient clinic, 

where patients most often do home based exercises and have weekly or monthly supervision 

visits at the clinic. 

Sample size and power 

Study 1 and 2 

The sample size was calculated to test the equivalence of the QE and HE programs in the 

assessment of change in the AKPS questionnaire. With 77 participants per group, the study had 

90% power and a significance level of 5% with the following assumptions: The expected group 

difference in mean changes from baseline was 0, the common standard deviation was 15 (0-100 

scale), and the delta (equivalence margin) was 8 units (0-100 scale) corresponding to the 

suggested minimum clinically relevant difference. With an expected drop-out of 20% during the 

study we randomized and allocated 200 participants (100 to each group). We had no 

presumptions about the multiple group*predictor interactions that we pre-specified to explore in 

Study 2. However, we believed that the conservatively set sample size had sufficient power to 

reliably detect candidate characteristics that associate with a differential treatment response. 

Study 3 

In the agreement study we aimed to include 60 participants, which gave 80% power to detect a 

kappa-coefficient of at least 0.5 that is statistically significantly different from 0. This 

corresponds to a moderate agreement. 
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Interventions and procedures 

Study 1 and 2 

The two exercise interventions to be compared was a quadriceps focused and a hip-muscles 

focused resistance program. Both the hip and knee focused exercise programs were inspired by 

previous research (130) and followed recommended prescribing guidelines (131, 132). The 

duration of the exercise intervention was 12 weeks including three weekly exercise sessions 

consisting of three exercises (each with three sets of 8-12 repetitions). At least 48 hours of 

restitution was recommended between training sessions. The programs were home-based and 

transferable to a clinical setting in which it is not possible to monitor the patients on a daily or 

weekly basis. A monthly follow-up by a physiotherapist (clinical visit) with adjustment of 

technique and intensity was scheduled. The physiotherapists involved in instructing the patients 

(n=5) were all experienced in treating patients with PFP. They were instructed to communicate 

in the same vein, and training sessions were held in the planning stage to ensure a homogeneous 

communication and practice. 

 At the first clinical visit (after allocation), the participants were introduced to the 

exercises by the physiotherapist according to the allocation. The aim of the instruction was that 

the participant was able to do one set of each exercise with satisfying quality (i.e., full range of 

motion and without any compensatory movements throughout the entire set). The last repetitions 

should be difficult to perform while still allowing the participant to maintain high quality of 

movement. Participants were instructed to perform the exercises at a moderate velocity, i.e., 1-2 

seconds in the concentric movement and 1-2 seconds in the eccentric movement. The load was 

set at 60-70% of 1 repetition maximum (RM), i.e., 8-12 repetitions. The recommended volume 

was 3 sets with 1½ - 2 minutes rest between sets (132). The use of elastic bands, free weights, 

and body weight as exercise resistance makes it impossible to estimate the exact RM. Therefore, 

participants were instructed to approximate fatigue within 8-12 repetitions in each set. An 

increase in resistance was recommended when the participant was able to perform 2 repetitions 

more than the desired number (i.e., 14 or more) (132) with satisfying quality. Key parameters of 

the two exercise programs are summarized in table 1. Detailed descriptions of the individual 

exercises of the two programs are summarized in Appendix 2. 
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Table 1. Key parameters of the exercise programs 

 

Information leaflet 

All participants received the information leaflet “Managing my patellofemoral pain” (Danish 

title: “Håndtering af mine forreste knæsmerter”). The leaflet is targeted patients and written in an 

easy read language. It contained general information about causes and management of PFP. The 

leaflet is appended in Appendix 3 (Danish version).  

Concomitant treatments 

Other exercise programs/regimes than the one the participants were allocated to, were not 

allowed to be initiated during the main trial phase (week 1-12). Other non-pharmacological 

treatments were allowed. The usage of such other treatments/therapies was recorded. Habitual 

use of pharmacological therapies was allowed and was recorded. Any new pharmacological 

therapies or changes in ongoing therapies were recorded. 

Post-intervention period 

After the intervention period and after the 12 weeks outcome assessments, participants were 

advised to continue an active rehabilitation by continuing the prescribed exercises or by 

combining with other exercises, e.g., exercises from the other intervention group. However, 

adherence to exercises or any other rehabilitation was not monitored. 

Number of 

repetitions/

sets

Time under 

tension

Rest in 

between sets
Means of progression

Exercise 

interventions per 

week

QE-1: Sitting leg extension 8-12 reps./3 

sets

2-4 

sec/repetition

1 min. 30 sec –

2 min.

Adding elastic bands on ankles 3/week

QE-2: Squat 8-12 reps./3 

sets

2-4 

sec/repetition

1 min. 30 sec –

2 min.

Adding weight in a backpack (e.g. sand, 

flour, bottles of water) or by holding 

dumbbells in the hands.

3/week

QE-3: Lunge 8-12 reps./3 

sets

2-4 

sec/repetition

1 min. 30 sec –

2 min.

As above 3/week

HE-1: Clam-shell 8-12 reps./3 

sets

2-4 

sec/repetition

1 min. 30 sec –

2 min.

Adding elastic bands just above both 

knees

3/week

HE-2: Side-lying/standing hip 

abduction

8-12 reps./3 

sets

2-4 

sec/repetition

1 min. 30 sec –

2 min.

As above 3/week

HE-3: Standing hip extension 8-12 reps./3 

sets

2-4 

sec/repetition

1 min. 30 sec –

2 min.

Adding elastic bands from underneath 

the foot to the knee of the moving limb

3/week

QE: Quadriceps exercise

HE: Hip exercise

Both groups were instructed to warm up by performing 20 repetitions of exercise QE-1 (for QE) or HE-1 (for HE) without external load.

Both groups were instructed to increase resistance whenever the participants were able to perform 2 repetitions more than the desired number (i.e., 14 or more)
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Adherence 

Adherence to the prescribed exercise protocol was monitored by a self-administered exercise 

diary. The participants were asked to record date, number of repetitions and sets for each 

exercise, and the resistance (i.e., elastic band color corresponding to a specified resistance or 

weights in kilograms) for each exercise session. Adherence was assessed based on the percent of 

the scheduled number of training sessions that was performed. The number of scheduled training 

sessions for both intervention groups was predefined in the trial protocol and equaled 36 sessions 

for 12 weeks. A training session was considered performed if an exercise activity was registered 

at a given date, even if the repetitions, sets, or exercises were only partly performed. The pre-

defined threshold for satisfactory intervention adherence was 24 out of 36 scheduled training 

sessions (66%).  

Study 3 

Visual observation of functional tests is the most commonly used method of assessing dynamic 

alignment in the clinic (69). Furthermore, functional tests are a simple way of assessing 

movement quality through visual observations (65). Clinicians use visual ratings to make clinical 

decisions and to evaluate progress of rehabilitation. Therefore, the measurement properties of 

these assessments need to be considered. The assessment method used in this study resembles a 

clinical setting, where clinicians have limited access to the equipment and limited time for 

complex biomechanical analyses. The SLS and the FL were chosen because they are commonly 

used in clinical practice and have been reported in many previous studies investigating visual 

rating of lower extremity function (69, 133). The raters in this agreement study were two sports 

physiotherapists with 18 and 15 years of experience, respectively, in treating and assessing 

patients with musculoskeletal problems.  

General procedures 

Video was recorded using a tablet from an anterior view of participants performing the SLS and 

FL in the gym at the Department of Physical and Occupational Therapy at Bispebjerg and 

Frederiksberg Hospital. An investigator instructed the participants to perform the test as 

described below. The participant performed the selected movement with no prior rehearsal. If the 

participants lost their balance during the test, a new attempt was initiated. The participants 

remained unaware of the classification criteria during testing. The investigator video recorded 

the participant and scored the movement according to the criteria set below and in table 2. The 

video captured the whole person. At least 1 week later, the investigator did another scoring based 
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on the recorded video and another investigator repeated the scoring. Three playbacks of the 

recorded video in real time were allowed for the intra- and interrater assessment. 

Knee alignment during single leg squat and forward lunge 

The SLS test was performed as follows: The participant stood on one leg (painful knee) and 

performed a squat (hip and knee flexion) while maintaining the trunk in an upright position, the 

contralateral hip in neutral, and the contralateral knee flexed. The participant was instructed to 

perform the squat until reaching maximal ankle dorsiflexion without lifting the heel and return to 

the upright starting position (figure 3a). In the FL test, the participant stood on both feet and 

performed a forward step (on painful knee). The participant then flexed the knees simultaneously 

(forward lunge). The participant was instructed to continue the lunge until reaching maximum 

dorsiflexion of the front ankle without lifting the heel and then push-off to upright starting 

position (Figure 3b). Both tests were performed at a participant-selected speed. Dynamic valgus 

alignment was defined as an excessive medial movement of the knee as evidenced by an 

increased frontal plane knee angle during the selected movement. Varus alignment was defined 

as an excessive lateral movement. ‘Severe’ valgus/varus was defined as a clinically relevant and 

severe collapse of the knee, ‘moderate’ valgus/varus was defined as a modest and clinically 

relevant deviation from neutral, ‘mild’ valgus/varus was defined as a slight deviation from 

neutral that might not be clinically relevant, and ‘doubtful’ was defined as a just merely 

detectable deviation from neutral alignment. We defined `no evidence of neither valgus nor 

varus' as a neutral knee alignment, i.e., knee flexion aligned with the 2nd toe. The scores and 

classifications are summarized in table 2. 
 

Figure 3. Screenshots of video recording capturing a model performing an (a) single-leg squat and (b) a forward lunge 

 

 

 

 

 

 

 

 



 30 

Table 2. Scores and classifications 

 

General ethical considerations 

The protocol and written patient information was submitted to the ethical committee, prior to 

study initiation. Ethics approval was given by the Health Research Ethics Committee of the 

Capital Region of Denmark (H-16045755). The three studies were conducted in accordance with 

Danish law, the Helsinki declaration, and local research ethics committee requirements. 

Prior to screening, all potential trial participants were informed, both orally and in writing, about 

the trial’s purpose, process and potential risks, costs and benefits of participation. Participants 

written informed consent were obtained prior to the start of the studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Score Definition and Classification
-4 Severe valgus
-3 Moderate valgus
-2 Mild valgus
-1 Doubtful valgus
0 No evidence of either valgus or varus
1 Doubtful varus
2 Mild varus
3 Moderate varus
4 Severe varus

Definite valgus present

Definite varus present

No evidence of dynamic malalignment
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Outcomes 

The outcomes for each individual study are summarized in the following section. An overview of 

the outcomes including the timing is provided in table 3 and the full description and rationale for 

each outcome measure is provided in the study protocol (Appendix 1) 

 
Table 3. The outcome measures and timing for the three studies 

 

Study 1 

Primary outcome 

The primary outcome for Study 1 was assessed at week 12 as change from baseline in the AKPS 

questionnaire (117). We analyzed the group difference in the mean changes from baseline in the 

AKPS questionnaire between QE vs HE after 12 weeks. 

Key Secondary outcomes 

The following outcomes were assessed as key secondary outcomes: 

- Change from baseline in the KOOS (119) pain subscore at week 12 

- Change from baseline in the KOOS function subscore at week 12 

- Change from baseline in the KOOS quality of life subscore at week 12 

Study Baseline Week 12 Week 26
1 • AKPS 

• KOOS

• Dynamic Assessment of 

Pain

• Pain Self-efficacy 

Questionnaire

• EuroQoL EQ-5D-3L 

• Isometric muscle 

strength

• AKPS (primary)

• KOOS

• Dynamic Assessment of 

Pain

• Pain Self-efficacy 

Questionnaire

• EuroQoL EQ-5D-3L 

• Isometric muscle 

strength

• GRoC

• AKPS

• KOOS

• Pain Self-efficacy 

Questionnaire

• EuroQoL EQ-5D-3L 

• GRoC

2 • AKPS

• Baseline characteristics, 

e.g. pain severity, BMI, 

Pain duration etc.

• AKPS • AKPS

3 Intra- and interrater 

agreement when visually 

assessing the Single Leg 

Squat and the Forward 

Lunge (cross sectional)
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Other secondary outcomes 

The following outcomes were assessed as other secondary outcomes: 

- Change from baseline in the KOOS Symptoms and Sports/Recreation subscores at week 12 

- Change from baseline in isometric muscle strength of hip abductors, hip adductors, hip 

external rotators, hip internal rotators, hip extensors, hip flexors, knee flexors (hamstrings), 

and knee extensors (quadriceps) (134-136) at week 12 

- Change from baseline in Dynamic Assessment of Pain (137) at week 12 

- Change from baseline in Pain Self-Efficacy Questionnaire (138) at week 12 

- Change from baseline in the 3-level version of EuroQoL 5 dimensions (EQ-5D-3L) 

Questionnaire (139) at week 12 

- The Transition Questionnaire of global perceived effect on overall health, pain, and function 

measured on a 15-point Likert scale ranging from -7 (much worse) to +7 (much better) at 

week 12 

- Change from baseline in the outcomes measured at week 26 (only questionnaire data) 

Study 2 

As Study 2 is a secondary analysis of Study 1, the primary outcome is change from baseline in 

the AKPS questionnaire at week 12 and week 26. A priori we identified a range of baseline 

variables to be explored as potential effect modifiers. We analyzed the interaction between group 

allocation (QE and HE) and the patient characteristics (binary defined as present/absent). The 

potential effect modifiers are presented in the following. 

Potential effect modifiers 

The candidate baseline characteristics were self-reported information as well as clinical 

observations and tests and were chosen based on findings in previous studies and clinical 

experience (20, 107): Presence of low back, hip, ankle, or bilateral knee pain, body mass index 

(BMI), sex, age, education, occupation, hypermobility, quadriceps strength, dynamic knee 

alignment, midfoot mobility, exercise self-efficacy, pain self-efficacy, pain catastrophizing, 

neuropathic pain, pain duration, and pain severity. The characteristics were dichotomized in 

accordance with established clinically relevant cut-off values where possible. For quadriceps 

strength and age, no meaningful cut-off values were found, and dichotomization was hence 

based on median values. The baseline characteristics are presented in table 4 and a full 

description of the characteristics including rationales for selecting the specific items and cut-off 

values is available in table A in the Statistical Analysis Plan (SAP) Appendix 5. 
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Table 4. Candidate baseline characteristics 

Variables Description 

Low back pain Self-reported presence of low back pain during the last 3 months. Scores were dichotomized: 

“Almost daily”, “Several times during a week”, “Weekly”, “Monthly” were defined as “Low back 

pain present” and the scores “No” and “Rarely” as “Low back pain not present”.  

Presence of 

bilateral knee 

pain 

Self-reported presence of pain in the contralateral knee (not target knee) during the last 3 months. 

Scores were dichotomized: “Almost daily”, “Several times during a week”, “Weekly”, “Monthly” 

were defined as “Pain in the contralateral knee present” and the scores “No” and “Rarely” as “Pain 

in the contralateral knee not present”. 

Presence of 

ankle pain  

Self-reported presence of ankle pain (one or both ankles) during the last 3 months. Scores were 

dichotomized: “Almost daily”, “Several times during a week”, “Weekly”, and “Monthly” were 

defined as “Ankle pain present” and the scores “No” and “Rarely” as “Ankle pain not present”.  

Presence of hip 

pain 

Self-reported presence of hip pain (one or both hips) during the last 3 months. Scores were 

dichotomized: “Almost daily”, “Several times during a week”, “Weekly”, and “Monthly” were 

defined as “Hip pain present” and the scores “No” and “Rarely” as “Hip pain not present”.  

Body mass 

index (BMI)  

The participants’ BMI is measured at baseline and dichotomized with a cut-off at 25 (BMI ≥ 25). 

Sex Female vs. male sex  

Duration of 

knee pain 

Self-reported duration of knee pain (present condition). We defined chronic pain as pain lasting for 

6 months or longer. 

Education level Self-reported highest level of education: Scores were dichotomized: “Medium-term higher 

education (3-4 years)”, and “Longer higher education (>4 years)” were defined as “Long 

education” and “Primary school”, “Craftsman”, “Highscool”, and “Short higher education (<3 

years)” as “Short education”. 

Occupation Self-reported status of occupation and education. Scores were dichotomized:  

“Currently studying” and “Currently working” were defined as “Currently studying/working” and 

the score “Currently not working” as “Currently not working/not studying”. 

Hypermobility  

 

Hypermobility assessed by the Beighton Score applying the revised criteria for the diagnosis of 

benign joint hypermobility syndrome. The Beighton score ranges from 0-9. Scores were 

dichotomized: scores 4-9 were defined as “Generalized joint hypermobility” and scores 0-3 as 

“Normal joint mobility”. A score of 4 or more, is generally considered an indication of joint 

hypermobility (140, 141). 

Quadriceps 

strength 

Quadriceps strength is measured by handheld dynamometry. The muscle strength tests are 

conducted following validated testing protocols (134-136). As there is no established threshold 

available for sufficient or adequate muscle strength in PFP patients, measures were dichotomized 

according to the median strength (274 N) of all trial participants in the ITT population 

Knee joint 

valgus 

malalignment 

during a 

forward lunge 

movement 

 

Knee joint valgus malalignment assessed by clinical observation of the participant while he/she 

performs a forward lunge movement. The scores were dichotomized: The score “Definite valgus 

present” was defined as “Valgus malalignment” and the scores “No evidence of dynamic 

malalignment” and “definite varus present” as “No valgus malalignment”.  
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Variables Description 

Knee joint 

valgus 

malalignment 

during a single-

leg squat 

movement 

Knee joint valgus malalignment assessed by clinically observation of the participant while he/she 

performs a single-leg squat movement. The scores were dichotomized: The score “Definite valgus 

present” was defined as “Valgus malalignment” and the scores “No evidence of dynamic 

malalignment” and “definite varus present” as “No valgus malalignment”.  

Exercise self-

efficacy 

Self-reported exercise self-efficacy in relation to the two different exercise programs assessed by 

asking the participants to rate their confidence in performing the allocated exercise program on an 

11-point (0-10) Likert scale with 0 representing “Not at all confident” and 10 representing 

“Completely confident”. Scores were dichotomized: scores 6-10 were defined as “High self-

efficacy” and the scores 0-5 as “Low self-efficacy”. 

Neuropatic 

pain 

 

Presence of signs of neuropathic pain assessed by The painDETECT questionnaire (PDQ). A 

validated algorithm is used to calculate a total score ranging from -1 to 38. Scores were 

dichotomized: Scores ≥19 were defined as “Neuropathic pain component” and scores ≤18 as “No 

neuropathic pain component” as recommended by Freynhagen et al. (142). 

Pain severity Self-reported average pain during the past 4 weeks on a 0-10 Numeric Rating Scale. Scores were 

dichotomized: scores 0-6 were defined as “Mild or moderate pain” and the scores 7-10 as “Severe 

pain”. 

Pain 

Catastrophizing 

Scale 

 

Presence of pain-related catastrophic thinking assessed by The Pain Catastrophizing Scale (PCS). 

Scores were dichotomized: scores > 30 

were defined as “Pain catastrophizing” and scores 0 - 30 as “No pain catastrophizing”. Previous 

studies have shown a cut-off of more than 30 points to be of clinical relevance (143, 144). 

Pain self-

efficacy 

Confidence in performing activities while in pain assessed by The pain self-efficacy questionnaire. 

Confidence in performing activities is rated on a 7-point (0-6) Likert scale with 0 representing not 

at all confident and 6 representing completely confident. A total score is calculated by summing the 

answers producing a score between 0 and 60. Scores were dichotomized: scores 0-39 was defined 

as “Poor pain self-efficacy” and the scores 40-60 as “Good self-efficacy”. 

Scores around 40 (percentile = 50) are associated with return to work and maintenance of 

functional gains, whilst lower scores tend to predict less sustainable gains in injured workers (145). 

Midfoot 

mobility 

magnitude 

 

Midfoot mobility measured by the change in midfoot width from non-weight bearing to weight 

bearing. We defined a dichotomization of scores within the range 0-1.24 cm (0.92 cm +1*SD) as 

“Normal or limited midfoot mobility magnitude” and the scores above 1.25 cm as “Excessive 

midfoot mobility magnitude” for the females. For the males, we defined a dichotomization of 

scores within the range 0-1.36 cm (1.02 cm +1*SD) as “Normal or limited midfoot mobility 

magnitude and the scores above 1.37 cm as “Excessive midfoot mobility magnitude”. 

Dichotomization is based on normative data for foot mobility (146). 

Age Age at inclusion in the trial. To split the trial population in two groups, we chose to categorize the 

participants based on the median age (26 years) of all trial participants in the ITT population. 

 

Study 3 

In this cross-sectional study we aimed to assess the intra- and intertester agreement of two 

commonly used assessments (SLS and FL) for the evaluation of dynamic knee alignment.  
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Statistics 

Study 1 

The statistical analyses were all pre-specified in the SAP (Appendix 4). All participants were 

analyzed according to the intention-to-treat (ITT) principle. We used the repeated measures linear 

mixed model regression analysis model adjusted for the baseline score of the AKPS questionnaire. 

Equivalence was claimed if the computed 95% confidence interval of the estimated group difference 

in the change from baseline in the AKPS questionnaire at week 12 did not include ± 8 AKPS points 

in the primary analysis. Superiority was claimed if the computed 95% confidence interval of the 

estimated group difference in the change from baseline in the AKPS at week 12 did not include 0 in 

the primary analysis. We performed secondary sensitivity analyses to test the robustness of the 

results (SAP, Appendix 4). 

Study 2 

The statistical analyses were all pre-specified in the SAP (Appendix 5). In the primary analysis, all 

participants were analyzed using the ITT population according to the intention-to-treat principle. The 

analyses focused on the change from baseline in the AKPS at week 12 and 26. We used a repeated 

measures linear mixed model regression analysis model adjusted for the baseline score of the AKPS. 

An interaction for time, week, “modifier covariate” and group was included. Any group difference in 

the change from baseline in AKPS between sub-groups of participants based on the presence of the 

potential effect modifiers were estimated together with the associated 95% confidence interval. All 

95% confidence intervals and P-values were two sided. We did not apply explicit adjustments for 

multiplicity, rather we explicitly state that the results are exploratory and hypothesis generating.  

Study 3 

For this study we used Cohen’s weighted kappa statistics to assess the intra- and interrater 

agreement. Cohen’s kappa is a robust statistical method for interrater or intrarater agreement 

testing when the type of variable is categorial (147). It ranges from −1 to +1, where 0 represents 

the amount of agreement that can be expected from random chance, and 1 represents perfect 

agreement between the raters. For interpretation, we used the definitions adapted from Landis et 

al. (148), where kappa values below 0.20 signifies poor agreement; 0.21-0.40 signifies fair 

agreement; 0.41-0.60 signifies moderate agreement; 0.61-0.80 signifies good agreement; and 

0.81-1.00 signifies very good agreement. Agreement was assessed using the classification for 

each movement test, i.e., valgus, no malalignment, or varus, and for raw data (scores from -4 to 

4). 
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Summary of findings  

This chapter sets out the findings of each study. 

Study 1 

In total, 288 individuals were screened for eligibility; 88 were ineligible for inclusion. Thus, 200 

subjects underwent randomization; 100 were assigned to QE and 100 to HE. The mean age was 

27.2 years; 69% were females; and the mean BMI was 22.6. Baseline characteristics were similar 

in the two groups (table 5).  
Table 5. Baseline characteristics 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Quadriceps 
exercise group 
(QE) N=100 

Hip exercise 
group  
(HE) N=100 

Demographics  
Age, years 27.2 (6.3) 27.2 (6.7) 
Female sex (n[%]) 66 (66%) 72 (72%) 
Body mass, kg 68.2 (12.4) 67.6 (13.0) 
Height, cm 172.4 (8.5) 173.2 (10.7) 
Body Mass Index, BMI (kg/m2) 22.8 (3.01) 22.4 (2.9) 
Symptom duration, months 47.3 (49.4) 52.8 (54.1) 
Symptom duration, months (median (IQR))* 36 (48) 30 (60) 
AKPS questionnaire score (0-100) 74.2 (11.6) 73.3 (13.0) 
KOOS (0-100)  
Pain 70.8 (15.6) 72.2 (14.1) 
Physical Function 84.1 (13.2) 83.4 (13.1) 
Symptoms 79.6 (14.0) 80.7 (13.3) 
QoL 44.4 (15.1) 44.2 (14.7) 
Sports & Recreation 56.7 (24.9) 59.3 (24.4) 
Dynamic assessment of pain (VRS 0-10) 1.9 (2.2) 1.8 (1.8) 
Dynamic assessment of pain (VRS 0-10) 
(median (IQR))* 

1.0 (3.5) 2.0 (3.0) 

Isometric muscle strength  
Hip abductors (N) 129.5 (40.9) 129.5 (41.2) 
Hip adductors (N) 121.2 (40.6) 122.4 (47.3) 
Hip extensors (N) 175.3 (46.8) 181.0 (56.0) 
Hip flexors (N) 189.1 (55.8) 194.3 (63.0) 
Hip external rotators (N) 101.1 (30.2) 100.7 (37.7) 
Hip internal rotators (N) 123.9 (100.9) 109.4 (42.8) 
Knee extensors (quadriceps) (N) 299.2 (113.1) 292.0 (121.9) 
Knee flexors (hamstrings) (N) 316.6 (117.1) 302.8 (129.5) 
Pain Self-efficacy questionnaire (0-60) 47.5 (8.6) 46.8 (9.8) 
EuroQoL EQ5D Questionnaire (-0.624 to 
1.000) 

0.755 (0.175) 0.757 (0.127) 

Values are presented as means and standard deviations (SD) unless otherwise stated.  
* Both means (SD) and medians (IQR) are presented as data is not normally distributed.  
IQR: Inter quartile range 
AKPS: Anterior Knee Pain Scale 
KOOS: Knee injury and osteoarthritis outcome score. 
VRS: Verbal Rating Scale  
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For the primary outcome, the mean changes in AKPS questionnaire score from baseline to week 

12 were 7.5 (SE ±0.8) in the QE group and 7.2 (SE ±0.8) in the HE group (table 6). The 95% CI 

of the group difference in change in AKPS questionnaire from baseline to week 12 was within 

the predefined equivalence margin of ±8 points; p<0.0001 for equivalence. Group difference was 

0.3 points, 95% CI −1.9 to 2.4; p=0.804 for test of superiority. The trajectories of the AKPS 

questionnaire are shown in figure 4. 

 For the secondary outcomes, the treatment differences between groups at week 12 were 

3.0 points (95% CI 0.1 to 5.9) for KOOS pain score, 0.6 points (95% CI −1.7 to 3.0) for KOOS 

function, and -1.5 points (95% CI −5.4 to 2.5) for KOOS quality of life score (positive treatment 

differences deflects an outcome in favor of QE, whereas a negative number is in favor of HE). 

The key secondary outcomes were all within the predefined criteria for equivalence, although the 

between group difference for KOOS pain was statistically significant in favor of QE (table 6). 

Finally, the results in the primary and key secondary outcomes appeared unchanged at week 26 

(Table 7). The overall pattern of results for all outcomes was unchanged in the sensitivity 

analyses (tables S1-S3, Appendix 6).  

 Adverse events were mostly mild to moderate, mostly related to muscle soreness, and 

were similar in the two groups (Appendix 7). Severe adverse, defined as events that gave 

interference with the participants’ usual activities, were also equally distributed in the 

intervention groups.  

 
Figure 4. Trajectories for the AKPS 
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Table 6. Primary and Secondary Outcomes at week 12 in the ITT population. CI denotes 95% confidence interval. Based 

on repeated measures mixed linear models, where missing data is modelled implicitly. 

 

  QE 
(N=100) 

Mean (SE) 

HE 
(N=100) 

Mean (SE) 

Mean difference 
(95% CI) 

P-value 

Primary outcome:         
Change in AKPS questionnaire score (0 
to 100); equivalence test* 

7.5 (0.8) 7.2 (0.8) 
  

0.3 (-1.9 to 2.4) 
  

<0.0001 

Change in AKPS questionnaire score (0 
to 100); superiority test* 

0.804 

Key Secondary outcome:         
Change in KOOS Pain – score (0-100) 9.4 (1.0) 6.4 (1.0) 3.0 (0.1 to 5.9)   
Change in KOOS Function – score (0 to 
100) 

5.7 (0.9) 5.1 (0.9) 0.6 (-1.7 to 3.0)   

Change in KOOS Quality of life – score 
(0 to 100) 

10.7 (1.4) 12.2 (1.4) -1.5 (-5.4 to 2.5)   

Other Secondary Outcomes:         
Change in KOOS Sports and recreation– 
score (0 to 100) 

13.8 (1.7) 11.0 (1.7) 2.8 (-1.9 to 7.6)   

Change in KOOS Symptoms – score (0 to 
100) 

4.8 (0.8) 4.9 (0.8) -0.1 (-2.3 to 2.1)   

Change in isometric muscle strength          
Hip abductors (N) 13.7 (1.8) 13.3 (1.9) 0.4 (-4.7 to 5.5)   
Hip adductors (N) 10.7 (1.9) 16.3 (1.9) -5.5 (-10.8 to -

0.3) 
  

Hip extensors (N) 16.4 (2.5) 13.7 (2.5) 2.6 (-4.4 to 9.6)   
Hip flexors (N) 11.8 (2.0) 11.2 (2.0) 0.6 (-5.0 to 6.2)   
Hip external rotators (N) 1.7 (4.3) 8.4 (4.4) -6.7 (-18.8 to 5.4)   
Hip internal rotators (N) 9.4 (1.5) 10.6 (1.5) -1.3 (-5.5 to 3.0)   
Knee extensors (quadriceps) (N) 33.3 (5.6) 33.3 (5.7) -0.1 (-15.8 to 

15.7) 
  

Knee flexors (hamstrings) (N) 37.6 (4.1) 42.1 (4.1) -4.4 (-15.8 to 6.9)   
Change in Dynamic Assessment of Pain 
(VRS (0-10)) 

-0.8 (0.1) -0.2 (0.1) -0.6 (-0.9 to -0.3)   

Change in EQ5D Questionnaire (index -
0.624 to 1.000)  

0.067 (0.011) 0.035 (0.011) 0.024 (-0.009 to 
0.057) 

  

Transition Questionnaire of global 
perceived change in overall health, pain, 
and function (Likert scale -7 to 7) 

2.1 (0.3) 2.1 (0.3) 0.0 (-0.8 to 0.8)   

Treatment adherence         
Treatment adherence (%) 75.0 (23.2) 79.0 (21.3) -4.0 (-10.2 to 2.2)   
Treatment adherers (adherence ≥66%) - 
no. (%) 

82 (82.0%) 85 (85.0%)     

*Primary outcome was analyzed using both a test for equivalence and a test for superiority. 
AKPS: Anterior Knee Pain Scale 
KOOS: Knee injury and osteoarthritis outcome score. 
VRS: Verbal Rating Scale 
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Table 7. Primary and Secondary Outcomes at week 26 in the ITT population. CI denotes 95% confidence interval. Based 

on repeated measures mixed linear models, where missing data is modelled implicitly. 

 

Study 2 

As this was a secondary analysis of Study 1, the baseline characteristics are the same and 

presented in table 5 

 The overall mean changes in AKPS score from baseline to week 12 and 26 are identical 

to the main trial results. At the 12-weeks follow-up, the group mean changes were 7.5 (SE ±0.8) 

in the QE group and 7.2 (SE ±0.8) in the HE group and at 26-week follow-up, the group mean 

changes were 9.0 (SE 0.8) and 9.8 (SE 0.8) in the QE and HE groups, respectively. 

 We found a statistically significant subgroup difference at 12 weeks in favor of QE 

among participants with the baseline characteristic “Pain catastrophizing” (n=22) compared to 

those without signs of pain catastrophizing at baseline (n=178) with a subgroup difference of 8.3 

  QE 
(N=100) 

Mean (SE) 

HE 
(N=100) 

Mean (SE) 

Mean 
difference (CI) P-value 

Primary outcome:         
Change in AKPS questionnaire – 
score (0 to 100); equivalence test* 

9.8 (0.8) 9.0 (0.8) 0.9 (-1.4 to 3.1) 

<0.0001 

Change in AKPS questionnaire – 
score (0 to 100); superiority test* 

0.449 

Key Secondary outcome:         
Change in KOOS Pain – score (0-
100) 

10.7 (1.1) 10.4 (1.1) 0.4 (-2.7 to 3.4)   

Change in KOOS Function – score (0 
to 100) 

6.6 (0.9) 6.9 (0.9) -0.3 (-2.8 to 2.1)   

Change in KOOS Quality of life – 
score (0 to 100) 

15.9 (1.5) 19.0 (1.5) -3.2 (-7.2 to 0.9)   

Other Secondary Outcomes:         
Change in KOOS Sports and 
recreation– score (0 to 100) 

15.1 (1.8) 14.6 (1.8) 0.5 (-4.4 to 5.4)   

Change in KOOS Symptoms – score 
(0 to 100) 

5.9 (0.8) 6.2 (0.8) -0.3 (-2.6 to 2.0)   

Change in EQ5D Questionnaire 
(index -0.624 to 1.000)  

0.093 (0.012) 0.069 (0.012) 0.024 (-0.009 to 
0.057) 

  

Transition Questionnaire of global 
perceived change in overall health, 
pain, and function (Likert scale -7 to 
7) 

2.6 (0.3) 2.7 (0.3) -0.1 (-0.9 to 0.7)   

Group values for QE and HE are presented as least squares means ± standard error.  
Mean differences are presented as least squares means and 95% confidence intervals (CI). 
*Primary outcome was analyzed using both a test for equivalence and a test for superiority. 
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AKPS points (95% CI 1.6 to 15.0; p=0.016). At 26 weeks, participants with a baseline BMI ≥25 

m/kg2 (n=32) seemed to benefit from QE compared to those with BMI <25 m/kg2 (n=168) with 

a subgroup difference of 11.1 AKPS points (95% CI 4.8 to 17.4; p=0.001). In contrast, 

participants with severe baseline knee pain (NRS >6) (n=28) seemed to benefit from HE when 

compared to those with mild-moderate baseline knee pain (n=172) with a subgroup difference of 

-9.1 AKPS points (95% CI -15.7 to -2.6; p=0.006). The results of the subgroup analyses are 

shown in figure 5 for the week 12 and figure 6 for the 26-week follow-up assessment. 

 
Figure 5. Forest plots of the Treatment effect (QE vs HE) across different subgroups at week 12 based on dichotomous 

baseline variables (effect modifiers) in the ITT population. 
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Study 3 

The first 60 individuals with PFP who were included in the parent trial (Study 1) accepted the 

invitation to participate in this agreement study. Their characteristics are shown in Table 8. 

The dispersion of the data from the intra- and interrater assessments is presented in figure 7 

(SLS) and figure 8 (FL). The weighted kappa values for the classifications and the raw scores are 

shown in tables 9 and 10. In summary, the intrarater agreement were statistically significantly 

different from 0 (p<0.0001) and ranged from 0.58 to 0.70, i.e., moderate to good agreement, 

Figure 6. Forest plots of the Treatment effect (QE vs HE) across different subgroups at week 26 based on dichotomous 

baseline variables (effect modifiers) in the ITT population. 
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whereas the interrater agreement ranged from 0.22 (p=0.08) to 0.50 (p<0.0001), i.e., fair to 

moderate agreement. Interrater agreement was generally not as good as intrarater agreement (0.7 

for SLS intrarater classification scores vs. 0.22 for interrater scores, and 0.58 for FL intrarater 

classification scores vs. 0.48 for interrater scores). The mean time from baseline to re-evaluation 

in the intrarater assessment was 29.1 days (SD 14.8). The cross tabulated agreements in the 

classifications and raw scores are provided in Appendix 8. 

 
Table 8. Descriptive characteristics of the participants in Study 3 

 
 
Figure 7. Heatmap of agreement matrix showing the dispersion of the intrarater (left) and interrater agreement (right) 

for the single leg squat. The brightness of the blue color indicates the number of rating combinations with darker colors 

representing higher numbers as shown in the individual squares and in the key bar. 

 

Characteristics
Mean (SD)
N=60

Age (yrs) 27.2 (6.2)

Females (n (%)) 42 (70%)

Height (cm) 172.1 (8.6)

Weight (kg) 66.6 (10.6)

Body mass index 22.4 (2.8)

Duration of symptoms (months) 34 (34)

Average pain during previous 4 weeks (NRS* 0-10) 3.73 (2.17)
*Numeric Rating Scale
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Figure 8. Heatmap of agreement matrix showing the dispersion of the intrarater (left) and interrater agreement (right) 

for the forward lunge. The brightness of the blue color indicates the number of rating combinations with darker colors 

representing higher numbers as shown in the individual squares and in the key bar. 

 
 
Table 9. Intra- and interrater agreement of single leg squat. 

 
 
Table 10. Intra- and interrater agreement of forward lunge. 
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Weighted 

kappa value 95% CI p-value 

Intrarater classification  0.70 0.51-0.89 <.0001 

Intrarater raw data 0.65 0.54-0.76 <.0001 

Interrater classification  0.22 -0.03-0.48 0.08 

Interrater raw data 0.32 0.16-0.48 0.05 

  
Weighted 

kappa value 95% CI p-value 

Intrarater classification 0.58 0.37-0.79 <.0001 

Intrarater raw data 0.65 0.53-0.78 <.0001 

Interrater classification 0.48 0.25-0.7 0.0002 

Interrater raw data 0.50 0.36-0.64 <.0001 
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General discussion 

In Study 1, we found that exercise programs that focus on either quadriceps or hip muscles 

provide equivalent improvements in symptoms and function in the short (12 weeks) and medium 

term (26 weeks) in a population of PFP patients. Both exercise programs induced improvements 

in AKPS score (7.5 points for QE and 7.2 points for HE), but the improvement did not reach the 

established minimal clinically important change threshold. 

 In Study 2, we found that PFP patients with self-reported signs of pain catastrophizing 

at baseline seemed to benefit more from QE than HE in the short term (12 weeks from baseline). 

Further, in the medium-term (26 weeks from baseline) participants with BMI above 25 kg/m2 

also seemed to benefit from QE, whereas patients with severe baseline knee pain seemed to 

benefit from HE. The results are subject to considerable uncertainty because of risk of 

multiplicity, small subgroups, and inconsistency over time. 

 In Study 3, we found that in patients with PFP, visual assessments of dynamic 

alignment during SLS and FL can be done reliably when the assessment is repeated by the same 

rater, i.e., moderate to good agreement. Further, we found moderate agreement when two 

experienced raters assessed the FL, while the interrater agreement was only ‘fair’ when assessing 

the SLS. 

 Our results from the RCT corroborate the results of a recently conducted systematic 

review with meta-analysis (17). Here it was concluded that isolated hip strengthening and knee 

strengthening were equivalent for the treatment of PFP, although it can be discussed, if the term 

equivalent is adequate, since all of the included studies were superiority studies. Further, the 

results are in line with the results from a recently published RCT (19). Here, 112 patients were 

randomized to a 6-week intervention consisting of patient education combined with either 

isolated hip-focused exercise, knee-focused exercise, or free physical activity. At three months 

follow-up there were no between-group differences for any of the primary (AKPS) or secondary 

(usual pain, worst pain, step-down, EQ-5D-5L, etc.) outcome measures at 3 months. The group 

as a whole improved with a mean of 7.6 points in AKPS, which is similar to the group 

improvement in our study, i.e., 7.5 points for QE and 7.2 points for HE. Another RCT supports 

the conclusion that hip focused exercises and quadriceps focused exercise provide similar results 

in terms of function, symptoms and pain (83), whereas others have found hip exercises to be 

superior to quadriceps exercises when comparing effectiveness (81, 82). Differences in 

population (females vs. mixed populations), insufficient sample sizes (ranging from 31 to 36 
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participants), and methodological limitations (no randomization and generally short intervention 

periods) make direct comparisons difficult.  

 Both QE and HE were associated with improvements in AKPS score, but the 

improvements did not reach the established minimally clinical important change threshold (8 

points). The within-group changes for QE and HE are similar to those previously reported (19) 

but in the lower end compared to those reported in the other RCTs evaluating the effect of hip 

and knee exercises in adolescents and adults with PFP (83, 84, 101, 149-151). This difference 

may be explained by the settings of this study, where the mean pain duration was in the high end 

when compared to other interventional studies (83, 101, 151). Failure to report symptom 

duration in certain studies (84, 149) makes it difficult to compare study populations. Previous 

studies have shown that long symptom duration is associated with worse outcomes (irrespective 

of treatment) (6, 20) which may explain the somewhat smaller within group changes. Pain 

duration was not a significant effect modifier for HE or QE in our trial (Study 2), but the 

analyses cannot reveal if pain duration was a predictor for a successful outcome. The intention-

to-treat analysis in Study 1 found equivalent between-group difference for AKPS, and thus, a 

secondary analysis where the whole group is treated as one cohort would be possible. This could 

give insights to whether pain duration (and other patient characteristics) are predictors of 

successful or unsuccessful outcomes.  

 Another plausible explanation is that the training interventions were home-based and 

with a minimum of interaction and supervision from health care providers, whereas comparable 

studies were primarily supervised. The impact of patients’ expectations, emotions, and clinical 

context and the interaction between the patient and the therapist in clinical practice on health 

care outcomes is well established (152-154). All these factors can affect the treatment outcome 

and are linked to a placebo response (155). Supervised physical therapy has been found to 

produce greater improvements in symptom severity and physical function than unsupervised 

exercise in patients with lumbar spinal stenosis (156), potentially because of contextual factors. 

It is therefore plausible that the unsupervised setup of this study can explain the somewhat lower 

improvements seen. As with pain duration it is not possible to draw any conclusions on the effect 

of these psychosocial characteristics on treatment outcome based on present data.  

 The mechanisms by which strengthening exercises of the hip and quadriceps muscles 

elicit improvements in pain and function in patients with PFP are not fully understood. As stated 

in the introduction, one of the main theories is that patients with biomechanical deficits, e.g., 

functional knee valgus, improve as a consequence of “better” alignment. Dynamic knee valgus is 

associated with insufficient muscle strength in the hip abductors and external rotators (97, 98), 
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and therefore strengthening exercises for these muscles would theoretically improve 

malalignment. We did not find exercises for the hip muscles to be associated with a better 

outcome for patients with excessive knee valgus, and thus this biomechanical theory is not 

supported. Likewise, increments in hip muscle strength did not mediate the effect of hip 

exercises in a recently conducted trial (57), which further questions prevailing assumptions 

regarding the underlying mechanisms how hip exercises improve symptoms and function in 

patients with PFP.  

 Pain catastrophizing at baseline seemed to modify the 12-week treatment effect of QE 

vs HE, but the mechanisms can only be speculative. Pain catastrophizing is defined as a 

maladaptive cognitive-affective response to pain that involves negative thinking regarding the 

pain experience (157). It is a prevalent psychologic feature in patients with patellofemoral pain 

(158) and changes in maladaptive beliefs are associated with improved function and decreased 

pain (56). By graded exposure to exercises that put strain on the knees and incorporating patient 

education, one could hypothesize that pain beliefs could improve and potentially affect the 

symptoms and function (26). Pain catastrophizing was not an outcome measure and therefore 

this link is purely hypothetical. However, a recently proposed theoretical model for patients with 

anxiousness or fear of movement support graded exposure to knee loading activity (159). The 

influence of psychologic features including pain catastrophizing on treatment effects is highly 

prioritized in clinical practice (22) and research should elaborate on this in the future.  

 The mechanisms underlying 26-week treatment effects (BMI>25 benefit from QE and 

severe baseline knee pain benefit from HE) are also not possible to identify from the present 

data. Although high BMI has been linked to the development of PFP in adults and is a well-

recognised risk factor for incidence and progression of knee OA (160, 161), no significant link 

has been established between BMI and intervention outcomes (162). An effect modifier analysis 

of a randomized controlled trial investigating the treatment effect of knee exercises compared to 

open-label placebo in individuals with knee OA did not find a high BMI to modify the effect 

(163). Intuitively, a high body mass would increase patellofemoral joint loads and stress during 

weight bearing exercises like squat and lunges (QE), contradictive of what present results 

suggest. The results underline that a biomechanical explanation for the effect of exercise is likely 

not exhaustive. Pain severity has been identified as an outcome predictor in PFP populations but 

not an effect modifier for specific treatments (20, 21). Severe cases often describe aggravated 

pain with activities that include weight bearing knee bends, such as running, stair climbing, 

squatting, and jumping (3). It therefore seems rational to avoid exercises like squats and lunges, 

at least in the beginning of a rehabilitation. As pain severity was only an effect modifier at week 
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26, gradual exposure to weight bearing quadriceps exercises after initial hip exercises may be 

recommendable, but again this is purely speculative.  

 In summary, we acknowledge that the identified potential treatment effect modifiers are 

merely indications that should be explored further. The absence of robust effect modifiers for 

PFP is in accordance with other studies comparing specific treatments. In a recently conducted 

RCT, patients with greater midfoot width mobility did not have superior benefits using foot 

orthoses compared to hip exercises at 12 weeks follow-up (164). Further, in a secondary analysis 

of an RCT comparing the effectiveness of supervised exercise therapy to usual care for 6 weeks 

in patients with PFP, none of the tested variables (sex, age, BMI, duration of complaints, and 

sports intensity) provided superior outcomes with treatment when comparing exercises for the 

quadriceps muscles combined with flexibility and balance exercises to a control intervention. 

Two factors, however, tended to have a predictive value in favor of exercise therapy: duration of 

complaints and sex (165).  

 The intrarater agreements for the SLS in the current study corroborate the results of a 

systematic review with meta-analysis elaborating on the inter- and intrarater agreement of visual 

assessment of the SLS including studies on both healthy subjects and subjects with lower 

extremity disorders (66). Here, the pooled results of the Kappa statistics showed a ‘substantial’ 

agreement for intrarater agreement (Kappa value 0.68 (95% CI 0.60 to 0.74)). Moreover, a 

‘moderate’ agreement for interrater reliability of the SLS was found (Kappa value 0.58 (95% CI 

0.50 to 0.65)), which is somewhat higher than in our study. In our study there were no training 

sessions in which the raters could synchronize assessments, to reflect a clinical setup where 

assessments are based on the experience of the assessors. This might explain the 

discrepancy when compared to results in the systematic review and the relatively low interrater 

agreements seen. For the FL, comparable intra- and inter agreement levels have been found in a 

recently conducted study (133). In agreement with our study, the study demonstrated higher 

levels of agreement for the FL compared to the SLS test.  

 Collectively, the clinical categorization of dynamic knee valgus is reliable (Study 3). As 

the mean difference between participants with and without dynamic knee malalignment was 

equal (Study 2), the relevance of such testing in the management of patients with PFP seems 

weakened.  

Methodological considerations 

In the primary analysis of the RCT, all participants were analyzed using the ITT population 

according to the intention-to-treat principle. Neither ITT nor Per Protocol (PP) analyses have 
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perfect properties in equivalence studies. Therefore, current recommendations state that both ITT 

and PP analysis should be done and support each other for equivalence to be claimed (114). The 

underlying principle is that when ITT and PP provide identical conclusions, the confidence for 

the study results is augmented. We choose the ITT as primary analysis because it preserves the 

advantages of randomization and is less prone to selection bias than PP. We tested the robustness 

of the results in the sensitivity analyses including PP analyses (table S1, Appendix 6). 

 The primary outcome measure (AKPS) was chosen because it is the most frequent used 

PROM in interventional studies specifically on PFP patients. The key secondary outcomes 

(change from baseline in the KOOS subscores ‘pain’, ‘function’ and ‘quality of life’ at week 12) 

were chosen because they are commonly used in clinical trials dealing with knee pain and 

because they supplement the items measured in AKPS. Other secondary outcomes were chosen 

to embrace the many impairments that people with PFP experience including quality of life, 

physical performance, and phycological features. Collectively, the results of the outcome 

measures included in this RCT can be compared to other interventional studies on PFP enabling 

an extension of current knowledge.  

 In Study 2, we included 20 patient characteristics that could potentially predict a 

superior outcome of one treatment over the other. Other studies limited the number of potential 

characteristics in order to minimize the risk of multiplicity (21, 165). Due to the explorative aim, 

we chose to include all the factors we could hypothesize to influence outcome. This have 

introduced a risk of false positive results and we are therefore humble in the interpretation and 

conclusion of our results.  

 In study 3 we chose a pragmatic way of assessing the agreement of visually assessing 

the alignment of patients with PFP. By recording and saving the performed movements on an 

Ipad, we lose the means of assessing the intervariability of the subjects. On the other hand, this 

allows us to focus on the raters’ ability to reproduce the judgements without the ‘noise’ of 

performance variability.  

Limitations 

There are some limitations to the studies embraced in this PhD, that need acknowledgement. 

First, the exercise programs were home-based with limited supervision which may introduce a 

risk that the exercises were not performed correctly. This can, however, also be seen as a 

strength, as it resembles a typical clinical setup where high degree of supervision normally is 

unfeasible (22). Most of the interventions in comparable studies were supervised, but this is not 

always feasible in a clinical setting. The patient–physiotherapist relationship and the overall 



 49 

healthcare setting are relevant categories of contextual factors that may lead to a biased overall 

treatment effect (152). Further, the exercise adherence data was based on self-reporting, which 

introduces an inherent risks of overestimation due to social desirability, recall period, and 

selective recall (166). A limitation that also needs consideration is the single-center setup which 

potentially limits the external validity. By incorporating other hospitals in the study organization, 

we could have secured a wider representation of patients, e.g., from other parts of the country (or 

world). Finally, as part of Study 2 the physiotherapists recorded the participants’ projected 

prognosis after the first clinical encounter (the reporting of this study will be done in a separate 

manuscript) possibly introducing expectation bias on the part of the physiotherapists. However, 

the act of explicitly stating an estimation of prognosis is not different from the implicit, 

unconscious estimation that physiotherapists (and other clinicians) do automatically when seeing 

a patient.  

 Limitations to Study 3 include the 2-dimensional setup that potentially excluded vital 

components of movement quality, e.g., axial plane control of the lower extremity. Further, we 

focused on the knee excursion per se and did thereby exclude other body segments like the 

pelvis or the foot.  

Strengths 

One of the main strengths of the main RCT is the equivalence design allowing us to draw 

adequate conclusions on the comparative effectiveness of hip focused and quadriceps focused 

exercises. The equivalence analysis is based on a clinically meaningful difference and not merely 

on statistical significance (p-values) (123). This makes the interpretation of results clinically 

meaningful and heightens the precision of the estimated differences. Another prominent strength 

that should be highlighted is the large number of participants included in Study 1 and 2. The 

sample size was conservatively set based on a standard deviation of 15 in AKPS, which is in the 

high end of the wide range reported in comparable trials (149, 167). The anticipated dropout rate 

was also set conservatively to 20%. The strength of high sample sizes also relates to Study 3, 

which strengthens the external validity. Further, the statistical analysis plans that were signed 

and submitted to clinicaltrials.gov before manuscript submission is also a strength (Appendix 5 

and 6). Finally, the intervention period of 12 weeks in the main trial is higher than comparable 

interventional studies (17, 168).  
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Clinical implications 

Rehabilitation consisting of quadriceps focused exercises and hip muscles focused exercises 

elicit equal improvements in symptoms and function. As a consequence, clinicians should use 

the patients’ preferences and own clinical reasoning when deciding on treatment. Shared 

decision making may improve healthcare efficiency and is recommended in the rehabilitation of 

patients with PFP (11, 169, 170). Further, no robust effect modifier was found, leaving the 

clinician with few guidelines when deciding on the optimal treatment for their patients. 

Clinicians may focus more or less on exercises for the quadriceps or hips according to the 

potential effect modifiers found in the present study (acknowledging the uncertainty of the 

findings) and patient preferences. The identification of the subgroups (signs of pain 

catastrophizing, overweight, and pain severity) is clinically feasible as they rely on simple 

patient reported outcomes and measurements of height and weight. 

 This thesis does not support a purely biomechanical approach to the assessment or the 

treatment of patients with patellofemoral pain. Focusing on biomechanical deficits may even 

reinforce negative psychosocial features of PFP like pain-related fear, catastrophising and pain 

self-efficacy, which are associated with pain and disability (55, 159). A pathomechanical 

framework may still be part of the puzzle, but clinicians also need to consider psychological and 

social factors (159, 171). 

Conclusions 

In a population of PFP patients, we found that a quadriceps focused and a hip muscles focused 

exercise program yielded equivalent effectiveness on symptoms and function in both short and 

medium term (12 and 26 weeks). Moreover, we found indications that patients with signs of pain 

catastrophizing and high BMI benefit more from the quadriceps focused exercises (vs hip 

focused exercise), whereas patients with severe pain benefit from hip muscles focused exercises 

(vs quadriceps focused exercise). The differential treatment responses are imprecisely estimated, 

and the identified potential treatment effect modifiers are merely indications that should be 

explored further. Finally, we found that visual assessment of a forward lunge (as part of the 

effect modifier study) can be done reliably, whereas the assessment of a single leg squat should 

preferably be performed and repeated by the same tester.  
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Perspectives 

For decades, researchers have investigated the effect of different treatment modalities in patients 

suffering from PFP. It seems the optimal treatment has not been found. Patients suffer for years 

and decades despite undergoing well-intentioned and -conducted rehabilitation (5, 6, 109). One 

major problem with trying to find the optimal treatment is that the pathogenesis and 

pathophysiology are unknown. More specifically, we do not know whether the pain comes from 

specific tissues or if the pain is non-specific and driven by sensitization or other pain 

mechanisms. There are current endeavors aiming to assess various specific mechanisms 

including subchondral bone metabolism (ClinicalTrials.gov Identifier: NCT03784235). Results 

from such studies may open new avenues for diagnosis and treatment in the future. 

 Today, the recommended management approach is to focus on knee and hip exercise, 

and education to balance rest and activity. This treatment often requires many visits with a 

therapist, and it is hypothesized that part of the positive effect of this approach might be 

contextual and not due to tissue specific effects. With the present contribution to the field of PFP 

research, we question the pursuing of biomechanics or specific tissue as drivers of the disorder 

and as the primary aim of rehabilitation. In a recently held patellofemoral pain summit meeting 

including international clinicians and researchers who are active in the field of patellofemoral 

pain, it was suggested that interventions could be based more on patient education, 

encouragement of self-management, and reducing the long-term negative consequences of 

patellofemoral pain: increases in BMI, sedentary behavior and increases in anxiety and 

depression (unpublished). We are in the middle of new departures in chronic pain research, and 

traditional theories that have prevailed for decades are being tossed in the air. As a scientist it is 

important to accept the consequences of the research and to adjust the theory according to the 

data, rather than trying to make the data fit the theory. Hopefully, by doing that, research will 

lead the way to more effective treatment for this patient group in the future.  
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2.0 FLOW CHARTS 
 Study flow chart 

 

 
Figure 1. Graphical illustration of the study design 
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5.0 BACKGROUND 
Patellofemoral Pain (PFP) is a common knee problem, which particularly affects adolescents and 
young adults (1-4). PFP is characterised by significant retropatellar and/or peripatellar pain and 
impairment of function and quality of daily life (5). Exercise has repeatedly been shown beneficial 
for pain and physical function and is unequivocally recommended as a core component of the 
management of PFP (6, 7). Different types of exercise (e.g. quadriceps strengthening, hip 
strengthening and functional/neuromuscular exercises) have been investigated. In general, these 
different types of exercises produce similar small to moderate beneficial effects in pain and physical 
function (8). However, the PFP population is very heterogeneous and "one-size-fits-all"-approaches 
presumably are sub-optimal because the heterogeneity is ignored. This heterogeneity probably 
explains the overall limited beneficial effects of exercise, and the lack of differences in direct 
comparisons of different exercise types.  
 
Extensive effort has been made to identify indicators of prediction for conservative PFP management 
(9). Studies included in a recent systematic review on outcome predictors for conservative 
patellofemoral pain management included only cohort studies and no RCT’s (2). Therefore the 
outcome predictors have a high risk of being non-specific predictors of outcome without causal 
relationship to a specific intervention. Furthermore, most of the outcome predictors identified requires 
the use of expensive and inaccessible equipment (e.g. magnetic resonance imaging) and is therefore 
not feasible in a clinical setting. 
 
Based on current knowledge it is not possible to identify one exercise protocol that yields superior 
effects, and therefore current recommendations emphasises a multimodal intervention  including 
exercise to strengthen the gluteal and quadriceps musculature, manual therapy and taping (7).  
 
Traditionally, quadriceps based exercise programs have been recognised as a cornerstone in PFP 
rehabilitation (10). It is theorised that patella instability and/or maltracking causes the retro- and 
peripatellar pain (11), and that strength training of the quadriceps muscle improves stability and 
alignment, potentially relieving the pain. 
 
Isolated hip abductor and external rotator strengthening has also shown promising results on pain and 
health status in females with PFP. The rationale for applying hip strengthening is that the 
patellofemoral joint may be stressed by excessive dynamic valgus and medial femoral rotation during 
weight bearing activities (12). Therefore strengthening the hip abductors and external rotators 
potentially modifies the biomechanics and may be beneficial in the rehabilitation process. An 
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increasing quantity of literature supports the implementation of hip strengthening exercises in the 
rehabilitation process (6, 13-15). 
 
By training the hip muscles in isolation, patellofemoral stress is avoided during exercise and the 
concomitant pain and discomfort circumvented. This may yield a higher degree of compliance to the 
rehabilitation program as exercise induced pain flares presumably are fewer and less intense. There 
is, however, insufficient evidence to determine the best form of exercise therapy and it is unknown 
whether these results would apply to all people with PFP (8). It can be hypothesised that certain patient 
characteristics may predict outcome success of either a hip training program or a training program 
that focus on quadriceps training, but this remains to be shown.  
 
The purpose of this study is to compare changes in pain and function for patients assigned to a focused 
“Quadriceps Exercise” protocol (QE) and a “Hip Exercise” protocol (HE) for a 12-week period. 
Furthermore, we seek to identify clinically feasible outcome predictors of treatment success of either 
protocol making it possible for clinicians to target the intervention in the future. To our knowledge 
no randomised controlled trial has been conducted with the aim to identify outcome predictors. 
 
6.0 STUDY OBJECTIVES & HYPOTHESES 

 Principal research questions to be addressed  
This study has two aims: 

• To assess the comparative effectiveness of two different exercise programs (QE vs. HE) on 
self-reported pain and function in individuals with PFP. 

• To explore candidate patient characteristics that predict differential responses to the two 
exercise programs (QE vs HE) on self-reported pain and physical function in individuals with 
PFP. 

 
 Hypothesis 

According to the study aims (above) we pursue the following hypothesis: 
1) QE and HE have equivalent efficacy on self-reported pain after 12 weeks of treatment in 

patients with PFP. 
As stated in the second study aim above we aim to explore possible candidate patient characteristics 
that may associate with differential outcomes. As this is exploratory, the pursuit of this aim is 
hypothesis-free. 
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7.0 STUDY DESIGN 
 Description of the protocol 

This is an investigator-initiated study that will be registered at www.ClinicalTrials.gov before 
initiation. The study is a randomised parallel-group equivalence trial with blinded outcome assessors 
aiming to compare the effectiveness of a 12-week rehabilitation program focused on quadriceps 
exercises (QE) with a 12 week hip exercise (HE) program in individuals with PFP and to investigate 
if certain clinical characteristics associate with better outcomes of one of the exercise programs. The 
investigators and outcome assessors will attempt to remain unaware of the group assignments. All 
participants will be recalled for clinical assessment visits every 4 weeks until week 12 (primary 
endpoint and end-of-trial) with assessment of clinical effectiveness and safety.  
 
Six months (26 weeks) after randomisation participants who have completed the week 12 visit are 
invited to participate in an internet-based survey including the patient reported outcomes used in the 
main trial phase. 
 

 Rationale for the study design  
 Rationale for dose, duration, and observation period 

Exercise programs for muscle strength have optimum effectiveness if lasting 12 weeks or more, with 
3 weekly exercise sessions (16). To explore the long-term symptomatic benefits and possible 
associations with baseline patient characteristics, an internet-based survey is conducted 24 weeks after 
randomisation. 
 

 Randomisation, and reduction of bias  
By using randomisation we include a deliberate element of chance into the allocation assignment of 
the participants in the study. Eligible participants will be randomly assigned - in permuted blocks of 
4 and 6 - according to a computer-generated list of random numbers, to one of the two following 
groups: 

● QE – quadriceps exercise program 
● HE – hip exercise program 

A duplicate of the randomisation list will be stored under lock at the research administration of the 
Department of Physical and Occupational Therapy. 
 
Following the inclusion of a participant, delivery of informed consent and all baseline assessments, 
the including member of the study staff will assign a randomisation number to the participant 
according to the randomisation list. 
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 Randomisation technique 

The study director is responsible for preparation of the randomised group allocation list before 
initiation of the trial. The following randomization technique is used: 
 
Eligible participants will be randomly assigned - in permuted blocks of 4 and 6 - according to a 
computer-generated list of random numbers, to one of the two groups (QE or HE).  
 
The randomisation will be equal (1:1), meaning that 100 participants are randomly assigned to each 
group. A coded randomisation list will be available to the clinical staff administering the 
interventions. 
 
After inclusion of a participant, collection of signed informed consent from the participant, and 
completed baseline measurements, the clinical staff will allocate participants according to the 
randomisation. 
 
The participants are randomised using an envelope-based randomization technique. Prior to the study 
initiation, a folder containing 200 envelopes is created. Each envelope will contain a piece of paper 
with the randomisation written on it representing the group allocation (i.e. “QE”, or “HE”). The order 
of the envelope content matches the randomisation list. It is ensured that the envelopes are closed and 
opaque. The envelopes are numbered consecutively from 1-200 and placed in the folder according to 
the number (no. 1 in front – no. 200 at the back). The envelope numbers match the randomisation 
numbers. The folders are stored in a locked locker in the principal investigator’s office. Duplicates of 
the randomisation list and envelopes are stored under lock in the research administration at the 
Department of Physical and Occupational Therapy.  
 
When a participant is ready for randomisation an envelope is drawn from the folder, starting from the 
front envelope. At the front of the envelope, the participant’s name, date of birth, screening number, 
and present date is written.  
 

 Blinding  
Investigators, study coordinators, clinical staff, study staff, and other personnel directly involved in 
the study, will be blinded to the group allocation. 
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Participants and staff involved in the exercise delivery are not blinded to the group allocation. 
Information that could potentially unblind otherwise blinded staff will not be shared, and will be 
stored in facilities with limited access until the study is completed. Unblinding of blinded personnel 
does not preclude the related participants’ continued participation in the study. 
 

 Allocation concealment  
To ensure concealment of the assigned intervention, the randomisation list is stored securely in 
facilities with limited access. Individual allocation is kept in in numbered, opaque, and sealed 
envelope containing the participant’s assigned intervention.  
 
Blinding or masking are intended to limit the occurrence of conscious and unconscious bias in the 
conduct and interpretation of a clinical trial, arising from the influence which the knowledge of 
treatment may have on the recruitment and allocation of subjects, their subsequent care, the attitudes 
of subjects to the treatments, the assessment of endpoints, the handling of withdrawals, the exclusion 
of data from analysis, and so on. As this study cannot be appropriately masked for the participants, 
who will also evaluate the treatment using Patient-Reported Outcomes, we are aware of the implied 
risk of performance bias - and to some extent detection bias - due to knowledge of the allocated 
interventions by participants and some part of the study staff during the study.  
 
The investigators and outcome assessors will attempt to remain unaware of the group assignments, 
and the allocation will remain concealed to any staff associated with the study. This, however, may 
be difficult to ensure, because the study staff inevitably will have some interaction with the study 
participants. 
 

 External data monitor 
As this in principle is a non-blinded trial, there is no need for an independent data safety monitoring 
committee. 
 

 Stopping rules  
The study is terminated if the safety or health of the participants is compromised. If a possible safety 
issue arises, the study is suspended until the issue has been investigated and it has been established if 
the issue is related to any of the interventions or assessment procedures associated with the study.  
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8.0 PARTICIPANTS 
 Number of participants planned 

It is anticipated that approximately 200 participants will be enrolled in this study. A participant may 
be enrolled in this study provided he/she has met all of the inclusion criteria and has not met any of 
the exclusion criteria specified below.  
 

 Recruitment 
Participants will be recruited from the Institute of Sports Medicine Copenhagen (ISMC), Bispebjerg-
Frederiksberg Hospital, Denmark that is a medical unit for patients with injuries in the 
musculoskeletal system caused by participation in sports activities. 
 
Patients are referred to ISMC from general practitioners in all age groups. The patients are mostly 
amateurs, but there are also professional athletes. 
 
All potential participants will be assessed by the Investigator (Christoffer Brushøj) or one of his 
delegates who are sports medical doctors employed at ISMC.  
 

 Inclusion criteria  
Potential participants are eligible for the study if they meet the following criteria: 

● A clinical diagnosis of PFP in at least one knee confirmed by an experienced sports medicine 
doctor. 

● Visual analogue score rating of pain during activities of daily living during the previous week 
at a minimum of 3 on a 10 cm scale. 

● Insidious onset of symptoms unrelated to trauma and persistent for at least 4 weeks. 
● Pain in the anterior knee associated with at least 3 of the following: 

o During or after activity 
o Prolonged sitting 
o Stair ascent or descent 
o Squatting 

 
 Exclusion criteria  

Potential participants are ineligible for participation if they meet one or more of the following criteria: 
● Meniscal or other intra-articular injury 
● Cruciate or collateral ligament laxity or tenderness 
● Patellar tendon, iliotibial band, or pes anserine tenderness 
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● Osgood-Schlatter or Sinding-Larsen-Johansson syndrome 
● History of recurrent patellar subluxation or dislocation 
● History of surgery to the knee joint 
● History of head injury or vestibular disorder within the last 6 months 

 
9.0 TREATMENTS 
The two exercise programs are scheduled to last 12 weeks. The programs are home-based and 
transferable to a clinical setting in which it is not possible to monitor the patients on a daily or weekly 
basis. The home-based exercise sessions are scheduled for 3 times per week with a monthly follow-
up at a physiotherapist (clinical visit) with adjustment of technique and intensity. At least 48 hours of 
restitution is recommended between training sessions.  
 
The training sessions are scheduled to last approximately 20-30 minutes including a 5 minutes warm 
up.  
 
At the first clinical visit (after allocation), the participants are introduced to and instructed in the 
exercises by an experienced physiotherapist according to the allocation. The aim of the instruction is 
that the participant is able to do one set of each exercise with satisfying quality.  
 
Focus of the exercises is on the quality of the performance, possibly at the expense of intensity. It is 
of utmost importance for gaining as much of the exercises as possible to do the exercises correctly 
and this issue is emphasized during the instruction session. 
 
Each program consists of three resistance training exercises. Detailed descriptions of the two 
programs are given in Appendix A, and briefly summarised below.  
 

 Hip exercise program  

The exercises used in the HE-group program (Appendix A) have been tested to be effective in 
recruiting the gluteal muscles maximally, as validated by electromyographical measurements (17-19), 
and are widely used in clinical practice. The exercises have been chosen due to their effectiveness and 
because they put minimal strain on the knee and patellofemoral joints. The exercises are easy to 
conduct and are easily progressed.  
Since some aspects of the hip exercises involve weight bearing, several other muscles are recruited 
when performing the exercise, including the quadriceps. Thus, while the focus and the external load 
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is on the hip muscles, a possible parallel training of the quadriceps (and other synergistic) muscles 
cannot be completely ruled out.  
However, as this study is pragmatic it is we believe that the importance of assessing and comparing 
exercise programs that are feasible and used in daily practice outweighs the importance of a complete 
avoidance of training overlap between the two exercise protocols. 
 

 Quadriceps exercise program  

The exercises used in the QE-group program (Appendix A) are also widely used in clinical practice. 
The exercises are tested to be effective in recruiting the vastus medialis obliquus muscle (17), which 
is has been proposed to play a role in the aetiology of PFP if dysfunctional (11). Since two of the 
exercises are multiple-joint exercises, several muscles are recruited when performing the movement. 
In the weight bearing squat and lunge, the quadriceps muscles are activated in concomitance with 
primarily the hamstrings and several gluteal muscles. Thus, while the focus and the external load is 
on the quadriceps muscle, a possible parallel training of the hip (and other synergistic) muscles cannot 
be completely ruled out. 
However, as this study is pragmatic it is we believe that the importance of assessing and comparing 
exercise programs that are feasible and used in daily practice outweighs the importance of a complete 
avoidance of training overlap between the two exercise protocols. 
 

 General exercise considerations 

The overall principals of current resistance training program are based on guidelines from the 
American College of Sports Medicine (16). The aim of the exercises are to gain muscular strength 
and, through numerous neuromuscular mechanisms, to enable greater force generation. Muscular 
strength is defined as the ability of a muscle or muscle group to exert a maximal external force.  A 2-
10 % increase in load is recommended when the participant is able to perform two repetitions more 
than the desired number (16) with satisfying quality.  
 
The exercises include both concentric and eccentric muscle action. Participants are instructed to 
perform the exercises in a moderate velocity, i.e. 1-2 seconds in the concentric movement and 1-2 
seconds in the eccentric movement (16). Recommended load is 60-70% 1RM for novice to 
intermediate, i.e. 8-12 repetitions (repetition maximum; RM), recommended volume is three sets; 
recommended rest period is 1-2 minutes between the sets. 
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 Information leaflet 
All participants – irrespective of group allocation – will receive the information leaflet “Managing 
my patellofemoral pain” (Danish title: “Håndtering af mine forreste knæsmerter”. The leaflet is 
targeted patients and written in an easily read language. It contains general information causes and 
management of PFP. The leaflet is appended this protocol in Appendix I (Danish version).  
 

 Concurrent treatments 
Other exercise programs/regimes than the one the participants are allocated to may not be initiated 
during the main trial phase (week 1-12). Other non-pharmacological treatments are allowed. The 
usage of such other treatments/therapies will be recorded on the case report form (CRF). 
 
Habitual use of pharmacological therapies is allowed and will be recorded on the CRF. Any new 
pharmacological therapies, or changes in ongoing therapies, will be recorded on the CRF. 
 
10.0 OUTCOME ASSESSMENTS 
Unless otherwise specified, all outcomes relate to the participants target knee, defined by the 
participants at inclusion as the most symptomatic knee. 
 

 Primary outcome 
Change from baseline in the KUJALA scoring questionnaire at week 12 
 

 Secondary outcomes 
Change from baseline at week 26 in 

• The KUJALA scoring questionnaire 
Change from baseline at week 12 and 26 in  

• The 5 subscales of the KOOS questionnaire (Pain, Symptoms, Function, Sports/Recreation, 
Quality of Life) 

• Isometric muscle strength of hip abductors, hip external rotators, hip extensors, and quadriceps 
• Dynamic Assessment of Pain 
• Pain Self-Efficacy Questionnaire 
• EuroQoL EQ-5D-3L Questionnaire 
• Transition Questionnaire of global perceived effect on overall health, pain, and function 
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 Candidate baseline characteristics 
• Baseline values from primary and secondary outcomes 
• Demographic variables (age, sex, body mass, BMI, education, social status etc.) 
• Previous treatments received  
• Presence of bilateral knee pain 
• Presence of pain in other lower extremity joints (feet, ankles, hips) 
• Presence of low back pain  
• PainDetect questionnaire 
• Exercise Self-Efficacy Questionnaire 
• Pain Catastrophizing Scale 
• Hyper mobility  
• Knee joint alignment during a forward lunge  
• Knee joint alignment during a single-leg mini-squat  
• Physiotherapist assessed prognosis for the participant  

o Based on group allocation 
• Midfoot mobility 

 
 Follow-up internet based survey 

• KUJALA score questionnaire 
• KOOS questionnaire 
• Pain Self-Efficacy Questionnaire 
• EuroQoL EQ-5D-5L Questionnaire 
• Transition Questionnaire of global perceived effect on overall health, pain, and function 
 
 Descriptions of the outcomes & Follow-up internet survey 

 The KUJALA score questionnaire 
The Kujala Patellofemoral Scale  - sometimes called the anterior knee pain scale - is disease specific 
validated disability scale ranging from 0 (complete disability) to 100 (fully functional) (20). It is a 13-
item self-report questionnaire that documents response to 6 activities (walking, running, jumping, 
climbing stairs, squatting, and sitting for prolonged periods with knees bent), as well as symptoms 
such as limp, inability to weight bear, swelling, abnormal patellar movement, muscle atrophy, and 
limitations in knee flexion. An exemplar version of the questionnaire is given in Appendix B. 
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 Knee injury and Osteoarthritis Outcome Score (KOOS) questionnaire  
The Knee injury and Osteoarthritis Outcome Score (KOOS) is used to assess patient-reported knee-
related symptoms (14).  KOOS is a patient-reported outcome measurement instrument developed to 
assess the patient’s opinion about their knee and associated problems. KOOS is user-friendly and 
takes about 10 minutes to complete. KOOS evaluates consequences of osteoarthritis (OA). KOOS 
comprises of 42 items in 5 separately scored subdomains: KOOS Pain (9 items), KOOS Symptoms 
(7 items), Function in daily living (KOOS Function; 17 items), Function in Sport and Recreation (5 
items), and knee-related Quality of Life (4 items). The previous week is the time period considered 
when answering the questions, and the questions relate to one knee (the target knee in this trial). 
Standardized answer options are given (5 Likert boxes), and each question is assigned a score from 0 
to 4. A normalized score (100 indicating best score and 0 indicating worst score) is calculated for each 
subdomain. A total score has not been validated and is not recommended. An exemplar version of the 
questionnaire is given in Appendix B. 
 

 Isometric muscle strength (quadriceps and hamstrings) 
Isometric muscle strength of hip abductors, hip external rotators, quadriceps, and hamstrings is 
performed by using a handheld dynamometer. Measurement variation has previously been assessed 
and found to be less than 5% when assessing hip abduction, hip external rotation and knee extension, 
and less than 10% when assessing knee flexion (21-23). The muscle strength tests are conducted 
following the a previously published testing protocol (21). 
 

 Dynamic Assessment of Pain 
The Functional Weight Bearing Pain Test is a simple performance test with an integrated pain score, 
designed to provide useful information for monitoring treatment progress and evaluating treatment 
effects in clinical physiotherapy practice (24). The patient is asked to perform as many squatting 
movements (both legs) as possible within 30 seconds. The knees should reach approximately 90 
degrees of flexion and full extension for each squat. This is supervised by the rater.  
 
There outcome of the test is the knee pain during the test on a 0-10 Numeric Rating Scale (NRS) rated 
immediately after the test.  
 
The test takes about 1 minute to perform including instructions and does not require any equipment 
besides a stopwatch/watch. The result is a direct measure of the patient’s ability to perform a repeated 
movement within a short timeframe and for the degree of pain during a weight bearing movement, 
which reflects the limitations of daily activities due to PFP.  



 80 

 
 17  

 
 Pain Self-Efficacy Questionnaire  

The pain self-efficacy questionnaire is a 10-item questionnaire developed to assess the confidence 
people with pain have in performing activities while in pain (25). It is applicable to all persisting pain 
presentations, and covers a range of functions. Confidence in performing activities are rated on a 7-
point (0-6) Likert scale with 0 representing not at all confident and 6 representing completely 
confident. A total score is calculated by summing the answers producing a score between 0 and 60. 
Higher scores reflect stronger self-efficacy beliefs. An exemplar version of the questionnaire is given 
in Appendix B. 
 

 EuroQoL EQ5D Questionnaire 
EQ5D is a standardised patient-reported instrument for use as a measure of health outcome and quality 
of life. An exemplar version of the questionnaire is given in Appendix B. 
 

 Transition Questionnaire of global perceived change in overall health, pain, and 
function 

In transition ratings the participants are asked at follow-up to compare their current state with the state 
at baseline. This approach has limitations regarding recall bias and influence of numerous known and 
unknown parameters. However, a combination of changes on current state ratings (KUJALA or 
KOOS) and a transition questionnaire (TRANSQ) may enhance the interpretation of the results of the 
study. 
We have designed a transition questionnaire on which the participants initially answers if their current 
state is “unchanged, worse” or “better” compared to the baseline visit. An “unchanged” equals a 
transition score of 0. If the participant answers “worse”, he/she is asked to rate the degree of worsening 
on a 7 point Likert scale, and the corresponding scores range from -1 to -7. Correspondingly, if a 
participant answers “better”, he/she is asked to rate the degree of improvement on a 7 point Likert 
scale, and the corresponding scores range from 1 to 7. Thus the Transition score range from -7 
(worsening) to 7 (improvement), with the mid-point – 0 – representing no change. The transition scale 
is used to assess overall knee related health status. An exemplar version of the questionnaire is given 
in Appendix B. 
 

 Descriptions of the candidate baseline characteristics  
The candidate baseline characteristics encompass self-reported information as well as clinical 
observations and tests. The self-reported information will be included in a baseline questionnaire that 
is appended (Appendix B). 
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 Previous treatments 

The participants are asked to report any previous treatments they have received for their PFP (target 
knee only). The following options are pre-defined: Exercise therapy, oral analgesics, injection(s), 
taping, bracing, orthoses, and manual therapy. Further ample space for free text is provided. 
 

 Low back pain 
Self-reported presence and frequency of low back pain. The participants are asked to estimate the 
frequency of low back pain during that last 3 months. Predefined frequency options are available: 

• Almost daily 
• Several times during a week 
• Weekly 
• Monthly 
• Rarely 

 
We will a priori define a dichotomisation of the scores as “frequent low back pain” (“Almost daily” 
and “several times during a week”) and “infrequent low back pain” (“Weekly”, “Monthly”, and 
“Rarely”). We will make sensitivity tests of this a priori cut-off by changing the cut-off value by +/- 
frequency option. 
 

 Presence of bilateral knee pain 
Self-reported presence and frequency of pain in the contralateral knee (not target knee). The 
participants are asked to estimate the frequency of pain in contralateral knee pain during that last 3 
months. Predefined frequency options are available: 

• Almost daily 
• Several times during a week 
• Weekly 
• Monthly 
• Rarely 

 
We will a priori define a dichotomisation of the scores as “frequent bilateral knee pain” (“Almost 
daily” and “several times during a week”) and “infrequent bilateral knee pain” (“Weekly”, “Monthly”, 
and “Rarely”). We will make sensitivity tests of this a priori cut-off by changing the cut-off value by 
+/- frequency option. 
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 Presence of pain in other lower extremity joints (feet, ankles, hips) 
Self-reported presence of pain in the feet, ankles, and/or hips lasting more than 3 months, recorded as 
“Yes” (pain present) or “No” (No pain) for feet, ankles and hips, respectively. The participants are 
asked to estimate the frequency of pain in other lower extremity joints (feet, ankles, and hips) during 
that last 3 months. Predefined frequency options are available: 

• Almost daily 
• Several times during a week 
• Weekly 
• Monthly 
• Rarely 

 
We will a priori define a dichotomisation of the scores as “frequent [foot/ankle/hip] pain” (“Almost 
daily” and “several times during a week”) and “infrequent [foot/ankle/hip] pain” (“Weekly”, 
“Monthly”, and “Rarely”). We will make sensitivity tests of this a priori cut-off by changing the cut-
off value by +/- frequency option. 
 

 PainDetect questionnaire 
The painDETECT questionnaire (PDQ) is a patient reported questionnaire developed and validated 
to assess presence of signs of neuropathic pain in patients with chronic low back pain (26). It 
comprises questions regarding pain intensity, course of pain, subjective experience of a radiating 
quality of the pain, and the presence and perceived severity of seven somatosensory symptoms of 
neuropathic pain. A validated algorithm is used to calculate a total score ranging from 0 to 38. A score 
≤12 indicates that the presence of neuropathic pain is unlikely, a score ≥19 indicates that a neuropathic 
pain component is likely to be present, while a score of 13–18 points towards unclear screening 
conclusion.  
 

 Exercise Self-Efficacy Questionnaire 
Exercise self-efficacy in relation to the two different exercise programs are assessed by asking the 
participants to rate their confidence in performing the two different exercise programs on a 7-point 
(0-6) Likert scale with 0 representing “Not at all confident” and 6 representing “Completely 
confident”.  
 

 Pain Catastrophizing Scale 
The Pain Catastrophizing Scale (PCS) (27) will used as a measure of pain-related catastrophic 
thinking. The PCS instructs participants to reflect upon past painful experiences, and to indicate the 
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frequency with which 13 pre-specified thoughts or feelings occur while they are experiencing pain. 
The frequency is scored on a 5-point scale ranging from 0 (not at all) to 4 (all the time). The PCS 
measures 3 distinct components: rumination, magnification, and helplessness.  
 

 Hypermobility  
Hypermobility is assessed by the Beighton Score (28) applying the revised criteria for the diagnosis 
of benign joint hypermobility syndrome (29, 30). The Beighton score ranges from 0-9. In this study 
we define hypermobility as a score of 4 or more (29). Details are given in Appendix C. 
 

 Knee joint alignment during a forward lunge movement 
Knee joint alignment is assessed by clinically observation of the participant while he/she performs a 
forward lunge movement. The observation is made by a trained physiotherapist that classifies each 
participant’s knee as “varus”, “neutral”, or “valgus”.  
Detailed description of the assessment protocol is given in Appendix D. 
 

 Knee joint alignment during a single-leg mini-squat movement 
Knee joint alignment is assessed by clinically observation of the participant while he/she performs a 
single-leg mini-squat movement. The observation is made by a trained physiotherapist that classifies 
each participant’s knee as “varus”, “neutral”, or “valgus”.  
Detailed description of the assessment protocol is given in Appendix D. 
 

 Physiotherapist estimated prognosis for the participant  
A trained physiotherapist’s estimate of each patient’s potential for a successful outcome based on 
professional appraisal. The physiotherapists will be asked to appraise all component parts of their 
evaluation in their prediction of prognosis of each patient.  
 
The prognosis will be done based on group allocation (i.e. after allocation) judging the participant’s 
prognosis based on the allocated treatment  
 
The therapists are instructed to score each patient on a continuum of 1 (suggesting a very poor 
projected outcome) to 10 (suggesting an excellent projected outcome). The therapist must score each 
patient following their complete encounter with the patient. This may include the physiotherapist’s 
assessment of the patient’s resources (personal, material, social, etc.), personality, medical history, 
comorbidities, surgery reports, physical examination(s), physiotherapeutic assessments, and more. 
The prognosis assessment forms are appended in Appendix E. 
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 Midfoot mobility 

Midfoot mobility is calculated as the change in midfoot width from non-weight bearing to weight 
bearing. Midfoot width is measured at 50% of total foot length using a caliper during non-weight 
bearing and during standing with equal weight on each foot. The mobility is recorded as the difference 
between non-weight bearing and weight bearing measurements.  
 
11.0 DISCONTINUATION 

 Participant withdrawal 
A participant may withdraw from the study at any time without this impacting on any future 
investigations and/or treatments at the site, by the Investigators in this study or by other staff 
associated with the study. 
 
If a participant withdraws from the study, the procedures outlined for the FU Visit is sought to be 
completed within 2 weeks of the last rehabilitation session, and preferably prior to the initiation of 
another therapy.  However, these procedures should not interfere with the initiation of any new 
treatments or therapeutic modalities that the investigator feels are necessary to treat the participant's 
condition. 
 
It is important to avoid any lost to follow-up participants for the efficacy assessment and meaningful 
analysis of the study. 
 

 Individual participant discontinuation 
Subjects may discontinue the study at any time after receiving study intervention. The reason for 
discontinuation will be recorded on the CRF. 
Criteria for individual subject discontinuation from treatment include, but are not limited to, the 
following: 

● Any medical condition that, in the opinion of the investigator, may jeopardise the participant’s 
safety if he or she continues in the study 
● Noncompliance with study schedule or procedures 

 
 Discontinuation of Entire Study 

The Principal Investigator has the right to terminate this study at any time. Reasons may include the 
following, but are not restricted to: 
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● The incidence of events in this or other studies that indicate a potential health hazard to 
subjects 
● Unsatisfactory subject enrolment 

 
12.0 STUDY PROCEDURES 

 Time plan 
The study will be initiated once necessary funding has been acquired (pending) and this protocol has 
been approved by relevant authorities (pending). 
Enrolment of participants is expected at a rate of 4 per week, resulting in an enrolment phase lasting 
approximately 24 months. Last participant’s last visit (LPLV) is scheduled after additional 26 weeks. 
 

 Visit windows 
The visit windows are as follows:   

• Baseline (BL) measurements will be taken no more than 28 days before randomisation. 
• Outcome assessments can be taken within +/-7 days for the scheduled visits at week 13. 
• The 26 week assessment can be taken within +/-14 days for the scheduled visit. 

 
 Screening Period 

At the first (screening) visit, participants will receive a full explanation of the study design and study 
procedures, provide written informed consent and undergo the screening procedures.  Patient who 
meet all inclusion criteria and who do not have exclusions will be scheduled for BL visit up to 28 
days prior to randomisation. 
 

 Baseline and follow-up visits 
Eligible participants scheduled for rehabilitation in the department of physical and occupational 
therapy, and who have been informed orally and in writing about the study, and provided informed 
consent, are included in the study.  
 
Upon inclusion, the participant designates a target knee (defined as the most symptomatic knee), that 
will be the target for most of the subsequent assessments (unless otherwise specified). Subsequently, 
baseline questionnaires and measurements are performed, and after completion of these, the 
participants are randomised and allocated. All outcome measurements are repeated at the 12-week 
follow-up visit. 
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 End-of trial visit (week 26) 
The study is ended when the last participant has completed the final outcome assessments. For 
individual participants study participation is considered ended after his/her final outcome 
assessments. If a participant presents an occurred abnormality at the final examinations or a lingering 
side effect of the intervention, the participant is followed until normalisation of the abnormality or the 
condition can be described as stable or chronic. 
 
13.0 SUB-STUDIES 
Sub-studies of high scientific merit may be conducted based on the recommendation of the Steering 
Committee. These studies will merely be comprised of additional observations and measurements and 
will not interfere with the treatment. Sub-studies will be formulated in separate protocols and will 
depend on separate funding. The reporting of the sub-studies will be separated from the main trial. 
 
Currently, one sub-study is planned on a sub-group of participants, with details provided in Appendix 
D. Participation in the sub-study is not considered a requirement for participation in the main study. 
Nor will any violation of the sub-study protocol affect participation, care, or attention given from the 
parent study. 
 
This sub-study’s procedures are included in the main study written patient information and informed 
consent. The oral information will be delivered together with that of the parent study. 
 
14.0 SAFETY  
It is not expected that study participation will be associated with risks or complications. The applied 
interventions are both evidence based and will delivered by staff with relevant qualifications, 
education and certification. Thus, according to the current good clinical practice (GCP) standard, 
passive surveillance of harms will be assessed: The recorded adverse events are those that the study 
participants spontaneously report on their own initiative.  
 
15.0 DETERMINATION OF SAMPLE SIZE AND STATISTICAL ANALYSIS PLAN  

 Study participants description 
 Disposition of participants 

The number of randomized patients will be summarized as total and by site using counts and 
percentages. The number of patients either completing or permanently discontinuing the study will 
be summarized using counts and percentages. 
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 Study Population definitions 

 Intention to treat population (ITT) 
The ITT population consist of all randomized patients irrespective of whether the patient actually 
received study intervention or the patient’s compliance with the study protocol, in the treatment group 
to which the participant was assigned at randomisation. A patient will be considered randomized as 
soon as a treatment is assigned according to the allocation sequence. 
 
The mITT (modified intention-to-treat) population consists of participants in the ITT population with 
a valid baseline observation of the variable to be analysed.  
 

 As-observed population (AO) 
The AO population consists of participants who has the outcome of interest assessed at baseline and 
week 12 (i.e. no imputation of missing data will be done). 
 

 Per-protocol population (PP) 
The PP population is defined as the AO population participants that adhere to this protocol, defined 
by fulfilment of all of the following criteria: 

1. Is included in the AO population, AND 
2. Have performed at least 2/3 of the scheduled home-exercise sessions, AND 
3. Complies with the rules for concomitant treatments as described above. 

 
As sensitivity analyses we might adjust the second criteria to e.g. 75%, 80%, or other percentages of 
performance of the scheduled sessions.  
 

 Analysis of the conduct of the study 
The disposition of participants will be summarised and analysed for both PP and ITT populations. 
The number of participants who violate key eligibility criteria will be summarised. For subjects who 
discontinue the study early, reasons for discontinuation will be summarised and listed according to 
treatment allocation. 
 

 Analysis of treatment group comparability 
Analyses of treatment group comparability will be performed for PP, AO, and ITT populations. 
Demographic variables and baseline characteristics such as age, sex, race, weight and height, and 
prognostic factors such as baseline pain measurement and radiographic disease will be summarised 
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by treatment group. Means, standard deviations, medians, and ranges will be used for continuous 
variables. Counts and proportions will be used for categorical variables. 
 

 Analysis of equivalence 
All equivalence analyses (study aim 1) are carried out on the per-protocol (PP) population. Changes 
from baseline in outcomes are compared between groups using repeated measures mixed linear 
models with group (QE vs HE) and week (12 and 26) as fixed factors, and participant as random 
factor. The models will be adjusted for the outcome baseline value. The study hypotheses of 
equivalence can only be accepted if a statistically non-significant difference between groups 
(accepting the null hypothesis) in the primary outcome (change in KUJALA) is found and the 95% 
confidence intervals respect the equivalence margins of +/- 8 KUJALA points. All statistical tests will 
be 2-tailed at an alpha = 0.05 with estimates presented with 95% confidence intervals. 
 

 Analysis of effectiveness according to patient subgroups 
The analyses of effectiveness are based on assumptions that treatment effects vary according to an 
interaction between group allocation and certain patient characteristics that can be binary defined as 
present/absent.  
 
The analyses will be done on the AO population as defined above. 
 
The AO population will be split in two; an exploration cohort and a replication cohort. The split will 
be done randomly on a 1:1 basis (equal group sizes). A randomisation scheme will be prepared, and 
the patients will be randomly assigned in blocks of 4-6. The randomisation will be stratified for group 
allocation and for the presence/absence of the variable of interest. This may result in multiple 
randomisations. Randomisation will occur before any analytical steps have been taken. 
 
The split is made in order to replicate our results immediately (i.e. without running another study). 
We will run all analyses (see below) in the exploration cohort and assess if the findings can be 
replicated in the replication cohort. 
 
The analyses will focus on the interaction between presence/absence of a certain characteristic and 
group allocation (QE vs. HE) at each time point (week 12 and 26). Changes from baseline in outcomes 
will be analysed using repeated measures mixed linear models with group (QU vs HE), week (12 and 
26), and candidate baseline predictor characteristic (present/absent) as fixed factors, and participant 
as random factor. The models will be adjusted for the outcome baseline value. We will focus on the 
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triple interaction part of the model (group×week×predictor) that will be broken down by pair-wise 
comparisons of group and predictors at each week. All statistical tests will be 2-tailed at an alpha = 
0.05 with estimates presented with 95% confidence intervals. 
 

 Sensitivity analyses 
If sensitivity analyses are deemed necessary, these will be repeated on the ITT and mITT populations, 
as defined above. 
 

 Missing data 
For any analyses on the ITT and mITT populations, we will replace data using baseline-observation 
carried forward (BOCF; non-responder imputation).  
 

 Sample size and statistical power considerations 
The sample size is determined to be 200 participants equally allocated (1:1). The sample size has been 
reached based on the following calculation: 
 
Sample size calculation relating to study aim 1: 
The sample size is calculated to test the equivalence of the QE and HE programs in the assessment of 
change in the KUJALA pain subscale. With 77 participants per group, the study will have 90% power 
assuming the expected group difference in mean changes from baseline is 0, the common standard 
deviation is 15 (0-100 scale), with a delta (equivalence margin) of 8 units (0-100 scale) corresponding 
to the suggested minimum clinically relevant difference, and a significance level of 5%. With an 
expected drop-out during the study we will randomise and allocate 200 participants (100 to each 
group); analysing the PP population. 
 
Sample size calculation relating to study aim 2: 
We have no presumptions about the multiple group*predictor interactions that we pre-specify to 
explore. However, we believe the conservatively set sample size (above) has sufficient power to 
reliably detect candidate phenotypical characteristics that may associate with differential treatment 
response. 
 
16.0 HEALTH RESEARCH ETHICS 

 General considerations 
Prior to screening, all potential trial participants are informed, both orally and in writing, about the 
trial’s purpose, process and potential risks, costs and benefits of participation. In addition, the leaflet 
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'Rettigheder som forsøgsperson i et sundhedsvidenskabeligt forskningsprojekt' is handed out. All 
participants are informed of their rights to withdraw from the study at any time without this impacting 
on any future investigations and/or treatments at Copenhagen University Hospital at Bispebjerg and 
Frederiksberg, or by some of the members of the study group. After the information is delivered, read 
and understood, voluntary informed consent is given by the participant by signing a consent form 
before trial participation can take place. 
 

 Oral information  
When a potential participant is identified, an appointment for an information interview is made. It will 
be stressed that the investigator is asking the participant to consider participation in the trial, and that 
the potential trial participant has the right to bring a companion to information interview. The written 
information material will be sent by e-mail or regular post to the potential trial participant so that he 
or she has at least 24 hours to reading the material before the information interview. 
 
The oral information is based on the written information and will be given in a language easily 
understood without technical or value-laden terms. The information will be given in a considerate 
way that is tailored to each potential trial participants. The aim is that the conversation takes place 
without interference. It is the responsibility of the interviewer to ensure that the potential trial 
participant has understood the information. The information interview is performed by the 
investigator and in his absence by a designated delegate. Guidelines for the oral information are given 
in Appendix F (document in Danish). 
 

 Written information  
A written information material has been prepared and is attached this protocol as Appendix G 
(document in Danish). 
 

 Informed consent  
Consent to participation in the trial is given on the basis of the written and oral information. 
An informed consent form (ICF; Appendix H; document in Danish) has been prepared. The form 
must be signed and dated by the participants prior to participation in the trial. A copy of the form is 
provided to the participants. The investigator and his designated delegates can receive the signed 
consent form. Prior to consent, it must be ensured that a potential participant has been given sufficient 
time to consider his or her participation. 
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The case report forms (CRFs) will document for each subject that informed consent was obtained 
prior to participation in the study. The signed ICF must remain in each participant’s CRF and must 
be available for verification at any time. 
 

 Research ethics - the interventions 
Exercise therapy is recommended for PFP, and therefore all participants are provided with evidence 
based treatments irrespective of group allocation. There are no known risks or predictable harms 
associated with the interventions that at worst are considered harmless. The interventions are 
considered to be justified from a health research ethics perspective. 
 

 Research ethics - the outcome measures 
None of the planned assessments are invasive or associated with known risks or harms. The 
knowledge gained by this trial is commensurate with the efforts and difficulties associated with 
participation. The outcomes and assessments are considered to be justified from a health research 
ethics perspective. 
 

 Research ethics approval  
This protocol, the ICF, written patient information, any anticipated advertising materials, and relevant 
supporting information must be submitted to the ethical committee, by the Sponsor, prior to study 
initiation. The study will be conducted in accordance with Danish law, the Helsinki declaration, and 
local research ethics committee requirements. 
 
The Sponsor is responsible for keeping the health research ethics committee informed of amendments 
or changes to the protocol, and the progress of the study, as appropriate.  
 
17.0 SOURCE DOCUMENTS AND CASE REPORT FORM COMPLETION 

 Source Documents 
Source documents are defined as original documents, data and records. This may include 
questionnaires, hospital records, clinical and office charts, laboratory data/information, participants' 
diaries or evaluation checklists, health professionals’ records or charts, pharmacy dispensing and other 
records, recorded data from automated instruments, MRI images, and/or x-rays. Data collected during 
this study must be recorded on the appropriate source documents. 
 
The investigator(s)/institution(s) will permit study-related monitoring, audits and regulatory 
inspection(s), providing direct access to source data documents. 
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 Case Report Forms 

The study will use electronic case report forms (CRF) using an on-line web-based clinical trial 
management application (EasyTrial). EasyTrial allows individual patients to supply data from home 
and clinical and objective data is entered by staff at the clinical centres. Thus maximal data 
completeness is ensured.  
 
The application meets all regulatory standards, and allows management of all activities related to 
clinical trials that ensures optimal resource use and safety according to good clinical practice and data 
protection legislation. 
 
18.0 REGULATORY STANDARDS 

 Administrative structure 
The Department of Physical and Occupational Therapy is responsible for the entire conduct of the 
study.  
 

 Compliance with Laws and Regulations 
The Department of Physical and Occupational Therapy will conduct this clinical research study under 
related legislation and regulations, including the Act on Processing of Personal Data. The Department 
of Physical and Occupational Therapy will comply with International Conference on Harmonisation 
(ICH) E6 Good Clinical Practice (GCP): Consolidated Guidance, and other national laws and 
regulations, as applicable. 
 

 Notification to the Danish data protection agency 
Because the study is initiated from a hospital department, it is regarded as "public" in accordance with 
the Data Protection Agency (DPA) guidance. Therefore the notification of the study to the DPA is 
handled by the public authority to which the hospital department belongs, in this case the Capital 
Region of Denmark. Thus, the study is notified to the local DPA representative of the Capital Region 
of Denmark, who is responsible for the further notification to the DPA. 
 

 Study monitoring requirements 
As trial primarily aims at addressing relief of symptoms, and the trial population is not at elevated 
risk of more severe outcomes, no external monitoring is required. However, one or more authorised 
representatives of The Department of Physical and Occupational Therapy may periodically inspect 
study data and CRFs in accordance with GCP.  
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 Study completion 

The following data and materials are required before a study can be considered complete or 
terminated, including, but not limited to: Clinical data, laboratory and other test results, and any 
special test results from screening thru the end of study for all randomised subjects. The Principal 
Investigator and study personnel are responsible for supplying the documentation specified. 
 

 Subject confidentiality  
Subject medical information obtained by this study is confidential, and disclosure to third parties other 
than those noted below is prohibited. 
 
With the subject’s permission, medical information may be shared with his or her personal physician 
or with other medical personnel responsible for the subject’s welfare. 
 
When the data from this study are published, the presentation format will not include names, 
recognisable photos, personal information, or other data which compromises the anonymity of 
participants. 
 

 Retention of records 
Danish regulations require that the records and documents pertaining to this study must be retained 
by the Investigator for 5 years after completion of the study. Records to be retained include, but are 
not limited to, CRFs, consent forms, source documentation, test results, medication inventory records, 
and regulatory documents. 
 

 Quality assurance 
All data will be entered into a study database for analysis and reporting. Any data captured 
electronically will be stored electronically in a separate database according to standard procedures at 
The Department of Physical and Occupational Therapy. Upon completion of data entry, the databases 
will be checked to ensure acceptable accuracy and completeness. System backups and record retention 
for the study data will be consistent with The Department of Physical and Occupational Therapy 
standard procedures. 
 
Individuals involved in study evaluations will be trained to perform the efficacy evaluations and 
activity measurements described in the protocol.  
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 Financing and insurance information 
This study is initiated by Physiotherapist Rudi Hansen, MSc. and Professor Marius Henriksen PhD, 
who is the principal investigator of this study. 
 
The study has received no funding. All future sources of support (including technical and financial 
support) provided for this study will be disclosed in the written information material and in publication 
of the study results. Any future financial support will be paid to a dedicated account administered by 
the Department of Physical and Occupational Therapy at Bispebjerg-Frederiksberg Hospital under 
revision from the Capitol Region of Copenhagen (Region Hovedstaden). This information will be 
included in the written information material if financial support should be obtained. Further, the 
Health Research Ethics Committee will be informed about any future financial support. 
 
The participants are insured by the Danish Patient Insurance Association. Financing and insurance 
issues are addressed in the written information. 
 
19.0 PUBLICATION 
All outcomes will be published, i.e. both positive, negative and inconclusive results.  
 
Development of the core publication will be coordinated by the executive committee, whose 
membership includes investigators who provided significant input into study design, implementation, 
conduct and interpretation. A named author approach will be utilized with Rudi Hansen as first author, 
Michael Rathleff as secondary author, Christoffer Brushøj as third author, and Marius Henriksen as 
last author. Other authors may include other key study personnel (to be agreed upon by the steering 
committee) who has contributed significantly to the implementation and conduct of the study and 
non-site personnel who contribute substantially to the design, interpretation or analysis of the study 
and fulfil the requirements for authorship as recommended by the international committee of medical 
journal editors (ICMJE).  
 
Activities that alone (without other contributions) do not qualify a contributor for authorship include, 
but are not limited to: acquisition of funding; general supervision of a research group or general 
administrative support; and writing assistance, technical editing, language editing, and proofreading. 
Those whose contributions do not justify authorship may be acknowledged individually or together 
as a group under a single heading (e.g. "Clinical Investigators" or "Participating Investigators"), and 
their contributions will be specified (e.g., "served as scientific advisors", "critically reviewed the study 
proposal", "collected data", "provided and cared for study patients", "delivered the interventions", 
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"participated in writing or technical editing of the manuscript"). Written permission to be 
acknowledged from all acknowledged individuals will be collected prior to submission of a 
manuscript for publication. 
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 Appendix 2 – Exercise description

 

 

EXERCISE PROGRAMS FOR PARTICIPANTS IN THE 
COMPETE TRIAL  

 
This document describes the details of the two exercise programs (Hip Exercise; HE, and 
Quadriceps Exercise; QE) that are compared in the COMPETE trial. 
 
GENERAL CONSIDERATIONS  
Both exercise programs are initiated at an individual clinical visit. An experienced physiotherapist 
introduces the trial participant to the exercise program that the participant has been allocated to (HE 
or QE) and provides instructions to the individual exercises.  
 
Both exercise programs run for 12 weeks, with exercise sessions 3 times per week. Each training 
session is scheduled to last approximately 30 minutes. The exercise programs are home based with 
monthly supervision visits at the department of Physical and Occupational Therapy at Bispebjerg-
Frederiksberg Hospital, Copenhagen, Denmark.  
 
Focus of the exercises is on the quality of the performance – not quantity. It is considered very 
important to do the exercises with correct technique in order to gain as much as possible from the 
exercises. This is emphasised to the participants during the instruction session. 
During the instruction session, the participants should be able to do at least one set of each exercise 
with satisfying quality (judged by the physiotherapist) before the participant is sent home to do the 
exercise program on him/her own. 
 
Both programs consist of 3 resistance training exercises. The overall principles of the programs are 
based on the guidelines for strengthening exercises from the American College of Sports Medicine 
(1). The aim of the exercises are to gain muscular strength and through numerous neuromuscular 
mechanisms to enable greater force generation. Muscular strength is defined as the ability of a 
muscle or muscle group to exert a maximal external force.  
 
The individual exercises in both exercise programs include concentric and eccentric muscle actions. 
Participants are instructed to perform the exercises in a moderate velocity, i.e. 1-2 seconds in the 
concentric movement and 1-2 seconds in the eccentric movement. Recommended load is 60-70% 
1RM (repetition maximum (RM)) i.e. 8-12 repetitions. The recommended volume is 3 sets with 
recommended rest between sets of 1½ - 2 minutes (1). The exercise descriptors are summarized in 
Table 1. 
 
Important note on RM estimation 
Since we use elastic bands, free weights, and body weight as exercise resistance, it is not possible to 
estimate the exact repetition maximum. However, we inform the participants to approximate muscle 
fatigue within 8-12 repetitions in each set. An increase in resistance is recommended when the 



 99 

 

participant is able to perform 2 repetitions more than the desired number (i.e. 14 or more) (1) with 
satisfying quality (progression principals are specified in the exercise description).  
 
Exercise equipment 
Elastic bands with different resistances are used for progression.  
In addition it is recommendable to use a training mat or alternatively a large towel to lie on when 
necessary. For exercise QE-1 it is recommended to use a solid table or a high stool as a normal chair 
is typically too low for the legs to move freely.  
 
Knee pain monitoring 
The participants are instructed to consider their current knee pain on the day of exercise. A 0-10 
numeric rating Scale (NRS, 0 equals no pain and 10 equals worst imaginable pain, figure 1) is used 
by the participant to assess their knee pain before, during and after each training session. If the 
participant experiences knee pain of an intensity of 6 or more before or during a session, the 
participant is instructed to decrease resistance and/or number of repetitions in that session. The pain 
ratings are recorded in the participants exercise diary at each session (appended).  
 

 
Figure 1: Visual numeric rating scale for pain monitoring ranging from 0 (no pain) to 10 (worst 
imaginable pain) with safe, acceptable, and risk pain zones indicated. 
 
Both groups are instructed not to perform other activities that cause knee pain of 3 or more on the 0-
10 NRS (figure above), except from when performing the exercises in which knee pain up to 5 is 
acceptable. If pain intensity exceeds 3 on the NRS, the participant is recommended to stop the 
activity. Participants are recommended to maintain daily activity level in the trial period to the 
extent that the pain is kept below this limit. 

General instructions to participants in both groups 
During activities of sports or daily life, participants are instructed to focus on good alignment. Good 
alignment is defined as keeping the anterior superior iliac spine (ASIS), the knee and the second toe 
in a straight line when moving, e.g. when ascending or descending stairs, bicycling, running, etc.  

In the leaflet “Managing my patellofemoral pain” (Danish title: “Håndtering af mine forreste 
knæsmerter”, appendix J), information regarding alignment and malalignment is explicated in an 
easily read form.   
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THE HIP EXERCISE PROGRAM (HE) 
The exercises used in the HE-group program (exercises HE-1, HE-2, and HE-3) have been chosen 
due to their documented activation of the hip abductors, external rotators, and hip extensors (2-5), 
are widely used in clinical practice, and because they do not strain the knee or patellofemoral joints 
that are painful in PFP patients. The exercises are easy to conduct and are easily progressed. 
 
Warm up 
Participants are instructed to warm-up by performing 20 repetitions of exercise HE-1 (see below) 
without external load. 
 
HE-1 – SIDELYING CLAMP 
Purpose: To progressively strengthen the hip abductors and external rotators. 
 
Exercise description: Lay on the side with hips flexed 
approximately 30 degrees and knees flexed 
approximately 90 degrees. The pelvis should be kept 
stable and in neutral position throughout the exercise. 
Lift the upper knee as high as possible without pelvis 
tilt and any compensatory movements. Lower the knee 
again until the starting position. Load can be applied by 
placing an elastic band between the knees. 
 
Focus: Main focus is on stabilizing the pelvis in a 
neutral position without tilting backwards when 
performing the exercise. In addition to make sure, that 
exertion is felt primarily in the gluteal muscles and not 
in the tensor fascia latea muscle, hamstrings or any 
other potential accessory muscle. 
 
Progression: Progression is made by applying elastic bands with more resistance and/or applying 
more bands. 
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HE-2 SIDELYING HIP ABDUCTION 
Purpose: To progressively strengthen the hip abductors 
 
Exercise description: Lay on the side with the upper 
leg in full knee and hip extension (neutral position). The 
lower leg is kept with a slight hip flexion and above 90 
degrees knee flexion during the exercise. The pelvis 
should be kept stable and in neutral position throughout 
the exercise. Lift the upper leg upwards and slightly 
backwards as high as possible without pelvis tilt and any 
compensatory movements. Lower the leg again until the 
starting position. Load can be applied by placing an 
elastic band between the legs. Progression is made by 
applying elastic bands with more resistance and/or 
applying more bands  
 
Focus: Main focus is on stabilizing the pelvis in a 
neutral position without tilting backwards when performing the exercise. In addition to make sure, 
that exertion is felt primarily in the gluteus medius muscle and not in the tensor fascia latea muscle, 
hamstrings or any other potential accessory muscle. 
 
Progression: After 4 weeks of training the exercise is progressed to standing as described in the 
following: 
 
Exercise description: Stand on one leg with the pelvis 
and upper body in a neutral position and the knee on 
the stand-leg slightly flexed. The pelvis and upper body 
should be kept stable and in neutral position throughout 
the exercise. Lift the training-leg leg outwards and 
slightly backwards as far as possible without pelvis tilt 
and any compensatory movements. Return again to the 
starting position.  
 
Focus: Main focus is on stabilizing the pelvis in a 
neutral position without rotating or tilting when 
performing the exercise. In addition to maintain good alignment between the feet, knees and 
anterior superior iliac spine in the weight bearing extremity (see patient information and 
guidelines). 
 
Further Progression: Load can be applied by placing an elastic band between the legs. Progression 
is made by applying elastic bands with more resistance and/or applying more bands 
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HE-3 PRONE/STANDING HIP EXTENSION  
 
Purpose: To progressively strengthen the hip extensors 

Exercise description: Lie on your stomach on a table 
top, positioned with your legs off the end of the table and 
hips flexed to approximately 90 degrees with the knees 
flexed and the feet placed on the floor. Extend one leg at a 
time, maintaining flexion of the knee. Do not allow the 
leg to abduct during hip extension. Return again to the 
starting position. 
Emphasis is placed on extension at the hip, avoiding 
extension of the spine. The lower back should be kept in 
neutral position with a slight lordosis and the pelvis 
should be kept stable without tilting or rotating 
throughout the exercise. 
Alternative exercise set-up: If it is not possible to find a 
suitable table to lie on, you can do the exercise standing in 
a bend over position equal to the above description. 
Instead of lying on a table top, you can support the upper 
body by holding on to a chair or table.  
 
Focus: Main focus is on maintaining a natural posture 
with a slight lordosis in the lower back and to avoid 
compensatory movements in the spine or pelvis. 
 
Progression: Load can be applied by placing an elastic 
band between the legs from under the standing foot to the 
knee of the moving limb. Progression is made by 
applying elastic bands with more resistance and/or 
applying more bands. 
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THE QUADRICEPS EXERCISE PROGRAM (QE) 

The exercises used in the QE-group program (exercises QE-1, QE-2, and QE-.3) are also widely 
used in clinical practice. The exercises has been shown effective in recruiting the quadriceps muscle 
(PMID: 18560185, 22310511  ) and are effective in treating PFP (PMID: 24766358, PMID: 
17469667) . Since two of the exercises (QE-2 and QE-3) are multi-joint exercises, several muscles 
are recruited when performing the movement. In the weight bearing squat (QE-2) and lunge (QE-
.3), the quadriceps muscles are activated in concomitance with primarily the hamstrings and the 
gluteal muscles. Nevertheless we chose these exercise because they are widely used and thus fit 
well into the pragmatic nature of the COMPETE trial. 

Warm up 
Participants are instructed to warm-up by performing 20 repetitions of exercise QE-1 (see below) 
without external load. 
 
QE-1 SITTING KNEE EXTENSION 
 
Purpose: To progressively strengthen the knee extensors (open kinetic chain). 
 
Exercise description: Sit on a table or similar 
with the knees bended and the lower extremity 
hanging freely. The upper body must be in an 
upright or slightly reclined position. Extend the 
knee from 90 degrees of knee flexion until full 
knee extension. Lower the leg again until start 
position. Keep the foot in a dorsiflexed position 
throughout the exercise. 
Load can be applied by placing an elastic band 
between the feet and fixing the untrained leg in 
knee flexion.  
 
Focus: Main focus is on stabilizing the pelvis in a 
neutral position without retroverting when performing the exercise. In addition to make sure, that 
the exercise is performed in the desired range of motion, i.e. from 90 degrees of knee flexion until 
full knee extension. 
 
Progression is made by applying elastic bands with more resistance and/or applying more bands. 
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QE-2 SQUAT 

Purpose: To progressively strengthen the knee 
extensors, hamstring muscles and gluteal muscles 
involved in the squatting movement. 
 
Exercise description: Stand with a shoulder 
width distance between the feet. Flex the knees 
while maintaining good posture in the upper body 
and good alignment in the lower extremities until 
90 degrees of knee flexion. Straighten the knees 
again until the starting position.  
Load can be applied by adding weight in a 
backpack (e.g. sand, flour, bottles of water) or by 
holding dumbbells in the hands.  
 
Focus: Main focus is on maintaining good alignment between the feet, knees and anterior superior 
iliac spine (see patient information and guidelines). In addition to make sure, that the lower back is 
kept stable in a slight lordosis throughout the movement. 
 
Progression is made by adding weight. Regression is made by flexing the knees less than 90 
degrees, e.g. 45 degrees or 70 degrees. 
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QE-3 FORWARD LUNGE 
 
Purpose: To progressively strengthen primarily 
the knee extensors, hamstring muscles and gluteal 
muscles. 
 
Exercise description: Stand with one foot in front 
of the other with the distance of a large step 
between the feet. The heel of the back foot is kept 
slightly raised throughout the exercise. Bend the 
knees so that the back knee touches or almost 
touches the floor and the front knee is in a 90 
degrees flexion. Extend the knees again until the 
starting position. 
 
Focus: Main focus is on maintaining good 
alignment between the front foot, knee and anterior superior iliac spine (see patient information and 
guidelines). The front knee is not allowed to exceed the vertical line from the first toe. In addition to 
make sure, that the lower back is kept stable in a slight lordosis and the upper body is kept in an 
upright position throughout the movement. 
 
Progression: Load can be applied by adding weight in a backpack (e.g. sand, flour, bottles of 
water) or by holding dumbbells in the hands. Progression is made by adding weight. Regression is 
made by flexing the front knee less than 90 degrees, e.g. 45 degrees or 70 degrees. 
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Table 1. Exercise descriptors 

  

HIP EXERCISES QUADRICEPS EXERCISES 

HE-1 HE-2 
HE-2 

progression HE-3 QE-1 QE-2 QE-3 

1. Load magnitude 8-12 RM. 8-12 RM. 8-12 RM. 8-12 RM. 8-12 RM. 8-12 RM. 8-12 RM. 
2. Number of 
repetitions 8-12 reps. 8-12 reps. 8-12 reps. 8-12 reps. 8-12 reps. 8-12 reps. 8-12 reps. 

3. Number of sets 3 sets 3 sets 3 sets 3 sets 3 sets 3 sets 3 sets 

4. Rest in between sets 
1 min. 30 sec. 
– 2 min. 

1 min. 30 sec. 
– 2 min. 

1 min. 30 sec. – 
2 min. 

1 min. 30 sec. 
– 2 min. 

1 min. 30 sec. 
– 2 min. 

1 min. 30 sec. 
– 2 min. 

1 min. 30 sec. 
– 2 min. 

5. Number of exercise 
interventions per week 3/week 3/week 3/week 3/week 3/week 3/week 3/week 
6. Duration of the 
experimental period 12 weeks 12 weeks 12 weeks 12 weeks 12 weeks 12 weeks 12 weeks 
7. Fractional and 
temporal distribution 
of the contraction 
modes per repetition 
and duration of one 
repetition 

1-2 s 
concentric, 

1-2 s eccentric 

1-2 s 
concentric, 

1-2 s eccentric 

1-2 s 
concentric, 

1-2 s eccentric 

1-2 s 
concentric, 

1-2 s eccentric 

1-2 s 
concentric, 

1-2 s eccentric 

1-2 s 
concentric, 

1-2 s eccentric 

1-2 s 
concentric, 

1-2 s eccentric 
8. Rest in-between 
repetitions No No No No No No No 

9. TUT 2-4 s/repetition 2-4 s/repetition 2-4 s/repetition 2-4 s/repetition 2-4 s/repetition 2-4 s/repetition 2-4 s/repetition 
10. Volitional muscle 
failure Yes Yes Yes Yes Yes Yes Yes 

11. Range of motion 
See exercise 
description 

See exercise 
description 

See exercise 
description 

See exercise 
description 

90 degrees to 
180 degrees 

See exercise 
description 

See exercise 
description 

12. Recovery time in-
between exercise 
sessions 48 h 48 h 48 h 48 h 48 h 48 h 48 h 
13. Anatomical 
definition of the 
exercise 

See exercise 
description 

See exercise 
description 

See exercise 
description 

See exercise 
description 

See exercise 
description 

See exercise 
description 

See exercise 
description 
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HÅNDTERING AF MINE 
FORRESTE KNÆSMERTER

Patellofemorale smerter, også kaldet forreste knæsmerter (smerter omkring 
eller bag knæskallen) er meget hyppigt og ses hos mænd og kvinder på alle ak-
tivitetsniveauer. Patellofemorale smerter resulterer i knæsmerter under almin-
delige dagligdagsaktiviteter såsom almindelig gang, løb, når man sidder, samt 
når man går på trapper.

Der er mange årsager til patellofemorale smerter, og derfor mange forskellige 
behandlingsmuligheder. Informationen i denne folder kan hjælpe dig med den 
mest hensigtsmæssige behandling for dine knæsmerter. Det anbefales at du 
tager kontakt til en sundhedsprofessionel for yderligere information om behan-
dling af dine knæsmerter.

VIGTIGE FAKTORER OG 
BEHANDLINGSMULIGHEDER 

(Se nærmere detaljer indeni)

TILTAG FOR AT HÅNDTERE DINE FORRESTE KNÆSMERTER

1. Hvis du tror, at du har forreste knæsmerter bør du hurtigst muligt søge hjælp – 
dette vil øge dine chancer for en succesfuld genoptræning

2. Der er mange e!ektive behandlingsmuligheder som du kan drøfte med din 

1.

2.

3.

Figur 5: Gradvis og sikker opbygning af 
aktivitetsniveau og sportsdeltagelse

100%

75%

50%

25%

Dette informationsmateriale er fremstillet af Dr. Christian Barton og Dr. Michael Rathle!, som en del af et ikke-
kommercielt projekt.

behandler.
3. E!ekten af din genoptræning vil 

øges hvis du yder en aktiv indsats.
4. Justering af dit fysiske 

aktivitetsniveau er ofte det 
første skridt mod en succesfuld 
genoptræning.

5. Sørg for at du langsomt og sikkert 
øger dit fysiske aktivitetsniveau 
("gur 5)

VIGTIGE FAKTORER SOM 
MAN SKAL HAVE 
FOKUS PÅ

1. Nedsat funktion af og 
svag hoftemuskulatur.

2. Nedsat funktion af og 
svag lårmuskulatur.

3. At man falder indad på 
foden (øget pronation)

VIGTIGE 
BEHANDLINGSMULIGHEDER
1. Øvelser der øger styrke 

og funktion af hofte- og 
lårmuskulaturen.

2. Tapening af knæskallen 
for at reducere smerten 
på kort sigt.

3. Indlægssåler med 
svangstøtte hvis du 
falder meget indad på 
foden (øget pronation)
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2 PURPOSE 
This statistical analysis plan (SAP) describes detailed aspects of data preparation and analysis and 

was set up before starting the final analysis. The SAP is based on the final trial protocol (Version 

1.2, April 18, 2017). 

 

3 STUDY SYNOPSIS 
Background 
and rationale: 
 

Patellofemoral Pain (PFP) is a common knee problem, which particularly affects adolescents 
and young adults. PFP is characterised by significant retropatellar and/or peripatellar pain and 
impairment of function and quality of daily life. Exercise programs targeting either hip or knee 
muscles are recommended, but it is unclear if these exercise programs produce equivalent results. 
The purpose of this study is to compare changes in pain and function for patients assigned to a 
focused “Quadriceps Exercise” protocol or a “Hip Exercise” protocol for a 12-week period. 

Objectives: Primary objective: To assess efficacy equivalence between a focused “Quadriceps Exercise” 
protocol (QE) and a “Hip Exercise” protocol (HE), on changes in knee pain and function in 
individuals with PFP in the short term (12 weeks). 
Secondary objectives: 1) To assess efficacy equivalence between QE and HE on changes in knee 
pain and function in individuals with PFP in the long term (26 weeks), 2) to assess efficacy 
equivalence between QE and HE on: The 5 subscales of the KOOS questionnaire (Pain, Symptoms, 
Function, Sports/Recreation, Quality of Life), isometric muscle strength of hip abductors, hip 
external rotators, hip extensors, and quadriceps, Dynamic Assessment of Pain, Pain Self-Efficacy 
Questionnaire, EuroQoL EQ-5D-3L Questionnaire, and Transition Questionnaire of global 
perceived effect on overall health, pain, and function. 

Outcomes: Primary outcome: Change from baseline in the KUJALA scoring questionnaire at week 12. 
Key secondary outcomes:  
- Change from baseline in the KOOS pain subscore at week 12 
- Change from baseline in the KOOS function subscore at week 12 
- Change from baseline in the KOOS quality of life subscore at week 12 
Other secondary outcomes: Change from baseline in the KOOS Symptoms and Sports/Recreation 
subscores at week 12, change from baseline in isometric muscle strength of hip abductors, hip 
adductors, hip external rotators, hip internal rotators, hip extensors, hip flexors, knee flexors 
(hamstrings), and knee extensors (quadriceps) at week 12, change from baseline in Dynamic 
Assessment of Pain at week 12, change from baseline in Pain Self-Efficacy Questionnaire at week 
12, change from baseline in EuroQoL EQ-5D-3L Questionnaire at week 12, The Transition 
Questionnaire of global perceived effect on overall health, pain, and function at week 12, change 
from baseline in the outcomes measured at week 26 (only questionnaire data). 

Study design: The trial is a randomised, controlled, equivalence trial with two parallel groups comparing QE and 
HE. 

Statistical 
considerations: 

Primary analyses will be based on an intention-to-treat (ITT) principle. Continuous scores will be 
analysed using mixed linear models adjusted for baseline values of the scores.  As secondary 
analysis we will repeat the primary analysis on the per protocol (PP) population. If the ITT and PP 
analyses agree, confidence in a potential equivalence claim is increased. 
Sensitivity analyses will be done using a data set with missing data replaced using multiple 
imputation, and adjusting for intervention adherence. 
Adverse events will be presented in a descriptive way for both groups. 

 

For further details regarding the trial design, please see the protocol version 1.2, April 18, 2017. 
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4 INTRODUCTION 

4.1 Background and rationale 

Patellofemoral pain (PFP) is a common knee problem, which particularly affects adolescents and 

young adults. PFP is characterised by significant retropatellar and/or peripatellar pain and 

impairment of function and quality of daily life. Exercise has repeatedly been shown beneficial for 

pain and physical function and is unequivocally recommended as a core component of the 

management of PFP. Different types of exercise (e.g., quadriceps strengthening, hip strengthening 

and functional/neuromuscular exercises) have been investigated. In general, these different types of 

exercises produce similar small to moderate beneficial effects in pain and physical function. 

Evidence has been accumulating to support the importance of quadriceps and hip muscle control 

and strengthening in the treatment of PFP, but studies including direct comparisons of the separate 

treatment protocols are few (1-5), and intervention durations and follow-up periods have been short 

(i.e., 6-12 weeks).  Furthermore, even though different strengthening regimens have been compared, 

claims of equivalence cannot be established from available studies as nonsignificant superiority 

tests only in very rare occasions can be interpreted as proof of no difference between the two 

treatments. Tests of equivalence normally require an established gold standard treatment against 

which a new treatment is tested (for equivalence). However, in exercise for PFP, neither hip nor 

quadriceps exercise programs are considered gold standard, wherefore we aim to assess if the two 

types of exercise are non-inferior to each other. This is done through a randomised trial designed to 

test for equivalence of the two exercise programs. 

Accordingly, the purpose of this study is to assess efficacy equivalence between a focused 

“Quadriceps Exercise” protocol (QE) and a focused “Hip Exercise” protocol (HE) in pain and 

function in patients with PFP.  

 

4.2 Study Objectives 

The primary objective of this trial is to assess efficacy equivalence between QE and HE on changes 

in knee pain and function in individuals with PFP. 

The secondary objectives are to compare the QE and HE on the following 

- Changes in patient-reported physical function, knee symptoms, quality of life, and 

participation in sports and recreation 
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- Change in physical performance 

- Changes in patients perceived overall effect  

 

5 STUDY METHODS 

5.1 Trial Design 

The trial is a single centre, randomised, parallel-group, 26 weeks (6 months), equivalence trial 

comparing a 12-weeks focused “Quadriceps Exercise” protocol and a 12-weeks focused “Hip 

Exercise” protocol with a primary endpoint at 12 weeks (after treatment) and a follow-up at 26 

weeks. 

The trial is conducted among patients with PFP. A total of 200 patients has been randomly assigned 

on a 1:1 basis to one of the two treatments, QE or HE.  

 

5.2 Randomization 

Eligible participants have been randomly assigned - in permuted blocks of 4 and 6 - according to a 

computer-generated list of random numbers, to one of the two groups (QE or HE).  

The randomisation is equal (1:1), meaning that 100 participants are allocated to each group. A 

coded randomisation list was available to the clinical staff administering the interventions. 

 

5.3 Blinding 

Investigators, study coordinators, clinical staff, study staff, and other personnel directly involved in 

the study, are blinded to the group allocation until all primary and secondary analyses are 

completed. Participants and staff involved in the exercise delivery are not blinded to the group 

allocation. Information that could potentially unblind otherwise blinded staff will not be shared and 

will be stored in facilities with limited access until the study is completed. Unblinding of blinded 

personnel does not preclude the related participants’ continued participation in the study. 
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5.4 Sample Size and Power 

The sample size has been calculated to test the equivalence of the QE and HE programs in the 

assessment of change in the KUJALA questionnaire. With 77 participants per group, the study will 

have 90% power assuming the expected group difference in mean changes from baseline is 0, the 

common standard deviation is 15 (0-100 scale), with a delta (equivalence margin) of 8 units (0-100 

scale) corresponding to the suggested minimum clinically relevant difference, and a significance 

level of 5%. With an expected drop-out during the study we will randomise and allocate 200 

participants (100 to each group); analysing the PP population. 

 

5.4.1 Statistical power calculation for potential superiority claim 

A sample size of 200 in total will provide strong statistical power to detect group differences in 

favour of either of the two investigational treatments. 

For a two-sample pooled t test of a normal mean difference with a two-sided significance level of 

0.05 (P<0.05), assuming a common standard deviation of 15 KUJALA points, a total sample size of 

200 assuming a balanced design has a power of 80.4% to detect a mean difference of 6 KUJALA-

Points (corresponding to a small effect size of 0.4). 

 

5.5 Framework 

This is an equivalence trial.  

 

5.6 Statistical Interim Analyses and Stopping Guidance 

No statistical interim analysis has been planned and there is no guidance for stopping the trial. 

 

5.7 Timing of Final Analysis 

Final analysis will take place in one stage: The first (and main) report/publication of the trial will be 

prepared for the QE/HE comparison when every trial participant has reached 26 weeks follow-up 

and data for the primary and secondary outcomes have been received and cleaned (anticipated to be 

March 2022). 
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5.8 Timing of Outcome Assessments 

The schedule of study procedures and visit windows are given in the Table 1. The start time (Day 1) 

is the scheduled day of the participant’s first treatment.  

 

 

Screening Baseline 

Week 

1 2 3 4 5 6 7 8 9 10 11 12 26 
Day -56 to -28 -28 to 0 1-7 8-14 15-21 22-28 29-35 36-42 43-49 50-56 57-63 64-70 70-77 78-84 182 
Written information                
Oral information                
Procedure                
Eligibility criteria                
Informed consent                
Randomisation                
Interventions                
QE                
HE                
Outcomes                
Questionnaires                
Kujala                
KOOS                
Pain self-efficacy 
questionnaire                

EuroQoL EQ-5D-3L 
Questionnaire                

Transition 
Questionnaire of 
global perceived 
effect 

             

  

Clinical assessment                
Isometric strength                
Dynamic assessment 
of pain                
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6 OUTCOMES 

6.1 Study knee 

At inclusion a study knee was selected, which is subject to all subsequent assessment: 

• The study knee will be defined as the symptomatic knee with a diagnosis of PFP 

• If both knees are eligible, the more symptomatic knee will be selected (selected by 

participant) 

• If both knees shave equivalent symptoms (reported by participant), the study knee will be 

randomly assigned. 

 

6.2 Primary outcome 

The primary outcome is assessed at week 12 as change from baseline in the KUJALA questionnaire 

– a widely used and well-validated survey instrument evaluating pain and function in PFP patients. 

We will analyse the group difference in the mean changes from baseline in the KUJALA 

questionnaire in the study knee between QE vs HE after 12 weeks. 

 

6.3 Key Secondary outcomes 

The following outcome is assessed as key secondary outcome: 

- Change from baseline in the KOOS pain subscore at week 12 

- Change from baseline in the KOOS function subscore at week 12 

- Change from baseline in the KOOS quality of life subscore at week 12 

 

6.4 Other secondary outcomes 

The following outcomes are assessed as other secondary outcomes: 

- Change from baseline in the KOOS Symptoms and Sports/Recreation subscores at week 12 
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- Change from baseline in isometric muscle strength of hip abductors, hip adductors, hip 

external rotators, hip internal rotators, hip extensors, hip flexors, knee flexors (hamstrings), 

and knee extensors (quadriceps) at week 12 

- Change from baseline in Dynamic Assessment of Pain at week 12 

- Change from baseline in Pain Self-Efficacy Questionnaire at week 12 

- Change from baseline in EuroQoL EQ-5D-3L Questionnaire at week 12 

- The Transition Questionnaire of global perceived effect on overall health, pain, and 

function. 

- Change from baseline in the outcomes measured at week 26 (only questionnaire data) 

 

6.5 Definition of outcome variables 

6.5.1 The KUJALA score questionnaire 

The KUJALA score questionnaire - sometimes called the Anterior Knee Pain Scale - is a disease 

specific validated disability scale ranging from 0 (complete disability) to 100 (fully functional). It is 

a 13-item self-report questionnaire that documents response to 6 activities (walking, running, 

jumping, climbing stairs, squatting, and sitting for prolonged periods with knees bent), as well as 

symptoms such as limp, inability to weight bear, swelling, abnormal patellar movement, muscle 

atrophy, and limitations in knee flexion. The minimal clinical important difference is reported to 

range from 8 to 19 points (6) in patients with PFP. 

 

6.5.2 KOOS 

The Knee injury and Osteoarthritis Outcome Score (KOOS), a disease-specific instrument designed 

to assess health related quality of life (QoL) in patients with knee injuries. The KOOS consists of 42 

items covering five domains, namely, Pain (9 items), Function (in Activities of Daily Living) (17 

items), Knee-related QoL (4 items), Symptoms (7 items), and Sports and Recreation (5 items). The 

KOOS uses a five-point Likert scale scoring system (ranging from 0 (least severe) to 4 (most 
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severe)). The minimal clinical important difference in the subscores is suggested to be 8-10 points 

in patients with knee osteoarthritis (www.koos.nu1). 

We will calculate all KOOS domains from the questionnaire values as outlined in the user guide 

(www.koos.nu1). Normalized scores are calculated for each domain with 100 indicating no 

symptoms and functional impairment and 0 indicating extreme symptoms and functional 

impairment. If the number of missing items is less than or equal to 2 in a subscale, they will be 

substituted by the average item value for that subscale. If more than two items of the subscale are 

omitted the response will be considered invalid and no subscale score calculated.  

 

6.5.3 Isometric muscle strength 

Isometric muscle strength of hip abductors and adductors, hip external and internal rotators, hip 

flexors and extensors, quadriceps, and hamstrings is performed by using a handheld dynamometer 

and is measured in Newtons (N). Measurement variation has previously been assessed and found to 

be less than 5% when assessing hip abduction, hip external rotation and knee extension, and less 

than 10% when assessing knee flexion (7). The muscle strength tests are conducted following 

published testing protocols (7-9). Among healthy individuals, the minimal detectable changes are 

reported to be: 45.9 N for hip extensors, 27.1 N for hip flexors, 21.6 for hip adductors, 20.5 N for 

hip internal rotators, 11.6 N for hip adductors, 9.7 N for hip external rotators (7), 24.6 N for knee 

flexors and 18.2 N for knee extensors (9). Since no minimal clinical important differences exist for 

muscle strength, we set equivalence margins to one half standard deviation of the pooled baseline 

values in this trial. Hence the exact MCID values cannot be listed a priori as the database has not 

been locked when this statistical analysis plan was written.  

 

6.5.4 Dynamic Assessment of Pain 

The Functional Weight Bearing Pain Test is a simple performance test with an integrated pain 

score, designed to provide useful information for monitoring treatment progress and evaluating 

treatment effects in clinical physiotherapy practice. The patient is asked to perform as many 

squatting movements (both legs) as possible within 30 seconds. The knees should reach 

approximately 90 degrees of flexion and full extension for each squat. This is supervised by the 

 
1 Accessed on October 23rd, 2021 
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investigator. The outcome of the test is the knee pain during the test on a 0-10 Verbal Rating Scale 

(VRS) rated immediately after the test. The minimal clinical important difference is suggested to be 

2.4 points in patients with knee osteoarthritis (10). 

The test takes about 1 minute to perform including instructions and does not require any equipment 

besides a stopwatch/watch. The result is a direct measure of the patient’s ability to perform a 

repeated movement within a short timeframe and for the degree of pain during a weight bearing 

movement, which reflects the limitations of daily activities due to PFP. 

 

6.5.5 Pain Self-Efficacy Questionnaire  

The pain self-efficacy questionnaire is a 10-item questionnaire developed to assess the confidence 

people with pain have in performing activities while in pain. It is applicable to all persisting pain 

presentations and covers a range of functions. Confidence in performing activities is rated on a 7-

point (0-6) Likert scale with 0 representing not at all confident and 6 representing completely 

confident. A total score is calculated by summing the answers producing a score between 0 and 60. 

Higher scores reflect stronger self-efficacy beliefs. MCID is reported to be 5.5 in patients with 

chronic low back pain (11), however, in a Danish population of low back pain patients, the smallest 

detectable change (SDC) was reported to be 12.67 points (12). Neither MCID nor SDC is reported 

for patients with knee pain. We define the MCID as one half standard deviation of the pooled 

baseline values in this trial. Hence the exact MCID used for the analyses cannot be listed a priori as 

the database has not been locked when this statistical analysis plan was written. 

 

6.5.6 EuroQoL EQ5D Questionnaire 

EQ5D is a standardised patient-reported instrument for use as a measure of health outcome and 

quality of life. The answers to the five domain statements can be translated into a single index value 

within the range of 1,000 to -0.624 using so-called preference weights based on Danish normative 

data, as higher values indicate better health-related quality of life and vice versa. The MCID is 

reported to be 0.32 points in patients with hip or knee osteoarthritis (13). 

 



 122 

Statistical Analysis Plan 
COMPETE 

Bispebjerg and 
Frederiksberg Hospital 

Statistical Analysis Plan COMPETE Date: Oct. 7, 2021 
Version 1.0 Page 15 of 35 

 

6.5.7 Transition Questionnaire of global perceived change in overall health, pain, and 

function 

In transition ratings the participants are asked at follow-up to compare their current state with the 

state at baseline. This approach has limitations regarding recall bias and influence of numerous 

known and unknown parameters. However, a combination of changes on current state ratings 

(KUJALA or KOOS) and a transition questionnaire (TRANSQ) may enhance the interpretation of 

the results of the study. 

We have designed a transition questionnaire on which the participants initially answer if their 

current state is “unchanged, worse” or “better” compared to the baseline visit. An “unchanged” 

equals a transition score of 0. If the participant answers “worse”, he/she is asked to rate the degree 

of worsening on a 7-point Likert scale, and the corresponding scores range from -1 to -7. 

Correspondingly, if a participant answers “better”, he/she is asked to rate the degree of 

improvement on a 7-point Likert scale, and the corresponding scores range from 1 to 7. Thus, the 

Transition score range from -7 (worsening) to 7 (improvement), with the mid-point – 0 – 

representing no change. The transition scale is used to assess overall knee related health status. A 

score of 3 points is considered clinically meaningful (14). 

 

6.6 Adverse and serious adverse events 

The investigators and clinical staff monitor each participant for evidence of adverse events (AEs) 

throughout the study. The investigator will assess and record any AE in detail including the date of 

onset, description, severity, duration and outcome, relationship to study treatment, and any action(s) 

taken.  

An investigator will adjudicate all reported AEs based on available and relevant medical records. 

 

7 DATA MANAGEMENT 

7.1 Data validation 

All variables used in the database, including derived variables, will be checked for missing values, 

outliers and inconsistencies. We do not expect many faulty data points because error checks and 

warnings were implemented into the eCRF (Redcap). 
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7.2 Data preparation 

7.2.1 Changes from baseline 

The primary outcome is change from baseline in KUJALA questionnaire at week 12. This will be 

calculated for each individual as the baseline value subtracted from the week 12 value: 

KUJALAchange_week12 = KUJALAweek12 - KUJALAbaseline 

Thus, a positive change value indicate that the week 12 value is greater than the baseline value, 

which suggest an improvement in the KUJALA score (= less pain and higher function). 

The same calculation will be applied for the outcomes defined as change from baseline at various 

time points in the trial: 

VARIABLEchange_weeki = VARIABLEweek_i - VARIABLEbaseline 

The interpretation of calculated change values are as follows: 

OUTCOME INTERPRETATION OF 
POSITIVE CHANGE VALUE 

KUJALA (primary outcome) Improvement 
KOOS all subscales Improvement 
Isometric muscle test Improvement 
Dynamic Assessment of Pain (repetitions) Improvement 
Dynamic Assessment of Pain (pain) Worsening 
Pain Self-Efficacy Questionnaire Improvement 
EuroQoL EQ5D Questionnaire Improvement 

 

8 TRIAL POPULATIONS 

8.1 Participant flow 

A CONSORT participant flow diagram will be drawn following the CONSORT standards (see 

Shell Figure 1). 

The flow diagram will be used to summarise the number of patients who were: 

- assessed for eligibility at screening 

- ineligible at screening* 

- eligible but not randomised*   

- received the randomised allocation 



 124 

Statistical Analysis Plan 
COMPETE 

Bispebjerg and 
Frederiksberg Hospital 

Statistical Analysis Plan COMPETE Date: Oct. 7, 2021 
Version 1.0 Page 17 of 35 

 

- did not receive the randomised allocation* 

- lost to follow-up at week 12 and 26* 

- withdrawals at week 12 and 26* 

- discontinued the intervention* 

- randomised and included in the primary analysis 

- randomised and excluded from the primary analysis* 

*reasons will be provided. 

 

8.2 Intention-To-Treat population 

The Intention-To-Treat (ITT) population consist of all randomized patients irrespective of whether 

the patient actually received study intervention or the patient’s compliance with the study protocol, 

in the treatment group to which the participant was assigned at randomisation (Intention-To-Treat 

principle). A patient will be considered randomised as soon as a treatment is assigned according to 

the allocation sequence. 

 

8.3 Per Protocol Population 

The per protocol (PP) population consists of all participants in the ITT population who did not have 

any major protocol deviations that could make the interpretation of analyses on the ITT population 

difficult.  

The following are pre-defined major protocol violations with a direct bearing on the primary 

outcome: 

• Not adherent to the allocated intervention (see below for definition of satisfactory adherence) 

• Initiation of other exercise programs/regimes than the one the participants are allocated to 

during the main trial phase (week 1-12). 

• Surgery to the lower extremity during trial participation 

• Failure to perform primary endpoint assessment, i.e. KUJALA questionnaire not assessed at 

week 12 

• Early discontinuation of trial participation (before week 3) 

• Week 12 visit not completed within +/- 7 days of the specified time window 

• Non-compliance with any of the eligibility criteria 
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The number (and percentage) of patients with major protocol deviations will be summarised by 

treatment group with details of type of deviation provided. The number of randomised participants 

in each group will be used as the denominator to calculate the percentages. No formal statistical 

testing will be undertaken. 

Non-pharmacological treatments and habitual use of pharmacological therapies are allowed. The 

usage of such treatments/therapies will be recorded on the case report form (CRF) and reported in a 

descriptive way for both groups. 

 

8.4 Satisfactory adherence  

Adherence to the prescribed exercise protocol is monitored by a self-administered exercise diary. 

The participants are asked to record date, number of repetitions and sets for each exercise, and the 

resistance (i.e., elastic band colour corresponding to a specified resistance or weights in kg.) for 

each exercise session.  

Adherence is assessed based on the percent of the scheduled number of training sessions that was 

performed. A training session is considered performed, if an exercise activity is registered at a given 

date, even if the repetitions, sets or exercises are only partly recorded. The number of scheduled 

training sessions for both intervention groups is predefined in the trial protocol and equals 36 

sessions for 12 weeks.  

The following pre-defined criteria for satisfactory intervention adherence have been set: Have 

performed at least 24/36 of the scheduled training sessions (66%).   

Descriptive statistics on the percent compliance (Mean, SD) will be summarized by randomisation 

group. Also, the number and % of participants receiving at least 66% of the prescribed treatment 

will be presented by treatment group. 

 

8.5 Safety population 

The safety population consists of all participants in the ITT population who has completed at least 1 

exercise session. 
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9 STATISTICAL ANALYSES 

9.1 General 

In the primary analysis, all participants will be analysed using the ITT population according to the 

intention-to-treat principle.  

Neither ITT nor PP analyses have perfect properties in equivalence studies. Therefore, current 

recommendations state that both ITT and PP analysis should be done and support each other for 

equivalence to be claimed. The underlying principle is that when ITT and PP provide identical 

conclusions, the confidence level of the investigator for the study results is augmented. We choose 

the ITT as primary analysis because it preserves the advantages of randomisation and is less prone 

to selection bias than PP. Further, the validity of PP analyses depends on assumptions about 

confounding that cannot be empirically verified. Further, we employed two treatments that require 

several treatment sessions (opposed to baseline all-or-nothing interventions or single-intervention 

studies). True PP analyses would require perfect protocol adherence (100%), which is unrealistic 

and therefore, we a priori defined a “satisfactory adherence” defining the PP population (see section 

8.4). Such threshold is arbitrary and therefore debatable and hence we believe the ITT population to 

be the better choice as primary analyses. The PP analyses will be secondary and used to assess the 

robustness of the primary ITT analyses. 

We will not apply explicit adjustments for multiplicity, rather we will analyse the key secondary 

outcomes in a prioritized order (i.e. “inverse gatekeeping procedure”): The analyses of the 

secondary outcomes will be performed in sequence until one of the analyses fails to show 

equivalence. 

The hierarchy of the secondary outcomes including equivalence margins are as follows: 

1. Change from baseline in the KOOS pain subscore at week 12 

2. Change from baseline in the KOOS function subscore at week 12 

3. Change from baseline in the KOOS quality of life subscore at week 12 

All other secondary outcomes will be analysed, i.e. no hierarchy applied. 

The statistician will be blinded to the treatment allocation at the time of the primary analysis of 

primary and secondary outcomes. Once the primary analysis is accomplished, the statistician may 

be unblinded. 
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9.2 Equivalence margins 

As this is an equivalence trial, the following equivalence margins has been set prior to the analyses. 

Equivalence will be claimed if the computed 95% confidence interval of the estimated group 

difference in an outcome does not include the below equivalence margins. 

OUTCOME MEASURE EQUIVALENCE MARGINS 
Primary outcome   

KUJALA questionnaire at 12 weeks ± 8 points 

Key Secondary outcomes  
KOOS pain subscore at week 12 ± 8 points1  
KOOS function subscore at week 12 ± 8 points1  
KOOS quality of life subscore at week 12 ± 8 points1  

Other secondary outcomes  
KOOS Symptoms and Sports/Recreation subscores  ± 8 points1 
Isometric muscle strength ± ½ standard deviation of pooled baseline 

values 
Dynamic assessment of pain ± 2.4 
Pain self-efficacy questionnaire ± ½ standard deviation of pooled baseline 

values 
EuroQoL EQ5D Questionnaire ± 0.32 points 
Transition Questionnaire of global perceived change ± 3 points 

1 www.koos.nu accessed on October 23rd, 2021.  
 

9.3 Missing Data and Robustness 

Our primary analyses will be based on the ITT population, including all randomised participants 

with available data at baseline. Missing data will be handled indirectly and statistically modelled 

using repeated-measures linear mixed models. These models will be valid if data are ‘Missing at 

Random’ (MAR): “Any systematic difference between the missing values and the observed values 

can be explained by differences in observed data” (15). Contrasts between groups will be estimated 

based on repeated-measures analysis of covariance applied in mixed linear models (i.e., at 12 and 

26 weeks from baseline, respectively). 

Robustness is a concept that refers to the sensitivity of the overall conclusions to various limitations 

of the data, assumptions, and analytic approaches to data analysis. Robustness implies that the 

treatment effect and primary conclusions of the trial are not substantially affected when analyses are 

carried out based on alternative assumptions or analytic approaches. 
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Loss to follow-up and missing data for various reasons is difficult to avoid in randomized trials and 

in particular in pragmatic trials. We will apply the analysis framework suggested by White et al. 

(2011) in which missing data related to the ITT approach depend on making plausible assumptions 

about the missingness of the data and including all participants in subsequent sensitivity analyses 

(16).  

1. We attempt to follow up all randomized participants, even if they withdraw from allocated 

treatment (i.e., contact all individuals unless they explicitly stated that they had withdrawn 

their consent) 

2. Perform a main analysis of all observed data that are valid under a plausible assumption about 

the missingness of the data (i.e., Model-based: data as observed; using repeated measures 

linear mixed models, assuming that data are ‘Missing at Random’ [MAR])  

3. Perform sensitivity analyses to explore the effect of departures from the assumption made in 

the main (#2) analysis (i.e., a non-responder-imputation: using the value at baseline to replace 

missing data will correspond to a non-responder imputation; these models will potentially be 

informative even if data are ‘Missing Not At Random’ [MNAR]) 

4. Account for all randomized participants, at least in the sensitivity analyses (covered by #2 and 

#3 above), plus the corresponding analyses based on the PP population. 

 

9.4 Primary analysis 

Our primary analysis population will be all participants with available data at baseline, statistically 

modelled using repeated-measures linear mixed models (see above). These models will be valid if 

data are ‘MAR’. 

The primary analyses will be conducted according to the intention to treat principle. The ITT 

principle asserts the effect of a treatment policy (that is, the planned treatment regimen), rather than 

the actual treatment given (i.e., it is independent of treatment adherence). Accordingly, participants 

allocated to a treatment group will be followed up, assessed and analysed as members of that group, 

irrespective of their adherence to the planned course of treatment (i.e., independent of withdrawals 

and cross-over phenomena). Primary and secondary outcomes will be assessed using mixed linear 

models adjusted for baseline values.  
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9.4.1 Primary analysis of primary outcome 

The primary outcome analysis will be an equivalence analysis based on the ITT population, asking 

whether the QE and HE treatments are equivalent regarding change from baseline in KUJALA 

questionnaire scores at the end of the treatment period (week 12). We will use a repeated measures 

linear mixed model regression analysis model adjusted for the baseline score of the KUJALA 

questionnaire. An interaction for time and group will be included.  

KUJALAchange |  GROUP + WEEK + GROUP uWEEK +  KUJALAbaseline  

Where GROUP has two levels (QE or. HE) and WEEK has three levels (0, 12, 26). 

Analyses will include baseline and all follow-up data, and effects will be estimated at each follow-

up visit; missing data will be handled implicitly via the mixed methods (maximum likelihood) 

approach. From this model the observed differences in the change from baseline in KUJALA 

questionnaire between QE and HE at week 12 will be estimated together with the associated 95% 

confidence interval (and the p-value) corresponding to the test of the hypothesis of no difference 

between treatments. The result of the primary analysis of the primary outcome will be presented in 

a table (shell table 2) and in a figure (shell Figure 2).  

Equivalence will be claimed if the computed 95% confidence interval of the estimated group 

difference in the change from baseline in the KUJALA questionnaire at week 12 does not include ± 

8 KUJALA points in the primary analysis. 

Superiority will be claimed if the computed 95% confidence interval of the estimated group 

difference in the change from baseline in the KUJALA at week 12 does not include 0 in the primary 

analysis.  

 

9.4.2 Primary analysis of secondary outcomes 

The primary analyses of the key and other secondary outcomes will be equivalence analyses using 

the ITT population. Missing data will not be imputed.  

The key secondary outcomes will be analysed identically to the primary outcome and adjusted the 

respective baseline value if available. We will compute differences with unadjusted two-sided 95% 

confidence intervals and p-values based on the equivalence paradigm. We will analyse the key 
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secondary outcomes in a prioritized order: The analyses of the secondary outcomes will be 

performed in sequence until one of the analyses fails to show equivalence.  

The result of the primary analysis of the secondary outcomes for week 12 and week 26 will be 

presented in tables (shell Table 2 and 4). 

 

9.5 Secondary analyses 

First, we will repeat the primary analyses  on the PP population that includes only participants who 

adhered to the allocated treatment without major protocol violations as defined above (section 8.3 

and 8.4). These analyses will be conducted without imputation of missing data. 

Secondly, we will adjust the primary analysis (on the ITT population without imputation of missing 

data) for a potential procedural mediator for the primary and key secondary outcomes: Satisfactory 

treatment adherence (in percentage): 

VARIABLEchange |  GROUP + WEEK + GROUP uWEEK + VARIABLEbaseline + 
ADHERENCE 

Where GROUP has two levels (QE or. HE) and WEEK has three levels (0, 12, 26).  

 

Finally, we will perform an analysis of covariance of the primary and key secondary outcomes at 

week 12 (i.e. without the repeated measures) on the ITT population, with a baseline observation 

carried forward imputation of missing data at week 12 adjusted for the baseline values  

VARIABLEchange_week12 =  GROUP +  VARIABLEbaseline 

Where GROUP has two levels (QE or. HE). 

 

If the sensitivity analyses are in agreement, and the sensitivity analyses and the primary analysis 

lead to essentially the same conclusions, confidence in the results is increased. 

The result of the secondary analyses will be presented in supplementary tables (shell Appendix 

Tables S1-3). 
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9.6 Assessment of statistical assumptions 

For the linear models of the primary and secondary outcomes, we will check for the normality of 

residuals by visual inspection of residual plots. 

 

9.7 Statistical Software 

The analysis will be carried out using the statistical software SAS version 9.4 (SAS Institute Inc., 

Cary, NC, USA). Linear mixed-effect models will be fitted using the MIXED procedure (proc 

mixed). 

 

9.8 Harms 

Analyses of adverse events (AEs) will be performed on the Safety Population (see section 8.5). 

AEs will be categorised according to type of AE and assessed for relationship with the trial 

treatment and the number (and percentage) of related AE will be presented for each treatment arm. 

Deaths and AEs leading to discontinuation of study treatment will be listed. No formal statistical 

testing will be undertaken. 

The AEs will be presented in a table (Shell Table 3) 

 

9.9 Timing of analyses 

When this statistical analysis plan was signed, recruitment to the COMPETE trial was completed 

(September 1, 2021), and the primary endpoint (12 weeks) had not been completed for all 

participants. We expect completion of the 12 weeks assessment for all participants by the beginning 

of December 2021 and completion of the 26 weeks assessment by the beginning of March 2022. 

We will close the database 2 months after the last participant’s last assessment at the latest. 

Statistical analyses are expected to be completed after additionally 2 months at the latest. 
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10 DEVIATIONS FROM THE PROTOCOL 
The following details in this SAP represents deviations from trial protocol version 1.5 

Header in protocol Change Reason 

9.2 Secondary outcomes Secondary outcomes divided into 
‘Key Secondary Outcomes’ and 
‘Other Secondary Outcomes’ 

To apply a hierarchy in the 
secondary outcomes.  

9.2 Secondary outcomes 

Isometric muscle 

strength 

 

Added hip adduction, flexion and 
internal rotation and knee flexion to 
the test battery 

For a more comprehensive 
assessment of strength in the 
hip and knee region. 
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11 MANUSCRIPT OUTLINE 

11.1 Shell Figure 1 

Figure X: CONSORT flow diagram 

 

  

 

 

CONSORT Flow Diagram 

Assessed for eligibility (n=  ) 

Excluded  (n=   ) 
   Not meeting inclusion criteria (n=  ) 
   Declined to participate (n=  ) 
   Other reasons (n=  ) 

Lost to follow-up (give reasons) (n=  ) 

Discontinued intervention (give reasons) (n=  ) 

Allocated to intervention (n=  ) 
 Received allocated intervention (n=  ) 
 Did not receive allocated intervention (give 

reasons) (n=  ) 

Lost to follow-up (give reasons) (n=  ) 

Discontinued intervention (give reasons) (n=  ) 

Allocated to intervention (n=  ) 
 Received allocated intervention (n=  ) 
 Did not receive allocated intervention (give 

reasons) (n=  ) 

Allocation 

12 weeks Follow-Up 

Analysed  (n=  ) 
 Excluded from analysis (give reasons) (n=  ) 

Analysed  (n=  ) 
 Excluded from analysis (give reasons) (n=  ) 

 

Analysis 

Randomized (n=  ) 

Enrollment 

Lost to follow-up (give reasons) (n=  ) 

Discontinued intervention (give reasons) (n=  ) 

Lost to follow-up (give reasons) (n=  ) 

Discontinued intervention (give reasons) (n=  ) 

26 weeks Follow-Up 
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11.2 Shell Table 1  

Participants will be described with respect to baseline age, gender, height, body mass, Body Mass 

Index, and baseline values of primary and secondary outcomes if available, separately for the two 

randomised groups. 

Continuous data will be summarised by mean, and SD. Categorical data will be summarised by 

numbers and percentages. Tests of statistical significance will not be undertaken for baseline 

characteristics; rather the clinical importance of any imbalance will be noted. 

Table X: Demographics and Baseline Characteristics 

 Quadriceps exercise 
group (QE) 

Hip exercise group 
(HE) 

 n= n= 
Demographics 

Age, years xx.x (xx.x) xx.x (xx.x) 
Female sex (n[%]) xx (xx.x%) xx (xx.x%) 
Body mass, kg xx.x (xx.x) xx.x (xx.x) 
Height, m xx.x (xx.x) xx.x (xx.x) 
Body Mass Index, BMI (kg/m2) xx.x (xx.x) xx.x (xx.x) 

KUJALA questionnaire score (0-100) xx.x (xx.x) xx.x (xx.x) 
KOOS (0-100) 

Pain xx.x (xx.x) xx.x (xx.x) 
Physical Function xx.x (xx.x) xx.x (xx.x) 
Symptoms xx.x (xx.x) xx.x (xx.x) 
QoL xx.x (xx.x) xx.x (xx.x) 
Sports & Recreation xx.x (xx.x) xx.x (xx.x) 

Dynamic assessment of pain (0-10) xx.x (xx.x) xx.x (xx.x) 
Isometric muscle strength 

Hip abductors (N) xx.x (xx.x) xx.x (xx.x) 
Hip adductors (N) xx.x (xx.x) xx.x (xx.x) 
Hip extensors (N) xx.x (xx.x) xx.x (xx.x) 
Hip flexors (N) xx.x (xx.x) xx.x (xx.x) 
Hip external rotators (N) xx.x (xx.x) xx.x (xx.x) 
Hip internal rotators (N) xx.x (xx.x) xx.x (xx.x) 
Knee extensors (quadriceps) (N) xx.x (xx.x) xx.x (xx.x) 
Knee flexors (hamstrings) (N) xx.x (xx.x) xx.x (xx.x) 

Pain Self-efficacy questionnaire (0-60) xx.x (xx.x) xx.x (xx.x) 
EuroQoL EQ5D Questionnaire (-0.624 to 1.000) xx.x (xx.x) xx.x (xx.x) 



 135 

Statistical Analysis Plan 
COMPETE 

Bispebjerg and 
Frederiksberg Hospital 

Statistical Analysis Plan COMPETE Date: Oct. 7, 2021 
Version 1.0 Page 28 of 35 

 

11.3 Shell Table 2 

Table X: Primary and Secondary Outcomes at week 12 in the ITT population. CI denotes 95% 

confidence interval. Based on repeated measures mixed linear models, where missing data is 

modelled implicitly. 

 QE 
(N=) 

HE 
(N=) 

Estimated 
treatment difference  P-value 

 Mean (SE) Mean (SE) Mean (95% CI)  
Primary outcome:     
Change in KUJALA questionnaire – score (0 to 100); 
equivalence test* xx.x (xx.x) 

 
xx.x (xx.x) 

 
xx.x (xx.x to xx.x) 

 

0.xxx* 

Change in KUJALA questionnaire – score (0 to 100); 
superiority test* 

0.xxx* 

Key Secondary outcome:     
Change in KOOS Pain – score (0-100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Change in KOOS Function – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Change in KOOS Quality of life – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Other Secondary Outcomes:     
Change in KOOS Sports and recreation– score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Change in KOOS Symptoms – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Change in isometric muscle strength      

Hip abductors (N) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Hip adductors (N) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Hip extensors (N) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Hip flexors (N) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Hip external rotators (N) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Hip internal rotators (N) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Knee extensors (quadriceps) (N) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Knee flexors (hamstrings) (N) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Change in Dynamic Assessment of Pain (VRS (0-10)) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Change in EQ5D Questionnaire (index -0.624 to 1,000)  x.xxx 

(x.xxx) 
x.xxx 

(x.xxx) 
x.xxx (x.xxx to 

x.xxx) 
 

Transition Questionnaire of global perceived change in 
overall health, pain, and function (Likert scale -7 to 7) 

x.x (xx.x) x.x (x.x) x.x (x.x to x.x)  

Treatment adherence     
Treatment adherence (%) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Treatment adherence ≥66% - no. (%) xx (xx.x %) xx (xx.x%) xx.x (xx.x to xx.x)  
Values are least squares means ± standard error unless otherwise stated.  
*Primary outcome will be analysed using both a test for equivalence and a test for superiority. 
KOOS: Knee injury and osteoarthritis outcome score. 
VRS: Verbal Rating Scale 

 

 



 136 

Statistical Analysis Plan 
COMPETE 

Bispebjerg and 
Frederiksberg Hospital 

Statistical Analysis Plan COMPETE Date: Oct. 7, 2021 
Version 1.0 Page 29 of 35 

 

11.4 Shell Figure 2 

Figure X: Exemplar (hypothetical) trajectories for our primary efficacy outcome measure (i.e. 

absolute score values in KUJALA questionnaire) in the ITT population. 
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11.5 Shell Table 3 

Table X.  Adverse events in the intention-to-treat population. 

 QE (n=) HE  (n=) 

Exposure time – patient weeks   

AE - no. of patients (%)   

AE - no. of events (rate – event per patient week)   

AEs leading to discontinuation - no. of patients (%)   

AEs, relationship to trial treatment, no. of events (rate – 
event per patient week) 

  

Not related    

Probably not related   

Probably related   

AEs, classification, no. of events (rate – event per patient 
week) 

  

PFP pain exacerbation   

Muscle soreness   

Other    

Deaths - no. of events (rate – event per patient week)   

AE; Adverse event. The severity of an adverse event refers to the maximum intensity of the 
event. An event was considered severe (compared with mild or moderate) if it interfered 
substantially with the patient’s usual activities. 
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11.6 Shell Table 4 

Table X: Primary and Secondary Outcomes at week 26 in the ITT population. CI denotes 95% 

confidence interval. Based on repeated measures mixed linear models, where missing data is 

modelled implicitly. 

 

 QE 
(N=) 

HE 
(N=) 

Estimated 
treatment difference  P-value 

 Mean (SE) Mean (SE) Mean (95% CI)  
Primary outcome:     
Change in KUJALA questionnaire – score (0 to 100); 
equivalence test* xx.x (xx.x) 

 
xx.x (xx.x) 

 
xx.x (xx.x to xx.x) 

 

0.xxx* 

Change in KUJALA questionnaire – score (0 to 100); 
superiority test* 

0.xxx* 

Key Secondary outcome:     
Change in KOOS Pain – score (0-100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Change in KOOS Function – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Change in KOOS Quality of life – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Other Secondary Outcomes:     
Change in KOOS Sports and recreation– score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Change in KOOS Symptoms – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Change in EQ5D Questionnaire (index 1,000 to -0.624)  x.xxx 

(x.xxx) 
x.xxx 

(x.xxx) 
x.xxx (x.xxx to 

x.xxx) 
 

Transition Questionnaire of global perceived change in 
overall health, pain, and function (Likert scale -7 to 7) 

x.x (xx.x) x.x (x.x) x.x (x.x to x.x)  

Values are least squares means ± standard error unless otherwise stated.  
*Primary outcome will be analysed using both a test for equivalence and a test for superiority. 
KOOS: Knee injury and osteoarthritis outcome score. 
VRS: Verbal Rating Scale 
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11.7 Shell Appendix Table S1 

Table X: Primary and Key Secondary Outcomes at week 12 and 26 in the PP population. CI denotes 
95% confidence interval. Based on repeated measures mixed linear models, where missing data is 
modelled implicitly. 

 QE 
(N=) 

HE 
(N=) 

Estimated 
treatment difference  P-value 

 Mean (SE) Mean (SE) Mean (95% CI)  
Primary outcome:     
Week 12: Change in Kujala questionnaire – score (0 to 100); 
equivalence test* xx.x (xx.x) 

 
xx.x (xx.x) 

 
xx.x (xx.x to xx.x) 

 

0.xxx* 

Week 12: Change in Kujala questionnaire – score (0 to 100); 
superiority test* 

0.xxx* 

Week 26: Change in Kujala questionnaire – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Key Secondary outcomes:     
Week 12: Change in KOOS Pain – score (0-100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 12: Change in KOOS Function – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 12: Change in KOOS Quality of life – score (0 to 
100) 

xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Other Secondary outcomes xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 12: Change in KOOS Sports and recreation– score (0 
to 100) 

xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Week 12: Change in KOOS Symptoms – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 12: Change in isometric muscle strength      

Hip abductors (N) xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 

xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 

xx.x (xx.x to xx.x) 
xx.x (xx.x to xx.x) 
xx.x (xx.x to xx.x) 
xx.x (xx.x to xx.x) 
xx.x (xx.x to xx.x) 
xx.x (xx.x to xx.x) 
xx.x (xx.x to xx.x) 
xx.x (xx.x to xx.x) 

 
 Hip adductors (N) 

Hip extensors (N) 
Hip flexors (N) 
Hip external rotators (N) 
Hip internal rotators (N) 
Knee extensors (quadriceps) (N) 
Knee flexors (hamstrings) (N) 

Week 12: Change in Dynamic Assessment of Pain (VRS (0-
10)) 

xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Week 12: Change in EQ5D Questionnaire (index 1,000 to -
0.624)  

xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Week 12: Transition Questionnaire of global perceived 
change in overall health, pain, and function (Likert scale -7 
to 7) 

xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Week 26: Change in KOOS Pain – score (0-100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 26: Change in KOOS Function – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 26: Change in KOOS Quality of life – score (0 to 
100) 

xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Week 26: Change in KOOS Sports and recreation– score (0 
to 100) 

xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Week 26: Change in KOOS Symptoms – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 26: Change in EQ5D Questionnaire (index 1,000 to -
0.624)  

xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Week 26: Transition Questionnaire of global perceived 
change in overall health, pain, and function (Likert scale -7 
to 7) 

xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Values are least squares means ± standard error unless otherwise stated.  
*Primary outcome will be analysed using both a test for equivalence and a test for superiority. 
KOOS: Knee injury and osteoarthritis outcome score. 
VRS: Verbal Rating Scale 
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11.8 Shell Appendix Table S2 

Table X: Primary and Key Secondary Outcomes at week 12 and 26 in the ITT population adjusted 

for treatment adherence. CI denotes 95% confidence interval. Based on repeated measures mixed 

linear models, where missing data is modelled implicitly. 

 QE 
(N=) 

HE 
(N=) 

Estimated 
treatment difference  P-value 

 Mean (SE) Mean (SE) Mean (95% CI)  
Primary outcome:     
Week 12: Change in Kujala questionnaire – score (0 to 100); 
equivalence test* xx.x (xx.x) 

 
xx.x (xx.x) 

 
xx.x (xx.x to xx.x) 

 

0.xxx* 

Week 12: Change in Kujala questionnaire – score (0 to 100); 
superiority test* 

0.xxx* 

Week 26: Change in Kujala questionnaire – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Key Secondary outcomes:     
Week 12: Change in KOOS Pain – score (0-100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 12: Change in KOOS Function – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 12: Change in KOOS Quality of life – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Other Secondary outcomes xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 12: Change in KOOS Sports and recreation– score (0 to 
100) 

xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Week 12: Change in KOOS Symptoms – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 12: Change in isometric muscle strength      

Hip abductors (N) xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 

xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 
xx.x (xx.x) 

xx.x (xx.x to xx.x) 
xx.x (xx.x to xx.x) 
xx.x (xx.x to xx.x) 
xx.x (xx.x to xx.x) 
xx.x (xx.x to xx.x) 
xx.x (xx.x to xx.x) 
xx.x (xx.x to xx.x) 
xx.x (xx.x to xx.x) 

 
 Hip adductors (N) 

Hip extensors (N) 
Hip flexors (N) 
Hip external rotators (N) 
Hip internal rotators (N) 
Knee extensors (quadriceps) (N) 
Knee flexors (hamstrings) (N) 

Week 12: Change in Dynamic Assessment of Pain (VRS (0-10)) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 12: Change in EQ5D Questionnaire (index 1,000 to -
0.624)  

xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Week 12: Transition Questionnaire of global perceived change 
in overall health, pain, and function (Likert scale -7 to 7) 

xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Week 26: Change in KOOS Pain – score (0-100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 26: Change in KOOS Function – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 26: Change in KOOS Quality of life – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 26: Change in KOOS Sports and recreation– score (0 to 
100) 

xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Week 26: Change in KOOS Symptoms – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 26: Change in EQ5D Questionnaire (index 1,000 to -
0.624)  

xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Week 26: Transition Questionnaire of global perceived change 
in overall health, pain, and function (Likert scale -7 to 7) 

xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Values are least squares means ± standard error unless otherwise stated.  
*Primary outcome will be analysed using both a test for equivalence and a test for superiority. 
KOOS: Knee injury and osteoarthritis outcome score. 
VRS: Verbal Rating Scale 
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11.9 Shell Appendix Table S3 

Table X: Primary and Key Secondary Outcomes at week 12 in the ITT population. CI denotes 95% 

confidence interval. Based on analysis of covariance, where missing data is conservatively imputed 

using baseline observation carried forward. 

 

 QE 
(N=) 

HE 
(N=) 

Estimated 
treatment difference  P-value 

 Mean (SE) Mean (SE) Mean (95% CI)  
Primary outcome:     
Week 12: Change in Kujala questionnaire – score (0 to 100); 
equivalence test* xx.x (xx.x) 

 
xx.x (xx.x) 

 
xx.x (xx.x to xx.x) 

 

0.xxx* 

Week 12: Change in Kujala questionnaire – score (0 to 100); 
superiority test* 

0.xxx* 

     
Key Secondary outcome:     
Week 12: Change in KOOS Pain – score (0-100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 12: Change in KOOS Function – score (0 to 100) xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  
Week 12: Change in KOOS Quality of life – score (0 to 
100) 

xx.x (xx.x) xx.x (xx.x) xx.x (xx.x to xx.x)  

Values are least squares means ± standard error unless otherwise stated.  
*Primary outcome will be analysed using both a test for equivalence and a test for superiority. 
KOOS: Knee injury and osteoarthritis outcome score. 
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1 PURPOSE 
The purpose of this statistical analysis plan (SAP) is to describe detailed aspects of data preparation 
and analyses. This SAP was set up before starting the analyses and is based on the final trial 
protocol (version 1.2, April 18, 2017). 
 
2 INTRODUCTION 
Patellofemoral Pain (PFP) is a common knee problem, which particularly affects adolescents and 
young adults (1-4). PFP is characterised by significant retropatellar and/or peripatellar pain and 
impairment of function and quality of daily life (5). Exercise has repeatedly been shown beneficial 
for pain and physical function and is unequivocally recommended as a core component of the 
management of PFP (6, 7). Different types of exercise (e.g. quadriceps strengthening, hip 
strengthening and functional/neuromuscular exercises) have been investigated. In general, these 
different types of exercises produce similar small to moderate beneficial effects in pain and physical 
function (8). However, the PFP population is very heterogeneous and "one-size-fits-all"-approaches 
presumably are sub-optimal because the heterogeneity is ignored. This heterogeneity probably 
explains the overall limited beneficial effects of exercise, and the lack of differences in direct 
comparisons of different exercise types.  

Extensive effort has been made to identify indicators of prediction for conservative PFP 
management. In a recent systematic review, Mathews et al. aimed to determine which baseline 
patient characteristics, that were associated with patient outcome from a specific treatment (9). It 
included 24 studies evaluating 180 participant characteristics and found 16 factors that were 
associated with a poor outcome, with longer duration of symptoms being the most reported. Two 
studies in the review investigated predictors of successful outcome after exercise and they identified 
only patellar tilt angle difference, which is the difference in patellar tilt angle in a quadriceps 
contracted and a quadriceps relaxed position measured on axial CT, to be associated with a 
successful outcome of a leg press strengthening and lower limb stretching programme. Within the 
studies identified in the systematic reviews, the low number of participants per predictor variable, 
and the absence of comparator groups, may affect the validity of the predictors. In general, 
methodological limitations make it difficult to predict the outcome after one specific treatment 
compared with another, and adequately designed randomised trials are warranted to identify 
treatment effect modifiers (9). 
 A useful method for identifying treatment modifiers is through secondary analyses of RCT 
data. Effect modifiers are patient characteristics measured at baseline, that interact with the 
treatment to influence clinical outcomes, such that those with different levels of the moderator 
respond differently to the treatment compared to the alternate treatment (10). Identifying 
moderators of outcomes may, therefore, help clinicians and researchers to direct treatments to 
patient subgroups most likely to benefit. Recently such a post-hoc analysis has been published, with 
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the aim to identify predictors of outcomes for function, pain, and measures of change after 1 year 
for patients with PFP who participated in a randomized controlled trial (11). As there were no 
significant between-group difference in the investigated interventions, the data were analyzed as a 
single cohort. It revealed that number of pain sites at baseline was most consistent predictor of 
outcome at 1 year. Baseline values of Anterior Knee pain Scale (AKPS) and worst pain were 
significant predictors of outcome of the same variable at 1 year. Low self-efficacy, longer pain 
duration, and male sex were also significant predictors of poorer outcomes at 1 year. More RCTs 
with evaluation of outcome prediction as a primary aim are clearly warranted to provide clinicians 
with robust evidence and facilitate evidence-informed, tailored intervention to this heterogeneous 
patient population (12). 

We are conducting a randomized controlled study comparing the efficacy of quadriceps 
and hip muscles-based resistance training programs with a prespecified aim to explore candidate 
patient characteristics that predict differential responses to the two exercise programs on self-
reported pain and physical function in individuals with PFP. Based on the RCT, the purpose of this 
study is to identify clinically feasible outcome predictors of comparative treatment effect of either 
protocol making it possible for clinicians to target the intervention in the future. To our knowledge 
no randomized controlled trial has been conducted with the aim to identify outcome predictors. 
 
3 AIM AND OBJECTIVES 
Stratified medicine refers to the targeting of treatments (including pharmacological and non-
pharmacological interventions) according to the biological or risk characteristics shared by 
subgroups of patients. Thus, stratified medicine uses baseline information about a patient’s likely 
response to treatment to tailor treatment decisions. The aim of the secondary analyses will be to 
identify contextual factors that might modify the observed treatment effect (Quadriceps Exercise 
program (QE) vs Hip muscle Exercise program (HE)) across patient subgroups, i.e. whether the 
treatment effect is modified by the value of a variable assessed at baseline. Our objective is to 
explore a range of baseline factors that could potentially modify any difference in the effects on 
pain and function between QE and HE assessed by the change from baseline in the KUJALA 
questionnaire score after 12 weeks.  
 
4 STUDY DESIGN 
4.1 Trial Design 
The trial is a single centre, randomized, parallel-group, 26 weeks (6 months), equivalence trial 
comparing a 12-weeks focused “Quadriceps Exercise” protocol and a 12-weeks focused “Hip 
Exercise” protocol with a primary endpoint at 12 weeks (after treatment) and a follow-up at 26 
weeks. The trial is conducted among patients with PFP. A total of 200 patients has been randomly 
assigned on a 1:1 basis to one of the two treatments, QE or HE. 
 
4.2 Analysis of effectiveness according to patient subgroups 
The analyses of effectiveness are based on assumptions that treatment effects vary according to an 
interaction between group allocation and certain patient characteristics that can be binary defined as 
present/absent. Continuous data is dichotomised whenever a reasonable and clinically relevant 
threshold can be set.  

The analyses will be done on the ITT population as defined in section 6.1. 
The analyses will focus on the interaction between presence/absence of a certain characteristic and 
group allocation (QE vs. HE) at each time point (week 12 and 26). Changes from baseline in 
outcomes will be analysed using repeated measures mixed linear models with group (QE vs HE), 
week (12 and 26), and candidate baseline predictor characteristic (present/absent) as fixed factors, 
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and participant as random factor. The models will be adjusted for the outcome baseline value. We 
will focus on the triple interaction part of the model (group×week×predictor) that will be broken 
down by pair-wise comparisons of group and predictors at each week. All statistical tests will be 2-
tailed at an alpha = 0.05 with estimates presented with 95% confidence intervals. 
 
5 OUTCOMES 
5.1 Primary outcome 
The primary outcome is assessed at week 12 as change from baseline in the KUJALA questionnaire 
– a widely used and well-validated survey instrument evaluating pain and function in PFP. We will 
measure the difference in the changes from baseline in the KUJALA score in the study knee 
between QE vs HE after 12 weeks. 
 
5.2 Potential effect modifiers 
The candidate baseline characteristics encompass self-reported information as well as clinical 
observations and tests. We have a priori identified the following baseline variables that we wish to 
explore as potential effect modifiers, based on findings in previous studies and clinical experience. 
(Table A): 
 
Table A: Dichotomous or dichotomised baseline variables 
 

Variables Description Values (categories) 
Low back pain Self-reported presence of low back pain during the last 3 months, recorded as 

“Yes” (pain present) or “No” (No pain). Predefined frequency options are available 
if answered “Yes”: Almost daily, Several times during a week, weekly, monthly, 
rarely. In a post hoc analysis of an RCT, higher number of pain sites throughout the 
body is found to be a predictor of poor outcome and less change at 1 year (13). The 
rationale, therefore, counts for the subsequent variables (presence of bilateral pain, 
presence of ankle pain, and presence of hip pain). 
 
We will a priori define a dichotomisation of the scores “Almost daily”, “Several 
times during a week”, “Weekly”, “Monthly” as “Low back pain present” and the 
scores “No” and “Rarely” as “Low back pain not present”.  

0 = Low back pain not 
present 

1 = Low back pain present 

Presence of 
bilateral knee 
pain 

Self-reported presence of pain in the contralateral knee (not target knee) during the 
last 3 months, recorded as “Yes” (pain present) or “No” (No pain). Predefined 
frequency options are available if answered “Yes”: Almost daily, Several times 
during a week, weekly, monthly, rarely. 
 
We will a priori define a dichotomisation of the scores “Almost daily”, “Several 
times during a week”, “Weekly”, “Monthly” as “Pain in the contralateral knee 
present” and the scores “No” and “Rarely” as “Pain in the contralateral knee not 
present”. 

0 = Pain in the contralateral 
knee not present 

1 = Pain in the contralateral 
knee present  

Presence of ankle 
pain  

Self-reported presence of ankle pain (one or both ankles) during the last 3 months, 
recorded as “Yes” (pain present) or “No” (No pain). Predefined frequency options 
are available: Almost daily, Several times during a week, weekly, monthly, rarely 
 
We will a priori define a dichotomisation of the scores “Almost daily”, “Several 
times during a week”, “Weekly”, and “Monthly” as “Ankle pain present” and the 
scores “No” and “Rarely” as “Ankle pain not present”.  

0 = Ankle pain not present 
1 = Ankle pain present  
 

Presence of hip 
pain 

Self-reported presence of hip pain (one or both hips) during the last 3 months, 
recorded as “Yes” (pain present) or “No” (No pain). Predefined frequency options 
are available: Almost daily, Several times during a week, weekly, monthly, rarely 
 
We will a priori define a dichotomisation of the scores “Almost daily”, “Several 
times during a week”, “Weekly”, and “Monthly” as “Hip pain present” and the 
scores “No” and “Rarely” as “Hip pain not present”.  

0 = Hip pain not present 
1 = Hip pain present  
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Variables Description Values (categories) 
Body mass index 
(BMI)  

The participants’ BMI is measured at baseline and dichotomized with a cut-off at 
25 (BMI ≥ 25). BMI is used to broadly define different weight groups in adults, 
and a BMI at or above 25 is defined as overweight (14). 

0 = BMI< 25 
1 = BMI≥ 25 

Sex Female or male sex  0 = female 
1 = male 

Duration of knee 
pain 

Generally, pain is regarded as chronic when it lasts or recurs for more than 3 to 6 
months (15). Longer duration of pain is the most reported factor of outcome 
success in a systematic review on predictors (12). 
 
We a priori define chronic pain as pain lasting for more than 6 months. 

0 = Knee pain not chronic 
1 = Knee pain chronic 

Education level Self-reported highest level of education: “Primary school”, “Craftsman”, 
“Highscool”, “Short higher education (< 3 years), “Medium-term higher education 
(3-4 years)”, and “Longer higher education (>4 years)”. No rationale for this 
variable is found in the literature, and it is considered purely explorative.  
 
We will a priori define a dichotomization of the scores “Medium-term higher 
education (3-4 years)”, and “Longer higher education (>4 years)” as “Long 
education” and the scores “Primary school”, “Craftsman”, “Highscool”, “Short 
higher education (< 3 years) as “Short education”. 

0 = Long education 
1 = Short education 

Occupation Participants are asked about their status concerning occupation and education. 
Answer categories are “Currently not working”, “Currently studying”, and 
“Currently working”. No rationale for this variable is found in the literature, and it 
is considered purely explorative. 
 
We will a priori define a dichotomization of the scores “Currently studying” and 
“Currently working” as “Currently studying/working” and the score “Currently not 
working” as “Currently not working/not studying”. 

0 = Currently 
working/studying 

1 = Currently not 
working/not studying 

Hypermobility  
 

Hypermobility is assessed by the Beighton Score applying the revised criteria for 
the diagnosis of benign joint hypermobility syndrome. The Beighton score ranges 
from 0-9. Generalized joint hypermobility has been linked to the development of 
PFP (16), 
 
In this study we define hypermobility as a score of 4 or more, which is generally 
considered an indication of joint hypermobility (17, 18).  

0 = Normal joint mobility 
1 = Generalized joint 

hypermobility 

Knee joint valgus 
malalignment 
during a forward 
lunge movement 

Knee joint alignment is assessed by clinically observation of the participant while 
he/she performs a forward lunge movement. The observation is made by a trained 
physiotherapist that classifies each participant’s knee as ‘definite valgus present’, 
‘No evidence of dynamic malalignment and ‘definite varus present’ (19). Valgus 
malalignment is generally considered a predisposing factor for patellofemoral pain 
(20, 21).  
 
We will a priori define a dichotomisation of the score “definite valgus present” as 
“Valgus malalignment” and the scores “No evidence of dynamic malalignment” 
and “definite varus present” as “No valgus malalignment”.  

0 = No valgus 
malalignment 

1 = Valgus malalignment 
 
 

Knee joint valgus 
malalignment 
during a single-
leg squat 
movement 

Knee joint alignment is assessed by clinical observation of the participant while 
he/she performs a single-leg squat. The observation is made by a trained 
physiotherapist that classifies each participant’s knee as ‘definite valgus present’, 
‘No evidence of dynamic malalignment and ‘definite varus present’ (19). Valgus 
malalignment is generally considered a predisposing factor for patellofemoral pain 
(20, 21). 
 
We will a priori define a dichotomisation of the score “definite valgus present” as 
“Valgus malalignment” and the scores “No evidence of dynamic malalignment” 
and “definite varus present” as “No valgus malalignment”.  

0 = No valgus 
malalignment 

1 = Valgus malalignment 
 

Exercise self-
efficacy 

Exercise self-efficacy in relation to the two different exercise programs is assessed 
by asking the participants to rate their confidence in performing the allocated 
exercise program on an 11-point (0-10) Likert scale with 0 representing “Not at all 
confident” and 10 representing “Completely confident”. In a recent RCT, higher 
self-efficacy as measured by the Knee Self-Efficacy Scale, which pertain to how 
certain respondents feel about performing various activities, were predictors of 
global change after an exercise intervention (11). 
 

0 = High self-efficacy  
1 = Low self-efficacy  
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Variables Description Values (categories) 
We will a priori define a dichotomisation of the scores scores 6-10 as “High self-
efficacy” and the scores 0-5 as “Low self-efficacy”. 

Neuropatic pain 
 

The painDETECT questionnaire (PDQ) is a patient reported questionnaire 
developed and validated to assess presence of signs of neuropathic pain. It 
comprises questions regarding pain intensity, course of pain, subjective experience 
of a radiating quality of the pain, and the presence and perceived severity of seven 
somatosensory symptoms of neuropathic pain. A validated algorithm is used to 
calculate a total score ranging from -1 to 38. A score ≤12 indicates that the 
presence of neuropathic pain is unlikely, a score ≥19 indicates that a neuropathic 
pain component is likely to be present, while a score of 13–18 points towards 
unclear screening conclusion (22). Studies indicate decreased pressure pain 
thresholds, increased tactile detection thresholds, and increased warmth detection, 
all indicative of a neuropatic pain component, in PFP patients compared to controls 
(23, 24) 
 
We define a dichotomization of the scores as “Neuropathic pain component” 
(scores ≥19) and “No neuropathic pain component (scores ≤18). 

0 = No neuropathic pain 
component 

1 = Neuropathic pain 
component 

Pain severity As a part of the painDETECT questionnaire, participants are asked to rate their 
average pain during the past 4 weeks on a 0-10 Numeric Rating Scale. Results 
from the literature show that the cut-off point between mild and moderate pain, in 
terms of pain related interference with functioning, is placed between 2.5 and 4.5 
and the cut point between moderate and severe pain is between 5.5 and 7.4 (25). 
Accordingly, we define a dichotomization of the scores 0-6 as “Mild or moderate 
pain” and the scores 7-10 as “Severe pain”. 
 
Usual pain intensity has been identified as possible outcome predictors for a taping 
intervention, foot orthoses and for a tailored strengthening, stretching, and 
mobilisation programme, but the evidence is considered limited (12). 

0 = Mild or moderate pain 
1 = Severe pain 

Pain 
Catastrophizing 
Scale 
 

The Pain Catastrophizing Scale (PCS) will be used as a measure of pain-related 
catastrophic thinking. The PCS instructs participants to reflect upon past painful 
experiences, and to indicate the frequency with which 13 pre-specified thoughts or 
feelings occur while they are experiencing pain. The frequency is scored on a 5-
point scale ranging from 0 (not at all) to 4 (all the time). The PCS measures 3 
distinct components: rumination, magnification, and helplessness. Higher levels of 
psychological impairment, including catastrophizing thoughts has been found in 
PFP patients with more-severe PFP-related disability than less-severe cases (26). 
Also, changes in catastrophizing thoughts after treatment, has been shown to 
predict the changes in both pain and disability in patients suffering from 
patellofemoral pain (27). 
 
Previous studies have shown a cut-off of more than 30 points to be associated with 
clinical relevance (28-30). Accordingly, we define a dichotomization of the scores 
as “Pain catastrophizing” (scores > 30) and “No pain catastrophizing” (scores 0 - 
30). 

0 = No pain catastrophizing 
1 = Pain catastrophizing 

Pain self-efficacy The pain self-efficacy questionnaire is a 10-item questionnaire developed to assess 
the confidence people with pain have in performing activities while in pain (25). It 
is applicable to all persisting pain presentations and covers a range of functions. 
Confidence in performing activities is rated on a 7-point (0-6) Likert scale with 0 
representing not at all confident and 6 representing completely confident. A total 
score is calculated by summing the answers producing a score between 0 and 60. 
Higher scores reflect stronger self-efficacy beliefs. Among injured workers, raw 
scores around 40 (percentile = 50) are associated with return to work and 
maintenance of functional gains, whilst lower scores tend to predict less sustainable 
gains (31). 
 
We define a dichotomization of the scores scores 0-39 as “Poor pain self-efficacy 
and the scores 40-60 as “Good self-efficacy”. 

0 = Good pain self-efficacy 
1 = Poor pain self-efficacy 

Midfoot mobility 
magnitude 
 

Midfoot mobility is calculated as the change in midfoot width from non-weight 
bearing to weight bearing. Midfoot width is measured at 50% of total foot length 
using a calliper during non-weight bearing and during standing with equal weight 
on each foot. The mobility is recorded as the difference between non-weight 
bearing and weight bearing measurements.   
 

0 = Normal or limited 
midfoot mobility 
magnitude 

1 = Excessive mobility 
magnitude 
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Variables Description Values (categories) 
Normative data for the foot mobility magnitude has established by assessment of 
345 healthy adult participants. The mean change in midfoot width between weight 
bearing and non-weight bearing was 0.92 cm (SD 0.32 cm) in the left foot and 0.88 
cm (SD 0.33) in the right foot for females. For males, the mean change was 1.02 
cm (SD 0.34) in the left foot and 1.00 cm (SD 0.32 cm) in the right foot for males 
(32). A more pronated foot posture and greater midfoot mobility is associated with 
worse knee pain and greater disability in individuals with patellofemoral 
osteoarthritis (33). A recent RCT investigated the effect of foot orthoses vs. hip 
exercises and found no association between midfoot width mobility and treatment 
outcome in patients with patellofemoral pain (34). 
 
We define a dichotomization of scores within the range 0-1.24 cm (0.92 cm 
+1*SD) as “Normal or limited midfoot mobility magnitude” and the scores above 
1.25 cm as “Excessive midfoot mobility magnitude” for the females. For the males, 
we define a dichotomization of scores within the range 0-1.36 cm (1.02 cm +1*SD) 
as “Normal or limited midfoot mobility magnitude and the scores above 1.37 cm as 
“Excessive midfoot mobility magnitude”. Excessive midfoot mobility has been 
linked to the development of PFP (35). 
 

Age Age at inclusion in the trial. To split the trial population in two groups, we chose to 
categorize the participants based on the median age of all trial participants in the 
ITT population. 

0 = Below median age 
1 = Above median age 

 
 
6 Study populations 
6.1 Intention-To-Treat population 
The Intention-To-Treat (ITT) population consist of all randomized patients irrespective of whether 
the patient actually received study intervention or the patient’s compliance with the study protocol, 
in the treatment group to which the participant was assigned at randomisation (Intention-To-Treat 
principle). A patient will be considered randomised as soon as a treatment is assigned according to 
the allocation sequence. 

The participant demographics and baseline data for the ITT population will be summarized in 
a table (shell Table 1). Participants will be described with respect to baseline age, sex, body mass, 
height, body mass index, duration of pain, primary outcome and the prespecified potential effect 
modifiers, separately for the two groups. 

Continuous data will be summarized by means and SDs (or medians and interquartiles, 
depending on the data distribution). Categorical data will be summarized by numbers and 
percentages. Tests of statistical significance will not be undertaken for baseline characteristics; 
rather the clinical importance of any imbalance will be noted based on the calculated standardized 
differences. 
 
6.2 Modified Intention-To-Treat population 
The modified Intention-To-Treat (mITT) population consist of patients in the ITT population (see 
above) with recorded baseline data on the potential effect modifier variable under analysis. 
 
6.3 As Observed population 
The As Observed (AO) population consists of all participants for whom baseline data and primary 
outcome data have been observed and no imputation will be carried out. 
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7 Data preparation 
7.1 Changes from baseline 
The primary outcome is change from baseline in KUJALA at week 12 This will be calculated for 
each individual as the baseline value subtracted from the week 12 value: 
 

KUJALAchange = KUJALAweek12 - KUJALAbaseline 
 
Thus, a positive change value indicates that the week 12 value is greater than the baseline value, 
which suggest an improvement in the KUJALA (i.e. less pain and improved function). 
 
8 STATISTICAL ANALYSES 
8.1 General considerations 
In the primary analysis, all participants will be analysed using the ITT population (or mITT) 
according to the intention-to-treat principle. We will use a repeated measures linear mixed model 
regression analysis model adjusted for the baseline score of the KUJALA. An interaction for time, 
week, and group will be included. All 95% confidence intervals and P-values will be two sided. We 
will not apply explicit adjustments for multiplicity, rather we will explicitly state that the results are 
exploratory and hypothesis generating. 
 
8.2 Missing Data and Robustness 
Our primary analyses will be based on the ITT population, including all randomized participants 
with available data at baseline. Missing data will be handled implicitly via the mixed methods 
(maximum likelihood) approach that are valid if missing data are missing at random (MAR).  
 
Missing data on the prespecified potential effect modifiers measured at baseline will not be 
imputed. Rather, we will explicitly report any such missing data and the primary analyses will be 
done on the modified intention-to-treat population (mITT) for that potential baseline effect 
modifier. 
 
To assess the robustness of the primary analyses, we will repeat it on the ITT population with 
missing data on the primary outcome variable at week 12 and 26 conservatively replaced with the 
baseline observation (non-responder imputation). Also, the primary analysis will be repeated on the 
AO population with no imputation of missing data. The results of these sensitivity analyses will be 
presented in appendix tables. 
 
8.3 Primary analyses 
We will use linear regression analysis models.  
For the analyses of whether the dichotomous baseline variables modify the treatment effect 
(primary outcome; change from baseline in KUJALA score) the following repeated measures linear 
mixed model is used: 
 

KUJALAchange |  GROUP + MODIFIER + WEEK +  
GROUPuMODIFIER + 

GROUPuWEEK + 
MODIFIERuWEEK + 

GROUPuMODIFIERuWEEK + KUJALAbaseline 
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Where Group, Week, and “Modifier Covariate” will be included as a Fixed Effect Class variable 
and the participant included as Random Effect. Analyses will include all collected data at all time 
points; missing data will be handled implicitly via the mixed methods (maximum likelihood) 
approach. From this model, the observed differences in QE and HE at week 12 and 26 in the change 
from baseline in KUJALA score between subgroups of participants based on the presence of the 
potential effect modifiers will be estimated together with the associated 95% confidence interval 
(and the P-value) corresponding to the test of the hypothesis of no interaction between group and 
treatment modifier. The result will be presented in a figure (shell Figure 2).  
 
8.4 DEVIATIONS FROM THE PROTOCOL 
The following details in this SAP represents deviations from trial protocol version 1.5 
 

Header in protocol Change Reason 

15.6 Analysis of effectiveness 
according to patient 
subgroups 

In the protocol it was stated that the study 
population would be split in two: an 
exploration cohort and a replication cohort in 
order to replicate our results immediately 
(i.e. without running another study). This 
analytical approach has been abandoned and 
the study population will be analysed as one. 

Subgroup analyses of RCT are prone 
to loss of statistical power with a 
subsequent increased risk of both 
type I and type II errors. To reduce 
this risk, we have chosen not to split 
the study population in two. 

15.6 Analysis of effectiveness 
according to patient 
subgroups 

In the protocol it was stated that the subgroup 
analyses should be done on the as-observed 
population. This has been changed to the ITT 
population. 

ITT analyses are most appropriate in 
analyses of superiority. 

5.2 Potential effect modifiers The baseline characteristic “Physiotherapist 
estimated prognosis for the participant” is 
deleted from study. 

Physiotherapist prognosis is not a 
potential effect modifier and will be 
analysed in a separate manuscript.  
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9 Manuscript outline 
 
9.1 Shell Table 1. Baseline characteristics and summary of treatment effect modifiers 
 

 Quadriceps exercise 
group (QE) 

Hip exercise group 
(HE) 

 n= n= 
Demographics 

Age, years xx.x (xx.x) xx.x (xx.x) 
Duration of pain, months xx.x (xx.x) xx.x (xx.x) 
Body mass, kg xx.x (xx.x) xx.x (xx.x) 
Height, m xx.x (xx.x) xx.x (xx.x) 
Body Mass Index, BMI (kg/m2) xx.x (xx.x) xx.x (xx.x) 

Primary outcome   
KUJALA questionnaire score (0-100) xx.x (xx.x) xx.x (xx.x) 

Potential effect modifiers   
Female sex, n(%) xx (xx.x%) xx (xx.x%) 
Above median age, n(%) xx (xx.x%) xx (xx.x%) 
BMI≥ 25, n(%) xx (xx.x%) xx (xx.x%) 
Chronic Knee pain (>6 months), n(%) xx (xx.x%) xx (xx.x%) 
Presence of low back pain, n(%) xx (xx.x%) xx (xx.x%) 
Presence of bilateral knee pain, n(%) xx (xx.x%) xx (xx.x%) 
Presence of ankle pain , n(%) xx (xx.x%) xx (xx.x%) 
Presence of hip pain, n(%) xx (xx.x%) xx (xx.x%) 
Short education, n(%) xx (xx.x%) xx (xx.x%) 
Currently not working/not studying, n(%) xx (xx.x%) xx (xx.x%) 
Generalized joint hypermobility, n(%) xx (xx.x%) xx (xx.x%) 
Knee joint valgus malalignment forward lunge, n(%) xx (xx.x%) xx (xx.x%) 
Knee joint valgus malalignment single-leg squat, n(%) xx (xx.x%) xx (xx.x%) 
Low self-efficacy, n(%) xx (xx.x%) xx (xx.x%) 
Neuropathic pain component, n(%) xx (xx.x%) xx (xx.x%) 
Severe pain, n(%) xx (xx.x%) xx (xx.x%) 
Pain catastrophizing, n(%) xx (xx.x%) xx (xx.x%) 
Poor pain self-efficacy, n(%) xx (xx.x%) xx (xx.x%) 
Excessive mobility magnitude, n(%) xx (xx.x%) xx (xx.x%) 
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9.2 Shell figure 1. Study flow chart 
 

 
 
  

 

 

CONSORT Flow Diagram 

Assessed for eligibility (n=  ) 

Excluded  (n=   ) 
   Not meeting inclusion criteria (n=  ) 
   Declined to participate (n=  ) 
   Other reasons (n=  ) 

Lost to follow-up (give reasons) (n=  ) 

Discontinued intervention (give reasons) (n=  ) 

Allocated to intervention (n=  ) 
 Received allocated intervention (n=  ) 
 Did not receive allocated intervention (give 

reasons) (n=  ) 

Lost to follow-up (give reasons) (n=  ) 

Discontinued intervention (give reasons) (n=  ) 

Allocated to intervention (n=  ) 
 Received allocated intervention (n=  ) 
 Did not receive allocated intervention (give 

reasons) (n=  ) 

Allocation 

12 weeks Follow-Up 

Analysed  (n=  ) 
 Excluded from analysis (give reasons) (n=  ) 

Analysed  (n=  ) 
 Excluded from analysis (give reasons) (n=  ) 

 

Analysis 

Randomized (n=  ) 

Enrollment 

Lost to follow-up (give reasons) (n=  ) 

Discontinued intervention (give reasons) (n=  ) 

Lost to follow-up (give reasons) (n=  ) 

Discontinued intervention (give reasons) (n=  ) 

26 weeks Follow-Up 
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9.3 Shell figure 2. Forest plots of the Treatment effect (QE vs HE) across different 
subgroups at week 12 (top) and 26 (bottom) based on binary baseline variables (effect 
modifiers) in the ITT population.  

 
Figure examples shown below for illustration, reprinted from Christensen et al. J Clin Epidemiol. 2021 Jun;134:174-
177, distributed under the terms of the Creative Commons CC-BY license (i.e. no permissions required). 
 
Week 12 

 
Week 26 

 
Abbreviations: CF, Contextual Factor (treatment effect modifier); Inter., Intervention; Compar., Comparator; SE, 
Standard Error 
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Table S1. Primary and Key Secondary Outcomes at week 12 and 26 in the PP population. Based on repeated measures 

linear mixed models, where missing data is assumed to be missing at random. 

 QE 
(N=100) 

Mean (SE) 

HE 
(N=100) 

Mean (SE) 

Mean difference 

(95% CI) 

P-value 

Primary outcome – week 12:     

Change in AKPS questionnaire – score (0 to 100); 

equivalence test* 
7.3 (0.9) 7.3 (0.9) 0.0 (-2.4 to 2.5) 

<0.0001 

Change in AKPS questionnaire – score (0 to 100); 

superiority test* 

0.974 

Key Secondary outcomes – week 12:     

Change in KOOS Pain – score (0-100) 9.5 (1.2) 6.6 (1.1) 2.9 (-0.3 to 6.1)  

Change in KOOS Function – score (0 to 100) 6.2 (1.0) 5.3 (0.9) 0.9 (-1.7 to 3.6)  

Change in KOOS Quality of life – score (0 to 100) 11.6 (1.6) 12.1 (1.5) -0.5 (-4.7 to 3.8)  

Other Secondary outcomes – week 12:     

Change in KOOS Sports and recreation– score (0 to 100) 13.5 (1.9) 11.1 (1.8) 2.3 (-2.8 to 7.5)  

Change in KOOS Symptoms – score (0 to 100) 5.3 (0.9) 5.3 (0.9) 0.2 (-2.2 to 2.7)  

Change in isometric muscle strength      

Hip abductors (N) 14.0 (2.1) 13.4 (2.1) 0.6 (-5.1 to 6.4)  

 Hip adductors (N) 11.9 (2.1) 18.0 (2.0) -6.1 (-11.8 to -0.4) 

Hip extensors (N) 16.0 (2.8) 15.8 (2.8) 0.2 (-7.7 to 8.0) 

Hip flexors (N) 10.2 (2.2) 12.2 (2.1) -2.1 (-8.1 to 4.0) 

Hip external rotators (N) 3.0 (5.1) 10.4 (5.0) -7.4 (-21.4 to 6.6) 

Hip internal rotators (N) 10.1 (1.7) 13.0 (1.7) -2.9 (-7.5 to 1.7) 

Knee extensors (quadriceps) (N) 35.9 (6.4) 35.7 (6.4) 0.2 (-17.6 to 18.0 

Knee flexors (hamstrings) (N) 45.4 (4.9) 45.7 (4.8) -0.4 (-13.8 to 13.1) 

Change in Dynamic Assessment of Pain (VRS (0-10)) -0.7 (0.1) -0.2 (0.1) -0.6 (-0.9 to -0.2)  

Change in EQ5D Questionnaire (index 1,000 to -0.624)  0.066 (0.013) 0.036 (0.012) 0.031 (-0.004 to 0.065)  

Transition Questionnaire of global perceived change in 

overall health, pain, and function (Likert scale -7 to 7) 

2.0 (0.3) 2.3 (0.3) -0.2 (-1.1 to 0.6)  

Outcomes at week 26:     

Change in AKPS questionnaire – score (0 to 100) 9.4 (0.9) 9.1 (0.9) 0.3 (-2.2 to 2.9)  

Change in KOOS Pain – score (0-100) 10.6 (1.2) 11.6 (1.2) -1.0 (-4.4 to 2.3)  

Change in KOOS Function – score (0 to 100) 6.6 (1.0) 8.0 (1.0) -1.4 (-4.1 to 1.4)  

Change in KOOS Quality of life – score (0 to 100) 16.6 (1.6) 20.0 (1.6) -3.4 (-7.8 to 1.1)  

Change in KOOS Sports and recreation– score (0 to 100) 13.9 (1.9) 16.1 (1.9) -2.3 (-7.6 to 3.0)  

Change in KOOS Symptoms – score (0 to 100) 5.8 (0.9) 7.2 (0.9) -1.4 (-4.0 to 1.1)  

Change in EQ5D Questionnaire (index 1,000 to -0.624)  0.089 (0.013) 0.071 (0.013) 0.018 (-0.019 to 0.054)  

Transition Questionnaire of global perceived change in 

overall health, pain, and function (Likert scale -7 to 7) 

2.4 (0.3) 2.9 (0.3) -0.5 (-1.4 to 0.4)  

*Primary outcome was analyzed using both a test for equivalence and a test for superiority. 
AKPS: Anterior Knee Pain Scale 
KOOS: Knee injury and osteoarthritis outcome score. 
VRS: Verbal Rating Scale 
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Table S2. Primary and Key Secondary Outcomes at week 12 and 26 in the ITT population adjusted for treatment 

adherence. Based on repeated measures linear mixed models, where missing data is assumed to be missing at random. 

 

 

 QE 
(N=100) 

Mean (SE) 

HE 
(N=100) 

Mean (SE) 
Mean difference (95% CI) P-value 

Primary outcome:     
Week 12: Change in AKPS questionnaire – score (0 to 
100); equivalence test* 7.5 (0.8) 7.2 (0.8) 0.3 (-1.9 to 2.5) 

<0.0001 

Week 12: Change in AKPS questionnaire – score (0 to 
100); superiority test* 

0.782 

Week 26: Change in AKPS questionnaire – score (0 to 
100) 9.8 (0.8) 8.9 (0.8) 0.9 (-1.4 to 3.1)  

Key Secondary outcomes:     
Week 12: Change in KOOS Pain – score (0-100) 9.4 (1.0) 6.2 (1.0) 3.1 (0.2 to 6.0)  
Week 12: Change in KOOS Function – score (0 to 100) 5.7 (0.9) 5.0 (0.9) 0.7 (-1.7 to 3.1)  
Week 12: Change in KOOS Quality of life – score (0 to 
100) 

10.7 (1.4) 12.1 (1.4) -1.3 (-5.3 to 2.6)  

Other Secondary outcomes     
Week 12: Change in KOOS Sports and recreation– score 
(0 to 100) 

13.9 (1.7) 10.8 (1.7) 3.1 (-1.6 to 7.9)  

Week 12: Change in KOOS Symptoms – score (0 to 100) 4.8 (0.8) 4.8 (0.8) 0.03 (-2.2 to 2.2)  
Week 12: Change in isometric muscle strength      

Hip abductors (N) 13.6 (1.8) 13.1 (1.9) 0.5 (-4.6 to 5.6)  
 Hip adductors (N) 10.6 (1.9) 16.0 (1.9) -5.4 (-10.6 to -0.1) 

Hip extensors (N) 16.2 (2.5) 13.4 (2.6) 2.8 (-4.2 to 9.8) 
Hip flexors (N) 11.7 (2.0) 11.1 (2.1) 0.7 (-5.0 to 6.3) 
Hip external rotators (N) 1.6 (4.3) 8.2 (4.4) -6.6 (-18.8 to 5.5) 
Hip internal rotators (N) 9.2 (1.5) 10.3 (1.6) -1.1 (-5.4 to 3.1) 
Knee extensors (quadriceps) (N) 32.9 (5.6) 32.7 (5.8) 0.2 (-15.6 to 16.0) 
Knee flexors (hamstrings) (N) 38.2 (4.1) 41.5 (4.1) -3.4 (-14.7 to 7.9) 

Week 12: Change in Dynamic Assessment of Pain  
(VRS (0-10)) 

-0.8 (0.1) -0.2 (0.1) -0.6 (-0.9 to -0.2)  

Week 12: Change in EQ5D Questionnaire  
(index 1,000 to -0.624)  

0.067 (0.011) 0.035 (0.011) 0.032 (0.001 to 0.063)  

Week 12: Transition Questionnaire of global perceived 
change in overall health, pain, and function (Likert scale -
7 to 7) 

2.2 (0.3) 2.1 (0.3) 0.1 (-0.7 to 0.9)  

Week 26: Change in KOOS Pain – score (0-100) 10.7 (1.1) 10.2 (1.1) 0.5 (-2.5 to 3.5)  
Week 26: Change in KOOS Function – score (0 to 100) 6.6 (0.9) 6.9 (0.9) -0.2 (-2.7 to 2.2)  
Week 26: Change in KOOS Quality of life – score (0 to 
100) 

15.9 (1.5) 18.9 (1.5) -3.0 (-7.1 to 1.1)  

Week 26: Change in KOOS Sports and recreation– score 
(0 to 100) 

15.2 (1.8) 14.4 (1.8) 0.8 (-4.1 to 5.7)  

Week 26: Change in KOOS Symptoms – score (0 to 100) 5.9 (0.8) 6.1 (0.8) -0.2 (-2.5 to 2.1)  
Week 26: Change in EQ5D Questionnaire (index 1,000 
to -0.624)  

0.093 (0.012) 0.069 (0.012) 0.024 (-0.009 to 0.057)  

Week 26: Transition Questionnaire of global perceived 
change in overall health, pain, and function (Likert scale -
7 to 7) 

2.6 (0.3) 2.6 (0.3) 0.0 (-0.9 to 0.8)  

*Primary outcome was analyzed using both a test for equivalence and a test for superiority. 
AKPS: Anterior Knee Pain Scale 
KOOS: Knee injury and osteoarthritis outcome score. 
VRS: Verbal Rating Scale 
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Table S3. Primary and Key Secondary Outcomes at week 12 in the ITT population. Based on analysis of covariance, 
where missing data is conservatively imputed using baseline observation carried forward. 

 
 

 QE 
(N=100) 

Mean (SE) 

HE 
(N=100) 

Mean (SE) 
Mean difference 

(95% CI) P-value 
Primary outcome:     
Week 12: Change in AKPS questionnaire – score (0 to 100); 
equivalence test* 6.5 (0.8) 6.4 (0.8) 0.1 (-2.3 to 2.4) 

<0.0001 

Week 12: Change in AKPS questionnaire – score (0 to 100); 
superiority test* 

0.952 

Key Secondary outcome:     
Week 12: Change in KOOS Pain – score (0-100) 8.2 (1.1) 5.8 (1.1) 2.5 (-0.7 to 5.7)  
Week 12: Change in KOOS Function – score (0 to 100) 5.0 (0.9) 4.6 (0.9) 0.4 (-2.2 to 2.9)  
Week 12: Change in KOOS Quality of life – score (0 to 
100) 

9.5 (1.5) 11.0 (1.5) -1.4 (-5.5 to 2.7)  

*Primary outcome was analyzed using both a test for equivalence and a test for superiority. 
AKPS: Anterior Knee Pain Scale 
KOOS: Knee injury and osteoarthritis outcome score. 
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Appendix 7 – Adverse events 

 
Table S4. Adverse events in the intention-to-treat population  

 QE (n=100) HE (n=100) 

Exposure time – patient weeks 900 948 

AE - no. of patients (%) 15 (15%) 16 (16%) 

AE - no. of events (rate – event per patient week) 21 (0.03) 19 (0.02) 

AEs leading to discontinuation - no. of patients (%) 1 (1%) 1 (1%) 

Maximum reported severity of AEs, no. of patients (%)   

Mild 9 (9%) 8 (8%) 

Moderate 4 (4%) 6 (6%) 

Severe 2 (2%) 2 (2%) 

AEs, relationship to trial treatment, no. of events (rate – event 

per patient week) 

  

Not related  2 (0.002) 2 (0.002) 

Probably not related 3 (0.003) 6 (0.006) 

Probably related 16 (0.02) 11 (0.01) 

AEs, classification, no. of events (rate – event per patient 

week) 

  

PFP pain exacerbation 8 (0.01) 6 (0.01) 

Muscle soreness 12 (0.01) 12 (0.01) 

Other  1 (0.001) 1 (0.001) 

Deaths - no. of events (rate – event per patient week) 0 (0) 0 (0) 

AE; Adverse event. The severity of an adverse event refers to the maximum intensity of the event. An 

event was considered severe (compared with mild or moderate) if it interfered substantially with the 

patient’s usual activities. 
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Appendix 8 – Cross tabulated agreements (Study 3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary file for Study 3: Agreement of visual assessment of dynamic knee 

joint alignment in patients with patellofemoral pain. 
 
Table 1. Intrarater agreement Forward Lunge - raw scores 
 

    rater 1 
    -4 -3 -2 -1 0 1 2 3 4 Total 

ra
te

r 1
 

-4 1 2 0 0 0 0 0 0 0 3 
-3 0 6 2 0 0 0 0 0 0 8 
-2 0 3 4 4 1 0 0 0 0 12 
-1 0 1 5 10 2 0 0 0 0 18 
0 0 0 1 3 15 0 0 0 0 19 
1 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 

Total 1 12 12 17 18 0 0 0 0 60 
 
Table 2. Intrarater agreement Forward Lunge – categorical classification 
 

    rater 1 
    Varus Neutral Valgus Total 

ra
te

r 1
 Varus 0 0 0 0 

Neutral 0 30 7 37 
Valgus 0 5 18 23 
Total 0 35 25 60 

 
Table 3. Interrater agreement Forward Lunge - raw scores 
 

    rater 2 
    -4 -3 -2 -1 0 1 2 3 4 Total 

ra
te

r 1
 

-4 0 3 0 0 0 0 0 0 0 3 
-3 0 4 3 1 0 0 0 0 0 8 
-2 0 2 4 6 0 0 0 0 0 12 
-1 0 0 5 10 3 0 0 0 0 18 
0 0 1 2 5 10 1 0 0 0 19 
1 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 

Total 0 10 14 22 13 1 0 0 0 60 
 
Table 4. Interrater agreement Forward Lunge – categorical classification 
 

    rater 2 
    Varus Neutral Valgus Total 

ra
te

r 1
 Varus 0 0 0 0 

Neutral 0 29 8 37 
Valgus 0 7 16 23 
Total 0 36 24 60 
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Table 5. Intrarater agreement single leg squat - raw scores 
 

    rater 1 
    -4 -3 -2 -1 0 1 2 3 4 Total 

ra
te

r 1
 

-4 5 1 0 0 0 0 0 0 0 6 
-3 3 11 4 1 0 0 0 0 0 19 
-2 0 4 8 4 0 0 0 0 0 16 
-1 0 0 2 6 2 0 0 0 0 10 
0 0 0 1 4 3 1 0 0 0 9 
1 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 

Total 8 16 15 15 5 1 0 0 0 60 
 
Table 6. Intrarater agreement single leg squat - categorical classification 
 

    rater 1 
    Varus Neutral Valgus Total 

ra
te

r 1
 Varus 0 0 0 0 

Neutral 0 16 3 19 
Valgus 0 5 36 41 
Total 0 21 39 60 

 
 
Table 7. Interrater agreement single leg squat - raw scores 
 

    rater 2 
    -4 -3 -2 -1 0 1 2 3 4 Total 

ra
te

r 1
 

-4 1 3 1 0 1 0 0 0 0 6 
-3 2 9 4 4 0 0 0 0 0 19 
-2 0 5 4 7 0 0 0 0 0 16 
-1 0 1 4 4 1 0 0 0 0 10 
0 0 0 4 2 2 1 0 0 0 9 
1 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 

Total 3 18 17 17 4 1 0 0 0 60 
 
Table 8. Interrater agreement single leg squat - categorical classification 
 

    rater 2 
    Varus Neutral Valgus Total 

ra
te

r 1
 Varus 0 0 0 0 

Neutral 0 10 9 19 
Valgus 0 12 29 41 
Total 0 22 38 60 
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Study 1 – Quadriceps or hip exercises for patellofemoral pain? A randomized 
controlled equivalence trial 

 

Notes: 

 

In the paper we refer to the study protocol in the supplemental material. This corresponds to the 

study protocol found in Appendix 1. 

 

In the ‘Interventions’ section we refer to the complete description of the interventions and the 

progression principles. These correspond to the exercise description in Appendix 2. Further, we 

refer to the information leaflet which corresponds to the leaflet in Appendix 3. 

 

In the ‘Statistical analysis’ section we refer to the statistical analysis plan in the supplements. 

This corresponds to the statistical analysis plan provided in Appendix 4. 

 

In the ‘Key secondary and other secondary outcomes’ section we refer to the sensitivity analyses, 

which correspond to the supplementary tables S1-3 in Appendix 6. 
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ABSTRACT 

Objective: To assess effectiveness equivalence between two commonly prescribed 12-week 

exercise programs targeting either the quadriceps or the hip muscles in patients with patellofemoral 

pain (PFP). 

Methods: This randomized controlled equivalence trial included 200 participants with a clinical 

diagnosis of PFP. Participants were randomly assigned to either a 12-week quadriceps-focused 

(QE) or a hip-focused (HE) exercise program. The primary outcome was the change in Anterior 

Knee Pain Scale (AKPS) (0-100) from baseline to 12-week follow-up. Prespecified equivalence 

margins of ±8 points on the AKPS were chosen to demonstrate comparable effectiveness. Key 

secondary outcomes were the Knee Injury and Osteoarthritis Outcome Score questionnaire (KOOS) 

pain, physical function, and knee-related quality of life subscales.  

Results: The least squares mean changes in AKPS (primary outcome) were 7.5 for QE and 7.2 for 

HE (difference 0.3 points, 95% CI −1.9 to 2.4; test for equivalence p<0.0001). None of the group 

differences in key secondary outcomes exceeded predefined equivalence margins. 

Conclusion: 12-week focused quadriceps and hip focused exercise protocols were equivalent in 

changes in symptoms and function for patients with PFP.  
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INTRODUCTION 

Patellofemoral pain (PFP) is a common knee problem, with point prevalences from 6 to 7 % in 

adolescents and up to 13% in young adults (1-3). More than one in two with PFP report persistent 

pain after 5–8 years (4), with an associated frequent use of pain killers, a lower physical activity 

level, and low quality of life (1, 4-6). Recent systematic reviews and a network meta-analysis 

recommend exercise therapy (mainly comprising exercises for the hip, the knee, or both the hip and 

knee) for improving pain and function in people with PFP (7-10). However, these studies also 

underline the uncertainty about which type of exercises that are most effective for PFP. Despite the 

latest consensus document on managing PFP recommends including hip exercises, direct 

comparisons of exercise protocols are few (9), with short intervention follow-up periods (11), and 

with sample sizes insufficient to detect clinically relevant differences in outcomes (12, 13). 

Collectively, this challenges the choice of the most appropriate treatment and may also explain the 

variation in clinical practice (14). Hence, there is a need for large high-quality studies of 

comparative effectiveness of quadriceps and hip muscle exercises for PFP. Accordingly, the aim of 

this study is to assess effectiveness equivalence between a focused “Quadriceps Exercise” (QE) 

protocol and a focused “Hip Exercise” (HE) protocol on symptoms and function in patients with 

PFP.  

 

METHODS 

Study design 

In this single-center randomized, controlled, assessor-blinded, equivalence trial with two parallel 

intervention groups we compared a QE and HE protocol. Evaluations and assessments took place at 

the Department of Physical and Occupational Therapy at Bispebjerg-Frederiksberg Hospital, 

Copenhagen, Denmark at baseline and 12 weeks. Further, the participants were invited to an online 

collection of patient-reported outcomes 26 weeks after baseline. The trial design is illustrated in the 

supplements together with the trial protocol. Ethical approval was obtained from the Health 

Research Ethics Committee of the Capital region, Denmark (H-16045755). This report follows the 

CONSORT extension for non-pharmacological treatments guideline and the TIDieR checklist for 

intervention description (15, 16). The study was registered prospectively at www.ClinicalTrials.gov 

on March 3, 2017 (NCT03069547). 
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Patient and Public Involvement statement 

Patients were not engaged in the development stages of the study nor in the conduct or oversight of 

the study. All participants were offered a layman resume of results and conclusion of the study by 

email.  

 

Participants 

Between April 10, 2017 and December 3, 2021 participants were recruited from the Institute of 

Sports Medicine Copenhagen (ISMC), Bispebjerg-Frederiksberg Hospital, Copenhagen, Denmark. 

Inclusion was halted for 8 weeks from March 12, 2020 due to the COVID-19 pandemic. ISMC is a 

medical unit for patients with injuries in the musculoskeletal system caused by participation in 

sports activities. Patients are referred to ISMC from primary care physicians. All participants 

underwent a clinical examination by a specialist in sports medicine but were not screened for 

eligibility using radiographs or other imaging. All participants provided written informed consent 

before participation.  

 Inclusion criteria were a clinical diagnosis of PFP in at least one knee confirmed by an 

experienced sports medicine physician, average knee pain during activities of daily living in the last 

week of ≥3/10 on a verbal rating scale, insidious onset of symptoms unrelated to trauma, persistent 

pain for at least four weeks, and anterior knee pain associated with at least three of the following: 

During or after activity, prolonged sitting, stair ascent or descent, or squatting. The main exclusion 

criteria were other knee conditions, including meniscal or other intra-articular injuries to the knee, 

history of recurrent patellar subluxation or dislocation, and previous knee surgery (complete details 

are provided in the study protocol in the supplements). Potential participants were informed about 

the trial during an interview with a sports medicine physician, and after at least 24 hours of 

consideration an investigator obtained written informed consent and coordinated trial visits. The 

most symptomatic knee at baseline was chosen as the study knee. 

 

Randomization and blinding 

Before randomization, demographic information and all baseline measures were obtained. 

Participants were randomly assigned (1:1) in permuted blocks of 4 and 6 (randomly distributed) 

according to a computer-generated list of random numbers, to one of the two groups (QE or HE). 

Individual allocations were concealed in sealed opaque envelopes, stored in a locked cupboard 

without access for investigators or outcome assessor, and delivered sequentially to the study 



 167 

physiotherapist at randomization. The clinical staff delivering the interventions and participants 

were not blinded to treatment allocation. The investigators and the outcome assessor were blinded 

to allocation, and participants were requested not to disclose allocation during clinical assessments. 

 

Interventions 

Both the hip and knee focused exercise programs were inspired by previous research (17) and 

followed recommended prescribing guidelines (18, 19). The exercise interventions lasted for 12 

weeks with three weekly home-based exercise sessions consisting of three sets of 8-12 repetitions. 

Key parameters of the exercise programs are shown in table 1, and the complete description of the 

interventions is provided in the supplementary file. 

 The hip exercise (HE) program consisted of hip external rotation (clam shell), side-

lying/standing hip abduction, and prone/standing hip extension. The HE exercises were chosen due 

to their documented activation of the hip abductors, external rotators, and hip extensors (20-23), 

wide use in clinical practice, and because they do not strain the patellofemoral joint excessively. 

The quadriceps exercise (QE) program consisted of sitting knee extension, squat, and forward 

lunge. The exercises has been shown effective in recruiting the quadriceps muscle (22) and appear 

effective in the treatment of PFP (24, 25). 

 Both exercise programs were initiated at an individual clinical visit. An experienced 

physiotherapist introduced the participant to the allocated exercise program (QE or HE) and 

provided instructions to the individual exercises. Elastic bands, free weights, and body weight were 

used to provide resistance. The participants were informed to perform 8-12 repetitions in each set. 

The last repetitions should be difficult to perform while still allowing the participant to maintain 

high quality of movement (i.e., full range of motion and without any compensatory movements 

(judged by the physiotherapist)) throughout the entire program. The participants were instructed to 

increase resistance whenever they could complete 14 repetitions in a set. This was emphasized 

during the instructional session and during each follow-up visit (19) (progression principles are 

specified in the supplementary file). The exercise programs included monthly clinical supervision 

visits. Reduction in the exercise load (ROM, number of sets/repetitions) could be made in case of 

significant knee pain exacerbations. 

 All participants – irrespective of group allocation – received the information leaflet 

“Managing my patellofemoral pain” containing general information on possible causes and 

management of PFP. The leaflet is available in the supplementary file. Further a comprehensive 
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exercise leaflet with guidance on the exercises, progression/regression, and pain management was 

handed out. All the physiotherapists involved in the study (n=5) were instructed to communicate in 

the same way, and training sessions were held in the planning stage to ensure standardization of 

communication and practice. 

 Adherence to the prescribed exercise protocol was monitored by a self-administered 

exercise diary, which the participants were encouraged to fill in after each exercise session. The 

participants were asked to record date, number of repetitions and sets for each exercise, and the 

resistance (i.e., elastic band color corresponding to a specified resistance or weights in kg). The 

exercise diary was brought at the monthly clinical visits to optimize compliance and handed in at 

the 12-weeks assessment. The criteria for satisfactory intervention adherence in both groups was 24 

of the 36 scheduled training sessions (66%).  

 

Primary outcome 

The primary outcome was change from baseline in the Anterior Knee Pain Scale (AKPS) 

questionnaire (26) at week 12. The AKPS questionnaire is a widely used and well-validated 

questionnaire for assessing the severity of symptoms and physical limitations in people with PFP 

(26). The 13 items in the questionnaire are summed up to give a total score ranging from 0 to 100, 

with high scores indicating less symptoms. The minimal clinically important change is established 

at 8-10 points (27). 

 

Key secondary and other secondary outcomes 

Key secondary outcomes were changes from baseline in the Knee Injury and Osteoarthritis 

Outcome Score questionnaire (KOOS) pain, physical function, and knee-related quality of life 

subscales (28). Other secondary outcomes included changes from baseline in the KOOS 

sports/recreation and symptoms subscales, Pain Self-Efficacy Questionnaire (29), the EuroQoL EQ-

5D-3L Questionnaire (30), assessment of pain on a 0–10 numeric rating scale (NRS) during activity 

(30 s of performing repeated deep knee-bends from a standing position) (31), and global perceived 

effect on overall health, pain and function measured on a 15-point Likert scale ranging from -7 

(much worse) to +7 (much better). Further, isometric muscle strength of hip abductors, hip 

adductors, hip external rotators, hip internal rotators, hip extensors, hip flexors, knee flexors, and 

knee extensors were measured with a handheld dynamometer. The testing was performed in a 

clinical examination room with the participant lying or sitting on an examination table with and 
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without external fixation according to published and validated protocols (32-34). Three consecutive 

isometric maximal contractions were performed with a 30-s rest period between each trial, and the 

maximum value was used for analysis. Changes from baseline in the patient reported outcomes 

(questionnaires) at week 26 were also recorded. 

 

Sample size 

The sample size was calculated to allow for test of equivalence of the treatment groups at 90% 

power and an alpha level of 0.05 using a two one-sided test (one-sided alpha of 0.025) with 

equivalence margins of ±8 AKPS points, assuming a mean difference of 0 points and a common 

standard deviation of 15 points (35, 36). From this, 77 patients were required in each treatment 

group. To account for a dropout rate of approximately 20% the sample size was a priori increased to 

100 participants in each group. 

 

Statistical analysis 

The analysis was performed according to the a priori statistical analysis plan that was published at 

www.clinicaltrials.gov on January 24, 2022 (before last data recording from the last participant; see 

the supplements).  

 The primary analysis was performed using the intention-to-treat population; patients were 

assessed and analyzed as members of their randomized groups, irrespective of adherence to the 

planned course of treatment. Continuous outcomes were analyzed as change from baseline using 

repeated measures linear mixed models.  Participants were included as random effects (normal 

distribution assumed), and group (2 levels), week (including all timepoints (3 levels; week 0, 12 and 

26)), and the corresponding interaction was included as fixed effects. An adjustment for baseline 

values was done to increase precision. Assumptions underlying the linear mixed models (e.g., 

normality of residuals) were assessed. Results are reported as least squares means and standard 

errors (SE), and differences between least squares means are reported with two-sided 95% 

confidence intervals (CI). The group difference in the primary outcome was assessed for 

equivalence by a two one-sided test of equivalence with alpha 0.025 assessing if the 95% CI 

respects the predefined equivalence margin of ±8 AKPS points corresponding to the established 

cut-off value for making the distinction between improved or unimproved (27). No explicit 

adjustments for multiplicity were applied, rather the key secondary outcome measures were 

analyzed in a prioritized order. Missing values for items in the AKPS and Pain Self-Efficacy 
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Questionnaire were substituted with the arithmetic mean of values from the available items. If more 

than 25% of items were missing, the outcome was regarded missing for the patient (13, 37). For the 

KOOS questionnaire, a mean score for each subscale was calculated, as long as at least 50% of the 

items were answered for each subscale. If more than 50% of the subscale items were omitted, the 

response was considered invalid. Imputation of missing item values for the EuroQoL EQ-5D-3L 

Questionnaire, was handled according to the user guide (euroqol.org). Imputation of missing values 

in AKPS constituted less than 5% of all questionnaire data. Complete missing data were handled 

implicitly in the intention-to-treat analysis by the linear mixed models (38). Sensitivity analyses 

(39) were performed for the primary and key secondary outcomes at week 12 by repeating the 

primary analyses on the per-protocol population predefined as participants with satisfactory 

adherence and without major protocol deviations. Further, we repeated the primary analysis (on the 

ITT population without imputation of missing data) adjusting for treatment adherence (percentage). 

Finally, we performed an analysis of covariance of the primary and key secondary outcomes at 

week 12 (i.e., without the repeated measures) on the ITT population with a conservative non-

responder baseline observation carried forward imputation of missing data at week 12 adjusted for 

the baseline values. For all the secondary sensitivity analyses assumptions underlying the models 

(e.g., normality of residuals) were assessed. If the primary analysis and the sensitivity analyses 

confirm each other, confidence in the results is increased both regarding equivalence and 

superiority claims. All analyses were performed in SAS version 9.4 (SAS Institute Inc., Cary, NC, 

USA).  

 

RESULTS 

Participants 

From April 10th 2017 through December 3rd 2021, 288 individuals were screened for eligibility 

(figure 1); 88 were ineligible for inclusion. Thus, 200 participants underwent randomization; 100 

were assigned to QE and 100 to HE. The mean age was 27.2 years (SD 6.4); 69% were females; 

and the mean BMI was 22.6 (SD 3.0). Baseline characteristics were similar in the two groups (table 

2). Participants completed on average 28 (77%) training sessions out of 36 possible sessions. 

During the course of the intervention, 6 participants (4 QE; 2 HE) had alterations to their allocated 

exercise programs (mainly reduced ROM in the weight bearing exercises) and 8 (5 QE; 3 HE) had 

number of sets and repetitions reduced due to knee pain exacerbations. 
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Primary outcome 

The mean changes in AKPS questionnaire score from baseline to week 12 were 7.5 (CI 6.0 to 9.0) 

in the QE group and 7.2 (CI 5.7 to 8.7) in the HE group (group difference: 0.3 points, 95% CI −1.9 

to 2.4; p=0.804 for test of superiority). The 95% CI of the group difference in change in AKPS 

questionnaire from baseline to week 12 was within the predefined equivalence margin of±8 points 

(p<0.0001 for equivalence, table 3). The trajectories of the AKPS questionnaire are shown in figure 

2.  

 

Key secondary and other secondary outcomes 

For the key secondary outcomes, the estimated treatment differences between groups at week 12 

were 3.0 points (95% CI 0.1 to 5.9) for KOOS pain score, 0.6 points (95% CI −1.7 to 3.0) for 

KOOS function, and -1.5 points (95% CI −5.4 to 2.5) for KOOS quality of life score. The key 

secondary outcomes all respected the predefined criteria for equivalence, although the between 

group difference for KOOS pain was statistically significant in favor of QE (table 3). Finally, the 

results in the primary and key secondary outcomes appeared unchanged at week 26 (table 5). There 

were no statistically or clinically significant differences between groups in the other secondary, 

safety and exploratory outcomes at week 12 (table 3) and week 26 (table 5). The overall pattern of 

results for all outcomes was unchanged in the sensitivity analyses (online supplemental tables S1-

S3). 

 

Safety 

Adverse events were typically mild to moderate, mostly related to muscle soreness, and were 

similar in the two groups (table 4). Severe adverse events that gave interference with the 

participants’ usual activities were exacerbation of knee pain (n=2), headache (n=1), and back pain 

(n=1). 

 

DISCUSSION 

The latest systematic review with network meta-analysis demonstrated uncertainty about which 

exercises to include when managing patients with PFP (7). The results of this study provide much 

needed evidence to inform clinical practice and highlight that an exercise program that focused on 

either quadriceps or hip muscles provided equivalent improvements in symptoms and function in 
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the short (12 weeks) and medium term (26 weeks). Treatment adherence was similar in the two 

groups as were adverse events that were few.  

 Our results support recently published RCTs comparing hip and knee focused exercise 

protocols. In Hott et al (13), 112 patients were randomized to three groups (a 6-week intervention 

consisting of patient education combined with isolated hip-focused exercise, traditional knee-

focused exercise, or free physical activity); the data indicated no difference in the primary outcome 

AKPS between groups. This is in line with previous studies, showing no difference in pain and 

function at 6-8 weeks between a hip and a knee exercise group (40, 41). Three studies have found 

hip exercises to be more effective than knee-focused exercise (42-44); however, the sample sizes 

were typically quite modest (15-18 per group), and one study lacked randomization. This study is 

the first using an equivalence design that allows us to draw reliable conclusions regarding the 

comparative effectiveness of hip and knee focused exercises for PFP. Hence, our results extend 

current understanding and effectively demonstrate equivalent effectiveness of hip and knee focused 

exercise for PFP.  

 Both exercise programs were associated with improvements in AKPS score (7.5 points for 

QE and 7.2 points for HE), but the improvement did not reach the established minimally clinical 

important change threshold. The within-group changes for QE and HE are similar to those 

previously reported (13), but are somewhat lower than those reported in other RCTs evaluating the 

effect of hip and knee exercises in adolescents and adults with PFP (35, 40, 41, 45-47). This 

difference may be explained by the setting of this study. Patients included in this study were 

referred to specialized rehabilitation most often due to long-standing symptoms, which is reflected 

in the patient demographics. Previous studies have shown that long symptom duration is associated 

with worse outcomes (irrespective of treatment) (4, 48, 49) which may explain the somewhat small 

within group changes. Mean pain duration in this study was higher when compared to most studies 

that report on this (40, 45, 47). Another plausible explanation for the small within group changes 

could be differences in attention and supervision during the intervention period compared to other 

studies. Most of the interventions in comparable studies were supervised, but this is not always 

feasible in a clinical setting. The patient–physiotherapist relationship and the overall healthcare 

setting are relevant categories of contextual factors that may modify treatment effects (50). 

 Both groups had 10-11% improvements in hip abduction and knee extension muscle 

strength after the 12-week training period irrespective of group allocation, which is similar to 

previous studies (13, 40, 44). Since some aspects of the hip exercises involve weight bearing, 
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several other muscles are recruited when performing the exercise, including the quadriceps. 

Likewise for the quadriceps focused exercises, a possible parallel training of the hip (and other 

synergistic) muscles cannot be completely ruled out. One could argue that this may explain the lack 

of group difference in the outcomes. However, in a large randomized clinical trial with 218 

participants with PFP, increases in muscle strength did not mediate improvements in pain (51). This 

suggests that improvements in muscle strength might not be the driver of beneficial outcomes, and 

that other mechanisms are more important.  

The somewhat modest improvements seen in our and other recent studies on exercises for 

PFP raise the question if treatment plans focusing on strengthening and biomechanically informed 

movement quality alone address the right components contributing to the pain experience. Growing 

evidence suggests that psychological features may play a role in long-standing PFP (52-54). Future 

studies should aim at identifying possible patient characteristics that predict successful outcomes.   

 

Clinical Implications  

We found that quadriceps exercises and hip exercises are equally effective treatments in the 

management of patients with PFP. The is in line with the most recent consensus document that 

recommends combining quadriceps and hip exercise (9). This implies that therapists should use 

their clinical reasoning and include patient preferences when designing an exercise rehabilitation 

program for the individual patient. Such shared decision may improve healthcare efficiency and is 

recommended in the rehabilitation of patients with PFP (9, 55, 56). However, although 

personalization of exercise interventions to individual patients or subgroup of patients may be a 

useful strategy that can ultimately lead to improved outcomes for patients (57), such strategy 

remains to be supported by research evidence – preferably from prospective randomized trials.  

 

Limitations and strengths 

There are inherent limitations to this study. First, the exercise programs were home-based with 

limited supervision, which may introduce a risk that the exercises were not performed correctly. 

While  more regular  visits  to  the  clinician  would  assure  adherence  and  fidelity to the 

treatments, this would not be in accordance our intention to resemble a clinical setting, where 

multiple weekly visits are not feasible (14). Second, the exercise adherence data was based on self-

reporting, which introduces an inherent risks of overestimation due to social desirability, recall 

period, and selective recall (58). Third, this study was a single center trial which may limit the 
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external validity. Fourth, as the main part of the interventions were unsupervised, contamination 

(deliberate switch of exercise program) may have occurred. Finally, as part of a prognostic sub-

study (to be published separately) the physiotherapists recorded the participants’ projected 

prognosis after the first clinical encounter but not disclosed to the participants. As this was done 

post randomization it may have introduced some expectation biases with the physiotherapists. 

However, such prognoses are inherent in clinical interactions between patients and health care 

providers and thus this does not represent deviations from normal clinical practice. The strengths of 

this trial included the relatively large sample size and the equivalence design, which increase the 

precision of the estimated group differences, and the reporting of adverse events. Furthermore, this 

is the first study comparing hip and knee exercises with an intervention period of 12 weeks, with 

comparable studies ranging from 3 to 8 weeks of intervention (10, 11).  

 

CONCLUSION 

In individuals with patellofemoral pain, 12-week quadriceps-focused and hip-focused exercise 

programs provided equivalent effectiveness for improvements in symptoms and function.  

 

SUMMARY BOX 

What is already known on this topic 

Current evidence supports exercise therapy in the treatment of patients with patellofemoral pain. 

However, there is uncertainty about the comparative effectiveness of hip and knee exercises and 

high quality is needed to guide clinical practice.  

 

What this study adds 

This study adds to the current knowledge-base and demonstrates that quadriceps focused exercises 

and hip focused exercises provide equivalent benefits for patients with patellofemoral pain.  

 

How this study might affect research, practice, or policy 

Based on this study, clinicians can include patient preferences and individualisation in the choice of 

either hip or knee focused exercises in the management of patients with patellofemoral pain.  
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FIGURES AND TABLES 

 
Figure 1. CONSORT flow diagram 
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Figure 2. Trajectories of the AKPS questionnaire in the ITT population. High values represent high levels of self-

reported function; low values represent low levels of self-reported function. Data points represent least squares 

means; error bars. SE 

 
 
Table 1. Key parameters of the exercise programs 

 
Number of 

repetitions/sets 
Time under 

tension 
Rest in 

between sets Means of progression 

Number of 
exercise 

interventions 
per week 

QE-1: Sitting leg 
extension 

8-12 reps./3 sets 2-4 sec/repetition 1 min. 30 sec 
– 2 min. 

Adding elastic bands on ankles 3/week 

QE-2: Squat 8-12 reps./3 sets 2-4 sec/repetition 1 min. 30 sec 
– 2 min. 

Adding weight in a backpack 
(e.g. sand, flour, bottles of water) 
or by holding dumbbells in the 
hands. 

3/week 

QE-3: Lunge 8-12 reps./3 sets 2-4 sec/repetition 1 min. 30 sec 
– 2 min. 

As above 3/week 

HE-1: Clam-shell 8-12 reps./3 sets 2-4 sec/repetition 1 min. 30 sec 
– 2 min. 

Adding elastic bands just above 
both knees 

3/week 

HE-2: Side-
lying/standing hip 
abduction 

8-12 reps./3 sets 2-4 sec/repetition 1 min. 30 sec 
– 2 min. 

As above 3/week 

HE-3: Standing 
hip extension 

8-12 reps./3 sets 2-4 sec/repetition 1 min. 30 sec 
– 2 min. 

Adding elastic bands from 
underneath the foot to the knee of 
the moving limb 

3/week 

QE: Quadriceps exercise 
HE: Hip exercise 
Both groups were instructed to warm up by performing 20 repetitions of exercise QE-1 (for QE) or HE-1 (for HE) without external load. 
Both groups were instructed to increase resistance whenever the participants were able to perform 2 repetitions more than the desired 
number (i.e., 14 or more) 
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Table 2. Demographics and Baseline Characteristics 

 Quadriceps exercise group 
(QE) 

N=100 

Hip exercise group  
(HE) 

N=100 
 Mean (SD) Mean (SD) 
Demographics 

Age, years 27.2 (6.3) 27.2 (6.7) 
Female sex (n[%]) 66 (66%) 72 (72%) 
Body mass, kg 68.2 (12.4) 67.6 (13.0) 
Height, cm 172.4 (8.5) 173.2 (10.7) 
Body Mass Index, BMI (kg/m2) 22.8 (3.01) 22.4 (2.9) 
Symptom duration, months 47.3 (49.4) 52.8 (54.1) 
Symptoms duration, months (median (IQR))* 36 (48) 30 (60) 

AKPS questionnaire score (0-100) 74.2 (11.6) 73.3 (13.0) 
KOOS (0-100) 

Pain 70.8 (15.6) 72.2 (14.1) 
Physical Function 84.1 (13.2) 83.4 (13.1) 
Symptoms 79.6 (14.0) 80.7 (13.3) 
QoL 44.4 (15.1) 44.2 (14.7) 
Sports & Recreation 56.7 (24.9) 59.3 (24.4) 

Dynamic assessment of pain (VRS 0-10) 1.9 (2.2) 1.8 (1.8) 
Dynamic assessment of pain (VRS 0-10) 
(median (IQR))* 

1.0 (3.5) 2.0 (3.0) 

Isometric muscle strength 
Hip abductors (N) 129.5 (40.9) 129.5 (41.2) 
Hip adductors (N) 121.2 (40.6) 122.4 (47.3) 
Hip extensors (N) 175.3 (46.8) 181.0 (56.0) 
Hip flexors (N) 189.1 (55.8) 194.3 (63.0) 
Hip external rotators (N) 101.1 (30.2) 100.7 (37.7) 
Hip internal rotators (N) 123.9 (100.9) 109.4 (42.8) 
Knee extensors (quadriceps) (N) 299.2 (113.1) 292.0 (121.9) 
Knee flexors (hamstrings) (N) 316.6 (117.1) 302.8 (129.5) 

Pain Self-efficacy questionnaire (0-60) 47.5 (8.6) 46.8 (9.8) 
EuroQoL EQ5D Questionnaire (-0.624 to 
1.000) 

0.755 (0.175) 0.757 (0.127) 

Values are presented as means and standard deviations (SD) unless otherwise stated.  
* Both means (SD) and medians (IQR) are presented as data is not normally distributed.  
IQR: Inter quartile range 
AKPS: Anterior Knee Pain Scale 
KOOS: Knee injury and osteoarthritis outcome score. 
VRS: Verbal Rating Scale  
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Table 3. Primary and Secondary Outcomes at week 12 in the ITT population. Based on repeated measures linear 

mixed models, where missing data is assumed to be missing at random. 

 QE 
(N=100) 

HE 
(N=100) Mean difference 

(95% CI) 
P-value 

Mean (SE) Mean (SE) 
Primary outcome:     
Change in AKPS questionnaire score (0 to 
100); equivalence test* 

7.5 (0.8) 7.2 (0.8) 
 

0.3 (-1.9 to 2.4) 
 

<0.0001 

Change in AKPS questionnaire score (0 to 
100); superiority test* 

0.804 

Key Secondary outcome:     
Change in KOOS Pain – score (0-100) 9.4 (1.0) 6.4 (1.0) 3.0 (0.1 to 5.9)  
Change in KOOS Function – score (0 to 100) 5.7 (0.9) 5.1 (0.9) 0.6 (-1.7 to 3.0)  
Change in KOOS Quality of life – score (0 to 
100) 

10.7 (1.4) 12.2 (1.4) -1.5 (-5.4 to 2.5)  

Other Secondary Outcomes:     
Change in KOOS Sports and recreation– score 
(0 to 100) 

13.8 (1.7) 11.0 (1.7) 2.8 (-1.9 to 7.6)  

Change in KOOS Symptoms – score (0 to 
100) 

4.8 (0.8) 4.9 (0.8) -0.1 (-2.3 to 2.1)  

Change in isometric muscle strength      
Hip abductors (N) 13.7 (1.8) 13.3 (1.9) 0.4 (-4.7 to 5.5)  
Hip adductors (N) 10.7 (1.9) 16.3 (1.9) -5.5 (-10.8 to -0.3)  
Hip extensors (N) 16.4 (2.5) 13.7 (2.5) 2.6 (-4.4 to 9.6)  
Hip flexors (N) 11.8 (2.0) 11.2 (2.0) 0.6 (-5.0 to 6.2)  
Hip external rotators (N) 1.7 (4.3) 8.4 (4.4) -6.7 (-18.8 to 5.4)  
Hip internal rotators (N) 9.4 (1.5) 10.6 (1.5) -1.3 (-5.5 to 3.0)  
Knee extensors (quadriceps) (N) 33.3 (5.6) 33.3 (5.7) -0.1 (-15.8 to 15.7)  
Knee flexors (hamstrings) (N) 37.6 (4.1) 42.1 (4.1) -4.4 (-15.8 to 6.9)  

Change in Dynamic Assessment of Pain (VRS 
(0-10)) 

-0.8 (0.1) -0.2 (0.1) -0.6 (-0.9 to -0.3)  

Change in EQ5D Questionnaire (index -0.624 
to 1.000)  

0.067 (0.011) 0.035 (0.011) 0.024 (-0.009 to 
0.057) 

 

Transition Questionnaire of global perceived 
change in overall health, pain, and function 
(Likert scale -7 to 7) 

2.1 (0.3) 2.1 (0.3) 0.0 (-0.8 to 0.8)  

Treatment adherence     
Treatment adherence (%) 75.0 (23.2) 79.0 (21.3) -4.0 (-10.2 to 2.2)  
Treatment adherers (adherence ≥66%) - no. 
(%) 

82 (82.0%) 85 (85.0%)   

*Primary outcome was analyzed using both a test for equivalence and a test for superiority. 
AKPS: Anterior Knee Pain Scale 
KOOS: Knee injury and osteoarthritis outcome score. 
VRS: Verbal Rating Scale 
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Table 4. Adverse events in the intention-to-treat population  

 QE (n=100) HE (n=100) 
Exposure time – patient weeks 900 948 
AE - no. of patients (%) 15 (15%) 16 (16%) 
AE - no. of events (rate – event per patient week) 21 (0.03) 19 (0.02) 
AEs leading to discontinuation - no. of patients (%) 1 (1%) 1 (1%) 
Maximum reported severity of AEs, no. of patients (%)   

Mild 9 (9%) 8 (8%) 
Moderate 4 (4%) 6 (6%) 
Severe 2 (2%) 2 (2%) 

AEs, relationship to trial treatment, no. of events (rate – event per 
patient week) 

  

Not related  2 (0.002) 2 (0.002) 
Probably not related 3 (0.003) 6 (0.006) 
Probably related 16 (0.02) 11 (0.01) 

AEs, classification, no. of events (rate – event per patient week)   
PFP pain exacerbation 8 (0.01) 6 (0.01) 
Muscle soreness 12 (0.01) 12 (0.01) 
Other  1 (0.001) 1 (0.001) 

Deaths - no. of events (rate – event per patient week) 0 (0) 0 (0) 
AE; Adverse event. The severity of an adverse event refers to the maximum intensity of the event. An event 
was considered severe (compared with mild or moderate) if it interfered substantially with the patient’s usual 
activities. 
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Table 5. Primary and Secondary Outcomes at week 26 in the ITT population. Based on repeated measures linear 

mixed models, where missing data is assumed to be missing at random. 

 QE 

(N=100) 

HE 

(N=100) Mean difference 

(CI) 

P-value 

Mean (SE) Mean (SE) 

Primary outcome:     

Change in AKPS questionnaire – score (0 to 100); 

equivalence test* 
9.8 (0.8) 9.0 (0.8) 0.9 (-1.4 to 3.1) 

<0.0001 

Change in AKPS questionnaire – score (0 to 100); 

superiority test* 

0.449 

Key Secondary outcome:     

Change in KOOS Pain – score (0-100) 10.7 (1.1) 10.4 (1.1) 0.4 (-2.7 to 3.4)  

Change in KOOS Function – score (0 to 100) 6.6 (0.9) 6.9 (0.9) -0.3 (-2.8 to 2.1)  

Change in KOOS Quality of life – score (0 to 100) 15.9 (1.5) 19.0 (1.5) -3.2 (-7.2 to 0.9)  

Other Secondary Outcomes:     

Change in KOOS Sports and recreation– score (0 to 100) 15.1 (1.8) 14.6 (1.8) 0.5 (-4.4 to 5.4)  

Change in KOOS Symptoms – score (0 to 100) 5.9 (0.8) 6.2 (0.8) -0.3 (-2.6 to 2.0)  

Change in EQ5D Questionnaire (index -0.624 to 1.000)  0.093 (0.012) 0.069 (0.012) 0.024 (-0.009 to 

0.057) 

 

Transition Questionnaire of global perceived change in 

overall health, pain, and function (Likert scale -7 to 7) 

2.6 (0.3) 2.7 (0.3) -0.1 (-0.9 to 0.7)  

Group values for QE and HE are presented as least squares means ± standard error.  

Mean differences are presented as least squares means and 95% confidence intervals (CI). 

*Primary outcome was analyzed using both a test for equivalence and a test for superiority. 

KOOS: Knee injury and osteoarthritis outcome score. 
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Study 2 – Differential effects of quadriceps and hip muscle exercise programs for 
patellofemoral pain: A secondary effect modifier analysis of a randomized trial  

 

Notes: 

 

In the ‘Participants’ section we refer to the full description of in- and exclusion criteria in the 

supplemental material. This corresponds to the study protocol found in Appendix 1. 

 

In the ‘Interventions’ section we refer to the complete description of the interventions. This 

corresponds to the exercise description in Appendix 2. Further, we refer to the information 

leaflet which corresponds to the leaflet in Appendix 3. 

 

In the section ‘Outcome and potential effect modifiers’ we refer to the full description of the 

characteristics. These are found in the statistical analysis plan of Study 2 in Appendix 5. 

 

In ‘Statistical analyses’ we also refer to the statistical analysis plan provided in Appendix 5. 
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ABSTRACT 

Objective: To identify baseline characteristics that modify the effect of 12-week quadriceps vs. hip 

muscle exercise programs in patients with patellofemoral pain (PFP).  

Methods: A secondary analysis of a 26-week randomized trial including 200 participants with PFP. 

Participants were randomly assigned to a 12-week quadriceps-focused (QE) or hip-focused (HE) 

exercise program. Outcome was change from baseline in the Anterior Knee Pain Scale (AKPS) at 

week 12 and 26. Subgroups were predefined and based on baseline information: Presence of low 

back, hip, ankle, or bilateral knee pain, body mass index (BMI), sex, age, education, occupation, 

hypermobility, quadriceps strength, dynamic knee alignment, midfoot mobility, exercise self-

efficacy, pain self-efficacy, pain catastrophizing, neuropathic pain, pain duration, and pain severity.  

Results: Participants with signs of pain catastrophizing seemed to benefit more from QE with a 

subgroup difference in treatment effect of 8.3 AKPS points at week 12 (95%CI 1.6 to 15.0; 

P=0.016). At week 26, participants with a baseline BMI above 25 seemed to benefit more from QE 

with a subgroup difference in treatment effect of 11.1 (95%CI 4.8 to 17.8; P=0.001), and 

participants with severe knee pain at baseline seem to benefit from the HE protocol with a subgroup 

difference of -9.1 (95%CI -15.7 to -2.6; P=0.006). The identified subgroups were small and the 

results imprecise. 

Conclusion: QE may potentially provide more benefits than HE among PFP patients with signs of 

pain catastrophizing or overweight, whereas HE may provide more benefits than QE for patients 

with more severe knee pain. The results are more indicative than conclusive and need to be 

confirmed.          
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INTRODUCTION 

Patellofemoral Pain (PFP) is a common knee problem, which particularly affects adolescents and 

young adults (1-4). PFP is characterized by pain around or behind the patella that significantly 

impacts function and quality of daily life (5). The majority of patients still report pain after 2 to 8 

years with extensive burdens on the individual and society (6). Resistance training for the 

quadriceps and the hip muscles has repeatedly been shown beneficial for pain and physical function 

and is unequivocally recommended as a core component of the management of PFP (7-9). In 

general, different types of exercises produce similar small to moderate beneficial effects in pain and 

physical function (10-12). However, the PFP population is very heterogeneous and "one-size-fits-

all"-approaches are presumably sub-optimal. This heterogeneity probably explains the overall 

limited beneficial effects of exercise, and the lack of differences in direct comparisons of different 

exercise types. Our recent randomised controlled trial (RCT) comparing quadriceps-focused and 

hip-muscle focused exercise programs (the COMPETE trial) showed equivalent and small to 

moderate improvements in symptoms and physical limitations in both groups without between-

group differences (13), emphasising the need for identification of subgroups that respond 

differentially to these two commonly used exercise regimens. 

 Identifying subgroups of individuals who may benefit more from one treatment than the 

other, and potential treatment effect modifiers is an important goal in health research (14, 15). 

Extensive effort has been made to identify indicators of prediction for conservative PFP 

management (6, 16, 17). Several factors have been linked to a poor outcome, with longer duration 

of symptoms, older age, lower function, bilateral symptoms, greater difference in side-to-side knee 

extension strength, and number of pain sites at baseline being the most reported (16, 18-22). 

However, although prognostic factors help predict the likelihood of an outcome within a certain 

time period, they cannot predict the likelihood of an outcome after a specific treatment (16). 

Adequately powered RCTs with evaluation of effect modifiers as a primary aim are clearly 

warranted to provide clinicians with robust evidence and facilitate evidence-informed, tailored 

intervention to this heterogeneous patient population (14, 17, 23, 24).  

 The aim of this secondary pre-specified analysis was to identify contextual factors that 

modify the observed treatment effect of treatment (Quadriceps Exercise program (QE) vs Hip 

muscle Exercise program (HE)) across patient subgroups, i.e. whether the treatment effect is 

modified by the value of a variable assessed at baseline.  
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METHODS 

Study design 

This is a secondary analysis of a single center, randomized trial with two parallel intervention 

groups comparing treatment efficacy of a quadriceps exercise (QE) protocol and a hip exercise (HE) 

protocol with a primary endpoint at 12 weeks (after treatment) and a follow-up at 26 weeks. A 

prespecified aim was to explore candidate patient characteristics that predict differential responses 

to the two exercise programs on self-reported pain and physical function in individuals with PFP. A 

total of 200 patients was randomly assigned on a 1:1 basis to one of the two treatments, QE or HE. 

Baseline characteristics were registered and assessed as part of the baseline assessment (before 

randomization) in the main trial. The trial was prospectively registered in the ClinicalTrials.gov 

database on March 3, 2017 (NCT03069547) and approved by the Health Research Ethics 

Committee for the Capital Region of Denmark (H-16045755). 

 

Participants 

Between April 10, 2017, and December 3, 2021, participants were recruited from the Institute of 

Sports Medicine Copenhagen (ISMC), Bispebjerg-Frederiksberg Hospital, Copenhagen, Denmark. 

All participants provided written informed consent before participation.  

 Inclusion criteria were a clinical diagnosis of PFP, average knee pain during activities of 

daily living in the previous week of ≥3/10 on a verbal rating scale, insidious onset of symptoms 

unrelated to trauma and persistent for at least 4 weeks, and anterior knee pain associated with at 

least 3 of the following: During or after activity, prolonged sitting, stair ascent or descent, or 

squatting. Main exclusion criteria were other knee conditions, including meniscal or other intra-

articular injuries to the knee (complete details are provided in the supplements). Potential 

participants were informed about the trial by a sports medicine doctor, and subsequently an 

investigator obtained written informed consent and coordinated trial inclusion. The most 

symptomatic knee at baseline was chosen as the study knee. 

 

Randomization and blinding 

Before randomization, demographic information and all baseline characteristics were obtained. 

Participants were randomly assigned (1:1) in permuted blocks of 4 and 6 according to a computer-
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generated list of random numbers, to one of the two groups (QE or HE). The allocation was 

concealed in opaque envelopes, stored in a locked cupboard without access for investigators or 

outcome assessor, and delivered sequentially to the study physiotherapist at randomization. The 

clinical staff delivering the interventions and participants were not blinded to treatment allocation. 

The investigators and the outcome assessor were blinded to allocation where possible, and 

participants were requested not to disclose allocation during clinical assessments. 

 

Interventions 

The exercise interventions were inspired by previous research (25) and adhered to recommended 

prescribing guidelines (26, 27). The intervention period was 12 weeks with three weekly home-

based exercise sessions consisting of three sets of 8-12 repetitions. The quadriceps exercise (QE) 

program consisted of sitting knee extension, squat, and forward lunge. The hip exercise (HE) 

program consisted of hip external rotation (clam shell), side-lying/standing hip abduction, and 

prone/standing hip extension. Both exercise programs were initiated at an individual clinical visit. 

An experienced physiotherapist introduced the participant to the allocated exercise program (HE or 

QE) and provided instructions to the individual exercises. Elastic bands, free weights, and body 

weight were used as resistance. The exercise programs included monthly clinical supervision visits. 

A complete description of the interventions is provided in the supplementary file. 

 All participants – irrespective of group allocation – received the information leaflet 

“Managing my patellofemoral pain” containing general information on causes and management of 

PFP. The leaflet is available in the supplementary file. 

 

Outcome and potential effect modifiers 

The primary outcome was change from baseline in the Anterior Knee Pain Scale (AKPS) 

questionnaire at week 12. The AKPS questionnaire is a widely used and well-validated 

questionnaire for assessing the severity of symptoms and physical limitations in people with PFP 

(28). The 13 items in the questionnaire are summed up to give a total score ranging from 0 to 100, 

with high scores indicating less symptoms. The minimal clinically important change is established 

at 8 points (29).  

 A priori we identified a range of baseline variables to be explored as potential effect 

modifiers. The candidate baseline characteristics encompass self-reported information as well as 
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clinical observations and tests and were chosen based on findings in previous studies and clinical 

experience (16, 17). The characteristics were dichotomized in accordance with established clinically 

relevant cut-off values where applicable. For certain items, i.e., quadriceps strength and age, no 

meaningful cut-off values were found, and dichotomization was hence based on median values. The 

baseline characteristics are presented in table 1. A full description of the characteristics including 

rationales for selecting the specific items and cut-off values is available in the supplementary files.  

 

Statistical analysis 

The statistical analyses were prespecified in a statistical analysis plan that was written and closed 

before data analyses (supplement). The primary analysis was performed using the intention-to-treat 

population; patients were assessed and analyzed as members of their randomized groups, 

irrespective of adherence to the planned course of treatment. The analyses focused on the 

interaction between presence/absence of the patient characteristics and group allocation (QE vs. 

HE) at each time point (week 12 and 26). Changes from baseline in AKPS were analyzed using 

repeated measures mixed linear models with group (QE vs HE), week (12 and 26), and candidate 

baseline predictor characteristic (present/absent) as fixed factors, and participant as random factor. 

The models were adjusted for the outcome baseline value. Missing data were handled implicitly by 

the mixed linear models, and the models were adjusted for the baseline AKPS value. All analyses 

were performed using the statistical software SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).  

 

RESULTS 

Between April 10th 2017 and December 3rd 2021, 288 individuals were screened for eligibility 

(figure 1); 88 were ineligible for inclusion. Thus, 200 subjects underwent randomization; 100 were 

assigned to QE and 100 to HE. The mean age was 27.2 years; 66% were females; and the mean 

BMI was 22.6. Baseline characteristics and the distribution of the subgroups were similar in the two 

groups (table 2). Participants completed on average 28 (77%) training sessions, out of possible 36 

(range 0–36) sessions. 

 The overall mean changes in AKPS score from baseline to week 12 were 7.2 points (SE 

0.8) in the QE group and 7.5 points (SE 0.8) in the HE group with a group difference of -0.3 points 

(95% confidence interval, -2.4 to 1.9; P=0.80), which is identical to the main trial results (13). At 
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the 26-week follow-up, the group mean changes were 9.0 (SE 0.8) and 9.8 (SE 0.8) in the QE and 

HE groups, respectively, with a mean difference of -0.9 (95% CI -3.1 to 1.4; P=0.45) 

 There was a statistically significant subgroup difference at 12 weeks in favour of QE 

among participants with the baseline characteristic “Pain catastrophizing” (n=22) compared to those 

without signs of pain catastrophising at baseline (subgroup difference 8.3 AKPS points (95%CI 1.6 

to 15.0; P=0.016). At 26 weeks, participants with a baseline BMI ≥25 m/kg2 (n=32) seemed to 

benefit from QE compared to those with BMI <25 m/kg2 (n=168) with a subgroup difference of 11.1 

AKPS points (95%CI 4.8 to 17.4; P=0.001). In contrast, participants with severe baseline knee pain 

(n=28) seemed to benefit from HE when compared to those with mild-moderate baseline knee pain 

(n=172) with a subgroup difference of -9.1 AKPS points (95%CI -15.7 to -2.6; P=0.006). The 

results of the subgroup analyses are shown in figure 2 for the week 12 and figure 3 for the 26-week 

follow-up assessment.  

 

DISCUSSION 

In this secondary effect modifier analysis of an RCT, we aimed to identify baseline characteristics 

that could modify the effect of quadriceps focused exercises compared to exercises focusing on the 

hip muscles on AKPS in patients with PFP. Our results indicate that in the short term (immediately 

after intervention; 12 weeks) patients with self-reported signs of pain catastrophizing at baseline 

seem to benefit more from the QE program. Further, in the medium-term follow-up (26 weeks from 

baseline) participants with BMI above 25 kg/m2 also seem to benefit from QE, whereas those with 

severe baseline knee pain seem to benefit from HE.  

 The mechanisms by which presence of signs of pain catastrophizing at baseline seem to 

modify the 12-week treatment effect of QE vs HE are not possible to assess in the present study. 

Pain catastrophizing is defined as a maladaptive cognitive-affective response to pain that involves 

negative thinking regarding the pain experience (30). It is a prevalent psychologic feature in 

patients with patellofemoral pain (17-19) and a larger psychosocial impact is associated with worse 

pain and reduced physical function (31, 32). Notably, the treatment modification was depleted after 

26 weeks, suggesting only short-term effect modification immediately after the intervention.  

 The mechanisms underlying 26-week treatment effects (BMI≥25 benefit from QE and 

severe baseline knee pain benefit from HE) are also not possible to identify from the present data. 

Although high BMI has been linked to the development of PFP in adults and is a well-recognized 

risk factor for incidence and progression of knee OA (33, 34), no significant link has been 
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established between BMI and specific intervention outcomes (35, 36). A high BMI has been linked 

to the development of PFP in adults and is a well-recognized risk factor for knee OA (33, 34). But 

no association has been established between BMI and specific intervention outcomes (35). An post-

hoc analysis of a randomized controlled trial investigating the treatment effect of knee exercises 

compared to open-label placebo in individuals with knee OA did not find a high BMI to modify the 

effect (37). Intuitively, a high body mass would increase patellofemoral joint loads and stress during 

weight bearing exercises like squat and lunges (QE), contradictive of what present results suggest.  

 Severe pain (above 6 on the NRS scale) was associated with beneficial effects on 

symptoms and function in the HE group after 26 weeks. Pain severity has been identified as a 

prognostic factor in PFP populations but not as an effect modifier for specific treatments (16, 18). 

Severe cases often describe aggravated pain with activities that include weight-bearing knee 

flexion, such as running, stair climbing, squatting, and jumping (23). In other musculoskeletal 

disorders, exercising painful joints has been found to aggravate pain (induce hyperalgesia) (38, 39), 

whereas exercising a distant non‐painful joint have been associated with exercise‐induced 

hypoalgesia (40, 41). This could suggest that in patients with severe pain clinicians should focus on 

hip exercises early in the rehabilitation, similar to what has been proposed in the field of chronic 

pain (41). 

 The absence of robust effect modifiers for PFP is in accordance with other studies 

comparing specific treatments. In a recently conducted RCT, patients with greater midfoot width 

mobility did not have superior benefits using foot orthoses, compared to hip exercises at 12 weeks 

follow-up (42). Further, in a secondary analysis of an RCT comparing the effectiveness of 

supervised exercise therapy to usual care for 6 weeks in patients with PFP, none of the tested 

variables had a significant interaction with treatment (24). Two factors, however, tended to have a 

predictive value in favor of exercise therapy: duration of complaints and sex. Patellofemoral pain is 

a heterogeneous condition; persons with PFP do not all have the same impairments, and not all 

persons with PFP respond to the same interventions (8, 43). This is likely an inherent reason for the 

absence of identified characteristics in current research evidence (16).  

 The exact mechanisms of the effect of exercise therapy on PFP are not well understood and 

the choice of the potential effect modifiers was therefore based on indications from the literature 

and clinical experience. It is likely that other factors may be at play. We did not, for example, 

include activity level or sports participation. However, an interaction between sport intensity and 

treatment was not found in an earlier study (24). Other potential effect modifiers also include pre-
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clinical data, e.g., imaging, blood samples, genetic testing etc. We chose baseline characteristics 

that were clinically feasible and required only simple clinical assessments or patient-reported data. 

 The overall effect and the within group improvements in symptoms and function were 

modest, likely because of the long symptom duration (average above 47 months) in the included 

sample (13). This could challenge the detection of significant effect modifiers. Furthermore, the 

treatments provided in the study were both active interventions, and they resemble each other in 

terms of intensity, exercise type, and information given, likely also encumbering identification of 

subgroups with differential responses.  

 

Clinical implications 

This study does not provide robust guidance for evidence-based choice of either quadriceps or hip 

muscles focused exercises in the management of PFP. Together with the main findings from the 

trial (equivalence between QE and HE), it could be speculated that a combination program could be 

optimal, which aligns with current recommendations (9). The program could then be more or less 

focused on quadriceps or hips according to the potential effect modifiers found in the present study 

(acknowledging the uncertainty of the findings) and patient preferences. Shared decision may 

improve healthcare efficiency and is recommended in the rehabilitation of patients with PFP (9, 44, 

45). The identification of the subgroups (signs of pain catastrophizing, overweight, and pain 

severity) is clinically feasible as they rely on simple patient reported outcomes and measurements of 

height and weight. 

 

Implications for future research 

The lack of effect modifiers to guide treatment in the clinic is apparent (16), and the search should 

continue. One solution to this problem may be the use of individual patient data (IPD) from 

multiple trials to perform a meta-analysis. However, differences in exercise programs, population 

samples, and outcome measures as well as insufficiently reported study details could raise a 

problem in analyzing IPD, and future studies should therefore strive to conform with research 

strategies in consensus statements (9, 23) and with reporting guidelines (46). A less explored 

avenue is to investigate preclinical assessments, such as imaging, biochemistry, genetic testing etc., 

but as mentioned such assessments are not feasible in the clinical settings. 

 

Limitations and strengths 
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There are limitations to this study. When a set of potential factors are tested simultaneously within 

the same study, the overall type I error rate is increased, potentially resulting in an increased risk of 

a false-positive finding. As this is an explorative study, we did not correct for multiplicity or small 

subgroups, rather we emphasize that results should be interpretated with caution. Moreover, the 

identified subgroups that seem to have differential treatment responses are characterized by being 

small and with subgroup differences being imprecisely estimated (wide 95% CIs), and the analyses 

may not have been sufficiently powered to detect or reject a significant interaction. This renders the 

results very imprecise and inconclusive. Hence, the identified potential treatment effect modifiers 

are merely indications that should be explored further.  

 Also, dichotomizing continuous data assumes that the effect occurs only at a specific 

threshold, with a subsequent loss of information and statistical power. However, grouping of data 

helps the clinical interpretation and transferability. Most of the subgroups were defined based on 

thresholds established in the literature, while some characteristics were split arbitrarily, i.e., by 

medians, as no clinically meaningful division were feasible. Finally, it could be speculated that the 

interaction between continuous baseline characteristics and the effect is non-linear, which could be 

explored in future studies.  

 An apparent strength is the relatively large sample population included in the RCT and the 

prespecified aim to assess patient characteristics associated with a successful outcome, that allowed 

for the most comprehensive analysis of effect modifiers of exercise in PFP to date. Also, the 

prespecified statistical analysis plan strengthens the study.  

 

CONCLUSION 

We identified three patient characteristics that potentially modified the outcome of a quadriceps-

focused exercise program compared to a hip-focused program in patients with PFP. Patients with 

signs of pain catastrophizing and a BMI ≥25, a quadriceps focused exercise program may 

potentially provide more benefits than a hip muscle focused exercise program, whereas a hip 

focused program may potentially be better for patients with more severe knee pain at baseline. 

Because of small subgroups and risk of multiplicity, the results are more indicative than conclusive 

and need to be confirmed.    
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Figure 1. CONSORT flow diagram 
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Figure 2. Forest plots of the Treatment effect (QE vs HE) across different subgroups at week 12 
based on dichotomous baseline variables (effect modifiers) in the ITT population. 
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Figure 3. Forest plots of the Treatment effect (QE vs HE) across different subgroups at week 26 
based on dichotomous baseline variables (effect modifiers) in the ITT population. 
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Table 1: Dichotomous or dichotomized baseline characteristics used for subgrouping of 

participants. 

 
Variables Description 
Low back pain Self-reported presence of low back pain during the last 3 months. Scores were dichotomized: “Almost 

daily”, “Several times during a week”, “Weekly”, “Monthly” were defined as “Low back pain present” 
and the scores “No” and “Rarely” as “Low back pain not present”.  

Presence of 
bilateral knee pain 

Self-reported presence of pain in the contralateral knee (not target knee) during the last 3 months. Scores 
were dichotomized: “Almost daily”, “Several times during a week”, “Weekly”, “Monthly” were defined 
as “Pain in the contralateral knee present” and the scores “No” and “Rarely” as “Pain in the contralateral 
knee not present”. 

Presence of ankle 
pain  

Self-reported presence of ankle pain (one or both ankles) during the last 3 months. Scores were 
dichotomized: “Almost daily”, “Several times during a week”, “Weekly”, and “Monthly” were defined 
as “Ankle pain present” and the scores “No” and “Rarely” as “Ankle pain not present”.  

Presence of hip 
pain 

Self-reported presence of hip pain (one or both hips) during the last 3 months. Scores were 
dichotomized: “Almost daily”, “Several times during a week”, “Weekly”, and “Monthly” were defined 
as “Hip pain present” and the scores “No” and “Rarely” as “Hip pain not present”.  

Body mass index 
(BMI)  

The participants’ BMI is measured at baseline and dichotomized with a cut-off at 25 (BMI ≥ 25). 

Sex Female vs. male sex  
Duration of knee 
pain 

Self-reported duration of knee pain (present condition). We defined chronic pain as pain lasting for 6 
months or longer. 

Education level Self-reported highest level of education: Scores were dichotomized: “Medium-term higher education (3-
4 years)”, and “Longer higher education (>4 years)” were defined as “Long education” and “Primary 
school”, “Craftsman”, “Highscool”, and “Short higher education (<3 years)” as “Short education”. 

Occupation Self-reported status of occupation and education. Scores were dichotomized:  
“Currently studying” and “Currently working” were defined as “Currently studying/working” and the 
score “Currently not working” as “Currently not working/not studying”. 

Hypermobility  
 

Hypermobility assessed by the Beighton Score applying the revised criteria for the diagnosis of benign 
joint hypermobility syndrome. The Beighton score ranges from 0-9. Scores were dichotomized: scores 4-
9 were defined as “Generalized joint hypermobility” and scores 0-3 as “Normal joint mobility”. A score 
of 4 or more, is generally considered an indication of joint hypermobility (47, 48). 

Quadriceps 
strength 

Quadriceps strength is measured by handheld dynamometry. The muscle strength tests are conducted 
following validated testing protocols (49-51). As there is no established threshold available for sufficient 
or adequate muscle strength in PFP patients, measures were dichotomized according to the median 
strength (274 N) of all trial participants in the ITT population 

Knee joint valgus 
malalignment 
during a forward 
lunge movement 

Knee joint valgus malalignment assessed by clinical observation of the participant while he/she performs 
a forward lunge movement. The scores were dichotomized: The score “Definite valgus present” was 
defined as “Valgus malalignment” and the scores “No evidence of dynamic malalignment” and “definite 
varus present” as “No valgus malalignment”.  

Knee joint valgus 
malalignment 
during a single-
leg squat 
movement 

Knee joint valgus malalignment assessed by clinically observation of the participant while he/she 
performs a single-leg squat movement. The scores were dichotomized: The score “Definite valgus 
present” was defined as “Valgus malalignment” and the scores “No evidence of dynamic malalignment” 
and “definite varus present” as “No valgus malalignment”.  

Exercise self-
efficacy 

Self-reported exercise self-efficacy in relation to the two different exercise programs assessed by asking 
the participants to rate their confidence in performing the allocated exercise program on an 11-point (0-
10) Likert scale with 0 representing “Not at all confident” and 10 representing “Completely confident”. 
Scores were dichotomized: scores 6-10 were defined as “High self-efficacy” and the scores 0-5 as “Low 
self-efficacy”. 

Neuropatic pain 
 

Presence of signs of neuropathic pain assessed by The painDETECT questionnaire (PDQ). A validated 
algorithm is used to calculate a total score ranging from -1 to 38. Scores were dichotomized: Scores ≥19 
were defined as “Neuropathic pain component” and scores ≤18 as “No neuropathic pain component” as 
recommended by Freynhagen et al. (52). 

Pain severity Self-reported average pain during the past 4 weeks on a 0-10 Numeric Rating Scale. Scores were 
dichotomized: scores 0-6 were defined as “Mild or moderate pain” and the scores 7-10 as “Severe pain”. 

Pain 
Catastrophizing 
Scale 
 

Presence of pain-related catastrophic thinking assessed by The Pain Catastrophizing Scale (PCS). Scores 
were dichotomized: scores > 30 
were defined as “Pain catastrophizing” and scores 0 - 30 as “No pain catastrophizing”. Previous studies 
have shown a cut-off of more than 30 points to be of clinical relevance (53, 54). 
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Variables Description 
Pain self-efficacy Confidence in performing activities while in pain assessed by The pain self-efficacy questionnaire. 

Confidence in performing activities is rated on a 7-point (0-6) Likert scale with 0 representing not at all 
confident and 6 representing completely confident. A total score is calculated by summing the answers 
producing a score between 0 and 60. Scores were dichotomized: scores 0-39 was defined as “Poor pain 
self-efficacy” and the scores 40-60 as “Good self-efficacy”. 
Scores around 40 (percentile = 50) are associated with return to work and maintenance of functional 
gains, whilst lower scores tend to predict less sustainable gains in injured workers (55). 

Midfoot mobility 
magnitude 
 

Midfoot mobility measured by the change in midfoot width from non-weight bearing to weight bearing. 
We defined a dichotomization of scores within the range 0-1.24 cm (0.92 cm +1*SD) as “Normal or 
limited midfoot mobility magnitude” and the scores above 1.25 cm as “Excessive midfoot mobility 
magnitude” for the females. For the males, we defined a dichotomization of scores within the range 0-
1.36 cm (1.02 cm +1*SD) as “Normal or limited midfoot mobility magnitude and the scores above 1.37 
cm as “Excessive midfoot mobility magnitude”. Dichotomization is based on normative data for foot 
mobility (56). 

Age Age at inclusion in the trial. To split the trial population in two groups, we chose to categorize the 
participants based on the median age (26 years) of all trial participants in the ITT population. 
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Table 2. Baseline characteristics and summary of treatment effect modifiers 

 Quadriceps exercise 

group (QE) 

Hip exercise group 

(HE) 

 n=100 n=100 

Demographics   

Age, years 27.2 (6.7) 27.2 (6.3) 

Duration of pain, months 52.8 (54.1) 47.3 (49.4) 

Body mass, kg 67.6 (13.0) 68.2 (12.4) 

Height, m 173.2 (10.7) 172.4 (8.4) 

Body Mass Index, BMI (kg/m2) 22.4 (2.9) 22.8 (3.0) 

Primary outcome   

AKPS questionnaire score (0-100) 73.3 (13.0) 74.2 (12.0) 

Potential effect modifiers   

Female sex, n(%) 66 (66%) 72 (72%) 

Above median age, n(%) 44 (44%) 48 (48%) 

BMI≥ 25, n(%) 20 (20%) 12 (12%) 

Chronic Knee pain (>6 months), n(%) 85 (85%) 89 (89%) 

Presence of low back pain, n(%) 40 (40%) 44 (44%) 

Presence of bilateral knee pain, n(%) 69 (69%) 75 (75%) 

Presence of ankle pain , n(%) 17 (17%) 20 (20%) 

Presence of hip pain, n(%) 21 (21%) 20 (20%) 

Short education, n(%) 37 (37%) 44 (44%) 

Currently not working/not studying, n(%) 7 (7%) 9 (9%) 

Generalized joint hypermobility, n(%) 20 (20%) 14 (14%) 

Knee joint valgus malalignment forward lunge, n(%) 26 (26%) 29 (29%) 

Knee joint valgus malalignment single-leg squat, n(%) 56 (56%) 60 (60%) 

Low self-efficacy, n(%) 11 (11%) 14 (14%) 

Neuropathic pain component, n(%) 6 (6%) 5 (5%) 

Severe pain, n(%) 15 (15%) 13 (13%) 

Pain catastrophizing, n(%) 14 (14%) 8 (8%) 

Poor pain self-efficacy, n(%) 15 (15%) 21 (21%) 

Excessive mobility magnitude, n(%) 8 (8%) 12 (12%) 

Low quadriceps strength, n(%) 47 (47%) 53 (53%) 



 204 

 

REFERENCES 

1. Rathleff MS, Rathleff CR, Olesen JL, Rasmussen S, Roos EM. Is Knee Pain During 
Adolescence a Self-limiting Condition? Prognosis of Patellofemoral Pain and Other Types of Knee 

Pain. Am J Sports Med. 2016;44(5):1165-71. 
2. Rathleff CR, Baird WN, Olesen JL, Roos EM, Rasmussen S, Rathleff MS. Hip and knee 
strength is not affected in 12-16 year old adolescents with patellofemoral pain--a cross-sectional 

population-based study. PLoS One. 2013;8(11):e79153. 
3. Roush JR, Curtis Bay R. Prevalence of anterior knee pain in 18-35 year-old females. Int J 

Sports Phys Ther. 2012;7(4):396-401. 
4. Biber R, Gregory A. Overuse injuries in youth sports: is there such a thing as too much 

sports? Pediatr Ann. 2010;39(5):286-92. 
5. Rathleff CR, Olesen JL, Roos EM, Rasmussen S, Rathleff MS. Half of 12-15-year-olds 

with knee pain still have pain after one year. Dan Med J. 2013;60(11):A4725. 
6. Lankhorst NE, van Middelkoop M, Crossley KM, Bierma-Zeinstra SM, Oei EH, Vicenzino 
B, et al. Factors that predict a poor outcome 5-8 years after the diagnosis of patellofemoral pain: a 

multicentre observational analysis. Br J Sports Med. 2016;50(14):881-6. 
7. Crossley KM, van Middelkoop M, Callaghan MJ, Collins NJ, Rathleff MS, Barton CJ. 
2016 Patellofemoral pain consensus statement from the 4th International Patellofemoral Pain 
Research Retreat, Manchester. Part 2: recommended physical interventions (exercise, taping, 

bracing, foot orthoses and combined interventions). Br J Sports Med. 2016. 
8. Barton CJ, Lack S, Hemmings S, Tufail S, Morrissey D. The 'Best Practice Guide to 
Conservative Management of Patellofemoral Pain': incorporating level 1 evidence with expert 

clinical reasoning. Br J Sports Med. 2015;49(14):923-34. 
9. Collins NJ, Barton CJ, van Middelkoop M, Callaghan MJ, Rathleff MS, Vicenzino BT, et 
al. 2018 Consensus statement on exercise therapy and physical interventions (orthoses, taping and 

manual therapy) to treat patellofemoral pain: recommendations from the 5th International 
Patellofemoral Pain Research Retreat, Gold Coast, Australia, 2017. Br J Sports Med. 

2018;52(18):1170-8. 
10. van der Heijden RA, Lankhorst NE, van Linschoten R, Bierma-Zeinstra SM, van 

Middelkoop M. Exercise for treating patellofemoral pain syndrome. Cochrane Database Syst Rev. 
2015;1:CD010387. 

11. Winters M, Holden S, Lura CB, Welton NJ, Caldwell DM, Vicenzino BT, et al. 
Comparative effectiveness of treatments for patellofemoral pain: a living systematic review with 

network meta-analysis. Br J Sports Med. 2020. 
12. Hott A, Brox JI, Pripp AH, Juel NG, Paulsen G, Liavaag S. Effectiveness of Isolated Hip 

Exercise, Knee Exercise, or Free Physical Activity for Patellofemoral Pain: A Randomized 
Controlled Trial. Am J Sports Med. 2019;47(6):1312-22. 

13. Hansen RB, C.; Rathleff, MS.; Magnusson, SP.; Henriksen, M. Quadriceps or Hip 
Exercises for patellofemoral pain? A randomized controlled equivalence trial. Publication pending. 

2022. 
14. Christensen R, Bours MJL, Nielsen SM. Effect Modifiers and Statistical Tests for 

Interaction in Randomized Trials. J Clin Epidemiol. 2021;134:174-7. 
15. Hancock M, Herbert RD, Maher CG. A guide to interpretation of studies investigating 

subgroups of responders to physical therapy interventions. Phys Ther. 2009;89(7):698-704. 
16. Matthews M, Rathleff MS, Claus A, McPoil T, Nee R, Crossley K, et al. Can we predict 
the outcome for people with patellofemoral pain? A systematic review on prognostic factors and 

treatment effect modifiers. Br J Sports Med. 2017;51(23):1650-60. 



 205 
 

 

17. Lack S, Barton C, Vicenzino B, Morrissey D. Outcome predictors for conservative 
patellofemoral pain management: a systematic review and meta-analysis. Sports Med. 

2014;44(12):1703-16. 
18. Hott A, Brox JI, Pripp AH, Juel NG, Liavaag S. Predictors of Pain, Function, and Change 

in Patellofemoral Pain. Am J Sports Med. 2020;48(2):351-8. 
19. Blond L, Hansen L. Patellofemoral pain syndrome in athletes: a 5.7-year retrospective 

follow-up study of 250 athletes. Acta Orthop Belg. 1998;64(4):393-400. 
20. Collins NJ, Bierma-Zeinstra SM, Crossley KM, van Linschoten RL, Vicenzino B, van 

Middelkoop M. Prognostic factors for patellofemoral pain: a multicentre observational analysis. Br 
J Sports Med. 2013;47(4):227-33. 

21. Collins NJ, Crossley KM, Darnell R, Vicenzino B. Predictors of short and long term 
outcome in patellofemoral pain syndrome: a prospective longitudinal study. BMC Musculoskelet 

Disord. 2010;11:11. 
22. Natri A, Kannus P, Jarvinen M. Which factors predict the long-term outcome in chronic 

patellofemoral pain syndrome? A 7-yr prospective follow-up study. Med Sci Sports Exerc. 
1998;30(11):1572-7. 

23. Crossley KM, Stefanik JJ, Selfe J, Collins NJ, Davis IS, Powers CM, et al. 2016 
Patellofemoral pain consensus statement from the 4th International Patellofemoral Pain Research 

Retreat, Manchester. Part 1: Terminology, definitions, clinical examination, natural history, 
patellofemoral osteoarthritis and patient-reported outcome measures. Br J Sports Med. 

2016;50(14):839-43. 
24. Lankhorst NE, van Middelkoop M, van Trier YD, van Linschoten R, Koes BW, Verhaar 
JA, et al. Can we predict which patients with patellofemoral pain are more likely to benefit from 

exercise therapy? A secondary exploratory analysis of a randomized controlled trial. J Orthop 
Sports Phys Ther. 2015;45(3):183-9. 

25. Holden S, Rathleff MS, Jensen MB, Barton CJ. How can we implement exercise therapy 
for patellofemoral pain if we don't know what was prescribed? A systematic review. Br J Sports 

Med. 2018;52(6):385. 
26. Toigo M, Boutellier U. New fundamental resistance exercise determinants of molecular 

and cellular muscle adaptations. Eur J Appl Physiol. 2006;97(6):643-63. 
27. American College of Sports M. American College of Sports Medicine position stand. 

Progression models in resistance training for healthy adults. Med Sci Sports Exerc. 2009;41(3):687-
708. 

28. Kujala UM, Jaakkola LH, Koskinen SK, Taimela S, Hurme M, Nelimarkka O. Scoring of 
patellofemoral disorders. Arthroscopy. 1993;9(2):159-63. 

29. Crossley KM, Bennell KL, Cowan SM, Green S. Analysis of outcome measures for 
persons with patellofemoral pain: which are reliable and valid? Arch Phys Med Rehabil. 

2004;85(5):815-22. 
30. Sullivan MJL, Lynch ME, Clark AJ. Dimensions of catastrophic thinking associated with 
pain experience and disability in patients with neuropathic pain conditions. Pain. 2005;113(3):310-

5. 
31. Maclachlan LR, Collins NJ, Matthews MLG, Hodges PW, Vicenzino B. The psychological 

features of patellofemoral pain: a systematic review. Br J Sports Med. 2017;51(9):732-42. 
32. Hott A, Pripp AH, Juel NG, Liavaag S, Brox JI. Self-efficacy and Emotional Distress in a 

Cohort With Patellofemoral Pain. Orthop J Sports Med. 2022;10(3):23259671221079672. 
33. Cooper C, Snow S, McAlindon TE, Kellingray S, Stuart B, Coggon D, et al. Risk factors 

for the incidence and progression of radiographic knee osteoarthritis. Arthritis Rheum. 
2000;43(5):995-1000. 



 206 

 

34. Murphy L, Schwartz TA, Helmick CG, Renner JB, Tudor G, Koch G, et al. Lifetime risk 
of symptomatic knee osteoarthritis. Arthritis Rheum. 2008;59(9):1207-13. 

35. Hart HF, Barton CJ, Khan KM, Riel H, Crossley KM. Is body mass index associated with 
patellofemoral pain and patellofemoral osteoarthritis? A systematic review and meta-regression and 

analysis. Br J Sports Med. 2017;51(10):781-90. 
36. Legha A, Burke DL, Foster NE, van der Windt DA, Quicke JG, Healey EL, et al. Do 

comorbidities predict pain and function in knee osteoarthritis following an exercise intervention, 
and do they moderate the effect of exercise? Analyses of data from three randomized controlled 

trials. Musculoskeletal Care. 2020;18(1):3-11. 
37. Henriksen M, Nielsen SM, Christensen R, Kristensen LE, Bliddal H, Bartholdy C, et al. 

Who are likely to benefit from the Good Life with osteoArthritis in Denmark (GLAD) exercise and 
education program? An effect modifier analysis of a randomised controlled trial. Osteoarthritis 

Cartilage. 2022. 
38. Staud R, Robinson ME, Price DD. Isometric exercise has opposite effects on central pain 
mechanisms in fibromyalgia patients compared to normal controls. Pain. 2005;118(1-2):176-84. 
39. Lannersten L, Kosek E. Dysfunction of endogenous pain inhibition during exercise with 

painful muscles in patients with shoulder myalgia and fibromyalgia. Pain. 2010;151(1):77-86. 
40. Burrows NJ, Booth J, Sturnieks DL, Barry BK. Acute resistance exercise and pressure pain 

sensitivity in knee osteoarthritis: a randomised crossover trial. Osteoarthritis Cartilage. 
2014;22(3):407-14. 

41. Vaegter HB. Exercising non-painful muscles can induce hypoalgesia in individuals with 
chronic pain. Scand J Pain. 2017;15:60-1. 

42. Matthews M, Rathleff MS, Claus A, McPoil T, Nee R, Crossley KM, et al. Does foot 
mobility affect the outcome in the management of patellofemoral pain with foot orthoses versus hip 

exercises? A randomised clinical trial. Br J Sports Med. 2020;54(23):1416-22. 
43. Lack S, Neal B, De Oliveira Silva D, Barton C. How to manage patellofemoral pain - 

Understanding the multifactorial nature and treatment options. Phys Ther Sport. 2018;32:155-66. 
44. Barton CJ, Crossley KM. Sharing decision-making between patient and clinician: the next 

step in evidence-based practice for patellofemoral pain? Br J Sports Med. 2016;50(14):833-4. 
45. Legare F, Stacey D, Turcotte S, Cossi MJ, Kryworuchko J, Graham ID, et al. Interventions 

for improving the adoption of shared decision making by healthcare professionals. Cochrane 
Database Syst Rev. 2014(9):CD006732. 

46. Barton CJ, De Oliveira Silva D, Morton S, Collins NJ, Rathleff MS, Vicenzino B, et al. 
REPORT-PFP: a consensus from the International Patellofemoral Research Network to improve 
REPORTing of quantitative PatelloFemoral Pain studies. Br J Sports Med. 2021;55(20):1135-43. 
47. Grahame R, Bird HA, Child A. The revised (Brighton 1998) criteria for the diagnosis of 

benign joint hypermobility syndrome (BJHS). J Rheumatol. 2000;27(7):1777-9. 
48. Folci M, Capsoni F. Arthralgias, fatigue, paresthesias and visceral pain: can joint 
hypermobility solve the puzzle? A case report. BMC Musculoskelet Disord. 2016;17:58. 

49. Thorborg K, Petersen J, Magnusson SP, Holmich P. Clinical assessment of hip strength 
using a hand-held dynamometer is reliable. Scand J Med Sci Sports. 2010;20(3):493-501. 

50. Romero-Franco N, Jimenez-Reyes P, Montano-Munuera JA. Validity and reliability of a 
low-cost digital dynamometer for measuring isometric strength of lower limb. J Sports Sci. 

2017;35(22):2179-84. 
51. Mentiplay BF, Perraton LG, Bower KJ, Adair B, Pua YH, Williams GP, et al. Assessment 

of Lower Limb Muscle Strength and Power Using Hand-Held and Fixed Dynamometry: A 
Reliability and Validity Study. PLoS One. 2015;10(10):e0140822. 



 207 
 

 

52. Freynhagen R, Baron R, Gockel U, Tolle TR. painDETECT: a new screening 
questionnaire to identify neuropathic components in patients with back pain. Curr Med Res Opin. 

2006;22(10):1911-20. 
53. Osman A, Barrios FX, Gutierrez PM, Kopper BA, Merrifield T, Grittmann L. The Pain 

Catastrophizing Scale: further psychometric evaluation with adult samples. J Behav Med. 
2000;23(4):351-65. 

54. Osman A, Barrios FX, Kopper BA, Hauptmann W, Jones J, O'Neill E. Factor structure, 
reliability, and validity of the Pain Catastrophizing Scale. J Behav Med. 1997;20(6):589-605. 

55. Adams JH, Williams AC. What affects return to work for graduates of a pain management 
program with chronic upper limb pain? J Occup Rehabil. 2003;13(2):91-106. 

56. McPoil TG, Vicenzino B, Cornwall MW, Collins N, Warren M. Reliability and normative 
values for the foot mobility magnitude: a composite measure of vertical and medial-lateral mobility 

of the midfoot. J Foot Ankle Res. 2009;2:6. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 208 

Study 3 – Visual assessment of dynamic knee joint alignment in patients with 
patellofemoral pain: an agreement study 

 

Note: 

 

The supplementary file in the ‘Results’ section corresponds to the cross tabulated agreements 

found in Appendix 8
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ABSTRACT
Background. Assessment of knee kinematics plays an important role in the clinical
examination of patients with patellofemoral pain (PFP). There is evidence that visual
assessments are reliable in healthy subjects, but there is a lack of evidence in injured
populations. The purpose of this study was to examine the intra- and interrater
agreement in the visual assessment of dynamic knee joint alignment in patients with
PFP.
Methods. The study was a cross-sectional agreement study. Sixty participants (42
females) were included. We assessed the intra- and interrater agreement of two
functional tests: The single leg squat (SLS) and the forward lunge (FL). One investigator
scored the movement according to preset criteria while video recording the movement
for retest. Moreover, the performance was scored by another investigator using the
video recording. Agreement was assessed using weighted kappa statistics.
Results. The intrarater agreement ranged from moderate to good (Kappa 0.58 (FL) to
0.70 (SLS)) whereas the interrater agreement ranged from fair to moderate (Kappa 0.22
(SLS) to 0.50 (FL)).
Conclusion. The agreementwithin raters was better than between raters, which suggests
that assessments should preferably be performed by the same tester in research and in
a clinical setting, e.g., to evaluate any treatment effect. We promote FL as a reliable
clinical tool for evaluating dynamic knee alignment, since it shows equally good intra-
and interrater agreement, and it is an inexpensive and easy method to use.

Subjects Anesthesiology and Pain Management, Orthopedics, Rheumatology, Biomechanics
Keywords Agreement, Knee Alignment, Patellofemoral Pain, PFP, Visual Assessment, Reliability,
Knee Kinematics

BACKGROUND
Malalignment of the lower extremity have been linked to musculoskeletal problems,
including patellofemoral pain (PFP) (Myer et al., 2015; Willson, Binder-Macleod & Davis,
2008; Powers, 2003; Gwynne & Curran, 2018). During movements such as squatting,
individuals with PFP have demonstrated greater knee abduction excursion than
controls (Nakagawa et al., 2012; Willson & Davis, 2008), and improvements in frontal and
transverse plane pelvis and hip control have been linked to a reduction in pain (Mascal,
Landel & Powers, 2003). Therefore, physiotherapists use visual assessment of dynamic

How to cite this article Hansen R, Lundgaard-Nielsen M, Henriksen M. 2021. Visual assessment of dynamic knee joint alignment in pa-
tients with patellofemoral pain: an agreement study. PeerJ 9:e12203 http://doi.org/10.7717/peerj.12203
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alignment in their clinical decision-making process when considering prescription of
exercises (Stephen et al., 2020).

Dynamic alignment can be measured by clinical observation or biomechanical motion-
analysis technology. Development of three-dimensional biomechanical analyses has made
it possible to quantify and evaluate knee kinematics during functional tasks in a valid and
reliable manner (Mok, Petushek & Krosshaug, 2016). However, this method is generally
costly and too time consuming in the clinical setting. Two-dimensional measures, such
as the frontal plane projection angle and visual assessments or ratings of lower extremity
motion, have been suggested as more cost effective and acceptable alternatives to three-
dimensional motion capture (Willson & Davis, 2008; Harris-Hayes et al., 2014).

In visual assessments of frontal plane knee motion during a single leg squat (SLS) and
a forward lunge (FL), the reliability is reported to range from moderate to excellent
in nonsymptomatic subjects (Harris-Hayes et al., 2014; Weeks, Carty & Horan, 2012;
Stensrud et al., 2011; Ageberg et al., 2010; Jones et al., 2014; Tate et al., 2015). Measurement
properties of a test instrument are likely to depend on the population studied, and there
is a lack of evidence in injured populations (Whatman, Toomey & Emery, 2019). In PFP
patients reliability measures have been evaluated using a 2-D video capture procedure
that quantifies frontal plane knee alignment during single limb squats (Gwynne & Curran,
2014). The results of this study suggest that this method is reliable (ICC = 0.86) in PFP
patients. Measures of visual assessment of lower extremity kinematics in PFP patients
without the use of video analysis have been limited to a single study evaluating a lateral
step-down task (Piva et al., 2006). This study included the evaluation of several aspects
of movement quality (arm strategy, trunk movement, pelvis plane, knee position and
balance) and scored each item according to a scale designed for the study to assess an
overall movement quality. While this multimodal approach to evaluate movement quality
may be more comprehensive, it is difficult to compare the results to other more commonly
used measures of alignment and to extrapolate the findings to a clinical setting.

Because therapists use visual ratings to make clinical decisions, the reliability of these
ratings needs to be considered. Our intention was to evaluate whether a simple visual rating
of knee movement during two commonly used tests of dynamic alignment (the SLS and
FL test) can be used reliably among PFP patients. The rating method used in this study
resembles a clinical setting where the therapists do not have access to the equipment or time
required for complex biomechanical analysis. The SLS and the FL were chosen because
they are commonly used in clinical practice and have been reported in many previous
studies investigating visual rating of lower extremity function (Whatman, Hume & Hing,
2013). The tests are less demanding than the commonly used jump tests; they also more
closely resemble activities of daily life, such as stair ascending/descending, which may be
more appropriate in a population of both sports-active and sedentary individuals.

The aims of this study were (a) to determine the intrarater agreement of a subjective
visual assessment by an experienced sports physiotherapist in evaluating dynamic knee
control during a SLS and a FL in a group of PFP patients, and (b) to determine the interrater
agreement of the subjective assessment of dynamic knee control between two experienced
sports physiotherapists.
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MATERIALS & METHODS
Study design
The study was a cross-sectional agreement study. The reporting of the study follows the
Guidelines for Reporting Reliability and Agreement Studies (GRRAS) (Kottner et al., 2011).

Participants
Participants were a subset of an RCT study aiming to compare the effectiveness of
therapeutic hip and knee exercise for patients with PFP and to identify candidate
patient characteristics that predict differential responses to the two exercise programs
(clinicaltrials.gov identifier: NCT03069547). The study was pre-planned in the parent
trial protocol in order to assess measurement properties of the dynamic knee joint
alignment measures, that will be assessed as a potential patient characteristic associated
with treatment response. The assessments were performed at baseline in the parent trial,
i.e., before randomization. As part of the baseline information gathered in the parent trial
the participants answered the Anterior Knee Pain Score (a specific disability score for PFP
patients ranging from 0 to 100 points, where higher scores indicate less disability (Kujala
et al., 1993)), and self-reported pain during the past 4 weeks assessed on a 0 (‘no pain’)
to 10 (‘worst imaginable pain’) Numeric Rating Scale. One participant failed to complete
the Anterior Knee Pain Score and 3 participants failed to answer one of the 13 questions.
The reported mean is calculated for 59 participants and missing data handled by imputing
the mean of the participants for that particular item as recommended by Hott et al. (2021)
and Chavance (2004). Participants was recruited from the Institute of Sports Medicine
Copenhagen (ISMC), Bispebjerg-Frederiksberg Hospital, Denmark. ISMC is a medical
unit mainly for patients with injuries in the musculoskeletal system caused by participation
in sports activities, and thus most participants are sports active. We aimed at including 60
participants in this sub-study, which gives 80% power to detect a kappa-coefficient of at
least 0.5 that is statistically significantly different from 0 and corresponds to a moderate
agreement.

Raters
Raters were RH (male) andMLN (female) who are both sports physiotherapists with 18 and
15 years of experience, respectively, in treating and assessing patients with musculoskeletal
problems. Both raters use visual assessments as part of their daily clinical practice but have
not used it for research purposes.

General procedures
Video was recorded using a tablet (Apple Ipad Air 2, frame rate: 30 frames per second) from
an anterior view of participants performing the SLS and FL in the gym at the Department
of Physical and Occupational Therapy at Bispebjerg and Frederiksberg Hospital. An
investigator (RH) instructed the participants to perform the selectedmovement as described
below. After the instruction had been understood, the participant performed the selected
movement without rehearsal. If the participant lost his/her balance during the test, a new
trial was performed. No discussion of the testing procedures or the classification criteria

Hansen et al. (2021), PeerJ, DOI 10.7717/peerj.12203 3/13



 212 

occurred during the testing. The investigator filmed the participant and simultaneously
scored the movement as observed clinically according to the criteria set below. The tablet
was set up directly in front of participants, perpendicular to the frontal plane at a height of
100 cm and a distance of 3.5 m. The video captured the whole person. At least 1 week later,
the investigator did another scoring based on the recorded video and another investigator
(MLN) repeated the scoring independently. Three playbacks of the recorded video in real
time were allowed for the intra- and interrater assessment.

Knee alignment during single leg squat
The SLS test has beendescribed in several studies and the present procedurewas a replication
of comparable agreement studies (Harris-Hayes et al., 2014; Ageberg et al., 2010; Nae et al.,
2017). From a position of single leg standing (painful knee), individuals performed a
partial squat on one leg (hip and knee flexion) with the trunk maintained in an upright
position, the contralateral hip in neutral and contralateral knee flexed. Individuals were
instructed to perform the squat until they reached maximum ankle dorsiflexion without
lifting their heels and then return to upright standing (Fig. 1A). The SLS was performed at
participant-selected speed.

Knee alignment during forward lunge
The FL test was performed according to comparable agreement studies (Nae et al.,
2017; Alkjaer et al., 2002). From a position of bilateral stance, individuals performed a
forward step (painful knee), and continued the motion by flexing the front and back knee
simultaneously (forward lunge).
Individuals were instructed to continue the lunge until reaching maximum dorsiflexion of
the stance leg without lifting their heel and to push-off to upright position (Fig. 1B). The
FL was performed at participant-selected speed. For both tests, dynamic valgus alignment
was defined as an excessive medial movement of the knee as evidenced by an apparent
increased frontal plane knee angle during the selected movement. Varus alignment was
defined as an excessive lateral movement.

Scoring
The rater determined if a dynamic worsening of valgus or varus was present and scored
the movement using the following categories:

�4 = severe valgus
�3 = moderate valgus
�2 = mild valgus
�1 = doubtful valgus
0 = no evidence of neither valgus nor varus
1 = doubtful varus
2 = mild varus
3 = moderate varus
4 = severe varus
We defined ‘no evidence of neither valgus nor varus’ as a neutral knee alignment, i.e.,

knee flexion aligned with the 2nd toe. We considered ‘doubtful’ a just merely detectable
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Figure 1 Screenshots of video recordings in the assessment of a single leg squat (A) and a forward
lunge (B).

Full-size DOI: 10.7717/peerj.12203/fig-1

deviation from neutral alignment, while ‘mild’, ‘moderate’ and ‘severe’ was considered
a definite deviation from neutral. The raters ranked the deviations ‘mild’, ‘moderate’ or
‘severe’ based on the experience of the raters in assessing PFP patients. We defined ‘mild’ as
a slight deviation that might not be clinically relevant, ‘moderate’ as a modest and clinically
relevant deviation from neutral, and ‘severe’ as a clinically relevant and severe collapse of
the knee.

Similar ordinal and nominal scales have previously been used in the assessment of intra-
and interrater agreement (Weeks, Carty & Horan, 2012; Chmielewski et al., 2007; Junge
et al., 2012; Trulsson, Garwicz & Ageberg, 2010; Whatman, Hing & Hume, 2012). Visual
assessments of dynamic knee joint alignment have been validated against a ‘gold standard’,
i.e., three-dimensional motion analysis, and the ability of visual assessments to identify
‘true’ malalignment is considered acceptable (Ageberg et al., 2010; Whatman, Hume &
Hing, 2013).

Single leg squat and forward lunge classifications
An a priori categorical classification was made where the scores �4 to �2 were categorized
as ‘Definite valgus present’, the scores�1, 0 and 1 were categorized as ‘No definite evidence
of dynamic malalignment’ and the scores 2 to 4 were categorized as ‘Definite varus present’.
Conversion of scores into categorical variables is recommended in order to simplify the
ratings (Whatman, Hume & Hing, 2013).
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Statistical methods
Statistical analysis was completed using SAS (version 9.1 for Windows; SAS Institute
Inc, Cary, NC). Descriptive statistics were calculated for demographics. Weighted kappa
values with 95% CIs were used to examine the intratester and intertester reliability of the
visual assessment. Cohens weighted kappa values with 95% CIs were used to examine
the intratester and intertester reliability of the visual assessment. Cohens weighted kappa
is broadly used and is a robust statistic useful for interrater and intrarater reliability
testing (McHugh, 2012). Agreement was assessed using the classification for eachmovement
test and for raw data (scores from �4 to 4). Interpretations of Kappa values were based on
the guidelines adapted from Landis & Koch (1977): <0.20: Poor agreement; 0.21–0.40: Fair
agreement; 0.41–0.60: Moderate agreement; 0.61–0.80: Good agreement; 0.81–1.00: Very
good agreement. We aimed at including 60 participants which gave 80% power to detect a
kappa-coefficient of at least 0.5, which corresponds to moderate agreement.

Ethical considerations
Ethics approval was given by the Health Research Ethics Committee of the Capital Region
of Denmark (De Videnskabsetiske Komitéer for Region Hovedstaden), protocol #H-
16045755. Participants written informed consent were obtained prior to the start of the
study.

RESULTS
The first sixty individuals with PFP who were included in the parent trial accepted the
invitation to participate in this agreement study. Their characteristics are shown in Table 1.
The dispersion of the data from the intra- and interrater assessments are presented in a
heat map in Fig. 2 (SLS) and Fig. 3 (FL). The weighted kappa values for the classifications
and the raw scores are shown in Tables 2 and 3. In summary, the intrarater agreement were
statistically significantly different from 0 (p< 0.0001) and ranged from 0.58 to 0.70, i.e.,
moderate to good agreement, whereas the interrater agreement ranged from 0.22 (p= 0.08)
to 0.50 (p< 0.0001), i.e., fair to moderate agreement. Interrater agreement was generally
not as good as intrarater agreement (0.7 for SLS intrarater classification scores vs. 0.22
for interrater scores, and 0.58 for FL intrarater classification scores vs. 0.48 for interrater
scores). The mean time from baseline to re-evaluation in the intrarater assessment was
29.1 days (SD 14.8). The cross tabulated agreements in the classifications and raw scores
are provided in the Supplementary File.

DISCUSSION
Principal findings
The aim of this study was to determine the intra- and interrater agreement between two
experienced physiotherapists when visually assessing the dynamic knee alignment during
an SLS and an FL in a population of PFP patients. The most important finding was that
the visual assessments of dynamic alignment during SLS and FL can be done reliably when
the assessment is repeated by the same rater. Moreover, ‘moderate’ levels of agreements

Hansen et al. (2021), PeerJ, DOI 10.7717/peerj.12203 6/13



 215 

Table 1 Descriptive characteristics of the participants (n= 60).

Characteristics Mean (SD)

Age (yrs) 27.2 (6.2)
Females (n (%)) 42 (70%)
Height (cm) 172.1 (8.6)
Weight (kg) 66.6 (10.6)
Body mass index 22.4 (2.8)
Duration of symptoms (months) 34 (34)
Anterior Knee Pain Score (0–100 points) 30.20 (5.15)
Average pain during previous 4 weeks (NRS* 0–10) 3.73 (2.17)

Notes.
*Numeric rating scale.
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Figure 2 Heatmap of agreement matrix showing the dispersion of the intrarater (left) and interrater
agreement (right) for the single leg squat. The brightness of the blue color indicates the number of rating
combinations with darker colors representing higher numbers as shown in the individual squares and in
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Figure 3 Heatmap of agreement matrix showing the dispersion of the intrarater (left) and interrater
agreement (right) for the forward lunge. The brightness of the blue color indicates the number of rating
combinations with darker colors representing higher numbers as shown in the individual squares and in
the key bar.
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Table 2 Intra- and interrater agreement of single leg squat.

Weighted kappa value 95% CI p-value

Intrarater classification 0.70 0.51–0.89 <.0001
Intrarater raw data 0.65 0.54–0.76 <.0001
Interrater classification 0.22 �0.03–0.48 0.08
Interrater raw data 0.32 0.16–0.48 0.05

Table 3 Intra- and interrater agreement of forward lunge.

Weighted kappa value 95% CI p-value

Intrarater classification 0.58 0.37–0.79 <.0001
Intrarater raw data 0.65 0.53–0.78 <.0001
Interrater classification 0.48 0.25–0.7 0.0002
Interrater raw data 0.50 0.36–0.64 <.0001

are seen when two experienced raters assess the FL, while the interrater agreement is only
‘fair’ when assessing the SLS.

Comparison with previous studies
The intrarater agreements for the SLS in the current study compare to the results of a
review on the interrater and intrarater agreement of observation-based assessment of
the SLS including studies on both healthy subjects and subjects with lower extremity
disorders (Ressman, Grooten & Barr, 2019). In that study, the pooled results of Kappa
showed a ‘substantial’ agreement for intrarater agreement (Kappa value 0.68 (95% CI
[0.60–0.74]). Moreover, the review found a ‘moderate’ agreement for interrater reliability
of the SLS (Kappa value 0.58 (95% CI [0.50–0.65]), which is somewhat higher than in
present study. In the present study no efforts were made to synchronize assessors by
mutual training sessions or by operationalizing the measurements. Visual assessments
were therefore entirely based on the experience of the assessors. This might explain the
discrepancy with the systematic review and the relatively low interrater agreements seen.

Clinical implications
The clinical implications of the results of our study are, that visual assessment of frontal
plane knee kinematics during a FL can be done reliably by experienced testers, whereas
SLS should preferably be re-evaluated by the same tester. Forward lunge is therefore a
reliable clinical tool for evaluating knee alignment. Furthermore, it is an inexpensive and
easy method to use, making it ideal for the clinical setting. However, the clinical validity,
relevance, and prognostic value still need to be established.

Strengths and limitations
This study has some strengths and limitations. Firstly, by using an objective measurement
tool (the tablet) we made sure that assessments were based on the same movement, and
without verbal or non-verbal interaction between raters. Using the tablet, on the other hand,
implies an inherent limitation by not taking the variability of the patients’ performances
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into account. It was out of the scope of this study to include a clinical re-evaluation of the
participants and we thereby accept the exclusion of data on within subject variability. On
the other hand, this enables a focused analysis of the agreement within and between raters.

Another strength is, that we have included a relatively large sample of PFP patients,
which makes the results transferable to other clinical and experimental settings. It should
be noted, though, that assessors were experienced, and our results may only be transferable
when assessments are made by equally experienced assessors.

In our assessment of movement quality, we only included the knee excursion during
the movement (dynamic knee valgus or varus). Rating dynamic knee alignment per se
is not an exhaustive evaluation of movement quality and is merely one aspect of the full
range clinical examinations. It is, however, considered a good indicator of movement
quality (Sahrmann, Azevedo & Dillen, 2017) with a knee-medial-to-foot position often
considered less optimal, indicating poor postural orientation (Ageberg et al., 2010; Ortqvist
et al., 2011). A limitation of assessingmovement qualitywithout three-dimensional analyses
is, that we lack information on movement components like transversal and sagittal plane
control of body segments. However, we aimed solely at assessing the reliability of the
test assessments and not on the validity of the actual assessments. Furthermore, we did
not control for the speed or acceleration of the movement. We intentionally omitted the
control in order to comply with our intents of resembling a clinical setup. We acknowledge
the limitation of not including the control of speed and acceleration of the execution of
the exercises and that speed and acceleration may have influenced the knee excursion.

Various scoring systems have been used to assess dynamic knee joint alignment in
the literature (Ressman, Grooten & Barr, 2019). The scoring system used in this study
resembles previous used systems (Chmielewski et al., 2007; Whatman, Hing & Hume,
2012). Chmielewski et al., (2007) used the terms ‘‘no deviation from neutral alignment’’,
‘‘small-magnitude or barely observable movement out of a neutral position’’, ‘‘moderate-
magnitude or marked movement out of a neutral position, and ‘‘excessive or severe
magnitude of movement out of a neutral position’’, to assess the degree of knee excursion
during a unilateral squat and lateral step-down task. Wemade the scoring two-tailed (varus
and valgus) to be more specific in the direction of the knee in the movement. The use
of different scoring systems in the literature, makes it difficult to compare and pool the
results of agreement studies. Future studies should consider standardizing the scoring for
the benefit of research in reliability and agreement of knee kinematics.

No varus knees (>1 on the scoring scale) were found in the population. This means that
when scores were converted into classifications there were only two viable options so it is
difficult to tell if the results would be similar if individuals with varus were included in the
analysis. The narrow range of scores is probably linked to the population, indicating that
PFP patients are more prone to a valgus knee alignment.

Comparing real time scoring to retrospective scoring may have impacted our results. We
chose the real time visual assessment in order to resemble a clinical setup and accepted the
potential bias of re-evaluating the movement on a screen. We argue, however, that since
the assessment was only in the frontal plane, the risk of bias in the subsequent re-rating on
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a screen was small. Further, the re-assessment of the video recordings did not include slow
motion, which makes the validity of the results representative of clinical practice.

CONCLUSIONS
Visual assessments of dynamic knee joint alignment during a FL and a SLS performed by
patients with PFP can be done reliably when an experienced rater repeats the assessment.
Two experienced physiotherapists agree moderately when assessing dynamic alignment
during FL, but only ‘fair’ when assessing dynamic alignment during SLS. The agreement
within raters is better than between raters, which suggests that assessments should preferably
be performed by the same tester in research and in a clinical setting, e.g., to evaluate any
treatment effect. We suggest the FL as a reliable clinical tool for evaluating knee alignment
in the clinical setting, since it shows acceptable intra- and interrater agreement, and it is an
inexpensive and easy test to use.
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