Patellofemoral Pain Syndrome
and Exercise Therapy

Robbart van Linschoten

Printing of this thesis was financially supported by:

Aspetar, Qatar Orthopedic and Sports Medicine Hospital

Erasmus MC, department of General Practice, Rotterdam

Netherlands Association of Sports Medicine

Cover design: Juriaan van Linschoten
Layout and printing: Optima Grafische Communicatie, Rotterdam, The Netherlands
ISBN: 978-94-6169-207-8
Copyright: © Robbart van Linschoten, 2012
All Rights reserved. No part of this publication may be reproduced, stored in a retrieval
system or transmitted in any form or by any means, without the written permission of
the author or the corresponding journal.

Patellofemoral Pain Syndrome
and Exercise Therapy

Het patellofemorale pijnsyndroom en oefentherapie

Proefschrift

ter verkrijging van
de graad van doctor aan de Erasmus Universiteit Rotterdam
op gezag van de rector magnificus Prof.dr. H. G. Schmidt
en volgens besluit van het College voor Promoties.
De openbare verdediging zal plaatsvinden op
woensdag 11 april 2012 om 13.30 uur

door
Robbart van Linschoten
geboren te Son en Breugel

Promotiecommissie
Promotoren:

Prof. Dr. S.M. Bierma-Zeinstra
Prof. Dr. J.A.N. Verhaar

Overige leden:

Prof. dr. J.M.W. Hazes
Prof. dr. P.J.E. Bindels
Prof. Dr. R.L. Diercks

Copromotor:

Dr. M. van Middelkoop

Contents
Chapter 1

General introduction

Chapter 2

Patellofemoral pain syndrome versus non-specific knee
complaints in general practice; differences in patients
characteristics, management strategy and outcome after 1 and 6
years

11

Chapter 3

Knee complaints seen in general practice: active sport
participants versus non-sport participants.

27

Chapter 4

The PEX study – Exercise therapy for patellofemoral
painsyndrome: design of a randomized clinical trial in general
practice and sports medicine [ISRCTN83938749]

41

Chapter 5

Supervised exercise therapy versus usual care for patellofemoral
pain syndrome: an open label randomised controlled trial

55

Chapter 6

Cost-utility of exercise therapy in adolescents and young adults
suffering from the patellofemoral pain syndrome

75

Chapter 7

Patellofemoral pain: an overview of exercise therapy and surgery

103

Chapter 8

The additional effect of orthotic devices on exercise therapy for
patients with patellofemoral pain syndrome: a systematic review

117

Chapter 9

Exercise therapy for patellofemoral pain syndrome; a systematic
review

143

Chapter 10

General discussion

179

Summary

199

Samenvatting

205

Curriculum Vitae

211

Dankwoord

213

PhD Portfolio

215

List of publications

216

7

Chapter 1
General Introduction

8

Chapter 1

Background
Knee complaints constitute the second largest reason for consultation in general practice.1 Of these knee complaints Patellofemoral Pain Syndrome (PFPS) is seen frequently
during adolescence and young adult age. Its clinical presentation is characterised by
pain around the patella mainly at activities that load the patellofemoral joint like bending knees, walking stairs or kneeling. Also during and after sporting activities (running,
jumping and cycling) these symptoms occur and will often lead to functional disability.2
The diagnosis is mainly based on clinical symptoms and by excluding other causes of
anterior knee pain (tendinopathy, Osgood Schlatter disease, peri-patellar bursitis, intraarticular pathology, osteoarthritis). The pathophysiology of PFPS is unclear which is also
reflected in the various names that have been used throughout the years: ‘chondromalacia patellae’, ‘retropatellar chondropathy’ and ‘anterior knee pain syndrome’.3
Conservative (non-surgical) treatment strategies are considered to be the first choice
in the management of complaints. Relative rest, advice on the good outcome of complaints and a so called ‘wait and see’ strategy are advised.4
Opposed to this passive approach an active strategy has been advocated the last decades especially on encouraging the use of exercise therapy. Although exercise therapy
is being used in medical practice more frequently, the clinical effects on PFPS are still
under scientific debate.5

Aims of the thesis
The main aim of this thesis was to study the clinical effects and cost effectiveness of
exercise therapy for patellofemoral syndrome through the execution of a clinical trial
and by reviewing the literature. Furthermore the effectiveness of exercise therapy was
studied in relation to other conservative strategies. Besides, this thesis studies the present strategies for PFPS and other non-traumatic knee complaints in general practice.

Outline of the thesis
In Chapter 2 the initial management strategy and long term outcome of PFPS in general
practise is described. Chapter 3 describes the characteristics of sports participants and
non-sports participants with knee complaints. In Chapter 4 the design of a randomised
clinical trial (RCT) on exercise therapy for PFPS is described. The results of this RCT are
presented in Chapter 5. In Chapter 6 the cost utility of exercise therapy versus usual
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care is described. Chapter 7 offers an overview of the conservative and surgical treatment options for PFPS.
In Chapter 8 the results of a systematic review comparing the additional value of
orthotic devices on exercise therapy for PFPS are presented. The results of a systematic
review on exercise therapy for PFPS are presented in Chapter 9. The general discussion
- Chapter 10 - reflects on the above mentioned study results and directs to practical and
research implications following from this thesis.
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Abstract
Background:

Patellofemoral pain syndrome (PFPS) is a common diagnosis in adolescents and young
adults in general practice. Characteristics and prognosis in comparison with non-specific
knee complaints is unknown.
Method:

The design is an observational prospective cohort study of primary care patients from
12 years old consulting the physician for non-traumatic knee complaints. Patients with
PFPS diagnosed by the GP (PFPSgp) are compared to non-specific knee complaints
(NSKCgp) and patients fulfilling the clinical criteria for PFPS (PFPScrit) are compared
to those not fulfilling these criteria (NSKCcrit) The patient’s characteristics, the initial
management strategy and the outcome of PFPS after 1 and 6 years are compared with
non-specific knee complaints (NSKC) in adjusted multivariable analyses.
Results:

At baseline patients in the PFPS group (n=71) show a longer duration of complaints
(32.4% versus 9.2%; p< 0.001), have a higher proportion of bilateral complaints (46.5%
versus 24.1%; p=0.01) show more pain at the patellar edge (57.7% versus 41.4%);
p=0.046) and less pain on knee extension (25.4% versus 29.9%; p=0.009) than patients
in the NSKC group (n=87). By combining a set of variables suggested to be indicative
for PFPS, only 61% overlap of diagnosis was seen. An active advice by the GP was more
often applied by patients diagnosed with PFPS (OR 2.90; 95%CI 1.28, 6.55) compared
to patients with NSKC. At follow-up diagnosed PFPS patients show significantly less
recovery (44 and 60%) compared to NSKC patients (66 and 84%) after 1 and 6 years
respectively; OR 0.41; 95%CI 0.20, 0.86 (1 year) and OR 0.24; 95%CI 0.08, 0.68 (6 years).
Conclusions:

In this observational study in general practice 45% of the patients with PFPS show
recovery after one year and approximately 60% after six years. By combining a set of
variables often suggested to be indicative for PFPS, only 61% overlap in diagnoses of
PFPS was seen, indicating the difficulty of diagnosing PFPS.

Patellofemoral pain syndrome in general practice

Introduction
Non traumatic knee complaints constitute a major reason for consultation in general
practice.1 2 Specific complaints like patellofemoral pain syndrome, osteoarthritis, patellar tendinopathy, Osgood-Schlatter disease, or peripatellar bursitis are diagnostically
distinguished from non-specific knee complaints (NSKC).
Patellofemoral pain syndrome (PFPS) is a condition characterized by diffuse peripatellar and retro-patellar pain, usually elicited by ascending or descending stairs, squatting,
cycling and sitting with flexed knees for prolonged periods of time. The condition affects
mainly adolescents and young adults.3-5 The origin of the complaints is not fully understood although weakness and/or tightness of the extensor muscles, changes in medial
and lateral quadriceps muscle reflex time, patellar laxity and increased navicular drop
are suggested to be associated with PFPS.6 7
Studies indicate 5-6 new cases per 1000 patients per year in Dutch general practice
while in young and highly active populations incidence rates may rise to 22 per 1000
patients a year.8 9
In general practice the diagnosis of painful knee disorders is mainly based on the
combination of symptoms and clinical findings and in general demands no further
radiological assessment.10 11 The ICPC system offers diagnostic codes in order to classify
for both specific non traumatic knee disorders like PFPS, patellar tendinopathy, Osgood
Schlatters disease, osteoarthritis as for non-specific knee complaints. Although several
diagnostic tests for patellofemoral pain are used, none of them is conclusive.12 Since
clinical findings for PFPS and other non-traumatic knee complaints may vary it is not
known which patient characteristics and clinical findings in general practice are associated with the diagnosis of PFPS or with non-specific knee complaints. Additionally, it is
unknown to what extent there is an overlap between the diagnosis of the GP and the
often suggested characteristics of PFPS, i.e. peripatellar pain, grinding of the patella,
pain on bending, stair climbing, cycling and running. 13-16
Patellofemoral complaints may become chronic and subsequently lead to increased
medical care and therapy.3 5 The management strategy in general practice is based on
clinical guidelines advising on temporarily reduction of provoking activities (running,
biking, sports) and may suggest on single leg extension exercise.10 However, data
describing the current initial management strategy for PFPS in general practice and
whether this is related to diagnostic considerations and outcome is missing.
Hence, the aims of this study are: 1) To describe the differences in baseline characteristics of patients that are diagnosed with PFPS compared to NSKC. 2) To describe a set of
variables often suggested being indicative for PFPS in relation to the diagnoses of the
GP. 3) To describe the difference in outcome between patients suffering PFPS compared
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to NSKC. 4) To describe the differences in types of interventions applied between the
patient groups.

Methods
Design and data collection

A prospective, observational cohort study with a follow-up of six year was carried out.
Patients aged 12 years or above consulting their GP for a new episode of knee complaints were invited to participate in the study during the period October 2001 and
October 2003. New complaints were considered as complaints that were presented to
the GP for the first time. Recurrent symptoms for which the general practitioner was not
consulted within the past 3 months were also considered to be new symptoms. Data
were collected using questionnaires and all patients underwent a standardized physical
examination by the research examiners at baseline and after one-year follow-up. GPs
noted the working diagnosis at baseline of the knee disorders according to the International Classification of Primary Care (ICPC).17
For the present study only patients with ICPC code L15 (non-specific knee complaints)
and L97.1 (patellofemoral pain syndrome) were included. Those with other ICPC codes
were excluded. We refer to this diagnosis of the GP as PFPSgp (patellofemoral pain syndrome, L97.1) and NSKCgp (non-specific knee complaints, L15). The researchers did not
interfere with the usual care as given by the GP. Detailed information about the study
design can be found in a previous publication.18
Patient’s characteristics, initial management strategy and outcome measures

Patient characteristics (age, gender, Body Mass Index, educational status, sports participation), medical history (duration of complaints, affected side, recurrence of complaints,
pain intensity, knee function) as well as specific knee examination (Range of Motion,
swelling, deformity, painful area, crepitation, contraction tests) were recorded in the
baseline questionnaire.
For the definition of PFPS according to suggested clinical criteria patients had to fulfil
the following subset of variables: the presence of at least two of the following symptoms
(pain while walking stairs, bending, running, cycling, sitting, grinding patella, positive
apprehension test, painful patellar edge, axial pressure pain) and peripatellar pain.13-16
We refer to this definition as PFPScrit; others were defined as NSKC (NSKCcrit).
The initial management strategy of the GP was also noted. The strategies included
“wait and see policy”, tailored therapy by the GP, referral to medical specialist or therapist, X-rays and other strategies. The strategies were for analyses divided – not mutually
exclusive - into active advice (exercises, weight reduction), non-active advice (rest, wait
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and see) and strategies including medication or referral to a physical therapist or orthopedic surgeon.
During one-year follow-up every 3 months questionnaires were sent to the participants and additionally one questionnaire was sent to the participants after 6 year
follow-up. Questionnaires within the first year of follow-up reported the medical consumption, pain and functional disability of the knee. Pain was measured on a numeric
rating scale which ranges from 0 (no pain) to 10 (unbearable pain). The Lysholm scale
and WOMAC osteoarthritis index were used to evaluate functional disability of the knee.
After one- and six-year follow-up self-reported recovery was measured on a 7-point
Likert scale ranging from “total recovery” (=1) to “worse than ever” (=7). The categories
“total recovery” and “major improvement” represent clinically relevant improvement
and is defined as “recovery”. All other categories represent persistent knee complaints.
Statistical analyses

Descriptive statistics were used to determine patient variables, type of knee complaints,
initial policy of the GP and outcome at one and six year follow-up. Differences in baseline
characteristics between PFPSgp and NSKCgp, and PFPScrit and NSKCcrit were analysed
using student t-test for continuous variables and Chi-square for dichotomous variables.
The association between initial strategy (active advice, passive advice, medication or
referral) and type of knee complaint were tested using univariable logistic regression
analyses. The association between outcome at both one and six year follow-up and type
of knee complaint were also tested using univariable logistic regression analyses.
The analyses, both for initial strategy and outcome, were adjusted for age, gender,
duration of complaints, baseline pain severity and recurrence of complaints. The results
are presented as odds ratios (ORs), with 95% confidence intervals (CI). At the p-level of
0.05 results were considered statistically significant. All analyses were performed with
the SPSS software package (version 17.0.2, 2009).

Results
In total 1068 patients were enrolled in the study – recruited from 40 GP practices in the
Netherlands. From this cohort we extracted all patients who were aged between 12 and
35 years and had non-traumatic knee complaints (n=191). In these 191 patients with
non-traumatic knee complaints 74 patients were by the GP diagnosed as PFPS (PFPSgp)
whereas 100 were diagnosed as NSKC (NSKCgp) The other 17 patients were diagnosed
with Osgood-Schlatters disease, meniscus/ligament pathology and knee distortion and
were therefore excluded from the analyses for the current study. Additionally, also all
patients with a history of knee surgery were excluded from the analysis (13 NSKCgp
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HONEUR cohort ‘knee complaints’
n=1068
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‘non traumatic’
n=191

Osgood-Schlatter
n=8
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n=100
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Acute distortion
n=4

Meniscus/Lig.
n=5
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(ex.operation)
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n=87

n=71

NSKC
n=73
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n=63

1 year follow up

NSKC
n=48

PFPS
n=42

6 year follow up

baseline

Figure 1.Flowchart of the study

and 3 PFPSgp). (Figure 1) Thus, for the present study, 87 patients with non-specific knee
complaints (ICPC L15) and 71 patients with patellofemoral pain syndrome (ICPC L97.1)
were included at baseline. Complete follow-up data after 1 year were available for 136
patients with NSKCgp (n=73) and PFPSgp (n=63) and after 6 years for 90 patients (48
NSKCgp, 42 PFPSgp).
Following the clinical criteria for PFPS, 60.6% (n=43) of the patients diagnosed with
PFPSgp, suffered PFPScrit, and 48.3% (n=42) of the patients diagnosed with NSKCgp
suffered PFPS following the clinical criteria.
Baseline characteristics of the patient groups are presented in Table 1. At baseline
patients with PFPSgp suffered significantly longer from knee complaints (p<0.001) had a
higher educational level (p=0.042), showed more bilateral complaints (p=0.01), revealed
more pain at the patellar edge (p=0.046) and less pain on knee extension (p=0.009)
compared to NSKCgp patients.
Patients fulfilling the clinical criteria of PFPS (PFPScrit) included significantly more
females, had a lower WOMAC function score and a higher Lysholm score, and showed
significantly more peripatellar pain and knee grinding.
Data on initial management strategy by the GP for type of knee complaint are presented in table 2. Active advices were more often opted by the GP in patients with PFPSgp compared to NSKCgp patients (OR 2.90; 95%CI 1.28, 6.55). Though not significant,
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Table 1: Baseline characteristics of the study population; values are numbers (percentages) unless
otherwise stated
NSKCgp
(n=87)

PFPSgp
(n=71)

p-value

NSKCcrit
(n=73)

PFPScrit
(n=85)

p-value

Demographics
Age (years), mean (SD)

24.69 (7.30) 23.52 (8.02) 0.344

24.10 (7.57) 24.22 (7.73)

0.916

BMI (kg/l ), mean (SD)

23.72 (3.79) 23.23 (4.16) 0.442

23.33 (3.94) 23.64 (3.99)

0.637

Gender (female)

43 (49.4%) 34 (47.9%) 0.847

29 (39.7%)

0.036

2

48 (56.5%)

0.042

Education level

0.422

Low

16 (18.4%) 6 (8.5%)

7 (9.6%)

15 (17.6%)

Medium

34 (39.1%) 22 (31.0%)

27 (37.0%)

29 (34.1%)

High

33 (37.7%) 40 (56.3%)

32 (43.8%)

41 (48.2%)

Sports participants

59 (67.8%) 53 (74.6%) 0.338

50 (68.5%)

62 (72.9%)

0.695

Knee complaints
<0.001

Duration of complaints

0.720

<3 weeks

40 (46.0%) 15 (22.1%)

24 (32.9%)

31 (36.5%)

3 – 12 weeks

22 (25.3%) 21 (29.6%)

21 (28.8%)

22 (25.9%)

12- 52 weeks

8 (9.2%)

11 (15.1%)

20 (23.5%)

> 52 weeks

13 (14.9%) 9 (12.7%)

10 (13.7%)

12 (14.1%)

Bilateral

21 (24.1%) 33 (46.5%) 0.010

22 (30.1%)

32 (37.6%)

0.707

Recurrent complaints

40 (46.0%) 40 (56.3%) 0.193

34 (46.6%)

46 (54.1%)

0.751

	Pain severity (VAS/10), mean
(SD)

4.27 (2.14)

3.63 (2.30)

0.085

3.88 (2.22)

4.06 (2.24)

0.621

	WOMAC function (0/100),
mean (SD)

78.19
(18.61)

81.87
(15.53)

0.447

83.59
(15.31)

77.00 (18.29) 0.024

	Lysholm score on bending,
mean (SD)

1.83 (0.78)

1.74 (0.54)

0.372

1.65 (0.71)

1.89 (0.64)

0.032

23 (32.4%)

Physical examination
Pain knee extension

26 (29.9%) 18 (25.4%) 0.009

19 (26%)

25 (29.4%)

0.496

Pain at patellar edge

36 (41.4%) 41 (57.7%) 0.046

29 (39.7%)

48 (56.5%)

0.053

Peripatellar pain

49 (56.3%) 50 (70.4%) 0.075

14 (19.2%)

85 (100%)

<0.001

Valgus deformity

6 (6.9%)

2 (2.7%)

5 (5.9%)

0.360

Crepitation

68 (78.2%) 62 (87.3%) 0.102

56 (76.7%)

74 (87.1%)

0.697

Knee grinding

38 (43.7%) 37 (52.1%) 0.318

19 (26%)

56 (65.9%)

<0.001

1 (1.4%)

0.097

17

Rest

8

Orthopedic surgeon
7

23

28 (39.4%)

0.16 (0.58;2.33)

0.53 (0.05;5.72)

0.35 (0.11;1.08)

2.90 (1.28;6.55)

1.28 (0.64;2.55)

0.68

0.60

0.07

0.01

0.48

p-value*

8

18

24 (32.9%)

3 (4.1%)

0

9

9 (12.3%)

3

16

19 (26.0%)

2

21

13

16

33 (45.2%)

NSKCcrit
(n=73)

* Analyses adjusted for age, gender, duration of complaints, baseline pain severity and recurrence of complaints;
NSKC = reference category

23

Physical therapist

29 (33.3%)

Referrals to care givers

0
1 (1.4%)

0

4 (4.6%)

5

5 (7.0%)

2

23

24 (33.8%)

5

16

Referrals for diagnostics

Injection

Medication

2

16 (18.4%)

Medication

14

16 (18.4%)

8

21

14

29

22

	Reduce body weight

Exercises

Active advice GP

Compresses

	Go easy on the knee

37 (52.1%)
20

43 (49.4%)

PFPSgp (n=71) OR (95%-CI)*

22

Passive advice GP

Wait and see

NSKCgp
(n=87)

Initial policy by GP

Table 2. Initial policy by general practitioner; values are numbers (percentages) unless otherwise stated

7

28

33 (38.8%)

2 (2.4%)

0

12

12 (14.1%)

1

21

21 (24.7%)

11

29

23

26

47 (55.3%)

1.08 (0.55;2.14)

0.39 (0.06;2.69)

1.04 (0.40;2.69)

0.75 (0.35;1.59)

1.33 (0.68;2.59)

PFPScrit (n=63) OR (95%-CI)*

0.82

0.34

0.94

0.46

0.40

p-value*
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GP’s tended to choose less often medication as an initial strategy for PFPSgp patients
compared to NSKCgp patients (OR 0.35; 95%CI 0.11,1.08; p=0.07).
No differences were found for initial policy of the GP between PFPScrit and NSKCcrit patients. However, 14% of the patients fulfilling the clinical criteria for PFPS were
prescribed medication.
At one year follow up, 28 out of 63 PFPSgp patients (44.4%) were fully recovered
compared to 48 NSKCgp patients out of 73 (65.8%) (OR 0.41; 95%CI 0.20, 0.86). There
was a small, but significant difference in the functional outcome score measured by the
WOMAC (OR 0.95; 95%CI 0.92, 0.99) in favor of the NSKCgp group (Table 3). This difference was also present between the PFPScrit patients and the NSKCcrit patients (OR 0.96;
0.92, 0.99).
No statistical significant differences were observed regarding pain and functional
disability, measured by the Lysholm score, between the patient groups at 12 months
follow-up.
At 6-years follow up 59.5% of PFPSgp patients reported complete recovery compared
to 83.8% of the NSKCgp patients (OR 0.24; 95%CI 0.08, 0.68). The same percentages were
seen between the patients with PFPScrit (61.5%) compared to patients with NSKCcrit
(86.8%), (OR 0.27; 0.09, 0.84).
No significant differences between the patient groups were observed for the pain and
function scores at six years follow-up.

Discussion
Our study shows that the diagnoses of PFPS in general practice is associated with a
longer duration of complaints, higher educational level, higher occurrence of bilateral
complaints, pain at the patellar edge and less pain on knee extension compared to
NSKCgp patients. A study by Nijs et al. questioned the validity of the patellar grinding
test (Clarke’s test).13 According to our study patellar grinding was not discriminative for
the diagnoses of PFPS by the GP. And as Fredericson concluded: the reliability of most
clinical tests is low and the diagnosis cannot be determined by any single test and therefore multiple evaluations are recommended.12 However, we analyzed an extensive set of
physical tests and the only statistical significant associations with the diagnoses PFPS
were found for pain at the patellar edge and for pain on knee extension. In addition,
combining a set of variables previously suggested to be indicative for PFPS (peripatellar pain, grinding of the patella, pain on bending, stair climbing or running) showed
that these symptoms were more frequently seen in females and these patients had a
significantly lower WOMAC function score and a higher Lysholm score. And, as a part of
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48 (65.8%)

1.70 (2.09)

Recovery, n (%)

Pain last 48 hrs

NSKC (n=48)
0.24 (0.08;0.68)
0.79 (0.58;1.09)

1,02 (0.98;1.06)
1.02 (0.98;1.05)

89.67 (14.55)
87.56 (13.70)

OR (95%-CI)*

0.95 (0.92;0.99)
0.98 (0.95;1.00)

1.19 (0.99;1.43)

0.41 (0.20;0.86)

OR (95%-CI)*

25 (59.5%)
1.63 (2.12)

PFPS (n=42)

89.46 (13.85)
82.57 (16.94)

2.56 (2.47)

28 (44.4%)

PFPSgp (n=63)
40 (62.5%)

NSKC criteria
(n=48)
33 (86.8%)
0.89 (1.60)

94.25 (8.78)
88.08 (14.22)

<0.01
0.15

0.32
0.43

94.04 (8.46)
86.30 (15.02)

p-value*

0.017
0.10

1.80 (1.96)

0.018
0.059

NSKCcrit
(n=73)

p-value*

0.96 (0.92;0.99)
0.98 (0.96;1.01)

1.15 (0.96;1.38)

0.57 (0.27;1.18)

OR (95%-CI)*

0.27 (0.09;0.84)
1.44 (0.99;2.10)

0.95 (0.90;1.01)
1.01 (0.97;1.05)

32 (61.5%)
1.49 (1.91)

89.29 (14.95)
88.95 (12.55)

PFPS criteria (n=42) OR (95%-CI)*

90.22 (13.34)
83.08 (16.90)

2.36 (2.55)

36 (50.0%)

PFPScrit
(n=63)

* Analyses adjusted for age, gender, duration of complaints, baseline pain severity and recurrence of complaints;
NSKC = reference category

40 (83.3%)
Recovery, n (%)
0.89 (1.37)
Pain last 48 hrs
Functional disability
WOMAC
Lysholm
92.74 (11.42)
89.71 (12.57)

Outcome
6 years

Functional disability
WOMAC
Lysholm
94.16 (8.46)
85.57 (15.14)

NSKCgp (n=73)

Table 3. Outcome at 12 months and 6 years follow-up; values are means (SD) unless otherwise stated

Outcome
12 months

0.085
0.80

0.024
0.057

0.034
0.149

0.134

0.128

p-value*
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the criteria for clinical PFPS, peripatellar pain and knee grinding were associated with
PFPScrit.
The present study confirms the difficulty in diagnosing PFPS patients in primary care.
By excluding anterior knee pain due to intra-articular pathology, plica syndrome, Sinding Larsen’s disease, Osgood Schlatter’s disease, bursitis or tendinopathy, neuroma’s
and other rarely occurring pathologies it is suggested that remaining patients with a
clinical presentation of anterior knee pain could be diagnosed with PFPS. The present
study shows only 60% overlap in patients diagnosed with PFPS by the GP and patients
fulfilling the generally accepted clinical criteria for PFPS.(13-16) This implies that, given
the almost identical outcomes between PFPSgp and PFPScrit, the diagnoses of the GP
is probably related with the initial policy of the GP. The Dutch clinical guidelines recommend a ‘wait and see strategy’ and provide a suggestion for home based isometric quadriceps exercises for PFPS.10 This advice is reflected in our study by comparing PFPSgp and
NSKCgp patients; an active advice (including exercise advice) is more frequently advised
by general practitioners for PFPSgp compared to NSKCgp. Patients meeting the clinical
criteria for PFPS are not more frequently advised to perform exercises in comparison
with NSKCcrit patients who did not fulfil these criteria, and no other differences between
both groups are seen in the initial policy of the GP.
Exercise therapy for chronic knee pain is one of the options to which GP’s may decide
based on their personal beliefs and attitude.19 In our study, 32.4% and 44.4% of the PFPS
patients were referred to a physical therapist respectively. Moreover, recent studies have
shown the effectiveness of an supervised exercise program for PFPS.15 20
We found a low prescription rate of medication for PFPSgp patients, which is in agreement with both the clinical guideline for general practitioners and with results from
literature showing only limited evidence for the effectiveness of NSAIDs for short term
pain reduction in PFPS.21 It is therefore apparent that a 14% of the patients with PFPScrit
were prescribed medication.
At one year follow up data show that only 45% of the patients with PFPSgp experience recovery, which is lower than in the NSKCgp group. At six years the proportion of
patients initially diagnosed with PFPS reporting recovery has increased to 59.5%. Comparable results are found for the patients fulfilling the clinical criteria of PFPS; 38.5% of
these patients were not fully recovered after 6 years of follow-up compared to 13.2% of
the NSKCcrit patients. This implies that both PFPSgp patients and PFPScrit patients have
a significantly worse prognosis in comparison with the NSKCgp and NSKCcrit groups,
respectively. This raises the question if these persistent complaints in the PFPScrit group
and PFPSgp group are caused by the patients included in both groups. However, analysis revealed that percentages recovery between PFPSgp, PFPScrit and the group with
overlap of PFPS diagnosis in both groups did not differ (data not shown).

21

22

Chapter 2

These findings do not reflect the information that is supposed to be given to the
patient according to the clinical guideline that prompts to a good prognosis of nontraumatic knee complaints in adolescents and young adults.10 Two earlier studies
reported a tendency to incomplete recovery of PFPS in selected populations. 22 23 An
intervention study by Clark24 reported recovery rates between 13% (education group)
and 42% (exercise group) after one year. In a recent randomised controlled trial we
found a recovery rate of 50.8% in the control group following a ‘wait and see’ strategy,
and 62.1% in a supervised exercise therapy group at one year follow up.20 More favourable outcomes were reported by Collins15 in a randomised clinical trial using 4 different
treatment strategies with recovery rates ranging from 73% (flat inserts) to 84% (foot
orthoses) after one year. The recovery rates in the above mentioned studies vary largely,
but most report non-recovery in more than 40% of the patients at long-term.
Elaborating further, it is of interest that although the recovery rates for PFPS patients
are low at one and six years, this was not fully reflected in the pain and function scores.
At one and six years the pain and function scores between both the PFPSgp group
and NSKCgp group, and the PFPScrit and NSKCcrit do not significantly differ. Perceived
recovery measured by a Likert scale is a general measure which may comprise several
domains including pain and function but from the patient’s perspective also the process
leading towards full function. Besides, literature suggests that recovery measures may
also be determined by the individual appraisal of the impact of symptoms on daily
activities and quality of life.25

Limitations
In general this study has several limitations. The groups studied are small considering
the amount of variables which have been tested in relation to the baseline variables,
the initial strategy and outcome. Second, the diagnosis for PFPS and NSKC has been
made by the GP. In relation to the variety of complaints and the non-specificity of tests
for PFPS accurate diagnosis therefore can be questioned. With the available data it was
tested if combining a set of variables “specific” for PFPS (peripatellar pain, grinding of the
patella, pain on bending, stair climbing or running) would differ between GP diagnosis
and “criteria based PFPS diagnosis”. Analysis revealed an overlap of only 60% in diagnosis. However, no large differences in outcomes between diagnosed PFPS patients and
patients fulfilling the clinical criteria for PFPS could be demonstrated. From a clinical
point of view it is suggested that GP’s consider PFPS as a specific entity in a way patients
can be differentiated with respect to initial strategy and outcome. We had a relatively
large percentage lost to follow-up, especially at 6 years follow-up (57%). Likely this is
caused because there was no contact between the investigators and patients between

Patellofemoral pain syndrome in general practice

1 and 6 year follow-up. Some people changed address and it was difficult to trace them.
However the patients available at 1 and 6 year follow-up seemed not to be a selected
group of patients.

Conclusions
In this observational study on non-traumatic knee complaints in general practice results
indicate that experienced recovery for patellofemoral pain syndrome at one year and
six years follow up is low. Long duration of knee complaints, a high educational level,
bilateral complaints and pain at the patellar edge are associated with the diagnosis of
PFPS by the GP. By combining a set of variables previously suggested to be indicative for
PFPS, only 60% of the diagnosed PFPS patients fulfilled these criteria. This implies the
difficulty in diagnosing PFPS patients whereas the diagnosis of the GP seems related
with the initial policy chosen for these patients.
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Abstract
Background:

Since knee complaints are common among athletes and are frequently presented in
general practice, it is of interest to investigate the type of knee complaints represented
in general practice of athletes in comparison with those of non-athletes. Therefore, the
aim of this study is to investigate the differences in type of knee complaints between
sport participants, in this study defined as athletes, and non-sport participants, defined
as non-athletes, presenting in general practice. Further, differences in the initial policy
of the GP, medical consumption, and outcome at one-year follow-up were also investigated.
Methods:

Patients consulting their GP for a new episode of knee complaints were invited to participate in this prospective cohort study. From the total HONEUR knee cohort population
(n=1068) we extracted patients who were athletes (n=421) or non-athletes (n=388).
Results:

The results showed that acute distortions of the knee were significantly more diagnosed
in athletes than in non-athletes (p=0.04). Further, more athletes were advised by their GP
to ‘go easy on the knee’ than the non-athletes (p<0.01), but no differences were found
in number of referrals and medication prescribed by the GP. The medical consumption
was significantly higher among athletes; however, no significant differences were found
between the two groups for recovery at one-year follow-up.
Conclusion:

There are no major differences in the diagnosis and prognosis of knee complaints
between athletes and non-athletes presented to the GP. This implies that there are no
indications for different treatment strategies applied in both groups. However, athletes
are more often advised to ‘go easy on the knee’ and to rest than non-athletes. Further,
there is a trend towards increased medical consumption among athletes while functional disability and pain are lower than among the non-athletes.

Knee complaints in general practice

Background
Complaints of the lower extremities are a serious problem because of their high
prevalence and high impact on functional and work disability. A study among the Dutch
general population showed a one-year prevalence of 21.9% for knee pain; about 33%
of subjects reporting knee or hip complaints during the preceding year indicated that
they had contacted their general practitioner (GP) for this complaint.1 Among the Dutch
population, knee problems are the most frequently presented complaints of the lower
extremities: 21.4 per 1000 person-years for women and 22.8 per 1000 person-years for
men.2 Since sport activities are strongly promoted, the risk of sport injuries is likely to increase. Knee complaints are very common among sport participants 3,4 and it is reported
that 39.8% of all sports injuries involve the knee.3 Internal knee trauma, such as anterior
cruciate ligament rupture, and distortion of the knee are the most common diagnoses
of athletic knee injuries.3 In addition, knee disorders such as the runner’s knee, the patellofemoral pain syndrome, meniscus lesions and an anterior cruciate ligament rupture
are often associated with sport participation.5,6 In the Netherlands, almost everyone is
registered in a general practice. At the time of conducting this study, all patients had
first to visit their GP before being referred to a therapist or specialist in the Dutch health
care system. Therefore, most care-seeking sport participants with knee complaints in
the Netherlands will visit their GP for primary care. Since knee complaints are common
among athletes and are frequently presented in general practice, it is of interest to
investigate the type of knee complaints represented in general practice of athletes in
comparison with those of non-athletes. These differences could have implications for
applied treatment strategies of these knee complaints, i.e. it might be beneficial to treat
the athletes different than the non-athletes because of a different diagnosis. Further, it is
of interest to explore differences between athletes and non-athletes regarding the GP’s
initial treatment, medical consumption and prognosis of the two groups. If the medical
consumption appears to be the only difference between athletes and non-athletes we
will need to reflect on the implications of such difference. Therefore, this study investigated differences in knee complaints between athletes and non-athletes presenting in
general practice. The following questions were formulated: (1) Do athletes present with
different knee complaints than non-athletes in general practice? (2) Is there a difference
in initial policy of the GP between athletes and non-athletes? (3) Is there a difference in
medical consumption between athletes and non-athletes during one year follow-up?
and (4) Do athletes have a better prognosis than non-athletes at one-year follow-up
expressed in recovery, pain intensity and the WOMAC-score?

29

30

Chapter 3

Methods
Study design

A prospective, observational cohort study was set up, with a follow-up of one year. A
total of 40 GP’s from 5 municipalities in the southwest region of the Netherlands (all
connected to the Erasmus Medical Centre GP Research Network HONEUR) participated
in this study. Recruitment of patients started in October 2001 and finished in October
2003. Patients aged 12 years and older, consulting their GP for a new episode of knee
complaints were invited to participate in the study. Complaints that were presented to
the GP for the first time, and recurrent complaints for which the GP was not consulted
during the preceding 3 months, were considered to be new complaints. During such
a consultation, the GP briefly informed the patients of the existence of the study and
handed over written information and a baseline questionnaire. Interested patients forwarded their contact details to the researchers. The researchers contacted the patients
to give additional information about the study, and to make an appointment to sign
informed consent, and to perform a comprehensive standardized physical examination
of both knees. GPs noted the working diagnoses of the knee disorders according to the
International Classification of Primary Care. The consultations were taken in the same
format as they usually take. Patient characteristics, medical history, knee history taking, GP’s initial policy and sport activities were recorded in the baseline questionnaire.
Follow-up questionnaires were sent to all participants at 3, 6, 9 and 12 months. Patients
underwent a standardized physical examination at baseline and at one year follow-up.
The researchers did not interfere with usual care with respect to advice, diagnostics or
treatment. The Ethics Committee of the Erasmus Medical Centre Rotterdam approved
the study. A detailed description of recruitment and data collection are reported elsewhere.7
Study population

A total of 1068 patients were recruited from 40 GP’s (Fig. 1). From this total cohort population we extracted patients who were active sport participants, defined as athletes (n
= 421) or non-sport participants, defined as non-athletes (n = 388). This selection was
based on reported sport activities in the baseline questionnaire. Patients were first asked
if they participated in any sport activity. Secondly, each patient could fill in his/her sport
participation, to a maximum of three sports. For each sport activity, the type of sport,
number of weeks of sport participation per year, and number of mean hours of sport
participation per week were registered. Athletes were defined as those who participated
in sport for at least 30 weeks per year and minimally 2.5 hours a week for any one type
of sport. Athletes who sport for minimally 20 weeks a year and at least 1.5 hours a week
within one type of sport, and this for two or more sports, were also defined as athletes.

Knee complaints in general practice

Figure 1. Flowchart of the study

The following activities reported on the questionnaires were not considered as being
sport activities: bowls, billiards, darts, diving, golf, jeu de boules, go karting, ‘slender you’,
shooting sports, fishing, and yoga. Non-athletes were defined as patients who reported
no participation in sport activities at all. Because of the distinguishing power of this
study, occasional athletes (n = 259) were excluded from this study (Fig. 1).
Outcome measures

The four follow-up questionnaires reported on the medical consumption, pain, and
functional disability of the knee of all participants. The medical consumption of the
patients, expressed in frequency of visits, was calculated over the 12 months follow-up
period. Pain was measured on a numerical rating scale (VAS) ranging from 0 (no pain) to
10 (unbearable pain). The WOMAC osteoarthritis index evaluates the functional disability of the knee with a score ranging from 0 (poor) to 100 points (excellent).8,9 After oneyear follow-up, satisfaction with the GP’s given policy, discomfort during employment
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and daily activities, and experienced recovery were registered. Patients’ satisfaction was
measured on an 11-point numerical rating scale from 0 (completely unsatisfied) to 10
(completely satisfied). Discomfort during employment and daily activities was measured
dichotomously (“yes” or “no”). Experienced recovery was measured on a 7-point Likert
scale ranging from total recovery (= 1) to worse than ever (= 7). The categories ‘total
recovery’ and ‘major improvement’ represent a clinically relevant improvement and are
in this study defined as being recovered. All other categories represent persistent knee
complaints
Statistical analyses

Descriptive statistics were used to characterize demographic information, and chisquare and t-tests were applied to test the baseline differences for age, gender, BMI,
WOMAC score and pain. Logistic regression analyses were used to test the association
between athletic status and i) the type of knee complaint, ii) initial policy of the GP,
iii) medical consumption, iv) patient satisfaction with GPs policy, v) recovery at oneyear follow-up, and, vi) discomfort during employment and daily activities. All of these
analyse were adjusted for age, gender and BMI. In addition, models ii, iii, iv, v and vi were
adjusted for trauma and baseline severity (measured by the WOMAC). Model vi was also
adjusted for the appropriate baseline discomfort score. Linear regression was used to
test the association between athletic status and pain and function, as measured by the
WOMAC. These analyses were adjusted for the potential confounders age, gender, BMI,
trauma and baseline severity (WOMAC). The analyses for pain and function (WOMAC)
were also adjusted for appropriate baseline pain and function scores, respectively. The
results of the logistic regression analyses are presented as odds ratios (ORs), with 95%
confidence intervals (CI). A p-value less than 0.05 was considered significant. All analyses
were performed with the SPSS software package (version 11.0, 2001).

Results
Study population

Comparison of baseline characteristics between dropouts (lost to follow-up at one year)
and non-dropouts showed no significant differences with respect to gender, age) and
the WOMAC score The pain score at baseline of the dropouts was significantly lower
compared to the pain score of the non-dropouts (mean difference 0.69). Table 1 presents
baseline characteristics of the athletes and non-athletes. The mean age(SD) of the total
study population (n = 809) was 45.3(16.9) years. The mean age of the athletes was significantly lower than the non-athletes. The total study population consisted of 440 men
(54.4%) and the mean BMI was 26.3(4.7); the BMI of the athletes was significantly lower
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Table 1. Baseline characteristics of the study population
Athletes
(n=421)

Non-athletes
(n=388)

p-value

Age (years)

Mean (SD)

41.0 (16.7)

50.0 (15.9)

0.000

Gender (male)

N (%)

244 (58%)

196 (50.5%)

0.034

BMI (m2/kg)

Mean (SD)

25.2 (4.1)

27.6 (4.9)

0.000

WOMAC score

Mean (SD)

74.5 (19.5)

66.6 (21.1)

0.000

Pain (VAS)

Mean (SD)

4.20 (2.15)

4.46 (2.19)

0.000

Trauma

N (%)

147 (34.9%)

111 (28.6%)

0.26

Bilateral

N (%)

19 (4.5%)

13 (3.4%)

0.76

Recurrent

N (%)

159 (37.8%)

165 (42.5%)

0.24

General knee complaints

N (%)

138 (32.8%)

138 (35.6%)

0.62

Jumper’s knee

N (%)

37 (8.8%)

38 (9.8%)

0.27

Acute distortion

N (%)

37 (8.8%)

20 (5.2%)

0.04

Osteoarthritis

N (%)

21 (5.0%)

49 (12.6%)

0.32

Osgood-Schlatter

N (%)

7 (1.7%)

1 (0.3%)

0.57

Acute meniscus / ligament rupture

N (%)

21 (5.0%)

17 (4.4%)

0.73

Chronic internal trauma

N (%)

45 (10.7%)

24 (6.2%)

0.07

Patellofemoral pain syndrome

N (%)

52 (12.4%)

37 (9.5%)

0.56

Chronic meniscus fracture

N (%)

5 (1.2%)

10 (2.6%)

0.29

Functional disability

Type of knee complaints*

* Analyses adjusted for gender, age and BMI. Significant differences are printed bold.

(25.2(4.1)) than the non-athletes (27.6(4.9)). The functional disability score at baseline
(WOMAC score) showed a significantly higher outcome, indicating better functioning,
among the athletes. Among the athletes, cycling was the most commonly practiced
sport (54.2%), followed by walking (24.2%), fitness (17.1%), soccer (15.4%) and tennis
(13.1%). At baseline, 177 (21.9%) athletes practiced two types of sports, and 101 (12.5%)
athletes practiced three types of sports.
Type of knee complaints

The different types of knee complaints among the study population are listed in Table
1. About 32% of all knee complaints in both groups were traumatic injuries. Almost 30%
of the athletes sustained this injury during a sport activity. In total, 50% of the athletes
reported an association between their knee complaint and their sport activity. The most
frequently presented knee complaints in general practice are designated as general
knee complaints: 32.8% among athletes versus 35.6% among non-athletes. The patellofemoral pain syndrome (11%) is also a relatively often-diagnosed knee complaint. The
proportion of acute distortions showed a significant difference: 5.2% of the non-athletes
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was labelled as ‘acute distortion’ compared with 8.8% of the athletes (p = 0.04); however
this difference is small. Osteoarthritis is also often diagnosed in general practice (8.7%).
Osteoarthritis is more frequently seen among the non-athletes (12.6%) than among the
athletes group (5.0%); however, there was no significant difference in frequency ratio in
the adjusted analysis.
GP’s initial policy and medical consumption The initial policy of the GP at baseline
is shown in Table 2. Most patients were advised to ‘go easy on the knee’, to ‘rest’ and to
‘wait and see’. More athletes were advised to ‘go easy on the knee’ (p = 0.002). More than
25% of the patients were referred to a therapist and almost 25% of all patients were
prescribed medication. No statistical differences were found between the two groups
regarding medication (p = 0.33), and referrals for additional diagnostic testing (x-rays) (p
= 0.91) and to specialists/therapists (p= 0.61).
Table 3 shows the medical consumption, expressed in numbers of patients visiting
a specialist or paramedic. More than one third of the patients revisited the GP for their
knee complaints; significantly (p = 0.03) more athletes revisited the GP than nonathletes, but the difference is small. A therapist or specialist was visited by 40.6% of the
athletes versus 38.7% of the non-athletes (p = 0.045). However, when the analysis was
adjusted for ‘revisiting the GP’, there was no longer a relationship between being an athlete and medical consumption (p = 0.20). Most patients visited a physiotherapist (30%)
or an orthopaedic surgeon (19%). The mean number of visits to the physiotherapist
Table 2. Initial policy of the general practitioner at the first visit for knee complaints
Treatment by GP

Athletes

Non-athletes

‘Save the knee’
Wait and see

24.5%

19.8%

Rest

26.4%

21.1%

Go easy on the knee

42.5%

30.9%

Compresses

10.9%

9.3%

Active strategy
Exercises

19.5%

13.9%

Reduce body weight

3.1%

7.5%

Medication
Medication

19.5%

28.1%

Injection

-

1.0%

13.5%

19.8%

Therapist

29.5%

23.5%

Medical specialist

10.2%

12.4%

Referrals for diagnostics
Referrals to care givers

OR (95% CI)

p-value

1.64 (1.20 – 2.23)

0.002

1.20 (0.83 – 1.73)

0.33

0.84 (0.59 – 1.20)

0.33

0.98 (0.64 – 1.48)

0.91

1.09 (0.79 – 1.49)

0.61

Analyses adjusted for gender, age, BMI, trauma and baseline Womac-score.
Significant differences are printed bold.
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Table 3. Medical consumption at one-year follow-up
Medical consumption

Athletes

Non-athletes

OR
(95%CI)

p-value

Revisiting visit general practitioner

36.8%

35.8%

1.43 (1.04-1.96)

0.029

Visit to therapist or specialist:

40.6%

38.7%

1.38 (1.01 – 1.88)

0.045

Physiotherapist

30.4%

29.6%

Specialist

6.2%

4.4%

Rheumatologist

0.0%

0.8%

Orthopaedic surgeon

20.0%

18.0%

Revalidation specialist

0.2%

0.0%

Therapist Cesar / Mensendieck

0.7%

1.0%

Analyses adjusted for gender, age, BMI, trauma and baseline Womac-score.
Significant differences are printed bold.

was 10.3(7.5) among the athletes versus 11.1(8.7) among the non-athletes. In general,
patients were very satisfied with the GP’s policy of their knee complaints. Almost 43%
of the patients scored an eight or higher on the numerical rating scale. The mean score
on the 11-point numerical rating scale, among the athletes was 7.2(2.6) versus 7.6(2.5)
among the non-athletes (p = 0.90; OR 0.99, 95%CI 0.93–1.06). Patients who were referred
to a therapist (physiotherapist, manual therapist or occupational therapist) were generally very satisfied with their treatment: 62.1% of the athletes scored an eight or higher
on the 11-point numerical scale versus 66.0% of the non-athletes (p = 0.86; OR 1.01,
95%CI 0.90–1.13).
Course and prognosis

Total recovery at one-year follow-up was reported by 59.8% of the athletes versus 50.7%
of the non-athletes. However, self-reported recovery at one-year follow-up was not associated with being an athlete or not (p = 0.40; OR 1.15, 95%CI 0.83–1.58). Figure 2 shows
the unadjusted mean pain and WOMAC scores at three-month intervals throughout
one-year follow-up. The mean pain intensity scores of both groups decreased during
follow-up. The mean pain score at one-year follow-up of the athletes was slightly lower
than that of the non-athletes; however the difference was not significant (p = 0.20). The
WOMAC functional disability score was higher during the entire follow-up among the
athletes compared with the non-athletes; however, there was no significant difference
at one-year follow-up between the two groups (p = 0.21). About 10% of the athletes
experienced discomfort during employment due to their knee complaints at one-year
follow- up versus almost 15% of the non-athletes (p = 0.054; OR 0.62, 95%CI 0.38–1.01).
The athletes also experienced less discomfort during any daily duties (17.6%) (employment, volunteer work, studies and housekeeping) compared to the non-athletes (29.6%)
(p = 0.003; OR 0.56, 95%CI 0.38–0.83).
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Figure 2. Course of knee complaints (mean scores and 95% CI). Pain scores were multiplied with a
factor10 for graphical display

Discussion
In this observational cohort study in general practice, most knee complaints were
labelled as general knee complaints. Acute distortions were diagnosed significantly
more often among athletes than non-athletes, but the difference was small. The GP
advised more athletes to ‘go easy on the knee’ compared to non-athletes. Revisits to
the GP occurred more frequently among athletes, and the athletes more frequently
visited a therapist or specialist. At one-year follow-up the athletes experienced less discomfort during daily activities and employment due to their knee complaints than the
non-athletes. Because this is, to our knowledge, the first study comparing athletes and
non-athletes with knee complaints, we cannot make any comparisons on this subject
with current literature. However, in the present study, traumatic injuries were seen in
almost 35% of the athletes and almost 30% of the traumatic injuries of this group were
sustained during a sport activity. In total, 50% of the athletes associated their knee complaint with their sport participation. In subgroup analyses, there were no differences in
the type of knee complaints between the athletes who associated their complaint with
their sport participation and those who did not. This implies that there is no specific
knee complaint that can be associated with sport participation. Most studies on knees
and athletes focus on knee injuries, which are mostly traumatic, whereas in our study
only 35% of the knee complaints in athletes, presented in primary care, were traumatic.
Therefore, future research should not only focus on traumatic knee injuries in athletes,
but also on non-traumatic injuries. Osteoarthritis was more often presented among the
non-athletes: 12.6% among the non-athletes versus 5.0% among the athletes; however,

Knee complaints in general practice

the adjusted OR shows no significant difference. The difference between the two groups
can probably be attributed to the differences in age, gender and BMI rather than to
sport participation itself. The non-athletes were significantly older, had a higher BMI and
included more females than the group of athletes. These latter findings are supported
by other showing that higher age, BMI and female gender are associated with knee
osteoarthritis.10-12
Acute distortions were seen significantly more often in athletes (8.8%) than in nonathletes (5.2%), but the difference is small. Most of the distortions of the athletes occurred during soccer, cycling, fitness, tennis and walking. There were few differences in
the initial policy of the GP between the two groups. In this context it must be mentioned
that there can be an overlap between the different treatment strategies, i.e. one patient
could receive more than one advice and/or treatment at their first consultation at the
GP. However, athletes were more often advised to ‘go easy on the knee’ than the nonathletes; this is probable related to the physical activity level of the athletes or to the
type of knee complaints. Patients with acute distortions were significantly more often
advised to ‘go easy on the knee’, whereas patients with osteoarthritis and chronic meniscus fractures were significantly less often advised to do this. These findings might also
be related to the fact that it is difficult for non-athletes to reduce their level of physical
activities.
In the Dutch healthcare system patients generally have to visit their GP before being referred to a therapist or specialist. Consequently, we found a strong relationship
between revisiting the GP and medical consumption (p <0.001). Therefore, we repeated
the analysis for medical consumption (therapist or specialist) with adjustment for
revisiting the GP. The adjusted analysis no longer showed a significant difference in
medical consumption between the two groups (p = 0.20). Thus, referral to therapists or
specialists in this study is more dependent on the number of GP visits than on being an
athlete or not. In the adjusted analysis we also found a significant difference in revisiting
the GP between the two groups. However, the difference between both groups is very
small: 36.8% versus 35.8%. Analyses showed that revisiting GP is more dependent on
age and functional disability at baseline than on being an athlete or not. It is however
noteworthy that there is a trend towards increased medical consumption among the
athletes while the functional disability scores are higher and the pain scores lower than
among the non-athletes. Besides, the athletes experienced less discomfort during their
daily and work duties than the non-athletes, which might indicate that the athletes
make greater demands on their body than the non-athletes. The role of the GP in this
relationship remains unknown, i.e. it is unknown if the GP is aware of the physical activity level of the individual patient at consultation. At one-year follow-up, almost 55% of
the athletes indicated that they had recovered from their knee complaint versus 45% of
the non-athletes. This difference is, however, not significant (p = 0.40); the multivariate
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analysis showed that the recovery ratio is more dependent on age, gender and trauma
than on physical activity level. Therefore, this study does not give any indications for
the GP to inform athletes different than non-athletes regarding the prognosis of their
knee complaints. Finally, we did not find any substantial differences in the diagnosis and
prognosis of the knee complaints between athletes and non-athletes but we did find a
difference in medical consumption between the athletes and non-athletes. Apparently
athletes do prefer a more active strategy compared to non-athletes. However, the exact
reason for this higher medical consumption remains unknown.

Limitations
More than one third of the knee complaints are labeled by the GP as ‘general knee complaints’, indicating some difficulty in arriving a precise diagnosis of the knee complaints
of their patients.
Although the group of athletes consisted of more males and younger people, because
all analyses were adjusted for age, gender and BMI this difference should have no impact on our final conclusions. Further, the physical workload of the patients might have
influenced the results of this study. The baseline questionnaire included some questions
about work tasks; unfortunately, this information was not sufficient to analyze this
potential confounder.

Conclusion
To our knowledge, this is the first study comparing athletes and non-athletes regarding knee pain in general practice. The results of this study indicate that there are no
major differences in diagnosis and prognosis of knee complaints between athletes and
non-athletes presented to the GP. This implies that there are no indications for different
treatment strategies applied in both groups. Though, athletes are more often advised
to ‘go easy on the knee’ and to rest than the non-athletes. However, this advice might
be related to the physical activity level of the patients. Further, there is a trend towards
increased medical consumption among athletes while the functional disability scores
are higher and the pain scores are lower than among the non-athletes.
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Abstract
Background

Patellofemoral complaints are frequently seen in younger and active patients. Clinical
strategy is usually based on decreasing provoking activities as sports and demanding
knee activities during work and leisure and reassuring the patient on the presumed good
outcome. Exercise therapy is also often prescribed although evidence on effectiveness
is lacking. The objective of this article is to present the design of a randomized clinical
trial that examines the outcome of exercise therapy supervised by a physical therapist
versus a clinically accepted “wait and see” approach (information and advice about the
complaints only). The research will address to both effectiveness and cost effectiveness
of supervised exercise therapy in patients with patellofemoral pain syndrome (PFPS).
Methods/design

136 patients (adolescents and young adults) with patellofemoral pain syndrome are
recruited in general practices and sport medicine centers. They will be randomly allocated receiving either 3 months of exercise therapy or usual care. The primary outcome
measures are pain, knee function and perception of recovery after 3 months and 12
months of follow up and will be measured by self-reporting. Measurements will take
place at baseline, 6 weeks, and 3 monthly until 1 year after inclusion in the study.
Secondary outcome measurements include an economic evaluation. A cost-utility
analysis will be performed that expresses health improvements in Quality Adjusted Life
Years (QALYs) and incorporates direct medical costs and productivity costs.
Discussion

This study has been designed after reviewing the literature on exercise therapy for patellofemoral pain syndrome. It was concluded that to merit the effect of exercise therapy a
trial based on correct methodological concept needed to be executed.
The PEX study is a randomized clinical trial where exercise therapy is compared to
usual care. This trial started in April 2005 and will finish in June 2007. The first results will
be available around December 2007.

The PEX study - design of a randomized clinical trial

Background
Patellofemoral pain syndrome (PFPS) is a common complaint in adolescents and
younger adults. Though exact epidemiological data do not exist, 5-6 six new cases per
year in Dutch GP-practices may be expected.1 2 The symptom most frequently reported
is a diffuse peripatellar and retropatellar localized pain, typically provoked by ascending or descending stairs, squatting, cycling and sitting with flexed knees for prolonged
periods of time.2 3 Weakness of the knee extensors and abnormal firing patterns of
the nerves innervating these knee extensors have been found in patients with PFPS.
These phenomena are thought to cause maltracking of the patella through the femoral
groove, resulting in increased intrapatellar pressure. Tight anatomical structures and
heavy physical loading may add to the pressure. This pressure probably causes patellofemoral pain.
PFPS frequently becomes a chronic problem, forcing the patient to stop sports and
other similar activities.4 The long-term prognosis is generally more favorable for young
patients, but seems to be independent of the presence of cartilage damage or gender 5.
Clinical guidelines of the Dutch College of General Practitioners advise GPs to inform
the patient about the background of the condition and its favorable prognosis.6 Patients
are advised to refrain from all (sports-) activities that provoke pain, and to find alternative exercises to keep in shape. Non-weight bearing quadriceps strengthening exercises
may be considered, but the guidelines explicitly mention that evidence for its effectiveness is lacking. Patellar taping is not advised. In case of prolonged unresponsive, severe
complaints, referral to an orthopedic surgeon may be considered. General practitioners
do not always adhere to these guidelines and prescriptions for analgesics such as
paracetamol and NSAIDs to reduce pain and referrals to physical therapists (exercise
therapy) are among the treatments regularly encountered (unpublished data authors).
People involved in sports and athletic activities may consult sports clinics with their
symptoms. In sports clinics it is more common to refer to physical therapy for exercises
(unpublished data authors).
Evidence for the effectiveness of conservative therapies for PFPS is scarcely available.2 Exercise therapy is based on the theoretical assumption that muscle weakness
or imbalance is a major contributor in the development of PFPS. The recent Cochrane
review performed by our group identified only 3 trials comparing exercise therapy with
a control group not receiving exercise therapy.7
We found limited evidence that exercise was beneficial, though the quality of the trials
was such that further research was recommended to confirm this conclusion.7 Recently
a small placebo controlled trial was published investigating the short-term effectiveness of exercise therapy combined with taping and passive manual mobilization of the
patella. The control group received sham ultrasound and placebo-taping. The authors
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reported beneficial effects in the intervention group (n=33) compared the control group
(n=34) after 6 weeks follow-up.8 Cost effectiveness data are not available at all.
Because physicians, especially the GP and sports physician, frequently are confronted
with patients with PFPS, but by lack of evidence are unable to apply the most (cost)effective treatment, a randomized intervention study is highly indicated. The ‘wait and see’
policy advocated in the guidelines should be compared to the more active approach
of exercise therapy under supervision of a physical therapist, in order to assess (cost)
effectiveness of both approaches.
The trial will target patients (adolescents and young adults) presenting in general
practice and sports clinics with the symptoms of PFPS and no history of previous active
treatment with exercises. In this article we will present the detailed protocol of the trial.
This trial started April 2005 and patients will be included until June 2006.

Methods/design
Study design

This study is a randomized clinical trial to study short-term and long-term (cost) effectiveness of exercise therapy in combination with advice and information on the
background of PFPS compared to advice and information on the background of PFPS
only (“wait and see”)
The study design (Figure 1) was approved by the Medical Ethics Committee at the
Erasmus MC – university medical centre Rotterdam. All patients gave written informed
consent.
Patient selection

Patients eligible for this trial are adolescents and young adults in the age of 14 to 40
years consulting the GP or sports physician for PFPS lasting longer than two months
but not longer than 2 years. Recruitment will take place in “HONEUR” practices (a research network of 38 general practices allied with the Department of General Practice
of Erasmus MC) and in 4 sports medical centers in Rotterdam, Leidschendam, Breda and
Gorinchem.
The recruitment period is planned from April 2005 until June 2006.
In- and exclusion criteria

Inclusion criteria are the following diagnostic criteria; Presence of at least 3 symptoms of
the following: pain when walking stairs, pain when squatting, pain when running, pain
when cycling, pain when sitting with knees flexed for a prolonged period of time, grinding of the patella, positive physical tests (Clarke’s test, Rabot sign, patella release test).

The PEX study - design of a randomized clinical trial

Diagnosis PFPS by GP or sports physician

regular care by doctor
leaflet for patient on PFPS, information on study
and reply form

Investigators receive patients reply form

Inclusion by telephone, baseline questionnaire
+ informed consent is send
Return baseline Q./informed consent

Randomization

Intervention group
Advice doctor +
Exercise therapy

Control group
Advice doctor

12 weeks exercise
- 6 weeks at PT’s (+ home)
- 6 weeks home exercises

5 questionnaires: 6 weeks, 3 months, 6 months, 9 months and 12 months
Primary Outcome measurements:
Pain severity
Knee function
Perceived recovery

Secondary Outcome measurements
Direct medical costs
Productivity costs
Health improvement

Figure 1 Flow chart of the study design

The exclusion criteria are: knee osteoarthrosis / arthritis, previous knee injury or knee
operations, patellar tendinopathy, M.Osgood Schlatter, or other defined pathological
conditions of the knee.
Sample size

Sample size is based on studies included in our systematic review.7 In a single study investigating a similar contrast of interventions there was an absolute increase in recovery
of 22% (19% recovery in the usual care group to 41% recovery in the exercise therapy
group) after one year, OR 2.21 (95%CI 0.87 - 5.64)).9 This represents a clinically relevant
increase and is expected to be even more pronounced after 3 months follow-up. Such a
difference can be detected statistically (power 0.80, alpha 0.05 one-sided test) with 61
patients per group. With a potential dropout rate of 10% a total of 136 patients should
be included.
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Intervention

The interventions that will be compared in this trial are: A) Exercise therapy for a period
of 6 weeks, provided by a physical therapist according to a standardized protocol drawn
up according to present international expert opinion and modified by local participating physical therapists into a practical protocol which is feasible in daily practice. The
program consists of static and dynamic muscular exercises for quadriceps muscles, balance exercises and flexibility exercises. Patients are directed to practice 7 times a week
during 20 minutes.
Instructions concerning the exercises will be noted on the “workout book” (Figure 2)
which has been designed for the study. The notes regarding frequency and duration of
exercises are sent to the investigators after the three month period of exercise.

Straight leg raising
Straight leg raising (supine)
(leg in external rotation)

3 series, 30 reps

Leg extensions:
10°° flexion to full extension
3 series, 30 reps

Isometric VMO/ Adductor Magnus contraction
in full extension
Contraction of quadriceps muscles, external
rotation of the foot.

3 series, 8 reps, 10-15 seconds

Figure 2: Sheet from the workout book with example exercises

The PEX study - design of a randomized clinical trial

Patients will receive standardized information about the background and prognosis of
PFPS on a specially designed leaflet. After the period of 6 weeks patients will be advised
to keep up the exercises at home for the following 6 weeks.
B) The control group will receive the standardized information and advice. This advice
consists of the information usually given by GPs, according to the guidelines: information about the background of the condition and its good prognosis, advice to refrain
from all (sports-) activities that provoke pain, and to find alternatives to keep in shape.
An information leaflet for the patients has been compiled to contribute to the standardization for both groups.
Co-interventions:

During the one year follow-up other interventions like the use of ice applications, bandages or braces, or consumption of oral analgesics (NSAIDs or paracetamol) indicated
by pain severity are allowed for both groups. Information about these co-interventions
will be collected after 6 weeks and every 3 months and during one year follow-up and
will be used in the cost-effectiveness analysis.
Randomization

After recruitment through the participating GP’s and sport physicians the patient is
finally accepted in the study after written informed consent and reassessment of the
inclusion and exclusion criteria Following this informed consent and baseline assessments, patients are allocated to the intervention or control group using a blinded and
computer based randomization list. The randomization table will be stratified for the
setting (general practice versus sports clinic) and for age (14-18 versus 19-40). Patients
are informed about the treatment allocation and subsequently the patients in the exercise group receive their treatment from a physical therapist in a predetermined center,
whereas patients in the control group will not receive this intervention.
Measurements
Outcome parameters:

Primary outcome measures are: perceived recovery (measured with a 7 point Likert scale
functional disability using a disease-specific disability scale (Kujala Patellofemoral Scale)
and a pain severity using a numerical rating scale after 3 and 12 months of follow-up.10-12
(Table 1)
Secondary outcome measures are cost-effectiveness after one year, the primary outcome parameters at 6 weeks follow-up, quality of life (Euroqol) and a numerical rating
scale (NRS 0-10) for difficulties encountered during work, school or sports activities.13
Medical consumption (visits to health care providers and consumptions of prescription
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Table 1: Questionnaires for primary and secondary outcome measurements
Primary outcome measurements
Perceived recovery

Likert scale

Functional disability

Kujala Patellofemoral Scale

Pain Severity

Numerical Rating Scale (NRS)

Secondary outcome Measurements
Direct medical costs

Healthcare Consumption

Productivity costs

PRODISQ

Health (improvement)

EuroQol

or over the counter medication), absence from work or decreased productivity at work,
and other indirect an direct costs are all included in the economic evaluation.
Baseline and follow-up questionnaires at 6 weeks and 3 and 12 months will be filled
out by the patients themselves. Quality of life, direct costs and productivity costs and
compliance to the interventions will be measured after 6 weeks and every 3 months
during one year also by self-reporting..
Analyses

All analyses will take place after the trial has finished, no intermediate analyses will be
performed.
To evaluate the effectiveness of supervised exercise therapy in patients with PFPS
differences in clinical outcome measures between intervention and control group will
be analyzed on the basis of intention to treat. Additionally, analysis per protocol will be
conducted. Dichotomous outcomes at three and 12 months follow-up will be analyzed
using logistic regression techniques and continuous outcomes with linear regression
techniques. Of the primary outcomes perceived recovery will be dichotomized to recovered (fully, strongly) or not recovered (slightly-strongly worsened). Other primary
outcome measurements will be analyzed as continuous variables. Analyses will be adjusted for baseline values and for co-interventions and possible prognostic factors in
case the effect estimate changes with more than 10% when including these variables
in the model.
Additionally the overall one year dichotomous outcomes will be analyzed using GEE
(generalized estimating equations), continuous outcomes will be analyzed using linear
regression for repeated measurements.14 Both techniques take the correlation of multiple measurements within one patient into account.
Research question 2 “What is the cost-effectiveness of supervised exercise therapy in
patients with PFPS ....” is the basis for the economic evaluation.

The PEX study - design of a randomized clinical trial

In the economic evaluation (a cost utility analysis) both the costs and the consequences
of both treatment options are compared and incremental costs and incremental health
effects the latter (in terms of quality of life) is estimated.
The economic evaluation is performed alongside the randomized clinical trial. Patients will complete questionnaires for costs and quality of life after 6 weeks and every 3
months. Only if the difference in health between the treatment arms appears not to be
stable over time, an additional modeling study using a Markov model will be performed.
Statistical methods are used to describe uncertainty in costs and effects estimates based
on patient data. A 95% confidence interval for the cost-utility ratio will be calculated and
an acceptability curve will be presented.
Cost-analysis
For the economic evaluation a societal perspective is employed. The relevant costs are
divided into direct medical costs and productivity costs.
- Direct costs
The costs of health care utilization during the twelve months follow-up consist of
visits to a general practitioner, medical specialist, physiotherapist, manual therapist,
prescribed and over the counter (OTC) medicines, alternative practitioners and hospitalization and appliances. In the patient questionnaire we ask for the health care
consumption in the past six weeks. The costs for the period between two measurements (mostly 3 months) are established through linear interpolation. The medical
consumption is valued based on resource costs and guideline costs.15
- Productivity costs
The productivity costs are defined as the costs of absence from work due to PFPS,
including the impact of compensation mechanisms the costs of efficiency loss due
to PFPS and the costs of hindrance at unpaid work. In the questionnaire the patients
are asked to report the reason for absence from work and the number of absent
days.16 17 To this end we will use the PRODISQ questionnaire.18 The valuation of an
hour work the average productivity costs per hour worked will be based on the Net
National Income per working hour.15 The friction cost method is used to value the
productivity costs related to paid work.19 Productivity costs can also occur when
people with health complaints are still working, but at a lower productivity level.
This is called efficiency loss. The efficiency losses without absence are established
by means of the Quality and Quantity-method.13 Productivity losses at unpaid work
are assessed by hindrance at unpaid work and the number of hours that housekeeping tasks were taken over by other people, and for how many hours paid help was
needed. The costs of one hour of housekeeping tasks is set at the current price of one
hour of simple professional home care.
- Patient outcome analysis in the economic evaluation
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The patellar pain may affect Health Related Quality of Life. This is measured with a
generic instrument, the EuroQol instrument EQ-5D 20 21 The EQ-5D descriptive system consists of five dimensions (Mobility, Self Care, Usual Activities, Pain/Discomfort
and Anxiety/Depression) with three levels each (no problems, some problems and
extreme problems), thus defining 243 (35) distinct health states. Respondents of the
EuroQol EQ-5D describe their own health using this descriptive system. Preference
weights based on the Time Trade-Off method for the 243 EQ-5D health states are
available from a large-scale study in the UK and a recent Dutch study to calculate
EQ-5D index scores that can be used as utilities to calculate QALYs.20 21 22

Discussion
The PEX-study has been designed after reviewing the literature on exercise therapy for
patellofemoral pain syndrome.7 It was concluded that though exercise therapy may
have a beneficial effect on PFPS the scientific evidence is limited due to small sample
size and a small amount of studies including a control group.
Based on available literature our research group expects to discover (beneficial)
changes from exercise therapy in perceived recovery, pain severity and functional disability in the PEX study.
The PEX study is a randomized clinical trial where exercise therapy is compared to
usual care. The trial started in April 2005 and is expected to finish in June 2007. The first
results will be available around December 2007.
Acknowledgements
The PEX study was funded by a grant of ZON-MW (945-04-356).

The PEX study - design of a randomized clinical trial

References
1.
2.
3.
4.

5.
6.
7.
8.
9.
10.

11.
12.
13.
14.
15.

16.

17.

18.
19.
20.

Van der Velden J. Een nationale studie naar ziekten en verrichtingen in de huisartspraktijk. Basisrapport: morbiditeit in de huisartspraktijk. Utrecht: NIVEL, 1991.
Arroll B, Ellis-Pegler E, Edwards A, Sutcliffe G. Patellofemoral pain syndrome. A critical review of
the clinical trials on nonoperative therapy. Am J Sports Med 1997;25(2):207-12.
Cutbill JW, Ladly KO, Bray RC, Thorne P, Verhoef M. Anterior knee pain: a review. Clin J Sport Med
1997;7(1):40-5.
Witvrouw E, Lysens R, Bellemans J, Cambier D, Vanderstraeten G. Intrinsic risk factors for the
development of anterior knee pain in an athletic population. A two-year prospective study. Am J
Sports Med 2000;28(4):480-9.
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.
Cirkel JW, Klaassen WRC, Kunst JA, Aarns TEM, Plag EC, Goudswaard AN, et al. Niet-Traumatische
knieproblemen bij kinderen en adolescenten; NHG-Standaard. Huisarts Wet 1998;41(5):246-251.
Heintjes E, Berger MY, Bierma-Zeinstra SM, Bernsen RM, Verhaar JA, Koes BW. Exercise therapy for
patellofemoral pain syndrome. Cochrane Database Syst Rev 2003(4):CD003472.
Crossley K, Bennell K, Green S, Cowan S, McConnell J. Physical therapy for patellofemoral pain: a
randomized, double-blinded, placebo-controlled trial. Am J Sports Med 2002;30(6):857-65.
Clark DI, Downing N, Mitchell J, Coulson L, Syzpryt EP, Doherty M. Physiotherapy for anterior knee
pain: a randomised controlled trial. Ann Rheum Dis 2000;59(9):700-4.
Van Der Heijden GJ, Leffers P, Wolters PJ, Verheijden JJ, van Mameren H, Houben JP, et al. No effect
of bipolar interferential electrotherapy and pulsed ultrasound for soft tissue shoulder disorders:
a randomised controlled trial. Ann Rheum Dis 1999;58(9):530-40.
Kujala UM, Jaakkola LH, Koskinen SK, Taimela S, Hurme M, Nelimarkka O. Scoring of patellofemoral disorders. Arthroscopy 1993;9(2):159-63.
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.
Brouwer WB, Koopmanschap MA, Rutten FF. Productivity losses without absence: measurement
validation and empirical evidence. Health Policy 1999;48(1):13-27.
Diggle PJ, Liang KY, Zeger SL. Analysis of Longitudinal Data. Oxford: Clarendon Press, 1994.
Oostenbrink JB, Koopmanschap MA, Rutten FFH. Handleiding voor kostenonderzoek; methoden
en richtlijnprijzen voor economische evaluaties in de gezondheidszorg. Amstelveen: College voor
zorgverzekeringen, 2000.
Jacob-Tacken KH, Koopmanschap MA, Meerding WJ, Severens JL. Correcting for compensating
mechanisms related to productivity costs in economic evaluations of health care programmes.
Health Econ 2005;14(5):435-43.
van Roijen L, Essink-Bot ML, Koopmanschap MA, Bonsel G, Rutten FF. Labor and health status
in economic evaluation of health care. The Health and Labor Questionnaire. Int J Technol Assess
Health Care 1996;12(3):405-15.
Koopmanschap M. PRODISQ: a modular questionnaire on productivity and disease for economic
evaluation studies. Expert Rev Pharmacoeconomics Outcomes Res 2005;5(1):23-28.
Koopmanschap MA, Rutten FF, van Ineveld BM, van Roijen L. The friction cost method for measuring indirect costs of disease. J Health Econ 1995;14(2):171-89.
Brooks R. EuroQol: the current state of play. Health Policy 1996;37(1):53-72.

51

52

Chapter 4

21
22

Dolan P, Gudex C, Kind P, Williams A. The time trade-off method: results from a general population
study. Health Econ 1996;5(2):141-54.
Lamers LM, Stalmeier PF, McDonnell J, Krabbe PF, van Busschbach JJ. [Measuring the quality of life
in economic evaluations: the Dutch EQ-5D tariff ]. Ned Tijdschr Geneeskd 2005;149(28):1574-8.

Chapter 5
Supervised exercise therapy versus usual
care for patellofemoral pain syndrome: an
open label randomised controlled trial
Robbart van Linschoten
Marienke van Middelkoop
Marjolein Y. Berger
Edith M. Heintjes
Jan A. N. Verhaar
Sten P. Willemsen
Bart W. Koes
Sita M. Bierma-Zeinstra
BMJ 2009;339:b4074, doi:10.1136/bmj.b4074

56

Chapter 5

Abstract
Objective

To assess the effectiveness of supervised exercise therapy compared with usual care with
respect to recovery, pain, and function in patients with patellofemoral pain syndrome.
Design

Open label randomised controlled trial.
Setting

General practice and sport physician practice.
Participants

Patients with a new episode of patellofemoral pain syndrome recruited by their general
practitioner or sport physician.
Interventions

The intervention group received a standardised exercise programme for 6 weeks tailored
to individual performance and supervised by a physical therapist, and were instructed
to practise the tailored exercises at home for 3 months. The control group were assigned
usual care, which comprised a “wait and see” approach of rest during periods of pain and
refraining from pain provoking activities. Both the intervention group and the control
group received written information about patellofemoral pain syndrome and general
instructions for home exercises.
Main outcome measures

The primary outcomes were self reported recovery (7 point Likert scale), pain at rest and
pain on activity (0-10 point numerical rating scale), and function (0-100 point Kujala
patellofemoral score) at 3 months and 12 months follow-up.
Results

A total of 131 participants were included in the study: 65 in the intervention group
and 66 in the control group. After 3 months, the intervention group showed better
outcomes than the control group with regard to pain at rest (adjusted difference −1.07,
95% confidence interval −1.92 to −0.22; effect size 0.47), pain on activity (−1.00, −1.91
to −0.08; 0.45), and function (4.92, 0.14 to 9.72; 0.34). At 12 months, the intervention
group continued to show better outcomes than the control group with regard to pain
(adjusted difference in pain at rest −1.29, −2.16 to −0.42; effect size 0.56; pain on activity
−1.19, −2.22 to −0.16; effect size 0.54), but not function (4.52, −0.73 to 9.76). A higher
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proportion of patients in the exercise group than in the control group reported recovery
(41.9% v 35.0% at 3 months and 62.1% v 50.8% at 12 months), although the differences
in self-reported recovery between the two groups were not statistically significant. Predefined subgroup analyses revealed that patients recruited by sport physicians (n=30)
did not benefit from the intervention, whereas those recruited by general practitioners
(n=101) showed significant and clinically relevant differences in pain and function in
favour of the intervention group.
Conclusion

Supervised exercise therapy resulted in less pain and better function at short term and
long term follow-up compared with usual care in patients with patellofemoral pain
syndrome in general practice. Exercise therapy did not produce a significant difference
in the rate of self-reported recovery.
Trial registration ISRCTN83938749.
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Introduction
Patellofemoral pain syndrome can be defined as pain around the patella that occurs
during or after high loaded flexion and extension of the knee.1-3 The main symptom is
pain, and the condition generally progresses to impaired function. Physicians, especially
general practitioners (GPs) and sport physicians are frequently confronted with patients
who have patellofemoral pain syndrome. Although there are no precise epidemiological
data, an average GP practice in the Netherlands reports about five or six new cases a
year.4 In sport medicine practices, patellofemoral pain syndrome comprises up to 25% of
all new runninginjuries.5 6 Women are more likely to be affected than men.7 Pain usually
starts during adolescence when participation in sporting activities is high,7 although
symptoms can occur over a prolonged period of time.8 Extensive diagnostic investigations do not yield specific pathology. There is no agreement concerning the etiology
of patellofemoral pain syndrome or the most appropriate treatment. There is, however,
general consensus that the preferred treatment approach is non-surgical. Rest during
periods of pain and refraining from pain provoking activities are advised; this “wait and
see” approach is advocated in the Dutch national GP guidelines and is considered usual
care.9
An active approach to treating patellofemoral pain syndrome has been advocated since
the 1990s. Strategies range from simple quadriceps strengthening to more complex
exercise therapy including taping or bracing.1 3 6 8 10 11 According to a systematic review on
the benefits of exercise therapy for patellofemoral pain syndrome,12 there is only limited
evidence that exercise is more effective than no exercise with respect to pain reduction.
Furthermore, the evidence as to whether exercise provides functional improvement is
conflicting.
The objective of the present study was to investigate in the short term as well as in
the long term the effects of exercise therapy compared with usual care in patients with
patellofemoral pain syndrome.

Methods
The study protocol has been published previously.13 Briefly, patients aged between 14
and 40 years consulting their GP or sport physician for patellofemoral pain syndrome
were eligible for this trial. Inclusion criteria comprised the presence of at least three of
the following symptoms: pain when walking up or down stairs; pain when squatting;
pain when running; pain when cycling; pain when sitting with knees flexed for a prolonged period of time; grinding of the patella; and a positive clinical patellar test (such
as Clarke’s test or patellar femoral grinding test).14 15 Symptoms had to have persisted for
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longer than 2 months but not longer than 2 years. Patients were excluded if they had
knee osteoarthritis, patellar tendinopathy, Osgood-Schlatter disease, or other defined
pathological conditions of the knee, or had previous knee injuries or surgery. Patients
were also excluded if they had already been treated with supervised exercise therapy.
Recruitment took place in 38 “HONEUR” practices —general practices allied with the
Department of General Practice at Erasmus University Medical Center—and in four
sports medical centers in Rotterdam, Leidschendam, Breda, and Gorinchem. Eligible
patients were informed about the study and introduced to the research team, who provided patients with more extensive information, checked that patients met the inclusion
and exclusion criteria, and obtained informed consent. After inclusion, patients were
randomly allocated to the intervention (exercise therapy) or the control (usual care). The
randomisation was done by an independent researcher who used a computer generated list in which patients were stratified by age (14-17 years or 18 years and older) and
by recruiting physician (GP or sport physician). A block size of eight was used within the
four strata.
Interventions

Patients in the intervention group followed a standardized exercise protocol tailored
to individual achievement and were supervised by a physical therapist. The program
consisted of a general warm up on a bicycle ergometer followed by static and dynamic
muscular exercises for the quadriceps, adductor, and gluteal muscles. The program also
included balance exercises and flexibility exercises for major thigh muscles. Patients
exercised for 25 minutes supervised by the physical therapist. The load of the exercise
program was increased every 2 weeks during the first 6 weeks by increasing the number
of repetitions or the intensity of the exercises. The increment of the exercise protocol
was monitored by the physical therapist who was guided by pain reaction on exertion.
Patients visited the therapist nine times in 6 weeks. In addition, they were instructed to
practice the exercises daily for 25 minutes over a period of 3 months. To enhance compliance, patients received a tutorial with photographs, a text explaining the exercises, and
a diary to register the amount of exercising. Both the intervention group and the control
group received standardised information and advice from their GP or sport physician
about the background of patellofemoral pain syndrome and its good prognosis, as well
as advice to refrain from all sports activities that provoke pain. Patients were recommended to use a simple analgesic such as paracetamol when pain was severe and to find
alternative ways to keep in shape.
Instructions for daily isometric quadriceps contractions were given to both groups
according to the guidelines for Dutch GPs.9 All this information was compiled to a leaflet
that was handed to the patients in both groups to promote standardisation (see web
extra).

59

60

Chapter 5

Other interventions—like the use of bandages or braces, insoles, or ice applications,
or consumption of medication other than simple analgesics—were allowed in both
groups. Information about these additional interventions was collected after 6 weeks
and at 3, 6, 9, and 12 months using self-report questionnaires. Physicians were instructed
not to refer patients in the control group to a physical therapist during the first 3 months
of follow-up (that is, when participants in the intervention group were receiving the
exercise therapy), and patients in the control group were instructed not to visit a physical therapist during this period.
Outcome measurement

Follow-up self-report questionnaires were filled in by patients at baseline, at 6 weeks,
and at 3 months, 6 months, 9 months, and 12 months after inclusion in the study.
Primary outcomes measured at 3 and 12 months follow-up were: perceived recovery
compared with at the start of the study, measured on a 7 point Likert scale ranging from
“completely recovered” to “worse than ever”; functional disability, measured using the
Kujala Patellofemoral Scale, a disease specific validated disability scale ranging from 0
(complete disability) to 100 (fully functional)16; and pain severity at rest and on activity,
measured using a numerical rating scale ranging from 0 (no pain) to 10 (unbearable
pain).17 18 Patients were deemed to have recovered if they rated themselves as “fully
recovered” or “strongly recovered” on the Likert scale, whereas those who rated themselves as “slightly recovered” to “worse than ever” were deemed to have not recovered.
This threshold was used to dichotomise perceived recovery into two clear categories:
“recovered” and “not recovered.”
Sample size

Our sample size calculation was based on a previous study by Clark et al that undertook
a similar comparison of interventions.19 They reported an absolute increase in recovery
after one year of 22% in the exercise therapy group (19% recovery in the usual care
group compared with 41% recovery in the exercise therapy group). Such a difference
can be detected statistically with 61 patients in each group (power 0.80,alpha 0.05, one
sided test for the additional value of supervised exercise therapy). We anticipated that
we would need a study population of 136 patients, allowing for a potential dropout rate
of 10%.
Statistical analysis

Differences between the intervention and control group were analysed on an intention
to treat basis. Subgroup analysis was performed for predefined subgroups based on
age and type of recruiting physician. Differences in dichotomous outcomes (between
“recovered” patients and “not recovered” patients) were analysed using logistic regres-
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Patients recruited by
GPs and sports
physicians
(n=163)

Excluded (n=32)
Did not meet inclusion criteria (N=16)
No final informed consent (N=10)
Symptoms diminished (N=6)

Patients randomly
assigned
(n=131)

Exercise therapy
(n=65)

Controls
(n=66)

6 violated the protocol
(did not visit the physical therapist)

8 violated the protocol
(received physical therapy)

Additional interventions used
(3months)

Additional interventions used
(3 months)
NSAID (n=10)
Topical agents (n=8)
Bandages/braces (n=20)
Insoles (n=7)
Physical therapy (n=8)

NSAID (n=4)
Topical agents (n=2)
Bandages/braces (n=13)
Insoles (n=9)
Physical therapy (n=0#)

Lost to follow-up
at 3 months (n=2)
motivation (1 at 6 weeks)
unable to reach (1 at 3 months)

Lost to follow-up
at 3 months (n=4)
motivation (2 at 6 weeks)
moved abroad (1 at 6 weeks)
motivation (1 at 3 months)

Analyzed at 3 months

Analyzed at 3 months

Analysis for Recovery (n=64)
Analysis for Function, Pain (n=65)

Analysis for Recovery (n=62)
Analysis for Function, Pain (n=66)

Additional interventions used

Additional interventions used

(12 months)

(12 months)

NSAID (n=2)
Topical agents (n=2)
Bandages/braces (n=5)
Insoles (n=0)
Physical therapy (n=13#)

NSAID (n=5)
Topical agents (n=3)
Bandages/braces (n=8)
Insoles (n=6)
Physical therapy (n=8#)

Lost to follow-up

Lost to follow-up

at 12 months (n=5)
communication/unable to reach (2 at 6 months)
unable to reach (1 at 9 months)
unable to reach (2 at 12 months)

at 12 months (n=3)
motivation (1 at 6 months)
moved (1 at 9 months)
unable to reach (1 at 12 months)

Analyzed at 12 months

Analyzed at 12 months

Analysis for Recovery (n=64)
Analysis for Function, Pain (n=65)

Analysis for Recovery (n=63)
Analysis for Function, Pain (n=66)

Figure 1 Flow chart of the recruitment, inclusion, assignment, and subsequent follow-up of the study
patients. #=physical therapy additional to intervention

sion techniques for repeated measurements (including measurements at 6 weeks and at
3, 6, 9, and 12 months) and expressed in odds ratios. Differences in continuous outcomes
(pain scores and functional scores) were analysed with linear regression techniques for
repeated measurements, which take the correlation of multiple measurements within
one patient into account.
Possible prognostic variables (age, gender, BMI, duration of knee symptoms, presence
of bilateral symptoms, educational level, work participation, sports participation, and
recruiting physician) were tested for their prognostic value in univariate regression
analyses. All analyses were adjusted for baseline values and for possible prognostic factors. The influence of exercise therapy on each outcome was tested using a model that
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included prognostic variables with a P value of 0.1 or less and baseline values for pain at
rest, pain on activity, and function score. Although the sample size calculation was based
on a one sided testing approach, for the convenience of the reader we chose to show the
results for the more conservative two sided tests, which were statistically significant at a
P value of 0.05. For statistically significant dichotomous outcomes, the number needed
to treat is given (defined as 1/risk difference for the defined outcome). For continuous
data, we report effect sizes (Cohen’s d), which are defined as the difference in outcome
between the groups divided by the standard deviation of the baseline scores for this
outcome.20 Differences in the number of additional interventions used in both groups
were tested with Chi square statistics at a significance level of P=0.05.Analyses were
conducted with SPPS 12.0 (SPSS; Chicago, IL, USA) and SAS 8.2 (SAS Institute; Cary, NC,
USA).

Results
Between April 2005 and April 2007, 163 patients with patellofemoral pain syndrome
were recruited by the participating GPs and sport physicians. Of these individuals, 16
patients did not meet the inclusion criteria, 10 withdrew consent after being informed
more extensively, and six were excluded because their symptoms had diminished.
Therefore, a total of 131 patients were enrolled in the study and randomly assigned to
the intervention group or the control group. Figure 1 shows the recruitment, inclusion,
assignment, and subsequent follow-up of the study patients.
The exercise therapy group (n=65) and control group (n=66) had similar baseline characteristics (table 1). Almost twice as many women as men were included in the whole
sample. Bilateral knee symptoms were more common than unilateral symptoms, and
the study population had a high level of sports participation.

Primary outcome parameters
Tables 2 and 3 show the primary outcome measurements (recovery, function scores, and
pain) at baseline and at 3 and 12 months follow-up. Outcomes at 3 and 12 months were
missing for some patients, but available data from other time points were included in
the analyses. This approach meant that the number of patients was not always equal for
the different outcome measures. Both the intervention and control group had a lower
pain score at 3 months follow-up than at baseline. The adjusted analysis at 3 months
showed a significant difference in pain at rest (−1.07, 95% CI −1.92 to −0.22; P=0.01) and
pain on activity (−1.00, −1.91 to −0.08; P=0.03) in favour of the exercise group. The func-
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tion score was considerably higher in the exercise than in the control group (adjusted
difference 4.92, 0.14 to9.72; P=0.04). Effect sizes for exercise therapy ranged from 0.47
(pain at rest) and 0.45 (pain on activity) to 0.34 (function). There was no significant difference in self-reported recovery, as defined by the outcome measurement “recovered,”
between the groups at 3 months. When we used the outcome measurement “improved”
(that is, “fully recovered,”“strongly recovered,” or “slightly recovered”), however, we found
that recovery at 3 months was significantly more likely in the exercise group than in the
control group (81% improved v 53% improved; adjusted odds ratio 4.07, 95% CI 1.86 to
8.90; number needed to treat 3.6).
Between 3 and 12 months, another eight patients were lost to follow-up (five in the
intervention group and three in the control group; see fig 1). One person who was lost

Table 1. Baseline characteristics of the study population
Exercise therapy
(n=65)

Control
(n=66)

Total
(n=131)

Age in years (mean (SD))

24.7 (8.6)

23.3 (7.8)

24.0 (8.2)

Age ≥18 years (%)

69.3

69.7

69.5

Male gender (%)

35.4

36.4

35.9

BMI (mean (SD))

23.2 (3.9)

23.0 (3.4)

23.1 (3.6)

2-6 months (%)

69.2

66.6

67.9

6-24 months (%)

31.8

33.4

32.1

55.4

65.2

60.3

Low (elementary school, lower level high
school) (%)

23.4

22.7

23.6

Medium or high (upper level high school,
vocational college, university) (%)

76.6

77.3

76.4

None (%)

26.2

28.8

27.4

<25 hrs (%)

35.4

36.4

35.9

≥25 hrs (%)

38.5

34.8

36.6

75.4

75.8

75.6

General practitioner (%)

76.9

77.3

77.1

Sport physician (%)

23.1

22.7

22.9

Function score out of 100 (mean (SD))

64.4 (13.9)

65.9 (15.2)

65.1 (14.5)

Pain at rest out of 10 (mean (SD))

4.14 (2.3)

4.03 (2.3)

4.08 (2.3)

Pain on activity out of 10 (mean (SD))

6.32 (2.2)

5.97 (2.3)

6.15 (2.2)

Duration of symptoms

Bilateral knee symptoms (%)
Educational

Hours of work a week

Sports participation
Recruiting physician

BMI, body mass index; SD, standard deviation.
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Table 2 Recovery at 3 and 12 months follow-up
Exercise therapy
(n=65)
Baseline 3 months
(n/N (%))
Recovered* —

26/62
(41.9)

Control
(n=66)

12 months Baseline 3 months 12 months
(n/N (%))
(n/N (%)) (n/N (%))
36/58
(62.1)

—

21/60
(35.0)

30/59
(50.8)

Adjusted
odds
ratio†
(95% CI) at
3 months
1.34 (0.65
to 2.79)

Adjusted
odds ratio†
(95% CI) at
12 months
1.60 (0.77 to
3.34)

Frequencies are reported for those patients available at that time point. Adjusted odds ratios are reported
for the total available in analysis.
*Recovered=fully or strongly recovered.
†Recovery was adjusted for duration of symptoms.
Table 3 Function and pain scores at 3 and 12 months follow-up
Exercise therapy
(n=65)

Control
(n=66)

Baseline 3 months 12
months
(mean
(mean
(mean
(SD))
(SD))
(SD))

Baseline 3 months 12
months
(mean
(mean
(mean
(SD))
(SD))
(SD))

Adjusted
difference*
(95% CI) at 3
months

Adjusted
difference*
(95% CI) at 12
months

65.9
(15.2)

4.92
(0.14 to 9.72)

4.52 (−0.73 to
9.76)

Function 64.4
(13.9)
score
(0-100)

78.8 (15.5) 83.2
(14.8)

74.9
(17.6)

79.8
(17.5)

Pain
at rest
(0-10)

4.14 (2.3) 2.30 (2.5)

1.43 (2.2)

4.03 (2.3) 3.22 (2.8) 2.61 (2.9)

−1.07
−1.29
(−1.92 to −0.22) (−2.16 to −0.42)

Pain on
activity
(0-10)

6.32 (2.2) 3.81 (2.9)

2.57 (2.9)

5.97 (2.3) 4.60 (3.0) 3.54
(3.38)

−1.00
−1.19
(−1.91 to −0.08) (−2.22 to −0.16)

Mean scores are reported for those patients available at that time point. Adjusted differences are reported
for the total available in analysis.
*Function score was adjusted for baseline score, age, and duration of symptoms. Pain at rest was adjusted
for baseline score and age. Pain on activity was adjusted for baseline score, age, and gender. Positive
adjusted differences for the function score, and negative difference for pain scores, are in favour of the
exercise group.

before the 3 month follow-up was located and available for follow-up in the 3-12 month
period.
At the 12 month follow-up, further improvement on pain and function scores from
baseline was noted for both groups. The adjusted differences in pain scores between
the groups still showed a significant difference in favour of the exercise group (pain
at rest −1.29, 95% CI −2.16 to −0.42; P<0.01 and pain on activity −1.19, −2.22 to −0.16;
P=0.02). The effect sizes for exercise therapy on pain were 0.56 and 0.54, respectively.
The difference in function scores at 12 months, however, did not reach statistical significance (4.52, 95% CI −0.73 to 9.76; P=0.09). The different between the two groups in the
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proportion of patients reporting “recovery” at 12 months was not significant. Additional
analysis of the data excluding the participants who violated the protocol during the first
3 months of follow-up showed greater differences in the outcome parameters of pain
and function at 3 and 12 months. The odds ratio for the outcome parameter “recovery”
at 12 months increased from 1.60 to 2.10 (95% CI 0.94 to 4.66; P=0.07).

Subgroup analysis
Tables 4 and 5 present data for the subgroup analysis by recruiting physician. Among
patients recruited by a GP, those in the exercise group had significantly higher and
clinically relevant differences on the pain and functional outcome parameters compared
with the control group at both 3 and 12 months follow-up (effect size pain at rest 0.67
(P<0.01) at 3 months and 0.79 (P<0.01) at 12 months; effect size pain on activity 0.62
(P<0.01) and 0.65 (P=0.02); and effect size function 0.57 (P<0.01) and 0.55 (P<0.01)).
Among patients recruited by a sport physician, however, those in the exercise group did
not show better outcomes than those in the control group at either follow-up point. Still
no significant differences were found between the treatment and intervention groups
for recovery at 3 and 12 months. A further subgroup analysis was done on the basis of
age. The effect estimates for recovery, pain, and function at 3 and 12 months for patients
aged 14-17 years and for those aged 18 years or older were similar to those in the whole
cohort. Because of lower power, there were no significant differences between the exercise therapy and control groups according to age, except for pain on activity at 3 months
and pain at rest at 12 months in patients aged 18 years or older.

Additional interventions
There was no significant difference between the intervention group and the control
group in the self-reported total amount of additional interventions used (non-steroidal
anti- inflammatory drugs (NSAIDs), bandages/braces, insoles, oral medication, and topical agents) during the first 3 months (that is, when participants in the intervention group
were receiving the tailored exercise therapy). The use of oral NSAIDs and topical agents
in the control group, however, was two to four times higher than in the intervention
group (P=0.096 and P=0.051, respectively; fig 1). Analysis of interventions used during
the following 9 months (up to 12 months follow-up) showed similar disparities between
the two groups in additional intervention use. The self-reported use of NSAIDs and topical agents was about three times higher in the control group than in the intervention
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—

—

4/14 (28.6)

22/48 (45.8)

8/14 (57.1)

28/44 (63.4)

3 months (n/N 12 months (n/N
(%))
(%))

—

—

Baseline

7/14 (50.0)

14/46 (30.4)

8/14 (57.1)

22/45 (48.8)

3 months (n/N 12 months (n/N
(%))
(%))

Control
(n=51)

0.39 (0.08 to 1.83)

2.10 (0.89 to 4.93)

Adjusted odds
ratio† (95% CI) at 3
months

Frequencies are reported for those patients available at that time point. Adjusted odds ratios are reported for the total available in analysis.
*Recovered=fully or strongly recovered.
†Recovery was adjusted for duration of symptoms.

Recovered*

Patients recruited
by sport physicians

Recovered*

Patients recruited
by general practitioners

Baseline

Exercise therapy
(n=50)

0.97 (0.22 to 4.25)

1.95 (0.82 to 4.65)

Adjusted odds ratio†
(95% CI) at 12 months

Table 4 Recovery at 3 and 12 months follow-up for patients recruited by a general practitioner compared with those recruited by a sport physician
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3 months
(mean (SD))

4.50 (2.3)

6.44 (2.2)

Pain at rest (0-10)

Pain on activity (0-10)

2.93 (2.1)

5.93 (1.9)

Pain at rest (0-10)

Pain on activity (0-10)

3.93 (3.4)

2.57 (3.3)

77.5 (16.4)

3.78 (2.8)

2.22 (2.3)

79.2 (15.5)

2.93 (3.5)

2.07 (2.7)

78.4 (18.6)

2.45 (2.6)

1.23 (2.0)

84.7 (13.2)

12 months
(mean (SD))

5.93 (2.0)

3.53 (1.9)

63.6 (16.6)

5.98 (2.4)

4.18 (2.4)

66.6 (14.8)

Baseline
(mean (SD))

3.57 (3.0)

2.29 (2.5)

79.6 (16.7)

4.91 (2.9)

3.50 (2.8)

73.4 (17.8)

3.21 (3.0)

1.93 (2.2)

83.9 (14.7)

3.64 (3.5)

2.82 (3.1)

78.6 (18.3)

3 months (mean 12 months
(SD))
(mean (SD))

Control
(n=51)

7.90 (2.20 to 13.60)

Adjusted difference*
(95% CI) at 12
months

0.41 (−1.83 to 2.64)

0.77 (−1.15 to 2.69)

−0.21 (−2.49 to 2.06)

0.56 (−1.15 to 2.28)

−4.11 (−15.54 to 7.33) −5.31 (−17.24 to 6.62)

−1.42 (−0.39 to −2.45) −1.49 (−0.29 to −2.69)

−1.56 (−2.52 to −0.61) −1.82 (−2.82 to −0.82)

8.23 (3.18 to 13.28)

Adjusted difference*
(95% CI) at 3 months

Mean scores are reported for those patients available at that time point. Adjusted differences are reported for the total available in analysis.
*Function score was adjusted for baseline score, age, and duration of symptoms. Pain at rest was adjusted for baseline score and age. Pain on activity was adjusted for
baseline score, age, and gender. Positive adjusted differences for the function score, and negative difference for pain scores, are in favour of the exercise group.

65.8 (14.0)

Function score (0-100)

Patients recruited by sports physicians

63.9 (14.0)

Function score (0-100)

Patients recruited by general practitioners

Baseline
(mean (SD))

Exercise therapy
(n=50)

Table 5 Function and pain scores at 3 and 12 months follow-up for patients recruited by a general practitioner compared with those recruited by a sport physician
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group (P=0.059 and P=0.09, respectively) whereas the use of supportive aids (bandages/
braces) was about two times higher in the control group (P=0.09).

Discussion
In patients with patellofemoral pain syndrome, exercise therapy produces better results
regarding pain and function at 3 months and at 12 months than usual care. We did not
find a significant difference between the exercise therapy group and the control group
in self-reported “recovery” (that is, patients who designated themselves as “fully recovered” or “strongly recovered”) at either 3 months or 12 months. Recovery at 3 months
was significantly more likely in the exercise group than in the control group when we
used the outcome measurement “improved” (that is, “fully recovered”, “strongly recovered,” or “slightly recovered”). After 12 months, nearly all patients had improved, and the
difference between the groups was no longer significant. We therefore conclude that,
although exercise therapy is effective for improving pain and function, these benefits
are not clearly reflected in patients’ self-reported recovery. Although perceived recovery
is relevant as a clinical outcome, understanding what exactly comprises recovery from
the patient’s point of view is difficult. We suspected that external factors might influence
prognosis and possibly also effectiveness, so we stratified our analysis for age and type
of recruiting physician.
Clinically relevant and statistically significant effects of exercise on pain and function
were found in patients recruited by the GP. This subgroup was relatively large (n=101)
and contributed considerably to the overall results. The group recruited by the sport
physician was small (n=30), however, and did not show any effect of exercise therapy
compared with usual care. The confidence intervals for this analysis were wide, so coincidental findings owing to the small numbers of patients recruited by sport physicians
cannot be excluded. There were no possible explanatory differences in baseline characteristics (including frequency and duration of symptoms, sports participation, and BMI)
between patients recruited by a GP and those recruited by a sport physician. There was
no difference between the exercise therapy group and the control group in the number
of additional interventions used during the first 3 months of the study, although there
was a two-fold to three-fold higher use of NSAIDs and a four times higher use of topical
agents in the control group. These figures remained stable during the course of one
year. These additional interventions might have influenced the outcome measurements.
The use of additional interventions was higher in the control group, however, implying
that differences in outcome measurements between the groups are more likely to be
underestimated than overestimated. Although not significant, the higher use of additional interventions in the control group may indicate a trend towards greater use of
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self-supportive means by patients with patellofemoral pain syndrome not referred to an
exercise program. When considered alongside the better outcome on pain scores in the
exercise group, the data indicate that the control group had an objective need to use
pain medication.

Comparison with other studies
Various studies have evaluated the efficacy of exercise therapy for patellofemoral pain
syndrome. Early studies without a control group indicated that rehabilitation including
exercise therapy could be beneficial for patients with patellofemoral pain syndrome.21 22
Witvrouw et al studied the effect of open compared with closed chain exercises
in patients with patellofemoral pain syndrome.23 24 Both types of exercise led to an
improvement in pain scores and an increase in strength of the quadriceps and hamstrings. The authors stated that, as a result of their study, they would use both open and
closed kinetic chain exercises in the non-operative treatment protocol for patients with
patellofemoral pain.23 24 Given these findings, both isometric/concentric and eccentric
exercises were used in the present study. Patients were also allowed to practice in an
open and closed kinetic chain position. Various other studies have evaluated the efficacy
of exercise therapy for patellofemoral pain syndrome. Systematic reviews, however,
have reported that most of these studies are of poor methodological quality in that
they lack randomisation, a control group, or clearly defined outcome parameters.12 25
To our knowledge, six randomised studies, including our own study, have compared
exercise therapy with non-exercise therapy. One low quality study found that a special
brace designed to provide progressive resistance exercise during activities of daily
living improved function and pain,26 whereas another study found no significant differences in outcomes between patients on a home exercise program and those with a
patellar brace.27 Additionally, three trials studied the effects of physiotherapy (including
exercise therapy) compared with other treatment or placebo treatment.19 28 29 The small
study by Crossley et al compared the effect of a 6 week program of exercise therapy
plus taping, mobilization techniques, and biofeedback with a placebo therapy (sham
ultrasound, placebo taping, and application of non-therapeutic gel).28 After 6 weeks,
the multimodal physiotherapy group showed a significant decrease in worst pain, usual
pain, and anterior knee pain compared with the placebo group. The recent study by
Collins et al compared the use of insoles (flat or prefabricated) with 6 weeks of multimodal physiotherapy (including exercises).29 At 6, 12, and 52 weeks, no differences were
found between groups regarding pain, function, and recovery. These studies, however,
do not answer the question of whether the effect of supervised exercises is additive to
usual care, as was tested in our study. In the small study by Clark et al,19 exercise, taping,
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and education were compared with exercise and education, taping and education, and
education alone. Exercise was not significantly better than non-exercise for pain and
function after 3 months. At 12 months, however, pain scores were significantly better
for the exercise group. A high proportion of patients (approximately 40%) was lost to
follow-up at 12 months in this study though, which could have influenced these results.

Strengths and limitations of study
A methodological problem that cannot be solved in randomised controlled trials of exercise therapy is that patients in the intervention group cannot be blinded for the exercise
therapy and, therefore, may be biased for positive outcome (placebo effect). To overcome
this problem in part, a blinded external observer could be used to provide objective and
observational measures of functional outcomes. Some intervention studies on exercise
therapy in patellofemoral pain syndrome have used quantifiable measures for muscle
strength as an outcome. However, several studies have shown that the relationship between increase in muscle strength and clinical outcome is inconsistent.30-32 In addition;
these studies clearly illustrate the difficulty of interpreting the effect of therapy using
muscle strength as an outcome measure for knee function. Therefore, as no validated
objective outcome measures for patellofemoral pain syndrome are currently available,
the use of validated subjective outcome measures seems appropriate. Along with the
observed effect of exercise therapy, the role of supervision and attention of a physical
therapist as well as the use of an exercise diary may have influenced the outcome in the
intervention group. The attention from the physical therapist is an integral part of the
supervised exercise therapy intervention.
On the other hand, the use of an exercise diary in the intervention group to assess
compliance may have caused a bias owing to awareness of being involved in a study
(Hawthorne effect).33 In addition, our control group was allowed to do single isometric
quadriceps contractions and is, therefore, not a real non-exercise group. This resembles
the usual care (“wait and see” approach) prescribed by GPs in the Netherlands according to national guidelines.9 We thus studied the additional value of supervised exercise
therapy but not the effect of doing exercises, which might have diminished the contrast
between the groups. Although we noted that eight patients in the control group received physical therapy (that is, they violated the protocol), we do not know to what
extent this physical therapy resembled the standardized supervised exercise therapy
in the intervention group. Therefore, an analysis by protocol by comparing physical
therapy with no physical therapy does not seem appropriate. The differences between
the intervention group and the control group were further diminished by violation of
the protocol by 14 people: 6 people in the intervention group did not visit the physical
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therapist and subsequently did not receive the supervised exercise therapy, and eight
people in the control group visited a therapist and received physical therapy although
they were instructed not to. Additional analysis of the data excluding the participants
who violated the protocol during the first 3 months of follow-up showed greater differences in the outcome parameters on pain and function at 3 and 12 months. This change
indicates that the effects of exercise therapy may indeed be even higher than those
reported in our primary analysis. A final remark can be made about the diagnosis of
patellofemoral pain syndrome. Patients were recruited by GPs and sport physicians who
were offered a set of inclusion and exclusion criteria, some of which were related to
physical examination. The researchers did not supervise the physicians in their judgment of diagnosis. Nevertheless, we think that this approach reflects common practice
and therefore increased the clinical applicability of our results.

Conclusions
This study provides evidence that supervised exercise therapy for patellofemoral pain
syndrome in general practice is more effective than “usual care” for the outcome parameters pain at rest, pain on activity, and function at 3 and 12 months. However, supervised
exercise therapy had no effect on perceived recovery. Further research should aim to
elucidate the mechanisms whereby exercise therapy results in better outcome.
Funding:
This study was supported by ZON-MW (The Netherlands organisation for health research
and development).
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Abstract

Objective:
The objective of this paper was to determine the cost effectiveness of exercise therapy
(intervention group) compared with ‘‘usual care’’ (control group) in adolescents and
young adults with patellofemoral pain syndrome in primary care.
Methods:

This multicenter prospective randomized clinical trial with cost-utility analysis was conducted at 38 general practices and three sport medical advice centers in the Netherlands
for 2007. A total of 131 patients were included.
Results:

The annual direct medical costs per patient were significantly higher for the intervention group (€434) compared with the control group (€299) mainly caused by additional
physiotherapy visits. The average annual societal costs per patient were significantly
lower in the intervention group (€1011 vs. €1.166). Productivity costs were the largest
cost component, in particular costs due to reduced efficiency at paid work which were
responsible for 47% and 56% of the total costs in the intervention and control group
respectively. Patients in the intervention group experienced a slightly, but not significantly, higher quality of life (0.8722 vs. 0.8617).
Conclusion:

With a cost effectiveness ratio of €14.738 per quality adjusted life year, exercise therapy
appears to be cost effective as compared with ‘‘usual care.’’

Cost-utility of exercise therapy for PFPS

Introduction
Patellofemoral pain syndrome (PFPS) is a common complaint in adolescents and younger adults. The incidence of PFPS increases from age 14 with a peak incidence around
age 25 and is higher for women than for men.1 2 The most typical symptom of PFPS is
a diffuse peripatellar and retropatellar localized pain, typically provoked by ascending
or descending stairs, squatting, cycling and sitting with flexed knees for prolonged
periods of time.3 4 Clinical guidelines of the Dutch College of General Practice recommend a conservative treatment for PFPS by informing the patient about the background
of the condition and its favorable prognosis (usual care).5 General practitioners do not
always adhere to these guidelines. From a pilot study on patients with PFPS visiting
the general practitioner, it was shown that 35% of patients were referred to exercise
therapy by a physiotherapist at the first visit. After 12 months of follow-up, 64% of the
patients were referred to exercise therapy.1 Economic evaluations are a prerequisite
for the reimbursement and implementation of treatments in many countries, because
they can provide healthcare decision makers with valuable information on the relative
efficiency of alternative treatments. Costs are preferably determined from a societal
perspective in which all relevant costs are included.6 However, many economic evaluations only include direct medical costs. As productivity costs may account for more
than 50% of the total costs, disregarding these costs may significantly effect the cost
effectiveness (CE) ratio.7 As PFPS frequently occurs in young (working) patients, a productivity cost reduction due to absence from paid work and reduced efficiency at paid
and unpaid work may be expected. These productivity cost reductions might partially
compensate for the additional cost of exercise therapy. A few studies have previously
evaluated the effectiveness of exercise therapy. A Cochrane review by Heintjes et al.
(2003) summarized the evidence for treatment efficacy in reducing anterior knee pain
and improving knee function in patients with PFPS. They found one high- and two lowquality studies which used a control group not receiving exercise therapy. One high- and
one low-quality study observed exercise therapy to be more effective in treating PFPS
with respect to pain reduction. Additionally, one low quality study reported significantly
greater functional improvement with exercise. However, the quality of the trials was
such that further research was necessary to confirm this conclusion.8 No earlier studies
have yet assessed the cost (-effectiveness) of exercise therapy in patients with PFPS.
Because of the lack of information on the costs as well as on the effectiveness of exercise
therapy, general practitioners lack the knowledge to apply the most cost effective treatment to patients with PFPS. Therefore, the aim of the present study was to determine
the cost effectiveness of exercise therapy (intervention group) compared with ‘‘usual
care’’ (control group) in adolescents and young adults dealing with PFPS in primary care.
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Materials and methods
This cost-utility study was performed in conjunction with a randomized clinical trial.
More details of the study design can be read in the protocol published in 2006.1 In short,
adolescents and young adults between 14 and 40 years of age presenting with symptoms of PFPS and no history of previous active treatment with exercises within the last
6 months were eligible for enrolment by the general practitioner or sport physician. The
complaints should have persisted for longer than 2 months but no longer than 2 years.
Furthermore, at least three of the following symptoms should have been present: pain
when walking stairs, pain when squatting, pain when running, pain when cycling, pain
when sitting with knees flexed for a prolonged period of time, grinding of the patella
and a positive clinical patellar test (such as Clarke’s test or ‘‘signe du rabot’’).9 10 Patients
were excluded when suffering from radiologically confirmed knee osteoarthrosis/
arthritis, patellar tendinopathy, Osgood-Schlatter disease or other defined pathological
conditions of the knee or had previous knee injuries and/or surgery. The patients were
randomized to exercise therapy (intervention group) or ‘‘usual care’’ (control group),
stratified for clinical setting (general practitioner/sport physician) and age (<18 years/
≥18 years). The randomization was done by an independent researcher using a computer generated list. Patients in the intervention group received advice and information on the background of PFPS by a physician and were appointed to a standardized
exercise program, supervised by physiotherapists (nine sessions during 6 weeks), with
continuation of home exercises. Patients in the control group only received advice and
information on the background of PFPS by a physician, similar to the advice given by
general practitioners and sport physicians in a normal care situation. As this is a pragmatic trial using the intention-to-treat principle, a minority of patients in the control
group might have received a small amount of exercise therapy. Recruitment took place
in the 38 HONEUR practices (a research network of general practices allied with the
Department of General Practice of Erasmus MC, University Medical Center) and at the
sport medical advice centers in Rotterdam, Leidschendam and Gorinchem. Enrolment
commenced in August 2005 and finished in May 2007. The follow-up period was 1 year.
The primary outcome measures of the randomized clinical trial included pain, knee
function and perception of recovery. These clinical results will be reported in a forthcoming publication.
The present paper will focus on the cost-utility study and is based on an intention-totreat analysis. The cost-utility study was primarily conducted from a societal perspective, but the healthcare perspective was also appraised. Data on direct medical costs,
productivity costs and quality of life were collected using standardized questionnaires
which were sent to the home addresses of the patients at baseline and 6, 13, 26, 39 and
52 weeks after randomization. The recall period was 6 weeks. Annual costs were deter-
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mined by adding up the costs per period. The costs for the time between the measurement periods (week 6–7, week 14–20, week 27–33 and week 40–46) were established
through linear interpolation. The last observation carried forward (LOCF) method was
applied in case of missing values. All costs were based on Euro 2007 cost data. Where
necessary, costs were adjusted to 2007 using the general price index from the Dutch
Central Bureau of Statistics.
Direct medical costs

Total direct medical costs for individual patients were determined by multiplying resource use by the corresponding unit prices. Data on resource use of visits to healthcare
providers (including the general practitioner, physiotherapist and medical specialist),
medical imaging services (magnetic resonance imaging, computed tomography and
x-rays), medications and disposables (including cold and hot compresses, orthopedic
insoles, elastic bandages, braces and tape) were acquired from the questionnaires.
Resource use of visits to the physiotherapist was additionally obtained from the physiotherapist. Resource use of medical imaging services which were used to exclude patients with other diagnoses than PFPS were not incorporated in the direct medical costs
because they took place before enrolment. Such resource use is normally excluded in an
economic evaluation (Drummond, 2005). Unit costs of visits to the general practitioner
and physiotherapist were based on a detailed microcosting study. Using standardized
reporting templates, seven general practitioners and eight physiotherapists were each
individually asked to estimate the time spent by the general practitioner/physiotherapist
and the assistant on an average patient. Unit costs were based on the normative income
for free labor practitioners, the collective labor agreement of general practitioner care
and the number of workable hours per year.11-13 Annual overhead costs were allocated
to patients using a marginal mark-up percentage. The resource use of visits to other
healthcare providers was valued using reference unit prices.13
The resource use of medical imaging services was valued using the fees as issued by
the Dutch Healthcare Authority. Wholesale prices were used to value the resource use
of medications and disposables. Because patients were asked whether they made use of
disposables at every measurement moment, we assumed that cold and hot compresses
were used once monthly. Orthopedic insoles, elastic bandages and braces were assigned
a life expectancy of 4 years, whereas tape was assumed to be purchased each year.
Productivity costs

The productivity costs involved productivity losses resulting from absence from paid
work and reduced efficiency at paid and unpaid work.
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Absence from paid work

The number of absent days from paid work due to PFPS problems was valued using the
overall average net value added per employee to avoid differences in productivity losses
between the intervention and control group to be caused by (income) differences which
are related to age and gender but not to PFPS problems.
Reduced efficiency at paid work

Reduced efficiency at paid work was also valued using the overall average net value
added per employee. The efficiency loss was established by means of the quality and
quantity method as developed by Brouwer et al. and incorporated in the PRODISQ
instrument.14 15 The patients gave their mark for the quality of their work on the last
working day of each 6 weeks on a visual analog scale from 0 (worst quality) to 10 (best
quality). The same question was posed for the quantity of their work on their last working day. These marks were assumed to be representative for the overall recall period.
The efficiency loss during paid work in terms of hours lost was then determined to be
(1-(quality/10)x(quantity/10)) * working hours per day.
Reduced efficiency at unpaid work

Patients were asked to indicate how many hours of housekeeping tasks were taken over
by their family, other people and paid aid due to PFPS problems. The number of hours
housekeeping tasks that were taken over was valued using the current price of simple
professional home care.13
Quality of life

The quality of life was measured by means of the EQ-5D instrument. The EQ-5D has
five dimensions: mobility, self-care, activity, pain and anxiety. Each dimension has three
levels: no problems (level 1), some problems (level 2) and serious problems (level 3).
Hence, EQ-5D has 243 possible health states. Utility values for these health states were
measured with the time trade-off technique on a random sample of the general adult
population of the Netherlands.16 The scores range from 0.329 (worst situation) to 1.0
(perfect health).
Patients were also asked to indicate how they experienced their current health state
on a visual analog scale, 0 being worst imaginable health and 100 being best imaginable
health. Furthermore, patients were asked to indicate how they experienced the severity
of their PFPS problems at rest during the last week on a scale from 0 (no pain) to 10
(worst imaginable pain).

Cost-utility of exercise therapy for PFPS

Statistical analyses
Statistical analyses were conducted with the statistical software program SPSS for
Windows version 15.0. In addition to descriptive statistics, tests for normal distribution
of the total cost estimates were performed using the Kolmogorov–Smirnov test. Differences between the intervention and control group and between baseline and follow
up scores were assessed by means of the independent sample t-test (for variables
showing a normal distribution), the Mann–Whitney U-test (for variables not normally
distributed) or Pearson’s chi-square test (for variable fractions). To adjust for multiple
testing, one-way analyses of variance with post hoc testing (type Bonferroni) were additionally performed for direct medical cost values. Using non-parametric bootstrapping
(drawing 2500 observations at random from the available patient sample), the degree
of uncertainty for costs and health effects and the cost-utility ratio was examined on
the so-called CE-plane. In addition, an acceptability curve was generated to indicate the
probability that the intervention has lower incremental costs per quality adjusted life
year (QALY) gained than various thresholds for the maximum willingness to pay for an
extra QALY.

Results
A patient flowchart is provided in Fig.1. A total of 163 patients consulted our HONEUR
practices or sport medical advice centers during the year 2005, of which 16 did not meet
our inclusion criteria, 10 did not receive informed consent and six experienced dimin-

Figure 1: Patients Flowchart
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ished complaints. Thus, 131 patients were recruited, of which 65 in the intervention and
66 in the control group.
For the intervention group, 100% of the questionnaires were returned at baseline,
86% after 6 weeks, 79% after 13 weeks, 83% after 26 weeks, 74% after 39 weeks and
83% after 52 weeks. For the control group, 100% of the questionnaires were returned at
baseline, 91% after 6 weeks, 89% after 13 weeks, 78% after 26 weeks, 66% after 39 weeks
and 88% after 52 weeks.
Table 1 presents the general characteristics at baseline of the patients in the two
groups. Two thirds of the patients were females. Even though there were no significant
differences between the groups, the mean age of the patients, the proportion of patients with paid work as their primary occupation, the number of working hours per
week and the income per hour were slightly higher in the intervention group than in
the control group.
Direct medical costs

Appendix 1 provides a detailed summary of the medical consumption of both groups.
Around 83% of all patients visited the general practitioner at baseline. For the intervention group, the shares of patients visiting the general practitioner went down to 25%

Table 1. General characteristics of the respondents at baseline
Intervention group (n=65) Control group (n=66)
Average age
Sex

Men
Women

24.7 (med 24.0; sd 8.6)

23.4 (med 22.0; sd 7.8)

35.4%

36.4%

64.6%

63.6%

23.2 (med 22.5; sd 3.9)

23.0 (med 22.8; sd 3.4)

School

40.6%

45.5%

Paid work

50.0%

42.4%

9.4%

12.1%

Body Mass Index
Primary occupation

Other
Education

Low

9.2%

6.1%

Medium

60.0%

69.7%

High

30.8%

24.2%

Paid work
Average hours of work per week
Average income per hour
Sports
Average hours of sports per week

med = median sd = standard deviation
BMI=weight/(length2)

70.8%

69.7%

29.1 (med 34.0; sd 21.3)

24.8 (med 25.5; sd 17.5)

€ 15.35 (med 13.5; sd 10.8)

€ 12.39 (med 12.8; sd 6.5)

76.6%

78.1%

4.9 (med 4.0; sd 3.5)

5.1 (med 4.0; sd 3.6)
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Table 2. Mean direct medical costs per respondent for the past 6 weeks per measurement moment (Euro
2007) (median)
Baseline

6 weeks

13 weeks

26 weeks

39 weeks

52 weeks

15 (15)

5 (0)

1 (0)

1 (0)

1 (0)

1 (0)

Intervention
group
General
practitioner
Sport physician

16 (0)

3 (0)

7 (0)

1 (0)

0 (0)

1 (0)

Physiotherapist

9 (0)

100 (91)

47 (23)

21 (0)

18 (0)

26 (0)

Medical specialist

1 (0)

0 (0)

1 (0)

3 (0)

5 (0)

2 (0)

Company
physician

1 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

MRI / CT

12 (0)

0 (0)

0 (0)

12 (0)

12 (0)

0 (0)

X-ray

5 (0)

0 (0)

2 (0)

2 (0)

1 (0)

0 (0)

Medication

2 (0)

2 (0)

1 (0)

0 (0)

1 (0)

1 (0)

Disposables

2 (0)

2 (0)

2 (0)

2 (0)

2 (0)

2 (0)

Total

63 (24)

112 (114)

61 (46)

43 (4)

41 (3)

32 (3)

SD

96

68

87

119

142

104

25 percentile

15

49

3

0

0

0

75 percentile

74

162

76

46

16

11

General
practitioner

15 (15)

3 (0)

2 (0)

2 (0)

2 (0)

2 (0)

Sport physician

11 (0)

6 (0)

5 (0)

2 (0)

0 (0)

1 (0)
12 (0)

Control group

Physiotherapist

1 (0)

12 (0)

14 (0)

21 (0)

12 (0)

Medical specialist

3 (0)

0 (0)

1 (0)

4 (0)

4 (0)

3 (0)

Company
physician

0 (0)

2 (0)

3 (0)

3 (0)

0 (0)

1 (0)

MRI / CT

0 (0)

0 (0)

0 (0)

4 (0)

4 (0)

8 (0)

X-ray

3 (0)

3 (0)

3 (0)

4 (0)

1 (0)

2 (0)

Medication

2 (0)

1 (0)

1 (0)

3 (0)

3 (0)

3 (0)

Disposables

2 (1)

2 (1)

2 (1)

2 (1)

2 (1)

2 (1)

Total

37 (17)

30 (4)

32 (4)

45 (3)

28 (3)

34 (1)

SD

38

62

76

108

92

158

25 percentile

15

0

0

0

0

0

25

20

15

13

8

75 percentile
55
MRI = magnetic resonance imaging
CT = computer tomography
SD = standard deviation
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at 6 weeks and to 6% at 13 weeks. For the control group, the percentages amounted to
20% and 14%, respectively.
In the intervention group, the fraction of patients visiting a physiotherapist showed
a fast increase to 88% at 6 weeks and a decrease from 13 weeks onwards to 26% at 39
weeks. The average number of visits was four per patient at 6 weeks and two at 13 weeks.
At the other measurement moments, the number of visits per patient was around one.
In the control group, the fraction of patients visiting a physiotherapist showed a more or
Table 3. Annual direct medical costs with descriptive statistics (Euro 2007)
Average number Average costs
per patient
of units per
patient year

Median costs
per patient

SD

Mann-Whitney
U Asymp. Sig.
(2-tailed)

General
practitioner

0.94

13.94

0.00

38.23

-

Sport physician

0.26

15.18

0.00

69.38

-

Physiotherapist

12.94

295.74

205.74

334.83

-

Medical specialist 0.38

22.77

0.00

121.79

-

Company
physician

0.00

0.00

0.00

0.00

-

MRI / CT

0.20

52.60

0.00

314.10

-

X-ray

0.22

10.41

0.00

60.49

-

Medication

-

7.52

0.00

25.63

-

Disposables

-

15.77

0.00

22.79

Total

-

433.92

228.60

786.01

-

General
practitioner

0.60

18.13

0.00

40.56

0.442

Sport physician

0.31

18.39

0.00

81.07

0.737

Physiotherapist

5.52

126.19

0.00

385.58

0.000

Medical specialist 0.38

22.42

0.00

107.23

0.728

Company
physician

0.21

12.71

0.00

68.83

0.083

MRI / CT0.13

34.54

0.00

169.59

0.688

X-ray

0.49

23.24

0.00

66.31

0.007

Medication

-

22.89

0.00

81.43

0.106

Disposables

-

20.90

7.50

27.83

0.256

Total

-

299.41

58.59

732.46

0.000

Intervention
group

Control group

MRI = magnetic resonance imaging
CT = computer tomography
SD = standard deviation
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less continuous pattern of around 13% during the entire follow-up. The average number
of visits was always lower than one per patient, caused by a few patients with a relatively
high number of visits. Medication was used by about 6% of the patients in the intervention group and 10% in the control group during follow up. In both groups, one-third of
the medications was prescribed by a physician. The medications most frequently used
were paracetamol, naproxen, nurofen, diclofenac, glucosamine and tramadol. A summary of the direct medical costs per 6 weeks is given in Table 2.
The unit costs of medical consumption are shown in Appendix 2. At 6 and 13 weeks
the medical costs per patient were higher for the intervention group than for the control
group (Mann–Whitney U-test: P6<0.001; P13=.023), which coincided with higher costs for
physiotherapy (P6<0.001; P13<0.001). At 6 weeks, the costs for x-rays were significantly
lower for the intervention group than for the control group (P6<0.045). No significant
Table 4: Productivity costs due to absence from paid work in the past 6 weeks per measurement moment
(Euro 2007).
Baseline

6 weeks

13 weeks

26 weeks

39 weeks

52 weeks

45

40

42

44

44

46

11%

15%

7%

5%

5%

9%

3.8 (1.3)

6.5 (1.2)

1.0 (*)

1.0 (*)

1.0 (*)

1.6 (0.3)

Intervention group
Number of respondents
with a paid job
Share of respondents
absent
Number of days absent,
mean (SD)

Costs due to absence from work, mean (SD)
Per respondent with a
paid job
Per respondent

37.61
(113.12)

86.84
(212.60)

6.36 (23.22)

4.05 (18.77)

4.05 (18.77)

12.59 (41.63)

26.03 (95.41)

53.44
(171.34)

4.11 (18.83)

2.74 (15.50)

2.74 (15.50)

8.91 (35.38)

45

46

44

43

42

49

11%

17%

14%

12%

12%

4%

1.5 (1.0)

7.8 (4.7)

1.0 (*)

1.0 (*)

1.9 (2.3)

1.3 (0.4)

Control group
Number of respondents
with a paid job
Share of respondents
absent
Number of days absent,
mean (SD)

Costs due to absence from work, mean (SD)
Per respondent with a
paid job

23.75 (89.87)

121.01
(312.91)

12.15 (30.92) 10.36 (28.89) 23.33 (98.47)

4.54 (22.72)

Per respondent

6.19 (74.78)

84.34
(266.32)

8.10 (25.80)

3.37 (19.62)

SD = standard deviation
* = not available

6.75 (23.70)

14.84 (79.00)
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cost differences for any of the other cost components (visits to healthcare providers,
medical imaging services, medications and disposables) were found 26, 39 and 52
weeks after randomization. Annual direct medical costs for both the intervention and
the control group are presented in Table 3. The direct medical cost estimates for the
intervention and control group were €434 (SD 786) and €299 (SD 732), respectively
(Mann–Whitney U-test: P<0.001). When multiple testing is not taken into account, the
annual costs of visits to the physiotherapist (P< 0.001) and x-rays (P=0.007) were significantly different. Using one-way analyses of variance with post hoc testing, the P-value
is no longer significant (P=0.003). No significant differences were found for any of the
other cost components.
Productivity costs

Absence from paid work
Table 4 presents the productivity costs per 6 weeks due to absence from paid work.
Patients in the intervention group were slightly, but not significantly, more absent from
paid work in comparison to the control group. In both groups, the highest absence from
work was observed at 6 weeks (15% and 17%), with a decrease up until 39 weeks (5%
and 12%). At 52 weeks, 9% of the patients in the intervention and 4% of the patients in
the control groups were absent from work. The annual costs due to absence from paid
work per patient were €72 (SD 269) and €113 (SD 349) for the intervention and control
group, respectively (Mann–Whitney U-test: P=0.729).
Reduced efficiency at paid work Appendix 3 shows the scores on reduced efficiency
at paid work for the intervention and the control group over time. The efficiency loss
during paid work in terms of hours lost was lower in the intervention in comparison to
the control group at baseline and during follow-up. Seventy-nine percent of the patients
in the intervention group and 71% in the control group indicated that the reduced efficiency was caused by PFPS problems. The efficiency loss for both groups was highest
at baseline (21% and 20%) and lowest at 52 weeks (5% and 2%), with a continuous
decrease from 6 weeks onwards. The intervention group had a peak (14%), whereas the
control group had a small dip (1%) in efficiency loss at 39 weeks. However, the differences between both groups were never significantly different (Pearson’s chi-square test:
P>0.206). The annual costs due to reduced efficiency at paid work were €473 (SD 2371)
and €648 (SD 2066) for the intervention and control group respectively (Mann–Whitney
U-test: P=0.223).
Reduced efficiency at unpaid work

At baseline about 3% of the patients in the intervention group and 10% of the patients
in the control group had housekeeping tasks taken over (Pearson’s chi-square test:

Cost-utility of exercise therapy for PFPS

Figure 2: Quality of life (utility values) for the intervention and the control group as measured by the
EQ-5D.

P=0.090). These fractions remained stable during follow-up and were significantly different only at 6 weeks (P=0.025). Virtually all hours were taken over by family members.
None of the patients made use of paid aid. The annual costs of taking over housekeeping tasks were €32 (SD 251) and €105 (SD 529) for the intervention and control group,
respectively (Mann– Whitney U-test: P=0.228).
Quality of life

Figure 2 shows the scores on the EQ-5D over time for the intervention and the control
group. The quality of life scores on the EQ-5D were never significantly different between
the intervention and the control group. However, the quality of life for both groups was
lowest at baseline and highest at 52 weeks, with a slight increase in quality of life from
13 weeks onwards. The scores on the EQ-5D at baseline were 0.8191 (SD=0.1422) in the
intervention group and 0.8073 (SD=0.1706) in the control group. At 52 weeks the scores
were, respectively, 0.8973 (SD=0.1719) and 0.8812 (SD=0.2046). The intervention group
had a small dip in quality of life score at 6 weeks, 0.8223 (SD=0.1571), compared with the
control group, 0.8609 (SD=0.1249; P=0.121). The intervention group had a peak quality
of life score at 39 weeks, 0.8632 (SD=0.1967), compared with the control group, 0.8287
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3.1%

0.28

2.40

15.59

% respondents of
whom housekeeping
tasks were taken
over

number of hours
housekeeping tasks
which were taken
over

cost due to reduced
efficiency at unpaid
work (€ 2007)

SD

Intervention

10.46

2.94

0.34

10.6%

Control
group

Baseline

5.55

0.83

0.10

3.2%

Intervention

9.31

1.84

0.21

6.1%

Control
group

6 weeks

359

0.69

0.08

4.8%

Intervention

22.21

4.20

0.48

7.6%

Control
group

13 weeks

0.00

0.00

0.00

0.0%

Intervention

105.83

14.84

1.71

7.6%

Control
group

26 weeks

107.29

13.41

1.55

1.6%

148.26

27.59

3.18

7.6%

Control
group

39 weeks
Intervention

Table 5: Productivity costs due to reduced efficiency at unpaid work in the past 6 weeks per measurement point (Euro 2007)

5.38

0.67

0.08

1.6%

Intervention

12.59

3.02

0.35

7.6%

Control
group

52 weeks
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(S=0.2194; P=0.346). Inspecting each EQ-5D dimension, the intervention group only had
significantly less problems on activity at 26 weeks (Pearson’s chi-square test: P=0.019)
and only significantly more problems on mobility at 39 weeks (P<0.022). Appendix 4 and
5 show the EQ-5D VAS scores on the current health state (Appendix 4) and the severity of
PFPS problems at rest (Appendix 5) for the intervention and the control group over time.
During follow-up, the intervention group experienced slightly higher current health,
albeit not significant (P>0.099). For both groups, the current health state was virtually
lowest at baseline (78.62 vs 79.95) and highest at 52 weeks (84.03 vs 83.62), with a slight
increase from 6 weeks onwards. The intervention group experienced a lower severity
of their PFPS problems during treatment follow-up (P<0.042). The severity was highest
at baseline (4.14 vs 4.03) and lowest at 52 weeks (0.302 vs 0.358), with a continuous
decrease from baseline onwards.
Cost-effectiveness
Table 5 provides the total annual costs and quality of life per patient in the intervention
and control group. The total annual costs per patient were €155 lower for the intervention group compared with the control group (€1011 vs €1.166; Mann–Whitney U-test:
P=0.030). Furthermore, an average patient gained 0.0105 QALY due to the intervention
(independent sample t-test: P=0.666), which resulted in a societal average CE-ratio of
€14.738 per QALY.
However, the variance around this CE-ratio was substantial. Using non-parametric
bootstrapping (2500 draws), the simulated 95% confidence interval for the CEratio
ranged from - €210.206 to +€178 822. The CEplane (Fig. 3) showed that the intervention was dominant in 52% of the cases (positive health effects and cost savings) and
for 14% it was inferior. The probability that the intervention had positive health effects
was about 70%, the probability for cost savings was about 68%. The acceptability curve
showed a probability of 73% that the cost per QALY were lower than €20 000. When only
direct medical costs were included, average incremental costs per patient were €135
and the average cost per QALY €12 754. The bootstrapped confidence interval for the
CE-ratio was again wide, ranging from -€114 042 to +€122 151.
The probability for cost savings was about 17%. The acceptability curve showed a
probability of 57% that the cost per QALY was lower than €20 000 and 66% that it was
lower than €80 000.

Discussion
This is the first economic evaluation on exercise therapy in adolescents and young
adults with PFPS. The annual direct medical costs per patient were significantly higher
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Figure 3: CE-plane which examined the degree of uncertainty for costs and health effects and the costutility ratio CE: Cost Effectiveness

for the intervention group (€434; SD 786) compared with the control group (€299; SD
732) mainly caused by additional physiotherapy visits. Productivity costs amounted
to €577 (SD 2384) and €867 (SD 2192) for the two groups, respectively, even though
the difference in productivity cost between the two groups was not significant. From
the societal perspective, the annual total costs per patient were significantly lower for
the intervention group (€1011) compared with the control group (€1166) (borderline
significance when taking into account multiple testing). This finding confirms that the
inclusion of productivity costs considerably affects the total costs and the CE-ratio.
Economic evaluations are preferably determined from a societal perspective in which
all relevant costs are included.6 Our results suggest that productivity costs are the most
important cost component, even more so than direct medical costs. Particularly costs
which occurred due to reduced efficiency at paid work were substantial. The latter result
reinforces the conclusions of earlier studies in, e.g. low back pain, that productivity
losses are significant despite the relatively young (working) patient sample.17 Quality
of life appears to correlate well with the health state and experienced severity of PFPS
problems.
Exercise therapy resulted in a significant lower experienced severity, especially at 6, 13
and 26 weeks (Appendix 4 and 5). This finding is in agreement with that of Timm(1998),
who concluded that exercise therapy almost halves the pain scores and drastically
improves functional ability after 4 weeks.18 In contrast, the randomized controlled trial
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carried out by Clark et al. (2000) concluded that exercise therapy resulted in significantly
greater pain reduction only after 52 weeks.19 Other randomized studies that compared
exercise therapy with non-exercise therapy in PFPS studied outcomes after exercise
therapy vs. brace treatment, or studied the effect of multimodal physiotherapy including
exercises and are therefore not directly compared with the present study.20-22 Regarding
the expected time period, it is very speculative whether continued exercise therapy
would raise health effects and improve cost-effectiveness. This should be subject of
another study. However, it can be concluded that when the positive health effects of the
current exercise therapy would sustain in the longer run, with low or zero medical costs,
the cost-effectiveness will improve. Although our study excluded patients with clearly
defined other anterior knee pain syndromes than PFPS, all different entities within PFPS
were included (e.g. maltracking problem, strength problem, bone abnormality). Possibly
the results would be different in certain sub-entities of PFPS, but subgroup analysis
could not be performed for such sub-entities as they were not defined in our study.
However, given the fact that diagnoses of such sub-entities is hardly feasible in primary
care settings, the results presented here apply to the whole group of PFPS and are relevant for the primary care setting. Resource use of medical imaging services which
were used to exclude patients with other diagnoses than PFPS were not incorporated
in the direct medical costs because they took place before enrolment. Even though the
physician’s preference in using imaging studies or braces may be important to explain
differences between patients in general, it does not explain the difference between the
patients of our intervention and control group because the indications for the imaging
studies of PFPS patients in the intervention group did not differ from those in the control
group. Remarkably, eight patients in the intervention group reported zero visits to the
physiotherapist. In these cases, the number of visits as provided by the physiotherapist
was used in the cost calculations.
Additionally, only 14% of the patients reported exactly the same number of physiotherapy visits as the physiotherapist. Of the remaining patients, 47% reported less and
39% more visits per year than the physiotherapist. The average numbers of visits per
year were 7.9 and 7.4 according to the patients and physiotherapists, respectively, which
was slightly lower than the projected 9.0 visits. Even though the use of two independent
sources for the cost calculation generally provokes inconsistency, it takes advantage of
more accurate and complete data. Furthermore, only 88% of the patients in the intervention group visited a physiotherapist at 6 weeks. This implies that at least some of the
intervention patients did not meet the terms of the standardized exercise program they
were appointed to. However, these patients were not excluded from the analyses because our study was set up on an intention-to-treat basis which more accurately reflects
reality. This study has several limitations. Direct medical unit costs are ideally based on
the microcosting methodology. Because all relevant cost components are identified at
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the most detailed level, the microcosting methodology provides cost estimations that
most accurately reflect actual costs. As this methodology is time consuming, especially
when administrative information systems are absent or inadequate, it has not been
widely used in economic evaluations. Therefore, we restricted the use of microcosting
estimates to visits to the general practitioner and physiotherapist. Compared with
Dutch reference unit prices, the use of microcosting estimates did likely not result in different conclusions regarding the relative costs of exercise therapy and ‘usual care’.13 The
resource use of visits to the general practitioner was virtual equal between the exercise
therapy and ‘‘usual care’’ groups. The difference between the microcosting estimate and
reference unit price was negligible for visits to the physiotherapist, particularly when
productivity costs were considered. Dutch reference unit prices were used as a proxy
to the other medical unit costs. Another limitation of our study concerned the inclusion
of only a small number of patients, although special attention was paid to selecting
representative practices and sport medical advice centers. The variance in quality of life
between patients was limited, but the variance for all cost categories was substantial
(Table 5). This resulted in wide confidence intervals for the CE-ratio’s, implying considerable uncertainty for decision makers whether to adopt exercise therapy. Our uncertainty
analysis indicated that there is a probability of 70% that exercise therapy produces positive health effects, 73% that the cost per QALY gained is lower than €20 000 and 68%
that exercise therapy saves societal costs. Whether these results are sufficiently acceptable to use exercise therapy instead of the conservative strategy is up to the decision
maker (e.g. policy maker, general practitioner or patient). During the course of our study
we faced some other methodological challenges. We applied a naïve method to deal
with missing observations (LOCF) compared with, for instance, multiple imputation.23
However, the influence of the imputation method was limited as the number of missings was small. The variable ‘‘income’’ had the lowest response rate (71%). As a result,
the average net value added per employee (€89.06) was based on a limited number of
responses. With respect to absence from paid work, we had many missing data on the
duration of absence. Therefore, we imputed values for the missing data based on the
overall average duration of absence per measurement moment.

Perspectives
This study was conducted in the Netherlands. However, we believe that our resource
use findings could be representative of other countries, especially those in which the
general practitioner operates as the gatekeeper of health care. Clinical guidelines of
the Dutch College of General Practice recommend a conservative treatment for PFPS.5
However, with a CE-ratio of €14.738 per QALY, our study revealed a considerable
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probability that exercise therapy is cost saving or cost effective as compared with the
conservative strategy. Although there seems to be a rationale to question the current
guidelines, an efficient policy concerning physiotherapy requires treatment consensus
and an optimal interaction with other health providers such as general practitioners
and medical specialists. Therefore, future studies should investigate the possibilities to
further implement this exercise therapy.
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Appendices
Appendix 1 (Table A1 and A2)
Appendix 2 (Table B1 and B2)

Table A1. Healthcare utilisation in 6 weeks for the intervention group, n = 65 (median)
Baseline
General practitioner Contact
Mean
Sport physician

Contact
Mean

Physiotherapist

Contact
Mean

Medical specialist

Contact
Mean

Company physician Contact
Mean
MRI / CT

Contact

X-ray

Contact

Mean

Mean
Medication

Disposables

6 weeks

13 weeks

26 weeks

39 weeks

52 weeks

83.3%

24.6%

6.2%

6.6%

3.1%

7.7%

1.05 (1.0)

0.35 (0.0)

0.08 (0.0)

0.09 (0.0)

0.05 (0.0)

0.09 (0.0)

16.9%

4.7%

3.1%

1.5%

0.0%

1.5%

0.28 (0.0)

0.05 (0.0)

0.12 (0.0)

0.02 (0.0)

0.00 (0.0)

0.02 (0.0)

3.1%

87.7%

58.5%

36.9%

26.2%

20.0%

0.38 (0.0)

4.38 (4.0)

2.04 (0.0)

0.92 (0.0)

0.79 (0.0)

1.12 (0.0)

3.1%

1.5%

1.5%

1.5%

3.1%

3.1%

0.02 (0.0)

0.00 (0.0)

0.02 (0.0)

0.05 (0.0)

0.09 (0.0)

0.03 (0.0)

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.02 (0.0)

0.00 (0.0)

0.00 (0.0)

0.00 (0.0)

0.00 (0.0)

0.00 (0.0)

0.0%

0.0%

0.0%

3.1%

3.1%

0.0%

0.05 (0.0)

0.00 (0.0)

0.00 (0.0)

0.05 (0.0)

0.05 (0.0)

0.00 (0.0)

6.2%

0.0%

3.1%

1.5%

1.5%

0.0%

0.11 (0.0)

0.00 (0.0)

0.05 (0.0)

0.05 (0.0)

0.03 (0.0)

0.00 (0.0)

13.8%

6.2%

6.2%

7.7%

6.2%

4.6%

Prescription

7.7%

3.1%

1.5%

1.5%

3.1%

1.5%

Over the counter

6.2%

3.1%

4.6%

6.2%

3.1%

3.1%

52.4%

56.6%

73.4%

67.2%

73.4%

71.9%

Cost-utility of exercise therapy for PFPS

Table A2. Healthcare utilisation in 6 weeks for the control group, n = 66 (median)
General
practitioner
Sport physician
Physiotherapist
Medical specialist
Company
physician

MRI / CT
X-ray

Baseline

6 weeks

13 weeks

26 weeks

39 weeks

52 weeks

Contact

84.4%

19.7%

13.6%

13.8%

9.1%

7.6%

Mean

1.05 (1.0)

0.21 (0.0)

0.17 (0.0)

0.15 (0.0)

0.11 (0.0)

0.12 (0.0)

Contact

25.0%

3.0%

1.5%

1.5%

0.0%

1.5%

Mean

0.18 (0.0)%

0.11 (0.0)

0.09 (0.0)

0.03 (0.0)

0.00 (0.0)

0.02 (0.0)

Contact

12.5%

16.7%

13.6%

13.6%

10.6%

3.0%

Mean

0.03 (0.0)

0.55 (0.0)

0.61 (0.0)

0.92 (0.0)

0.52 (0.0)

0.55 (0.0)

Contact

1.6%

0.0%

1.5%

4.5%

4.5%

1.5%

Mean

0.05 (0.0)

0.00 (0.0)

0.02 (0.0)

0.06 (0.0)

0.06 (0.0)

0.05 (0.0)

Contact

1.6%

1.5%

3.0%

3.1%

0.0%

1.5%

Mean

0.00 (0.0)

0.03 (0.0)

0.05 (0.0)

0.05 (0.0)

0.00 (0.0)

0.02 (0.0)

Contact

4.7%

0.0%

0.0%

1.5%

1.5%

3.0%

Mean

0.00 (0.0)

0.00 (0.0)

0.00 (0.0)

0.02 (0.0)

0.02 (0.0)

0.03 (0.0)

Contact

10.9%

6.1%

6.1%

7.7%

3.0%

3.0%

Mean

0.06 (0.0)

0.06 (0.0)

0.06 (0.0)

0.09 (0.0)

0.03 (0.0)

0.05 (0.0)

Medication

Disposables

10.6%

10.6%

9.1%

7.6%

10.6%

13.6%

Prescription

1.5%

1.5%

3.0%

4.5%

3.0%

6.1%

Over the
counter

9.1%

9.1%

6.1%

3.0%

7.6%

7.6%

50.0%

62.1%

59.1%

60.6%

60.6%

60.6%
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Table B1. Unit costs of health care utilization (€ 2007)
Unit costs of health care utilization (€ 2007)
General practitioner (one visit)

14.77

Sport physician (one visit)

59.20

Physiotherapist costs (one
visit)

22.86

Medical specialist (one visit)

59.20

Company physician (one visit)
MRI / CT
X-ray

59.20
263.00
47.20

Paracetamol (500 mg)

0.04

Naproxen (250 mg)

0.16

Nurofen (200 mg)

0.10

Diclofenac (25 mg)

0.13

Glucosamine (400 mg)

0.22

Tramadol (100 mg)

0.32

Cold compress

2.00

Hot compress
Orthopedic insoles

2.00
150.00

Elastic bandage

30.00

Brace

60.00

Tape

5.00

Table B2 Resource use and unit costs of the general practitioner and physiotherapist
General Practioner
Mean

Physiotherapist

SD

Mean

SD

LABOUR
General practitioner / physiotherapist
Resource use (minutes)

9.67

0.81

20.08

13.39

10.33

0.87

45.00

30.00

0.45

0.45

	Unit costs (€ 2007 per minute)

0.94

0.00

Assistant

1.24

1.97

3.44

5.47

Resource use (minutes)
	Unit costs (€ 2007 per minute)
OVERHEADS
Resource use (minutes)
TOTAL

0.36

0.00

3.86

0.71

2.78

2.28

36%

5%

14%

40%

14.77

2.87

22.86

16.70

Cost-utility of exercise therapy for PFPS

Appendix 3 Reduced efficiency at paid work for the intervention and the control group as measured by
the visual analogue scale
(in %)

Appendix 4 Current health state for the intervention and the control group as measured by the EUROQOL
visual analogue scale
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Appendix 5 Severity of PFPS problems in rest in the past week for the intervention and the control group
measured on a scale from 0 (no pain) to 10 (worst imaginable pain)
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Abstract
Patellofemoral pain syndrome is a common condition during adolescence and young
adulthood.
Many factors have been proposed on its etiology ranging from local mechanical abnormalities at the patellofemoral joint to decreased neuro-muscular control or failure of
the biological envelope of function.
The diagnosis is mainly based on anamnestic elements and by the exclusion of other
pathological conditions around the knee joint. The value of physical examination and
additional examinations remains poor.
There is consensus that non-operative treatment is therapy of first choice. A waitand-see policy is advised. Research however shows that for patients with PFPS an active
approach with an extensive supervised exercise program is more effective than a waitand-see policy.
In patients with recurrent patellar dislocation and long-term patellofemoral pain, a
diagnostic work-up for maltracking may take place. The development of new radiological techniques may help to visualize anatomical abnormalities that can cause patellofemoral maltracking. In positive cases surgery may be indicated.
It is concluded that patellofemoral pain syndrome is common and its complaints are
difficult to treat. The natural evolution of the syndrome might be less favorable than
previously suggested.

Patellofemoral pain - an overview

Introduction
Patellofemoral pain is frequently encountered in young and physically active persons.
For example, during their training, about 25% of military recruits experience restrictions
due to patellofemoral complaints.1 In a two-year prospective study, the incidence of
patellofemoral pain in students training to teach physical education was 10%.2 In the
population at risk, general practitioners (GPs) will encounter 10-12 new patients per
year, while in sports medicine clinics up to 25% of the consultations are related to these
complaints.3 4
This article describes the background of patellofemoral pain syndrome, the changing
views on its causes, and the consequences for different treatment options.

Patellofemoral pain syndrome
Patellofemoral symptoms can range from mild and activity-related pain to serious debilitating pain resulting from repeated patellar dislocations. There is growing consensus
to use the term ‘patellofemoral pain syndrome’ (PFPS) for this disorder when there is
pain at or around the patella which worsens on prolonged sitting with bended knees,
crouching, kneeling, climbing stairs and/or riding a bicycle. Other specific causes of pain
should be excluded, e.g. patellar tendinopathy, Osgood-Schlatter disease, intra-articular
injury and/or osteoarthritis.5
The Dutch guideline ‘Non traumatic knee problems in children and adolescents’ for GPs
describes the diagnosis and treatment of PFPS. The guideline recommends to provide
patients with information on the background of the condition, its favorable evolution,
and the advice to reduce sports-related activities that provoke pain for one month. If
necessary isometric exercises for the quadriceps muscle can be advised.6
Recently, two systematic reviews reported on the conservative treatment of PFPS.7 8
In a review on pharmacotherapy it was concluded that there is limited evidence for the
beneficial effect of NSAIDs on short-term pain relief.8 The anabolic steroid nandrolone
could be effective but is considered too controversial for use in PFPS. The effect of glycosaminoglycans remains unclear.
The review on the effects of exercise therapy for PFPS in 2003 however concluded
that there was limited evidence for the positive effect of exercise therapy on pain.7 The
effects on functional improvement were contradictory.
There are no systematic reviews which summarize the effects of surgical treatment for
PFPS. Studies on the outcome measures of pain and function after surgical intervention
are generally only moderate in their methodological design, i.e. they are mainly non-
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randomized controlled trials, have a retrospective design, or lack a comparison group,
thereby limiting the scientific evidence for surgical interventions.

Background on etiology, pathophysiology and prognosis
Three main theories on the etiology of PFPS have been proposed. Patellofemoral complaints are thought to be related to a mechanical/structural origin, a neuromuscular
origin (dynamic ‘maltracking’), or to a biological origin (tissue homeostasis, also referred
to as the ‘envelope of function’).9
Mechanical Model

The mechanical theory is based on findings of structural and biomechanical abnormalities to the extensor mechanism of the knee.10 In this model the complaints are
assessed in a spectrum ranging from isolated patellofemoral pain to recurrent patellar
dislocations. Radiological studies have shown that in patients with patellofemoral pain,
anatomical abnormalities can be found that may lead to pain and instability.11 Based
on radiological criteria, four groups of patients with patellofemoral pain can be distinguished: 1) patients with objective patellar instability; these patients have a history of
at least one patellar dislocation and objective radiological abnormalities; 2) patients
with potential patellar instability; these patients do not have a patellar dislocation but
have objective radiological abnormalities; 3) patients with patellofemoral pain without
dislocation and without objective radiological abnormality; and 4) patients with patellofemoral arthrosis.
Neuromuscular Model

The neuromuscular model is an extension of the mechanical model. It is based on the
theory of maltracking of the patella. Due to neuromuscular insufficiency, mainly due
to altered contraction patterns of the quadriceps muscles and especially the vastus
medialis obliquus, the gliding of the patella on the trochlea leads to excessive compression forces on the one hand and traction forces on the other. Moderating or improving
the patellofemoral gliding mechanism by the application of a tape construction around
the patella, combined with specific training for the thigh muscles, appears to lead to a
reduction of peri-patellar pain.12 13
Biological Model

Of more recent date is the theory that patellofemoral pain originates from the disruption
of tissue homeostasis. This model is based on the concept of pathophysiological disrup-

Patellofemoral pain - an overview

Figure 1. Graphic representation of ‘the envelope of function’ that expresses the organic capacity of the
tissues: with increasing activity, in terms of frequency and/or load, the capacity/homeostasis of the tissues
is diminished.14

tion of the organic capacity of the tissues which constitute the extensor mechanism of
the knee.9 14
In this concept of the ‘envelope of function’ it is presumed that overload of the patellofemoral joint can lead to different pathophysiological processes which may result in
loss of tissue homeostasis and subsequent peripatellar pain (Figure 1).
The three theories outlined above are not exclusive and may be considered complementary to each other. The maltracking of the patella due to patellar instability can
lead to overloading of the patellofemoral joint which may result in disruption of tissue
homeostasis. However, such a disruption can also arise as a result of overload through a
continued functional usage beyond the ‘envelope of function ‘.
The assumption that the prognosis of PFPS is generally good can be disputed. In a
select sample, 30-50% of patients with patellofemoral pain complaints did not recover
after several years.15 16
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Diagnostics and value of additional examination
In general the data from medical history and physical examination are sufficient to lead
to the diagnosis ‘PFPS ‘ or ‘patellar dislocation ‘. From history, key elements for PFPS
are: peripatellar pain (mostly related to loading and with a non-traumatic origin), pain
during squatting, pain when sitting with prolonged knee flexion (‘movie-sign’) and
crepitation of the patella. Some patients may report giving way or pseudo giving way
of the knee or actual dislocation of the patella. On physical examination effusion of the
knee is generally absent (unless following a patellar dislocation). Pain is indicated at the
patellar margins (facets) and various provocation tests are available, e.g. the ‘patellar
apprehension test ‘, ‘signe du rabot’ and Clarke’s test (Figure 2). However, the probability
that a positive test result is distinctive in relation to non-specific knee pain is limited.
The likelihood ratio is approximately 2.3, i.e. the chance of having PFPS at a positive test
outcome is 2.3 times the chance of having non-specific knee complaints.17
Although severe and debilitating pain may be a reason for additional examination,
radiological examination will generally be performed after the clinical assumption of
more specific causes of peripatellar pain (e.g. patellar instability, maltracking, patellofemoral arthritis, osteochondritis dissecans).

Figure 2. Clarke’s test can be applied in a patient with patellofemoral pain. If contraction of the M.
quadriceps with compression of the patella causes the patient’s pain to be reproduced, then the test
result is positive.

Patellofemoral pain - an overview

Figure 3. With a CT scan, the lateral distance between the deepest point of the trochlea and the midpoint
of the tuberositas tibiae is determined to establish whether there is maltracking of the patella: (a) on a CT
slice at the height of the trochlea, the posterior intercondylar line is drawn (A-B). Then a vertical line (D-C)
is drawn to the deepest point of the trochlea. (b) These lines are copied on a scan at the height of the
tuberositas tibiae, then the distance to the tuberosity is determined (C-E), i.e. the extent of lateralization.

Radiological research has shown that four factors are significantly correlated with
maltracking and patellar instability.18 These factors are: trochlea dysplasia, the patellar
angle in relation to the femur in the coronal plane (the so-called patellar tilt), patella alta
(vertical malposition of the patella) and an enlarged lateral distance between the trochlea and the tibial tuberositas. The latter refers to the situation in which the tuberositas
is positioned relatively more lateral to the trochlea and leads to pulling of the patella by
the patellar tendon to the lateral part of the trochlea.
The bony anatomy of the patellofemoral joint can be depicted with conventional X-ray
and CT scan.19 A conventional X-ray is suitable for determining patella alta or trochlea
dysplasia. A patella alta can be visualized on a lateral X-ray view, although controversy
still exists as to the best method to measure its height.20 To depict the lateral distance
between the trochlea and the tuberositas tibiae, a CT scan is necessary. Recently, a new
method has been developed to measure this distance more reliably (Figure 3). 21
The tracking of the patellofemoral joint is affected by the anatomy of the cartilage.
MRI examination is the most suitable for determining this anatomy. Because of the lack
of reference values, current research is addressing the depth of the trochlea (the sulcus
angle) and the distance between the trochlea and tuberositas tibiae.
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Effectiveness of treatment options for patellofemoral pain
Conservative treatment including exercise therapy

Much research has been done on the effects of conservative treatment for PFPS. Treatment may consist of simple interventions but more often consists of combinations of
physiotherapy, exercise therapy or treatment with tape, braces/bandages or insoles.22-25
Some studies have compared the various interventions with each other, and a few studies
have compared the intervention group with a control group.
One of the systematic reviews reported that there is only limited evidence for the effectiveness of exercise therapy on pain complaints.7 However, it is known that 30% of the
patients with PFPS is referred to a physiotherapist after visiting the GP.26 The additional
value of exercise therapy compared to a wait-and-see policy as advised in the Dutch GP
guidelines was, however, not previously investigated.
Our group has reported on the effects of supervised and protocolized exercise therapy
in patients with PFPS; the PEX study.27 In that study, 65 patients followed an intensive and
differentiated exercise program for 3 months with home exercises under the supervision
of a physiotherapist. The effects on pain, function and recovery were compared to a control group (n=66) which followed the usual advice according to the GP guideline (Figure
4). The patients were followed for 1 year. After 3 months the intervention group showed
significantly better pain and function scores than the control group. Even after 12 months,
the difference in pain reduction was significantly in favor of the exercise group. However,
no difference was found in the rate of recovery between both groups: after 1 year 62% of
the patients in the exercise group reported recovery versus 50% in the control group.27
That study shows that a protocolized and supervised extensive physical exercise program is more effective than a passive strategy regarding pain reduction and functional
improvement (Table 1).
Effectiveness of operative treatment

Although the treatment of patellofemoral pain focuses on conservative measures, surgery
may be considered. In the past, many patients with patellofemoral pain underwent a
transposition of the tibial tuberositas (the Hauser procedure), which is nowadays regarded
as obsolete. In this procedure the tuberositas is transposed to posterior which markedly
increases patellofemoral pressure, resulting in patellofemoral osteoarthritis.28
In addition, the so-called ’lateral release’ of the articular capsule at the lateral side of
the patella was often performed. However, biomechanical research has shown that this
treatment is counterproductive because the stability of the patella after a lateral release is
further reduced.29
Surgery is indicated only in patients with anatomical abnormalities. Nowadays, due
to new radiological techniques, anatomical abnormalities that can cause patellofemoral

Patellofemoral pain - an overview

Figure 4. The so-called ‘lunge’ as part of the exercise program in the PEX study after treatment for
patellofemoral pain syndrome.27 In this position the patella of the anterior knee is pressed against the
femur

Table 1. Effect of intensive, protocolized and supervised exercise therapy for patients with PFPS27
Difference between intervention (n=65) and control group (n=66)
Outcome

After 3 months

Effect Size*

After 12 months

Effect Size*

Pain#
-at rest

-1.07

ES 0.47

-1.29

ES 0.57

-at activities

-1.00

ES 0.45

-1.19

ES 0.54

Function¥

4.92

ES 0.34

4.52

ES 0.31

Recovered in %

7%

-

11 %

-

significant values are printed bold/italic
*
effect size is defined as the difference between both groups, divided by the standard deviation for the
outcome measure at baseline
# scored at a scale from 0-10 (with increasing pain intensity). Negative differences (pain scores) in favor of
exercise therapy
¥
positive differences (function scores and recovery) in favor of exercise therapy
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maltracking are better visualized. However, the relationship between the maltracking and
patellar pain is not always unambiguous which implies that the decision for surgery needs
to be made with caution. The GP guideline recommends that patients with protracted
patellofemoral pain should be referred to an orthopedic surgeon. When maltracking is
suspected, the surgeon may confirm the diagnosis by additional radiological examination. A relatively common abnormality in patients with persistent patellofemoral pain is an
enlarged lateral distance between tibial tuberositas and trochlea (Figure 3).
In 2007 we presented the results of a prospective study on the effects of a medially
directed tuberositas osteotomy for the treatment of patellofemoral pain30 (Figure 5). Both
the pain and function scores improved significantly after surgery, with a follow-up of 24
months (Table 2). The pain score on a visual analog scale of 100 mm (0 = no pain; 100
= greatest possible pain) decreased from an average of 52 points preoperatively to an
average of 12 points postoperatively.

Conclusion
Over the last 40 years there has been a shift in the diagnostic and treatment approach for
PFPS. The earlier dominance of the strictly mechanical theory has been replaced by a more
functional approach. It is now clear that there is no one-to-one relationship between existing anatomical or radiological abnormalities and instability or pain. For treatment options
this means that a decision regarding surgery needs considerable caution.
Recent research shows that for patients with PFPS in general practice an active approach
with an extensive supervised exercise program is more effective than a wait-and-see
policy. Also, for prolonged and sometimes seriously debilitating pain it is important to
inform patients about the natural evolution of patellofemoral complaints, even though it
may be less favorable than previously suggested.
In patients with recurrent patellar dislocations, patellar instability or prolonged patellofemoral pain imaging for maltracking may reveal the cause of the complaints. The use
of modern CT techniques is a prerequisite for this. With a proven anatomical abnormality
surgery may well be indicated.

Learning Points
-

Patellofemoral pain syndrome is common and its complaints are difficult to treat.
The natural evolution of the syndrome might be less favorable than previously suggested.

Patellofemoral pain - an overview

Figure 5. (a) The tibial tuberosity is detached and the distal part is fixed. (b) When bending the knee
the proximal part is tilted in the medial direction until a ‘neutral’ position is reached with respect to the
position of the patella in the trochlea. The tibial tuberosity is then fixed in that position.30
Table2. Results of operative intervention for recurrent patellar dislocation or severe patellar pain in a
study in a study by Koeter et al.30
Outcome

Mean (range)
Pre-operative

2 years Post-operative

Function score#

62 (31-86)

92 (55-100)

Pain score

55 (20-91)

14 (0-80)

¥

#function score measured with Lyshom knee score (1-100); a higher score means better function
¥
pain score at a visual analogue scale of 0-100mm; a higher score means more pain

-

-

There is consensus that non-operative treatment is therapy of first choice. A waitand-see policy is advised. Research shows that for patients with PFPS an active
approach with an extensive supervised exercise program is more effective than a
wait-and-see policy.
In patients with recurrent patellar dislocation and long-term patellofemoral pain, a
diagnostic work-up for maltracking may take place. In positive cases surgery may be
indicated.
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Abstract
Objective:

The aim of the study is to determine “The additional effect of orthotic devices over
exercise therapy on pain and function” for patellofemoral pain syndrome (PFPS).
Methods:

A systematic literature search was conducted in MEDLINE, CINAHL, EMBASE, Cochrane
and PEDro. Randomised controlled trials and controlled clinical trials of patients diagnosed with PFPS evaluating a clinically relevant outcome were included. Treatment
had to include exercise therapy combined with orthotics, compared with an identical
exercise programme with or without sham orthotics. Data were summarised using a
best evidence synthesis.
Results:

Eight trials fulfilled the inclusion criteria, of which three had a low risk of bias.
There is moderate evidence for no additive effectiveness of knee braces to exercise
therapy on pain (effect sizes (ES) varied from −0.14 to 0.04) and conflicting evidence on
function (ES −0.33).
There is moderate evidence for no difference between knee braces and exercise therapy versus placebo knee braces and exercise therapy on pain and function (ES −0.1–0.10).
Conclusion:

More studies of high methodological quality are needed to draw definitive conclusions
on the additional effects of orthotic devices over exercise therapy for PFPS.

Orthotic devices and exercise for PFPS – a review

Introduction
Patellofemoral pain syndrome (PFPS) is a common diagnosis in young adults and adolescents. The exact incidence of PFPS in the general population has not been properly
evaluated.1 In a military population, the overall risk of PFPS is 3%, with an incidence rate
of 22 injuries/1000 person-years.2 In an athlete population, the cumulative incidence risk
and rate for the development of new unilateral PFPS is 9.66 per 100 athletes and 1.09
per 1000 athletic exposures, respectively.3 PFPS is defined by a complex of symptoms
in which pain around the patella is the most dominant, and the complaint is associated
with activities that load the patellofemoral joint, such as squatting, stair ascending and
descending, walking, running and jumping.4 Patients with PFPS are often highly limited
in physical activities due to pain. It is suggested that the cause of PFPS is a combination
of proximal, distal and local factors that influence the movement of the patella within
the trochlea of the femur.5 Patients with PFPS are often referred to a physical therapist.
There is evidence that some interventions applied by physical therapists have significant
beneficial effects on pain and function compared with no treatment.4 6 Treatment strategies that are applied in clinical practice include exercise therapy to increase muscle
strength, improve neuromuscular coordination and enhance flexibility. Occasionally,
orthotic devices are added to the treatment to relieve pain, and it is suggested that
orthotics correct for possible malalignment. Up to now, no systematic review has been
published on the additional value of orthotics on exercise therapy. Therefore, the aim
of this study was to determine the effectiveness, in measures of pain and function, of a
physiotherapeutical intervention consisting of exercise therapy and orthotic devices or
exercise therapy and placebo orthotics compared with exercise therapy only for patients
with PFPS.
Orthotic devices in this review include patellar bracing, patellar taping and foot orthotics.

Methods
A literature search was conducted in MEDLINE, CINAHL, EMBASE, Cochrane and PEDro
by two independent researchers (MvM and NMS). Wherever possible, the Cochrane
Library search fi lter for randomised controlled trials (RCT) and controlled clinical trials
(CCT) was applied to make a restriction for the design. If it was impossible to use the
filter in the database, the specific limits options were used for RCT and CCT. Studies were
collected from 1990 up to January 2010 with a language restriction for English, German
and Dutch studies (online appendix 1). Finally, the reference lists of the included articles
were searched for more relevant articles.
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Criteria for considering studies for this review

Studies were included if they met the following criteria: (1) RCT or CCT. (2) The study
population had to include patients diagnosed with PFPS or anterior knee pain. (3) The
intervention had to consist of exercise therapy aiming at muscle strengthening and
stretching exercises, combined with foot or knee orthotics (including tape, braces and
insoles). The control group had to receive an identical exercise program with or without
sham orthotics. (4) The outcome measures assessed were pain and function either
reported by the patient using a questionnaire or by the assessor using an objective
performance measure of the knee. Studies were excluded when they did not fulfil the
above-mentioned inclusion criteria on design, intervention and outcome. Two review
authors (NMS, MvM) working independently from one another examined all citations
(including titles and abstracts) from the electronic search. Full articles were obtained
for those citations thought to fulfil the inclusion criteria. A third reviewer (SMAB-Z) was
consulted if consensus was not reached.
Assessment of risk of bias in included studies

The risk of bias assessment was conducted using the 12 criteria recommended by the
Cochrane Back Review Group and evaluated independently by two researchers (RvL and
NMS) (online appendix 2). The 12 questions were answered with ‘yes’, ‘no’ or ‘unclear’. If
there was a difference in the scores between the assessors, agreement was reached after
discussion. Studies with six or more positive items were considered to have a low risk
of bias. This cut-off point is supported by empirical evidence.7 Agreement between the
two authors was calculated by Cohen’s κ.8 Values of κ between 0.40 and 0.59 have been
considered to reflect fair agreement, between 0.60 and 0.74 to reflect good agreement
and 0.75 or more to reflect excellent agreement.9
Data extraction

Data extraction was performed independently by two researchers (SMAB-Z and NMS).
The following data were extracted: study design, baseline characteristics, duration of
the complaints, duration and specific details of the intervention, outcome measures
and results. Data were extracted for short (0−12 weeks) and long-term (>12 weeks) outcomes. The change scores over time were extracted from the studies or in the absence
calculated for the orthotic (O) and the control (C) groups. Subsequently, the differences
in change scores between O and C were extracted or calculated, together with a 95% CI.
If the raw data were not presented in the study, data were extracted from the figures. The
authors were not contacted for data that were not provided. If studies do not provide
enough information to calculate the 95% CI, information about significant differences
between the groups is abstracted from the studies. Effect sizes (ES) were calculated by
dividing the mean difference between O and C by the pooled SD of the baseline scores,
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Table 1. Best evidence synthesis
Strong evidence

consistent findings among multiple low risk of bias RCT (consistency: ≥75%
of the trials report the same findings).

Moderate evidence

consistent findings among multiple high risk of bias RCT and/or CCT and/or
one low risk of bias RCT.

Limited evidence

one high risk of bias RCT and/or CCT
or consistent findings among multiple CCT

Conflicting evidence

inconsistent findings among multiple RCT and/or CCT

No evidence from trials

no RCT or CCT could be found.

when available.10 Cohen labelled an ES small if d=0.20, medium if d=0.50 and large if
d=0.80.11
Data synthesis

A qualitative data analysis was applied using a best evidence synthesis, consisting of
five levels to assess the power of the results. A modified version recommended by the
Cochrane Back Review Group was used12. (table 1)

Results
Information about the number of studies identified from the databases, included and
excluded for analysis is shown in figure 1. The search retrieved 269 articles leading to
153 unique articles. Five studies were identified from a hand search of the reference lists.
From the 158 publications, 142 studies were excluded based on the title and abstract.
Eight studies were excluded based on the full text. The reason for exclusion was a design
other than a RCT or CCT, the absence of an intervention consisting of exercise therapy
combined with foot or knee orthotics and the absence of outcome measures for pain
and function. Finally, seven RCT and one CCT were included and used for analysis.13–20
Of the eight studies included two compared an exercise and orthotics group with both
an exercise-only and an exercise and placebo orthotics group. The results of the placebo
orthotics group were analysed separately.
Risk of bias in included studies

The interrater reliability of the risk of bias assessment was good (κ 0.73). The risk of bias
of the eight included studies was ‘low’ in three studies13 14 18 and ‘high’ in five studies15–17
19 20
(table 2). Six studies used an adequate method of randomisation; in one study the
method of randomisation was unclear. In four studies the treatment allocation was
concealed. In none of the studies was the care provider, the patient or the outcome
assessor blinded to the intervention. In three studies the drop-out rate was described
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Potentially relevant
42 MEDLINE
52 PEDro
78 Cochrane
Double hits: 116
N=153
Hand search of
reference lists: 5
N=158

RCT’s excluded based on
title and abstract: 142
Reasons: wrong design
(n=38), wrong intervention

N=16
RCT’s excluded based on
full text: 8
Reason: wrong design
(n=1), wrong intervention
(n=4), wrong outcome
measures (n=1), other
Analysis: 8 studies

N=158

Figure 1. Flow diagram of systematic review inclusion and exclusion of articles

and acceptable, and seven studies analysed the patients in the group to which they
were allocated.
Characteristics of included studies

The characteristics of the included studies are described in table 3 .The studies included
325 participants, of which 50.3% were women and the mean age of the population was
25.8 years. The duration of complaints varied between the studies from 2 weeks to 15
years. Outcome measures used for pain were: the verbal pain score 15 and the visual
analogue scale (VAS) for pain at rest or at different activities.21 Questionnaires used to assess function were the Kujala patellofemoral score (KPS) 22, the knee function18, the functional index questionnaire (FIQ)23 and the Western Ontario and McMaster Universities
osteoarthritis questionnaire.24 One study also used an additional step test to measure
the performance of the knee. Measurements were performed at different time points
ranging from 2 weeks to 1 year. The exercise therapy programmes that were applied are
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Table 2. Risk of Bias (RoB) in included studies
Denton15

Miller19

Lun18

Whittingham20

Clark13

Kowall17

Collins14

Eng16

Adequate method of randomization

Y

N

Y

Y

Y

Y

Y

U

Treatment allocation concealed

N

U

Y

Y

Y

U

Y

U

Patient blinded to the intervention

N

N

N

N

U

N

N

N

Care provider blinded to the intervention

N

N

N

N

U

N

N

N

Outcome assessor blinded to intervention

N

N

N

N

Y

N

N

N

Dropout rate described and acceptable

N

Y

Y

N

N

N

Y

N

Participants analysed in the group to
which they were allocated

Y

Y

N

Y

Y

Y

Y

Y

Reports free of suggestion of selective
outcome reporting

U

U

U

U

U

U

Y

U

Groups similar at baseline regarding
prognostic indicators

Y

N

Y

Y

Y

N

Y

Y

Co-interventions avoided or similar

N

U

U

U

Y

U

Y

U

Compliance acceptable in al groups

U

U

Y

U

U

U

Y

U

Timing of outcome assessments similar in
all groups

N

N

Y

Y

Y

Y

Y

Y

Total score

3

2

6

5

7

3

9

3

RoB items

described in table 3. A variety of interventions was used for muscle strengthening and
balance or proprioception training. All studies used quadriceps stretching techniques,
several used hamstring and iliotibial band, gastrocnemius and hip flexors stretching
techniques. In one study the exercise intervention consisted of home exercises only.
Four studies appended a home exercise programme to the supervised exercise therapy.
One study used a multimodal approach of exercise therapy, patellar mobilisation and
patellar taping.14 In addition to the exercise therapy foot or knee orthotics were added
to the treatment.
Effectiveness of interventions

Due to the clinical heterogeneity of interventions, outcome measures and time to
follow-up, pooling of data from the included studies was impossible.
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Table 3. Exercise programs used in the included articles
Exercises

Stretching

Denton, 2005

three phases of quadriceps strengthening exercises

quadriceps, hamstring, iliotibial band
and hip flexors

Miller, 1997

closed kinetic chain exercises, VMO strengthening

VMO

Lun, 2005

a progressive 6-stage drop squat program

quadriceps, hamstring, spinal rotation,
supine hip external rotation

Whittingham, non-weight bearing and weight-bearing exercises
2004

quadriceps, hamstring, iliotibial band
and gastrocnemius

Clark, 2000

wall squads, sit to stand, gluteus muscles, progressive
step down, proprioceptive balance exercises

quadriceps, hamstring, iliotibial band
and gastrocnemius

Kowall, 1996

progressive isometric, isotonic and isokinetic exercises

quadriceps, hamstrings

Collins, 2008

muscle strengthening of vasti muscle and hip external
rotator

stretches of hamstring and anterior
hip

Eng, 1993

isometric quadriceps femoris muscle contractions and
straight leg raising

quadriceps and hamstring

Knee braces and exercise therapy versus exercise therapy only

One low risk of bias study18 and two high risk of bias studies15 19 described the additional
effect of knee braces on exercise therapy at short term (table 2). Two studies did not
provide enough information to calculate effect sizes or 95% CI.15 19
Information about significant differences between the groups is abstracted from the
studies.
The study of Miller et al19 described three groups, of which two groups used different
knee braces. Group 1 used a Palumbo dynamic patellar brace (DynOrthotics, Vienna,
Virginia, USA) in addition to exercise therapy. The aim of the dynamic patellar brace is
to give an active, medially displacing force on the lateral border of the patella, maintaining constant pressure during flexion, extension and rotation of the knee.25 Group
2 used the Cho-Pat knee strap (Cho-Pat, Hainesport, New Jersey, USA) in addition to
exercise therapy. The strap functions dynamically as the knee bends and straightens
and improves tracking and assists in spreading pressure uniformly over the surface
area.19 For the study of Denton et al15 the Protonics system (Inverse Technology, Lincoln,
Nebraska, USA) was used. The Protonics system includes a brace set to resist knee flexion
to increase hamstring activity and inhibit the activity of the tensor fasciae lata. The study
of Lun et al18 used a Y-shaped patellar brace to help control patellar movement (Special
FX knee brace; Generation II Orthotics, Richmond, British Columbia, Canada). In none of
the studies was a significant difference between the knee brace group and the control
group found on pain (ES varied from −0.14 to 0.04). On the outcome function, one low
risk of bias study revealed a significant difference between the knee brace group and
the control group (ES −0.33).18 In contrast to these results, one high risk of bias study
revealed no significant difference between the knee brace group and the control group
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on function (ES not available).15 Therefore, there is moderate evidence that there is no
difference in effectiveness between knee braces plus exercise therapy versus exercise
therapy only on pain at short term. There is conflicting evidence on the additional effect
of knee braces on exercise therapy regarding function. In addition, according to the
results of one high risk of bias study, there is limited evidence that knee braces have
no additional effect on exercise therapy on the performance of the knee.15 Knee braces
and exercise therapy versus placebo braces and exercise therapy. One low risk of bias
study used a knee sleeve to measure the additional effect of a placebo knee brace in
addition to exercise therapy at short term (table 2).18 The knee sleeve was constructed
with the same material as the patella brace. No hole was made in the sleeve over the
patella. No significant difference was found between the knee brace and exercise group
and the placebo brace and exercise group on pain and function (ES varied from −0.1 to
0.10). Therefore, there is moderate evidence that there is no difference between knee
braces and exercise therapy versus placebo knee braces and exercise therapy on pain
and function.
Tape and exercise therapy versus exercise therapy only

One low risk of bias 13 and two high risk of bias studies17 20 described the additional
effect of tape on exercise therapy (table 2). One study did not provide enough information to calculate ES or 95% CI.17 Information about significant differences between the
groups is abstracted from the study. Patellar taping was used to pull the patella medially.
A significant reduction in pain and improvement in function was found in one high risk
of bias study at short term after a treatment of exercise therapy and patellar taping compared with exercise therapy alone (ES varied from 1.89 to 2.89). 20 In contrast to these
results, one low13 and one high risk of bias study17 found no significant reduction in pain
and improvement in function (ES varied from −0.19 to 0) at short term. At long term,
one low risk of bias study found no significant difference on pain and function outcomes
between the tape and exercise group and the exercise-only group.13 Therefore, there is
conflicting evidence on the additional effect of tape on the outcomes pain and function
at short term, while there is moderate evidence that there is no difference in effectiveness on pain and function outcomes between exercise and tape versus exercise only at
long term.
Tape and exercise therapy versus placebo tape and exercise therapy

One high risk of bias study20 compared an exercise and placebo taping group with an
exercise and tape group (table 2). For the placebo taping the tape was placed across
the surface of the patella without patella alignment correction. A significant difference
between the exercise and tape group compared with the exercise and placebo tape
group was found on pain and function at short term (ES varied from 1.0 to 3.0). Therefore,
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there is limited evidence that taping and exercise therapy improves pain and function
significantly better than placebo taping and exercise therapy at short term.
Foot orthotics and exercise therapy versus exercise therapy only

In one low 14 and one high risk of bias study 16 foot orthotics were applied additionally
to an exercise programme (table 2 ). Collins et al14 used prefabricated orthotics (Vasily
International, Broadbeach, Queensland, Australia), which were fitted into the shoes.
Comfort was the primary goal of the orthotics, by heat moulding and adding wedge
or heel raises. Eng and Pierrynowski16 used soft foot orthotics with medial wedges to
position the subtalar joint towards a neutral position (Spenco Sports Medicine Products,
Toronto, Ontario, Canada). Collins et al14 found no significant difference between the
exercise and foot orthotics group and the exercise-only group on pain at short and
long term (ES varied from −0.22 to 0.20). In contrast, Eng and Pierrynowski 16 found a
significant difference in favour of exercise combined with foot orthotics for pain during
running, but no significant difference between the groups was found for pain during
walking at short term. Therefore, there is conflicting evidence for the additional effect of
foot orthotics on exercise therapy for pain at short term, and there is moderate evidence
that there is no significant difference between exercise and foot orthotics versus exercise
only on pain at long term. Collins et al 14 is the only study available measuring function.
There is conflicting evidence within that study on both short and long-term follow-up
on the additional effect of foot orthotics over exercise therapy on function.

Discussion
Knee braces and exercise therapy

According to the results of this review, knee braces or placebo knee braces have no additional effect over exercise therapy on pain and function for patients with PFPS. None of
the braces evaluated in this study resulted in a significant improvement when compared
with exercise only. These results are supported by a recent systematic review for anterior
knee pain and osteoarthritis, which concluded that there was disputable evidence from
low-quality studies for patellar bracing benefits.26 The studies included in this review all
used different knee braces, i.e., the Protonics system,15 the Palumbo dynamic patellar
brace and the Cho-Pat knee strap19 and a Y-shaped knee brace.18 Denton et al15 applied
Protonics knee braces as an additional intervention superiorly to exercise therapy.
A study not included in this review examined the effect of the Protonics knee brace
compared with a proprioceptive neuromuscular facilitation programme or no treatment.27 The Protonics system was more effective for the patients with PFPS. However, it
is unclear what mechanism is responsible for the effect of the Protonics system. McCrory
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et al28 concluded that a single application of the Protonics brace did not alter anterior
pelvic tilt, hip internal rotation or adduction, or tibial external rotation during a lateral
step up and gait. Earl et al29 stated that the Protonics brace may unload the quadriceps
and therefore decrease the load of the patellofemoral joint. It appears that the Protonics
system decreases pain when compared with proprioceptive neuromuscular facilitation
or no treatment, but has no additional effect to exercise therapy on pain and function.
Furthermore, the effect of the Protonics system may be attributed to the specific set of
exercises performed daily to strengthen the hamstrings that are accompanied by the
brace. Further research in this field should focus on the heterogeneity of exercise and
knee brace protocols, to make the studies comparable and to create a body of evidence
on the possible additional effect of knee braces on exercise therapy for patients with
PFPS.
Tape and exercise therapy

According to the results of this review, there is conflicting evidence for the additional
effect of tape superiorly to exercise therapy on pain and function. Furthermore, there
is limited evidence that taping and exercise therapy improve pain and function significantly better than placebo taping and exercise therapy in the short term. These results
are supported by a review of Overington et al,30 who stated that some studies found
pain reduction by the addition of taping, whereas other studies found no additional
effect on a general exercise programme by taping. Crossley et al4 concluded in 2001 in
their review that RCT had failed to find a beneficial effect of patellar taping in addition to
physiotherapy. This review was published before the results of the study of Whittingham
et al were published. 20 Although the results of two recent reviews revealed that medially
directed tape decreased pain significantly more than no tape, it is still unclear if tape
has an additional value in the treatment of PFPS patients.26 31 The rationale behind the
use of medial-directed tape, first used by McConnell is to pull the patella medially to
realign the patella within the femoral trochlea.32 In the literature there is no agreement
about the effect of tape on patella position. One study found no significant difference in
patellar position in taped and non-taped conditions,33 whereas other studies did find a
significant difference in patellar position.34 35 Although patellar taping seems to reduce
pain, the mechanism behind the pain reduction is still unclear.
Foot orthotics and exercise therapy

There is conflicting evidence for the additional effect of foot orthotics on pain and function compared with exercise therapy alone. A recent review36 concluded that combining
foot orthotics with physiotherapy showed significantly greater improvements than foot
orthotics alone. The results of a prospective study demonstrate that a disturbance of the
normal dynamic foot alignment is a risk factor for the development of PFPS.37 Another
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prospective study has dentified a pronated foot type (measured as navicular drop) as
being a risk factor for the development of PFPS.2 A possible rationale behind the use
of foot orthotics is to reduce excessive pronation. In the included studies no diagnostic
criteria were formulated for the use of foot orthotics. It is hypothesised that patients
who have excessive foot pronation will benefit more from foot orthotics than patients
with normal foot posture.36 Collins et al14 found significant differences between the foot
orthotics and exercise and the exercise-only groups for function, measured with the
FIQ, at the short-term follow-up and on the KPS at long-term follow-up. In contrast to
the results that are established in this review, Collins et al14 concluded that there was no
difference in effectiveness between foot orthotics and exercise therapy nor was there
any benefit of adding foot orthotics to exercise therapy. This contradiction is caused
by Collins et al14 using a 99% CI and a significance cut-off value of p≤0.01, whereas we
applied a 95% CI and a significance cut-off value of p≤0.05.

Limitations
This review has some limitations. There is a small number of studies available describing
the additional effect of orthotics or placebo orthotics to exercise therapy on the outcomes pain and function. For that reason one CCT19 is included in this review, although
this study has a risk of selection bias and confounding. Furthermore, only three of the
eight included studies in this review are classified as ‘low risk of bias’ according to the
guidelines of van Tulder et al.7 Because of the lack of low risk of bias studies on this
topic it was impossible to draw the conclusion of ‘strong evidence’. Besides, three of the
eight studies included did not provide the raw data and therefore the data from figures
had to be extracted. This may have caused inaccuracies. Because these three studies did
not supply data, it was impossible to calculate the ES. There are inconsistencies in the
pain and function measures used. The VAS is used to evaluate the pain, but there is no
agreement in which situation the pain should be evaluated.
The most frequently used questionnaires in the included RCT to measure self-reported
function are the KPS 22 and the modified FIQ. In the literature, the KPS and the VAS for
worst pain are described as being the most reliable measures for detecting a treatment
effect.21 The modified FIQ also seems to be a valid measure.38
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Further research
Although PFPS results in a variety of limitations in physical activities in young active
adults, there are still many uncertainties about the most optimal treatment of the syndrome.
To identify subgroups of patients that are most likely to benefit from orthotic devices could be a way forward in clinical research and very useful in clinical practice. For
example, knee bracing and taping may be used by patients with malalignment of the
patellofemoral joint, and foot orthotics may be applied by patients with an excessive
pronation of the foot. However, when subgroups of PFPS patients are analysed, sample
sizes have to increase, which affects the feasibility of the studies. To detect subgroups
responsive to specific treatment, dedicated trials designed to assess subgroup effects
are needed. More low risk of bias studies on this topic are needed, using adequate
randomisation and providing enough information to calculate ES and 95% CI. Blinding
of the patients and the care providers is difficult when exercise is concerned; however,
other potential sources of bias must be considered in future studies. In future research,
agreement should be reached about the outcome measures used in order to facilitate
comparisons between the studies and pooling of the results. In addition to pain and
functional outcome measures, a global effect scale rated by the patient should be used
to explain patients’ perceptions of their improvement following an intervention.21

Conclusions
There is no additional effect of knee braces over exercise therapy regarding pain and
function outcomes for patients with PFPS. The evidence for the additional effect of tape
and foot orthotics on exercise therapy is conflicting when compared with exercise only.
The combination of tape and exercise seems to be preferable when compared with placebo tape and exercise. This conclusion is based on a small number of high risk of bias
studies. More studies with high methodological quality are needed to draw definitive
conclusions. Future research should address subgroups to reflect the current strategies as they are used in physiotherapeutic practice. As there are uncertainties in the
current literature according to the treatment strategies applied to patients with PFPS,
practitioners should rely on their clinical reasoning skills (including vigilant follow-up
and re-assessment) and patient presentation to arrive at a management plan.
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1. RCT’s of knee braces and exercise therapy versus exercise therapy only
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(wk)

Home exercise 32
therapy and
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patellar brace

Home exercise 34
therapy

number of
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number of
subjects

Control Group (C)

Orthotic Group (O)
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time (wk)

-3 (-5.06 -0.95)*
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difference
(95% CI)b

sport activity

Pain: VAS during:

Outcome measure

-0.33

0.04

-0.14

0

Effect
Size

a: Change scores in the O and C group. Positive scores indicate improvement, i.e. less pain or better function.
b: Difference in change scores between O and C
c: Not enough information was provided to make this assessment
Notes: VPS=Verbal Pain Score (0-10). KSQ=Kujala Score Questionnaire (0-100). VAS=Visual Analogue Score (0-100). KF=Knee function scale (0-53). CI=Confidence
Interval. ? indicates unknown/not reported. * Significant difference between orthotic group and control group. † Data abstracted from figures.
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Duration of
complaints
(wk)

Home exercise 32
therapy and
an Y-shaped
patellar brace

Home exercise 31
therapy and
knee sleeve

number of
subjects

treatment

treatment

number of
subjects

Control Group (C)

Orthotic Group (O)

12

Follow-up
time (wk)

-1 (-2.98 – 0.98)

O: 4
C: 5

Function: KF

0.3 (-0.28 – 0.88)

0.2 (-0.47 – 0.87)

O: 2.2
C: 1.9

1 hour after sport
activity

0.1 (-0.57 – 0.77)

Mean difference
(95% CI)b

following 30 min. of
sitting with flexed O: 1.6
knees
C: 1.4

O: 1.6
C: 1.5

sport activity

Pain: VAS during:

Outcome measure Change
scoresa

-0.12

0.06

0.10

0.03

Effect
Size

Diagnostic
criteria

Duration of
complaints
(wk)

number of
subjects

treatment

treatment

number of
subjects

Control Group (C)

Orthotic Group (O)

3. RCT’s of tape and exercise therapy versus exercise therapy only
Follow-up
time (wk)

Outcome measure Change
scoresa

Mean difference
(95% CI)b

Effect
Size

a: Change scores in the O and C group. Positive scores indicate improvement, i.e. less pain or better function.
b: Difference in change scores between O and C
c: Not enough information was provided to make this assessment
Notes: VAS=Visual Analogue Score (0-100). KF=Knee function scale (0-53). CI=Confidence Interval. ? indicates unknown/not reported. * Significant difference between
orthotic group and control group.
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Mean (SD):
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4
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4

O: 14 †
C: 14 †

O: 10.4
C: 8.1

Function: WOMAC

Pain: VAS

0.7 (-6.30-7.70)

O: 40.0
C: 39.3

Pain: Mean VAS
during climbing
stairs and walking

0 (c)

2.3 (-3.00-7.60)

0 (-3.45-3.45)

O: 13.7
C: 13.7

Function: WOMAC

O: 39.7
C: 47.1

-7.4 (-18.03-3.23)

2.6 (2.38-2.82)*

Function: FIQ

Pain: Mean VAS
during climbing
stairs and walking

1.7 (1.50-1.99)*

a step test without O: 7.4
tape
C: 5.7
O: 8.4
C: 5.8

1.8 (1.60-2.00)*

O: 7.5
C: 5.7

pervious 24 hours

Pain: VAS during:

a: Change scores in the O and C group. Positive scores indicate improvement, i.e. less pain or better function.
b: Difference in change scores between O and C
c: Not enough information was provided to make this assessment
Notes: VAS=Visual Analogue Score (0-100). FIQ=Functional Index Questionnaire (0-16). WOMAC=Western Ontario and McMaster Universities Osteoarthritis
Questionnaire (0-100). CL=Confidence Interval. ? indicates unknown/not reported. * Significant difference between orthotic group and control group. † Data
abstracted from figures.

68% female
Age: 14-40
Mean (SD):
29 (?)

?

Kowall et al. 1996

44% female
Age: 15-40
Mean (SD): ?

AKP/PFPS

Clark et al. 2000

20% female
Age: 17-25
Mean (SD):
18.7 (1.2)

PFPS
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Function: FIQ

O: 8.4
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Mean difference
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previous 24 hours

Pain: VAS during

Outcome measure Change
scoresa

3
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Effect
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5. RCT’s of foot orthotics and exercise therapy versus exercise therapy only
Follow-up
time (wk)

Outcome measure Change
scoresa

Mean difference
(95% CI)b

Effect
Size

a: Change scores in the O and C group. Positive scores indicate improvement, i.e. less pain or better function.
b: Difference in change scores between O and C
c: Not enough information was provided to make this assessment
Notes: VAS=Visual Analogue Score (0-100). FIQ=Functional Index Questionnaire (0-16). CL=Confidence Interval. ? indicates unknown/not reported. * Significant
difference between orthotic group and control group.
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Pain: VAS during:
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c

c
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0.02
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a: Change scores in the O and C group. Positive scores indicate improvement, i.e. less pain or better function.
b: Difference in change scores between O and C
c: Not enough information was provided to make this assessment.
Notes: KSQ=Kujala Score Questionnaire (0-100). VAS=Visual Analogue Score (0-100). FIQ=Functional Index Questionnaire (0-16). CI=Confidence Interval. ? indicates
unknown/not reported. * Significant difference between orthotic group and control group. † Data abstracted from figures.
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Appendix 1
Sources of risk of bias
Item

Judgment

A) Sequence generation
1. Was the method of randomization adequate?

Yes / No / Unsure

B) Allocation concealment
2. Was the treatment allocation concealed?

Yes / No / Unsure

C) Blinding of participants, personnel and outcome
Was knowledge of the allocated interventions adequately prevented
during the study?
3. Was the patient blinded to the intervention?
4. Was the care provider blinded to the intervention?
5. Was the outcome assessor blinded to the intervention?

Yes / No / Unsure
Yes / No / Unsure
Yes / No / Unsure

D) Incomplete outcome data
Were incomplete outcome data adequately addressed?
6. Was the drop-out rate described and acceptable?
7. Were all randomized participants analysed in the group to which
they were allocated?

Yes / No / Unsure
Yes / No / Unsure

E) Other sources of potential bias
8. Were the groups similar at baseline regarding the most important
prognostic indicators?
9. Were co-interventions avoided or similar?
10. Was the compliance acceptable in all groups?
11. Was the timing of the outcome assessment similar in all groups?

Yes / No / Unsure
Yes / No / Unsure
Yes / No / Unsure
Yes / No / Unsure

Appendix 2.
Criteria for a judgment of ‘yes’ for the sources of risk of bias

1. Was the method of randomization adequate?
A random (unpredictable) assignment sequence. Examples of adequate methods are
coin toss (for studies with two groups), rolling a dice (for studies with two or more
groups), drawing of balls of different colours, drawing of ballots with the study group
labels from a dark bag, computer-generated random sequence, pre-ordered sealed
envelops, sequentially-ordered vials, telephone call to a central office, and pre-ordered
list of treatment assignments
Examples of inadequate methods are: alternation, birth date, social insurance/security
number, date in which they are invited to participate in the study, and hospital registration number

Orthotic devices and exercise for PFPS – a review

2. Was the treatment allocation concealed?
Assignment generated by an independent person not responsible for determining the
eligibility of the patients. This person has no information about the persons included
in the trial and has no influence on the assignment sequence or on the decision about
eligibility of the patient.
Was knowledge of the allocated interventions adequately prevented during the study?
3. Was the patient blinded to the intervention?
This item should be scored “yes” if the index and control groups are indistinguishable
for the patients or if the success of blinding was tested among the patients and it was
successful.
4. Was the care provider blinded to the intervention?
This item should be scored “yes” if the index and control groups are indistinguishable for
the care providers or if the success of blinding was tested among the care providers and
it was successful
5. Was the outcome assessor blinded to the intervention?
Adequacy of blinding should be assessed for the primary outcomes. This item should be
scored “yes” if the success of blinding was tested among the outcome assessors and it
was successful or:
for patient-reported outcomes in which the patient is the outcome assessor (e.g., pain,
disability): the blinding procedure is adequate for outcome assessors if participant blinding is scored “yes”
for outcome criteria assessed during scheduled visit and that supposes a contact
between participants and outcome assessors (e.g., clinical examination): the blinding
procedure is adequate if patients are blinded, and the treatment or adverse effects of the
treatment cannot be noticed during clinical examination
for outcome criteria that do not suppose a contact with participants (e.g., radiography, magnetic resonance imaging): the blinding procedure is adequate if the treatment
or adverse effects of the treatment cannot be noticed when assessing the main outcome
for outcome criteria that are clinical or therapeutic events that will be determined by
the interaction between patients and care providers (e.g., co-interventions, hospitalization length, treatment failure), in which the care provider is the outcome assessor: the
blinding procedure is adequate for outcome assessors if item “E” is scored “yes”
for outcome criteria that are assessed from data of the medical forms: the blinding
procedure is adequate if the treatment or adverse effects of the treatment cannot be
noticed on the extracted data
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Were incomplete outcome data adequately addressed?
6. Was the drop-out rate described and acceptable?
The number of participants who were included in the study but did not complete the
observation period or were not included in the analysis must be described and reasons
given. If the percentage of withdrawals and drop-outs does not exceed 20% for during
follow-up and does not lead to substantial bias a ‘yes’ is scored. (N.B. these percentages
are arbitrary, not supported by literature).
7. Were all randomized participants analysed in the group to which they were allocated?
All randomized patients are reported/analyzed in the group they were allocated to by
randomization for the most important moments of effect measurement (minus missing
values) irrespective of non-compliance and co-interventions.
Other sources of potential bias:
8. Were the groups similar at baseline regarding the most important prognostic indicators?
In order to receive a “yes”, groups have to be similar at baseline regarding demographic
factors, severity of complaints, and value of main outcome measure(s).
9. Were co-interventions avoided or similar?
This item should be scored “yes” if there were no co-interventions or they were similar
between the index and control groups.
10. Was the compliance acceptable in all groups?
The reviewer determines if the compliance with the interventions is acceptable, based
on the reported intensity, duration, number and frequency of sessions for both the index
intervention and control intervention(s). For example, physiotherapy treatment is usually
administered over several sessions; therefore it is necessary to assess how many sessions
each patient attended. For single-session interventions (for ex: surgery), this item is irrelevant.
11. Was the timing of the outcome assessment similar in all groups?
Timing of outcome assessment should be identical for all intervention groups and for all
important outcome assessments.
Note: These instructions are adapted from van Tulder 2003, Boutron et al, 2005 (CLEAR
NPT) and the Cochrane Handbook of Systematic Reviews of Interventions.
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Abstract
Background:

Exercise therapy is frequently used for patellofemoral pain syndrome (PFPS) though
evidence for its effectiveness is still unclear.
Objectives:

To evaluate the effects of exercise therapy aimed at reducing knee pain and improving
knee function for patients with PFPS.
Search methods: We searched the Cochrane Bone, Joint and Muscle Trauma Group
Specialized Register (December 2009), the Cochrane Central Register of Controlled
Trials (The Cochrane Library 2009, Issue 4), MEDLINE, EMBASE, and other databases to
December 2009.
Selection criteria:

Randomized trials of exercise therapy aiming at quadriceps strengthening for patients
with patellofemoral pain syndrome. Primary outcomes were pain, knee function and
recovery.
Data collection and analysis:

Two pairs of two authors independently selected trials based on pre-defined inclusion
criteria, extracted data and assessed risk of bias. Disagreements were settled by consensus.
Results:

At short term and long term exercise therapy is effective on pain reduction compared
to no intervention (‘wait and see strategy’). At short term exercise therapy is also effective on improving knee function but at long term these effects are not significant. The
effect of exercise therapy is however not clearly reflected on the outcome measures for
recovery.
At short term exercise therapy is more effective on pain reduction than other conservative, non-pharmacological strategies (brace, tape, insoles).
No differences in effect were found when exercise strategies for quadriceps muscle
strengthening where compared with other exercise strategies (VMO feedback retraining, closed kinetic chain, open kinetic chain, hip abductor exercise, abdominal muscle
exercise).

Exercise therapy for PFPS- a systematic review

Authors’ conclusions:

This review shows that exercise therapy is effective on reducing pain and improving
function for patients with patellofemoral pain syndrome.
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Background
Description of the condition

Patellofemoral pain syndrome (PFPS) is a common problem among adolescents and
young adults. Incidence rates vary from 22 new cases per 1000 persons/year in highly active populations to 5 to 6 new cases per 1000 in general practice.1 2 PFPS is characterized
by retropatellar pain (behind the kneecap) or peripatellar pain (around the kneecap)
mostly occurring when load is put on the knee extensor mechanism as in stair climbing,
squatting, running or cycling or sitting with flexed knees. The etiology of the condition
is not known as well as the origin of the pain. Also most favourable treatment options
are still under debate. There is however consensus that a conservative, non-surgical
approach is the cornerstone in treatment. In these strategies exercise therapy is often
prescribed especially to strengthen the quadriceps muscles.
Description of the intervention

According to various authors quadriceps strengthening exercises are the most promising and frequently used conservative treatment method for patellofemoral pain.3-9
Exercise therapy comprises a broad range of possible variations and accompanying
terms.
Contraction of the quadriceps muscles - and other muscles involved in knee function - can either be concentric, eccentric or isotonic. During concentric contractions the
muscles shorten whereas during eccentric contractions they lengthen in an actively
controlled manner. During isotonic contraction the muscle tension remains the same.
Exercises in which the position of the knee does not change are referred to as static or
isometric.
In isokinetic exercises the lower leg moves at a predetermined, constant speed which
requires an isokinetic dynamometer to control the velocity.
Exercises that involve contact of the foot with a surface are referred to as “closed
kinetic chain exercises”, as opposed to “open kinetic chain” exercises.
Hence, exercises can be described in three dimensions: the presence of reaction forces
caused by contact of the foot with a surface (open versus closed kinetic chain), the type
of muscle activity (concentric, eccentric, isotonic), and joint movement (dynamic versus
no movement: isometric or static).
Combinations of above denominations apply to every type of exercise, and the terminology used for exercise programs reflects the emphasis intended by the therapist
or researcher. Besides strengthening of the quadriceps muscle, many exercises will also
result in coordination of muscle contraction. Emphasis during exercise therapy may
be put on the coordinate contraction of medial versus lateral part of the quadriceps
muscle but also on coordinate contraction of hip adductor and hip abductor and gluteal

Exercise therapy for PFPS- a systematic review

muscles. Electromyographic biofeedback visualizes specific muscle contractions and
may help the patient target the Vastus Medialis Obliquus muscle (VMO) during exercise.
Why it is important to do this review

Exercise therapy is frequently used in the treatment of patellofemoral pain syndrome
and is believed to be an effective means in reducing pain and restoring function of
patients. Although PFPS is under scope of research the past 25 years the mechanism of
exercise therapy on the condition and its effectiveness remains unclear. Its effectiveness
has been systematically reviewed in 2003 showing limited evidence with respect to pain
reduction and conflicting evidence on improving function.8 The review called for larger
and methodological more sound studies to draw conclusions upon the effectiveness of
exercise therapy.
Our review complements the above review in order to re-assess the effectiveness of
exercise therapy and also includes over 10 clinical trials that have been undertaken after
the first review.
Objectives

To evaluate the short (three months or less) and longer term effects of exercise therapy,
for reducing pain intensity and improving function in people suffering from patellofemoral pain syndrome (anterior knee pain).
The comparisons of interest are
1. Exercise therapy versus ‘placebo’ treatment or no treatment/waiting list control
2. Exercise therapy versus other types of intervention (non-surgical or surgical)
3. Different types of exercise therapy

Methods
Criteria for considering studies for this review
Types of studies

Randomized clinical trials that evaluated the effects of exercise therapy designed to
reduce pain intensity and/or improve function and/or recovery compared with usual or
conventional care for patients with patellofemoral pain syndrome.
Types of participants

Adolescent and adult patients suffering from patellofemoral pain syndrome (designated by the author as such or as “anterior knee pain syndrome”, “patellar dysfunction”
“chondromalacia patellae” or “chondropathy”). Studies which specifically focused on
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other named knee pathologies such as Hoffa’s syndrome, Osgood Schlatter syndrome,
Sinding-Larsen-Johansson syndrome, iliotibial band friction syndrome, tendinitis, neuromas, intra-articular pathology including osteoarthritis, rheumatoid arthritis, traumatic
injuries (such as injured ligaments, meniscal tears, patellar fractures and patellar dislocation), plica syndromes, and more rarely occurring pathologies were excluded.6 10
Types of interventions

We included studies evaluating exercise therapy for patellofemoral pain syndrome.
Exercises could be applied on their own or in combination with other non-surgical interventions as long as the main discriminating intervention was exercise therapy. Exercises
could be performed at home or under supervision of a therapist. We separated studies
into three areas considering to what control group exercise therapy was compared. We
therefore included trials comparing exercise therapy versus no treatment or ‘placebo’
treatment or waiting list control. We compared exercise therapy to other interventions,
including surgery, and we compared different exercise therapies with each other (e.g.
closed versus open kinetic exercises or quadriceps muscle exercises versus abdominal
or hip muscle exercises).
Types of outcome measures
Primary outcomes

The primary outcome was knee pain measured by validated self-reporting methods
(Visual Analogue Scale [VAS], numerical rating scale [NRS] of McGill Pain questionnaire).
Pain scores are reported for pain in daily life (usual pain), for worst pain and for pain at
activities (like in sports) if available.11
Secondary outcomes

Secondary outcomes focus on functional disability level (i.e. decreased knee function in
activities of daily living) and subjective perception of recovery. Questionnaires focusing
on knee function (such as Functional Index Questionnaire, WOMAC Osteoarthritis Index,
and Kujala Patellofemoral Function Scale, Lysholm scale etc.) and the ability to perform
tests (squatting, hopping on one leg etc.) were considered measures for functional disability.12 13
Recovery of patellofemoral pain syndrome is an outcome measure inconsistently
reported in studies and also using different methods. In this review ‘number of patients
no longer troubled by symptoms’ or ‘perceived recovery’ measured on a Likert scale
were included as a secondary outcome measure.14 Adverse effects like knee swelling
or substantially increasing pain levels as a direct effect of treatment were taken into
consideration as well. As changes in knee function measured on impairment level only
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(i.e. range of motion, muscle strength etc.) do not directly represent changes in the
symptoms of patellofemoral pain or the resulting disability, they were not considered
clinically relevant outcome measures in this review.15 16
Outcome measured within three months after the baseline measurement are considered short term outcome of exercise therapy whereas measurements from three months
and longer are considered long term outcome.
Search methods for identification of studies

Electronic searches
We searched the Cochrane Bone, Joint and Muscle Trauma Group Specialised Register
(December 2009), and Cochrane Rehabilitation and Related Therapies Field Specialized
Register (December 2009), the Cochrane Central Register of Controlled Trials (The Cochrane Library 2009, Issue 4), MEDLINE (1950 to November 2009), EMBASE (1980 to December 2009), CINAHL - Cumulative Index to Nursing and Allied Health Literature (1982
to December 2008), AMED - Allied and Complementary Medicine (1985 to December
2009), PEDro - the Physiotherapy Evidence Database (www.pedro.org.au) (December
2009), and reference lists of articles. No language restriction was applied.
In MEDLINE the subject-specific search strategy was combined with all phases of the
optimal trial search strategy17, and was modified for use in other databases. (See Appendix 1)
We also searched the WHO International Clinical Trials Registry Platform for ongoing
and recently completed trials (December 2009).
Data collection and analysis

Data from the electronic searches were collected and analyzed by two reviewers who
reviewed titles and abstracts for the identification of unique studies.
Selection of studies

Two pairs of reviewers (MB, SBZ, RL, MM) independently selected the trials, initially
based on title and abstract. From the title, keywords and abstract they assessed whether
the study met the inclusion criteria regarding diagnosis, design and intervention. Of the
selected references, the full article was retrieved for final assessment. Next, they independently performed a final selection of the trials to be included in the review, using a
standardized form. Disagreements were solved in a consensus meeting.
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Data extraction and management

Data was extracted by pairs of two reviewers (EH, RB, RL, MM) independently regarding
the interventions, type of outcome measures, follow-up, loss to follow-up, and outcomes,
using a standardized form.
Assessment of risk of bias in included studies

A modification of The Cochrane Collaboration’s tool for assessing risk of bias was used by
two independent pairs of reviewers to assess the studies included in the review.17-19 This
tool incorporates assessment of randomization (sequence generation and allocation
concealment), blinding (based on primary outcomes), completeness of outcome data
(again for primary outcomes), selection of outcomes reported and other sources of bias.
The scoring scheme is based on 12 aspects of trial methodology.
Studies from the review in 2003 were reassessed for risk of bias using the new tool.
In the case of including studies from our own research group the assessment of risk of
bias was done by two independent researchers of the department of General Practice at
ErasmusMC not involved in above mentioned trials.8
Trials on exercise therapy cannot be blinded for the intervention, in most cases neither
for the care provider and nor for the outcome assessor. In case of PFPS there is no blinding for outcome because of the lack of an objective outcome measurement.
Measures of treatment effect

Outcome measures were classified in terms of the domain assessed, e.g. pain, function or
recovery. Results were analyzed at both short term (three months or less) and long term
(one year or longer) intervals. Risk ratios with 95% confidence intervals were calculated
for dichotomous outcomes. Mean differences with 95% confidence intervals were calculated for continuous outcomes as appropriate. Pain scores (VAS, NRS) were measured or
transferred to a 0-10 scale. Function scores were presented on a 0-100 scale.
Dealing with missing data

Where possible we performed intention-to-treat analyses to include all people randomized. However, where drop-outs were identified, the actual denominator of participants
contributing data at the relevant outcome assessment was used. We were alert to the
potential mislabelling or non-identification of standard errors and standard deviations
(SDs). Unless missing standard deviations could be derived from confidence intervals
or standard errors, we did estimate values based on comparable data included in this
review in order to present these in the analyses.
Where data were presented as median (inter-quartile range), we did not attempt to
transform data to achieve normality or estimate mean and SD.
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Assessment of heterogeneity

Heterogeneity was assessed by visual inspection of the forest plot (analysis) along with
consideration of the chi² test for heterogeneity and the I² statistic).17 Heterogeneity was
considered statistically significant at P < 0.1.
Assessment of reporting biases

Our search of clinical trial registers assisted in decreasing publication bias. We also
investigated selective outcome reporting by comparing the study outcomes with those
routinely presented for similar studies, and also by comparing the methods section of
papers with the results reported.
Data synthesis

When considered appropriate, results of comparable groups of trials were pooled.
In order to correct for bias introduced by ‘double counting’ of subjects in trials which
had two control groups in the same meta-analysis the number of subjects in the intervention group was divided by two. As planned, we used the random-effect model and
95% confidence intervals. Also, outcomes identified as being measured using different
instruments and/or with different scales across studies would be pooled using the mean
difference.20 In cases of clear or significant heterogeneity, we viewed the results of the
random-effects model but opted not to pool data.
Subgroup analysis and investigation of heterogeneity

We planned subgroup analysis to determine the effects of gender, duration of complaints, body mass index, frequency of sports participation on the outcomes of interest.
Sensitivity analysis

Where appropriate, we planned sensitivity analyses investigating the effects of risks of
bias by excluding studies with high risk of bias.

Results
Description of studies

All studies contained at least one group of participants with PFPS in which the effects of
exercises was compared with a control group. Randomized controlled trials, quasi randomized trials and concurrent controlled trials were identified. Only RCT’s were included
in this review.
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Results of the search

From the 1014 abstracts retrieved from the search strategies described above, 23 trials
were included in this review, including four quasi-randomized trials while seven trials
were excluded from the previous review. Two ongoing trials were also identified.
Included studies
Design

19 trials were considered randomized and four trials were considered quasi randomized.21-24 14 trials used two groups for studying intervention vs. control; seven trials used
a comparison between three groups and two trials compared between four groups.
Sample sizes
The overall sample in the 23 trials consisted of 1503 participants. For three studies data
were not available (97 patients). From one study the data from a control group were not
used since this did not match the type of comparison (31 participants). In total 1472
participants were included. The number of patients in the intervention groups in the
individual studies ranged from six patients to 65. 25 26
Setting
Patients were recruited from various settings like orthopaedic clinics27, general practices26, physiotherapy practices7 and open populations28. About half of the patients
were referred by an orthopaedic surgeon/hospital specialist while the other half was
recruited from family medicine and the community. Studies were undertaken in 14 different countries.
Participants
The majority of studies included male and female patients with a predominance of
females and ages ranging from 12 to 60 years and a mean age under 30 years. One study
involved female patients only29 and two studies male patients only.23 27 The duration of
complaints ranged from four weeks minimum to nine years.22 30 The diagnosis was set
by orthopedic surgeons, general practitioners or sports physicians based on clinical
symptoms and occasionally after radiological examination.15
Interventions
A range of exercise interventions were evaluated in the included trials. We have distinguished the following comparisons within the different trials: 1.Exercise interventions
compared with no treatment, ‘placebo’ or waiting list control, 2. Exercise therapy versus
another type of intervention- like taping or insoles and 3. Exercise therapy versus another
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type of exercise. Group one and two is further divided into two different categories. The
third comparison has been subdivided in ‘exercise versus different type of exercise’ and
‘closed versus open kinetic chain exercise’. See Appendix 3, Table 1, Table 2 and Table 3.
The intervention period ranged from three weeks29 to three months.26 Exercise therapy
was in all studies implemented and mostly supervised by physical therapists on an outpatient basis. Most patients were instructed to practice at home additionally. Two studies investigated home exercises alone and compared with no or other interventions.24
31
The included studies are arranged according to the comparisons that are studied and
based on study date.
Exercise therapy versus no treatment, ‘placebo’ or waiting list control

There are eight studies in this comparison.23 24 26 27 32-35 Timm compared an exercise
program with a Protonic brace to no treatment.23 The study by Clark compares exercise
therapy and education versus education alone.32 Crossley studied physical treatment
(including exercise therapy) and compared this intervention with placebo treatment.33
Loudon compared supervised exercise therapy with an instructional leaflet.24 The study
by Herrington compared a supervised exercise-group and home exercise-group with
no intervention but did not supply data for assessment of outcome.27 Leg press exercise
and leg press/hip adduction exercise were both compared to no intervention by Song.34
From the study by Syme data from a selective-VMO training group and a general Quadriceps training group respectively were compared with a non-treatment control group.35
Finally, van Linschoten compared a supervised exercise program with usual care (‘wait
and see policy’).26
Exercise therapy versus other intervention

A total of six studies compared exercise therapy with another type of intervention (nonsurgical or surgical).15 25 28 31 32 36 Gobelet compared both an isokinetic exercise group and
a group performing static exercises with a muscle electrostimulation group at home.15
From the study by Clark the data comparing exercise therapy versus tape-intervention
are used.32 In the study by Taylor exercise therapy including patella mobilization/
manipulation was compared with patella manipulation.25 Wiener-Ogilvie compared an
exercise group with a group receiving foot orthoses.36 From the study by Lun data from
a structured home rehabilitation program was compared with a patellar brace group
only.31 In the study by Collins data from the physiotherapy group (including exercise)
was compared with a flat insert group and an orthoses group.28
Exercise therapy versus other type of exercise

15 studies compared different types of exercise with each other.7 15 21 22 24 27 29 30 34 35 37-41
Colón compared conservative isometric exercised versus Pogo stick bouncing.21 Gobelet
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studied the outcome of isokinetic exercises versus static proprioceptive exercises.15
Gaffney compared isometric exercises versus eccentric and isometric exercises.37 Wijnen
compared an individual exercise program (McConnell) versus a standard home exercise
schedule (with Coumans bandage).38 Thomee compared a group of patients who followed a program of isometric exercises with a group who followed eccentric exercises.22
Harrison compared a supervised exercise program with and without a McConnell approach versus a conservative home exercise program.39 Witvrouw studied open kinetic
chain exercises versus closed kinetic chain exercises.7 Schneider compared physiotherapeutic exercises on a neurophysiological basis with exercises combined with a special
knee splint.40 Loudon compared a supervised exercise program with a home exercises.24
Herrington compared single joint non-weight bearing exercises versus multi joint
weight bearing exercises.27 Avraham compared straight leg raising (SLR) versus hip rotator strengthening and versus SLR and hip rotator strengthening.41 Nakagawa made a
comparison between a general knee muscle exercise program including abdominal and
hip strengthening versus a general knee muscle exercise program.30 Bakhtiary compared
open kinetic chain exercises versus closed kinetic chain exercises.29 Song compared leg
press only exercises versus leg press combined with hip abductor exercises.34
Outcomes

Trials on outcomes pain and function scores used different measurements. Pain intensity is mainly scored by Visual Analogue Scale (VAS) or Numerical Rating Scale (NRS).
Function scores use different methods like Kujala Patellofemoral Score (KPS or AKPS),
Functional Index Questionnaire (FIQ) and Lysholm score.32-34 Two studies used recovery
- measured on a Likert scale -as outcome measurement.26 33 Outcomes were measured
at different time intervals. Most studies measured outcome directly after finishing the
intervention and sometimes during the intervention period. Some studies measured
outcome both during and after the intervention period as well after a follow-up period
ranging from 1 year 26 28 to maximum five years.9
Excluded studies
Seven trials were excluded from the review for various reasons: two studies were Concurrent Controlled Trials.42 43 Two trials studied a contrast which was not the scope of this
review.16 44 Two studies had insufficient reporting of results45 46 and one study was available as abstract only without data reporting.47 The studies of Stiene43 (CCT) and Dursun16
(scope of intervention) were excluded from this review compared to the protocol.
Ongoing studies
There are two ongoing studies awaiting for review.48 49 The study of Mei-Hwa Jan compares a muscle strengthening group versus a tape group and versus a stretching group
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and has not been published yet.48 The study by Dolak compares early hip strengthening
exercises versus progressive quadriceps exercises in females and is not included in the
review since it has been published after December 2009.49
New studies found in this update
This update found 13 newly published RCT’s on exercise therapy for PFPS. Six studies
used an exercise group versus no intervention24 26 27 33-35, while four trials studied exercise
versus another intervention25 28 31 36 and in six trials different types of exercise were studied.27 29 30 35 41
Risk of bias in included studies
The risk of bias of the 23 trials was challenging to assess due to the insufficient reporting
according to CONSORT recommendations.50 Full details of the risk of bias for the 23 trials
are provided in Appendix 1, Figure 1 and Figure 2.
Allocation (selection bias)
Allocation of the participants was concealed in eight out of 23 studies mainly by using
sealed and opaque envelopes or in some cases a computer generated list. In 15 studies
the process of allocation was not specified or unclear.
Blinding (performance bias and detection bias)
Due to the type of intervention (exercise therapy) blinding of the patients was not possible. Also the care giver - in most studies the physical therapist supervising the exercise
program - could not be blinded. Finally the assessor for the outcome measure (pain and
function scales) was mainly the subject itself who can therefore also not be blinded.
Incomplete outcome data (attrition bias)
Thomee22 did not supply the VAS pain data but reported changes only. The study of
Avraham41 did not report data, the study of Wiener-Ogilvie36 supplied the change of VAS
scores only.
Selective reporting (reporting bias)
Selective reporting was difficult to assess across the included studies due to the absence
of reporting of prior study designs. For the majority of the included studies we therefore
rated this criterion as unknown.
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Other potential sources of bias
Furthermore other risks of bias were acknowledged such as high dropout rates in
small studies, insufficient compliance to the intervention and inadequate reporting of
intention-to-treat analysis.

Effects of interventions
1. Exercise therapy versus no treatment / ‘placebo’ or waiting list control.

Short term effects on pain
Pooled data from Timm and Crossley show significant pain reduction at one month in
favor of the intervention group.23 33 The overall effect on pain reduction is -2.39 (95%CI
-4.06, -0.73). Pooled data at three months from four studies show significant pain reduction in the exercise group compared to the control (non-exercise group.24 26 32 35 The
overall effect on pain at three months is -1.42 (95%CI -2.09; -0.76).
Song34 and Syme35 report pain reduction after eight weeks of different exercise regimens versus control: -2.38 (95%CI -3.47;-1.29) (VAS pain score) and -8.9 (95%CI -15.37;
-2.44) on McGill pain questionnaire. Pain at activity was not significantly different between groups at three months in the study by van Linschoten (-0.79, 95%CI -1.90; 0.32).26
Herrington reported no differences in effect after a 6 weeks program of non-weight
bearing or weight bearing versus control though raw data were not reported.27
Long term effects on pain
Two studies reported a significant effect on pain reduction in favor of the intervention
group after 1 year follow up.26 32 The pooled effect for pain reduction at 12 months is
-1.30 (95%CI -2.15; -0.46). van Linschoten reported no significant difference for pain at
activity after one year: -0.97 (95%CI -2.05; 0.11).26
Short term effects on function
At three months the pooled data of function measured by the Kujala Patellofemoral
score in 3 studies show significant positive effects in favor of the exercise group.24 26 32
Overall effect: 4.16 [CI 0.08; 8.24]. The individual studies by Timm23 and Crossley33 report
improvement of function on the Kujala PF score at one month in favor of the exercise
group: 26.85 (CI -9.95, 63.66).
At eight weeks there was a significant increase in function score measured by the
Lysholm score in the study by Song (10.37 (CI 6,71; 14.03)).34 Syme reported a nonsignificant increase on function (modified FIQ) at eight weeks (12.77 CI -2.03; 27.56).35
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Long term effects on function
At 12 months pooled data from the studies by Clark and van Linschoten result in a nonsignificant increase in function score: 2.38 [CI -2.72; 7.48).26 32
Short term effect on recovery
One study found no effect on recovery at three months, measured by a Likert scale for
perceived recovery: (RR 1.20, 95%CI 0.76, 1.88).26
Long term effect on recovery
Two studies report no significant difference in recovery rates between exercise and
non-exercise groups at 12 months.26 32 Clark32 reports ‘patients no longer troubled by
complaints’ (RR 2.21, 95%CI 0.87; 5.64) and van Linschoten26 reported perceived recovery: RR 1.22 (95%CI 0.89; 1.68).
2. Exercise therapy versus other type of intervention (non-surgical or surgical)

Short term effects on pain
Pooled data from two studies show significant pain reduction at six weeks in the exercise
group compared with other interventions: -12.34 (CI -18.01; -6.67).25 28
At three months the pooled data from two trials show a significant difference on
pain reduction in favor of exercise therapy versus other interventions: -8.44 (CI -14.32;
-2.56).28 32
Lun reported at three months a non-significant difference in pain reduction (1.07 CI
-7.68; 9.83) when a structured rehabilitation program (including brace) was compared
with a patellar brace group.31 In the trial by Wiener-Ogilvie36 data extraction was not possible due to insufficient reporting for intervention and control groups. At eight weeks
however no significant differences for pain reduction were reported.
Long term effects on pain
Pooled data on pain outcome at 12 months follow up show no significant difference between the exercise group and the other intervention group (-1.55, 95%CI -3.61, 0.52).28 32
Short term effects on function
The pooled data from two studies on function at three months show no significant difference between exercise therapy and other interventions: 3.22 (95%CI -0.02, 6.45).28 32
At four weeks Gobelet found no significant difference for function scores (Arpège score):
1.10 (95%CI -0.18; 2.38) in this trial.15
Pooled data from Collins28 show a significant difference for function scores (Kujala
PF score) between exercise and insoles and flat inserts. Difference: 6.18 (95%CI 1.28,
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11.08) in favor of the exercise group. At three months Lun reported a non-significant
difference in functional outcome (Werner adjusted scale) in favour of the exercise group:
2.00 (95%CI -1.88, 5.88).31
Wiener-Ogilvie reported no significant differences on function outcome (SF/36) between groups at eight weeks.36
Long term effects on function
At 12 months pooled data from two studies show no significant difference in function
outcome -9.05 (CI-18.41, 0.30).28 32
3. Exercise therapy versus another type of exercise therapy
3A. Various exercise strategies

Short term effects on pain
Pooled data at four to six weeks show no difference in pain scores between different
regimes of exercise therapy.30 39 40 Overall effect: 0.50 (95%CI -0.85, 1.84). At three months
pooled data of five studies show no significant difference on pain intensity when various exercise modalities are compared: -0.07 [-0.65, 0.51].24 34 35 39 40 Wijnen38 found at six
weeks no difference in pain scores between a ‘McConnell regimen’ group compared with
a group using a knee bandage with standard home exercise schedule (0.30, 95%CI -1.73;
2.33). Thomee22 studied the effect of isometric exercise versus eccentric exercise during
12 weeks. Data extraction was not possible because of non-validated pain scores. The
authors reported no difference in pain scores between both groups.
Long term effects on pain
Harrison found no difference between groups for pain scores after one year (0.41, 95%CI
-0.92; 1.74).39
Short term effects on function
At eight weeks pooled data of the studies by Wijnen, Song and Syme show no significant difference on function scores when various exercise programs are compared:-2.11
(95%CI -12.29, 8.06).34 35 38 Gobelet found no difference on the Arpège function score
at four weeks between different groups (0.40 (95%CI -0.80, 1.60)).15 At three months
Loudon reported no difference in function scores for both exercise groups. -2.30 (95%CI
-11.54, 6.94).24 Also Harrison found no difference in effect on function between exercise
therapy versus ‘McConnel exercise regime’ measured with a Reid-scale at 3 months: -3.00
(95%CI -10.66, 4.66).39
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Long term effects on function
At one year Harrison found no difference between function scores in the exercise vs.
‘McConnell exercise group’ (1.00 (CI -8.03; 10.03)).39 The study by Colón examined the
effect of isometric exercises (straight leg raising) versus Pogo stick bouncing.21 Data
extraction was not possible because of insufficient data reporting. The authors reported
that both groups showed decrease of complaints and improvement of function. Avraham26 34 studied three types of exercise interventions including TENS.41 Data extraction
was not possible because of insufficient reporting. The authors state that no significant
differences were found between groups in the outcome measures pain and function
separately.
Short term effect on recovery
No statistical significant difference was found between both intervention groups in the
study done by Colón after six to eight weeks follow-up (RR 0.85, 95%CI 0.55;1.31).21
3B. Closed kinetic chain exercise versus open kinetic chain exercise

Short term effects on pain
At six weeks pooled data of three studies show no difference for pain reduction between
closed versus open kinetic exercise: -0.44 (-1.32, 0.45).7 27 37 Bakhtiary reported no significant difference between closed kinetic versus open kinetic exercise for pain scores at
three weeks (-0.30, 95%CI -1.65; 1.05).29 At three months Witvrouw found no significant
difference in pain scores in daily life (-0.90, 95%CI -4.43; 2.63) nor during sports (-0.20,
95%CI -1.61; 1.21).7 Colón reported no significant difference in pain improvement between both intervention groups (1.13, 95%CI 0.83, 1.55).21
Long term effects on pain
Witvrouw reported effects on pain scores after five years.9 There was a significant effect
on ‘worst pain’ reduction in favor of the open kinetic training group (1.90, 95%CI 0.61;
3.19). Pain scores during sports at five years were also in favor of the open kinetic exercise group (2.20, 95%CI 0.99; 3.41). Pain scores in daily life however showed a significant
improvement for the closed kinetic group -0.90 (95%CI -1.62; -0.18).
Short term effects on function
The pooled data of Witvrouw and Herrington show no difference for function scores at 6
weeks between open versus closed kinetic exercise (0.59, 95%CI -5.42, 6.59)).7 27 At three
months Witvrouw reported a non-significant difference between both groups -3.00
(95%CI -22.99; 16.99).7
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Long term effects on function
Witvrouw reported function scores at five years but statistical differences could not be
calculated due to insufficient data reporting.9 The authors stated that the overall outcomes of the patients are usually good and equal for both groups.
Short term effects on recovery
Gaffney found no statistical significant differences between both intervention groups
on recovery after 6 weeks follow-up (1.37, 95%CI 0.87, 2.17).37
Subgroup analysis

Subgroup analysis to determine the effects of gender, duration of complaints, body
mass index, and quantity of sports participation on the outcomes of interest was not
possible due to the small number of participants in the studies and the inconsistent
reporting of baseline characteristics. For future studies it is of interest to stratify for these
presumed prognostic factors.
Sensitivity analysis

Sensitivity analysis was performed replicating the pooled data after excluding one high
risk of bias study in which exercise therapy was compared with no intervention for pain
scores. This resulted in a slightly higher effect of the intervention.24

Discussion
In this review we examined the effects of exercise therapy on outcomes pain, function
and recovery for patients suffering from patellofemoral pain syndrome. Our goal was
to review the effectiveness of exercise therapy. In the systematic review by Heintjes the
authors concluded that more trials were needed to substantiate the efficacy of exercise
treatment compared to a non-exercising control group.8 They also pointed to the need
for higher quality in methodology, study design and reporting.
In the update of the literature we found 13 newly published RCT’s meeting the inclusion criteria and they were added to this review. Seven studies published beyond the
date of the first review were regarded low risk of bias and six studies however still suffered from methodological drawbacks, mainly because of improper allocation methods,
non- reporting of the study design or dealing with ‘intention to treat analysis’. In general
the risk of bias is decreasing in the studies published after the review in 2003.
Heintjes found only limited evidence for the effectiveness of exercise therapy regarding pain and conflicting evidence regarding function.8
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Based on pooled data from all available trials in this review it is concluded that exercise
therapy is significantly more effective on pain reduction than a non-exercise strategy
(‘wait and see’) or other strategies. At short term exercise therapy is also more effective
on function improvement then a ‘wait and see’ policy. For pain scores sensitivity analysis
showed that the effects remain when data are based on high quality trials only.
Patellofemoral pain syndrome is a clinical entity which is characterized by knee pain
and loss of function. In most trials pain scores depict pain in daily life as ‘usual pain’ (VAS,
NRS). For data synthesis pain scores in daily life (‘usual pain’) were pooled at comparable
time points. Some authors make a distinction between ‘usual pain’ and ‘worst pain’ or
‘pain at activity’ in order to describe the course of pain in PFPS in daily life and during
activities. When available we only pooled data from the same pain measurement. We did
not consider it appropriate to pool all these data since most studies report a significant
difference in magnitude of pain at different circumstances.
In order to describe the course of knee function for PFPS various function scores are
used. Kujala reported a high reliability for the Anterior Knee Pain Score when measuring
the effect of therapy for PFPS.13 In most recent studies there is a tendency for authors to
report these scores. However some studies report function scores with (modified) FIQ
scores or less appropriate the Lysholm score. Effect of exercise therapy on knee function
was determined with the pooled data of the Kujala PF score only in this review.
The effect of exercise therapy on recovery for PFPS is difficult to address since no more
than two studies reported on recovery. Clinically recovery implicates relieve of pain and
fully restored function. However in the study by van Linschoten the effect on pain and
function scores were not reflected in the effect on recovery between groups.26 Clark
used several items to depict recovery.32 We considered ‘patients no longer troubled by
their knee complaints’ to be the most applicable to serve as a recovery score. However
exercise therapy did not prove to be more effective than a placebo strategy after one
year in this study. It therefore can be questioned if recovery is a valid outcome measurement to determine the effectiveness for PFPS. On the other hand incomplete recovery
might reflect the true nature of PFPS and gives an additional comprehension of the
natural course of PFPS or the effects of therapeutic interventions.51-53
Besides exercise many other combinations of interventions are used for PFPS. Results
from this review indicate that exercise therapy is more effective on pain reduction than
other strategies. Taping, bracing and insoles are frequently used for the treatment of
PFPS alone or in a combination of modalities including exercise therapy. When exercise
therapy is compared with a single other intervention strategy exercise therapy is more
effective on pain reduction. This review however gives no information on the additional
value of other strategies when they are combined with exercise therapy. Recent reviews suggest that there is limited evidence for the effectiveness of additional use of
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prefabricated insoles combined with exercise therapy versus foot orthoses alone54 and
moderate evidence of no additional effect of knee braces to exercise therapy.55
Exercise therapy focuses mainly on knee muscles exercise (quadriceps muscles). The
studies on exercise therapy reflect the changing opinions through the years concerning
preferred treatment strategy. In the late seventies and mid-eighties questions arose
about the effect and possible side effects of open and close kinetic chain exercises for
PFPS. The studies of Gaffney, Witvrouw, Herrington and Bakhtiary provide evidence
that closed kinetic exercise is equally effective as open kinetic exercise for PFPS.7 27 29 37
The last decade attention focuses on complex knee and hip stabilizing therapy versus
simple knee strengthening exercises. Recent studies by Song and Nakagawa examined
the additional effect of hip stabilizing exercise therapy.30 34 Only Nakagawa found in a
small pilot study (n=14) a positive effect of ‘hip/abdominal exercise’ on pain versus knee
muscle strengthening alone.30
Quality of the evidence

The review indicates that exercise therapy is more effective than a ‘wait and see’ approach for patellofemoral pain syndrome regarding outcomes ‘pain and function’. To
date there are several high quality studies supporting the effect of this strategy.26 32-35 It
will be however impossible to blind the patient for the intervention and therefore the
placebo effect cannot be ruled out even in what are considered high quality studies.
On the outcome measure pain there are sufficient high quality studies showing a difference in effect when exercise therapy is compared to taping, bracing or the use of flat
inserts in the treatment strategy of patellofemoral pain syndrome.28 31 32
Potential biases in the review process

We executed a comprehensive literature search through up-to-date electronical medical
databases which resulted in 1014 abstracts. Patellofemoral pain syndrome is a common
complaint in the general population. Exercise therapy is frequently used in general
medicine and physical therapy practices. As a result we included 23 studies from 14
different countries. It is however possible that small studies executed by single researchers stay unpublished in the international literature. Furthermore visual judgment of the
studies included in the review show skewness in the funnel plot which may also suggest
underreporting of non-effective or contra-effective studies on exercise therapy.
Agreements and disagreements with other studies or reviews

To our knowledge there is one systematic review published considering the effects
of exercise therapy for patellofemoral pain syndrome8 and three which describe the
methodological aspects of studies concerning exercise therapy.56-58 Furthermore there
are several non-systematic reviews.59-61 In these reviews it was concluded that due to
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inadequate study design there was only limited evidence for the effectiveness of exercise therapy and conflicting evidence for other non-surgical interventions. The present
review includes new studies and provides evidence that an exercise regimen does
appear to be effective when compared to ‘wait and see’ group. When exercise therapy
is compared to other non-surgical interventions exercise therapy proves to be more
effective than the latter.
Authors’ conclusions

Implications for practice
This review provides evidence that exercise therapy is beneficial for patients with patellofemoral pain syndrome when compared to no treatment (‘wait and see approach’).
Exercise therapy is effective in reducing knee pain at short and long term and improving knee function at short term following an exercise protocol which at least contains
strengthening exercises of the knee muscles. The significant improvement of pain and
function scores are clinically relevant resulting in approximately 30-40% more pain reduction than for usual care, with a mean effect size of 0.55 for pain and 0.45 for function
for short term. The clinical effectiveness is supported by a recent study which suggests
that supervised exercise therapy is also cost effective.62
The authors of the review suggest that the duration of the exercise protocol is at least
six weeks but might be continued up to 12 weeks. The addition of other types of muscle
exercises (hip, abdominal) does not prove to be more effective than knee exercises
alone. The use of insoles, tape, brace, manipulation of the knee joint and TENS do not
prove to be more effective and in several cases less effective than exercise therapy
alone. Although exercise therapy effectively reduces pain and improves function these
outcome measures are not reflected in perceived recovery. To the authors opinion both
therapist and patients must be aware of these observations in order to provide rational
and objective goals when commencing exercise therapy.
Implications for research
This review includes a reasonable number of trials that study different kind of exercise
protocols - all including knee muscle strengthening - for patellofemoral pain syndrome
with well-defined outcome parameters. Further research should aim at the mechanisms
why exercise therapy is more effective than no exercise (‘wait and see’ approach). Research is needed why not all patients benefit from exercise therapy and which patients
are most likely to benefit from exercise therapy. Besides subgroups might be identified
which will benefit from additional treatment strategies such as insoles or other regiments which focus on biomechanical factors.
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Although there is a common opinion that the natural course of patellofemoral pain
syndrome is mild more research is needed to identify the risk factors for prolonged pain
and potential association with degenerative joint disease.63 Since not all patients show
full recovery it is imperative that this outcome measurement must be taken into account
in new studies.
Recently in clinical practice there is a tendency towards protocols that exist of combined knee, hip and abdominal muscle exercise for patellofemoral pain syndrome. More
research is needed to study the additional effects of these protocols on clinical outcome
parameters.
Differences between protocol and review

1. This review covers different kinds of exercise therapy for patellofemoral pain syndrome. Exercise therapy is compared to placebo or no therapy, is compared to other
non-surgical or surgical therapies or compares different types of exercise therapy.
Studies were included when the main intervention consisted of exercise therapy - of
any kind - and may also contained additional interventions. In the protocol exercise
therapy was aimed at strengthening knee extensor musculature, either at home or
under supervision of a therapist
2. In the review outcome measures timing within three months after starting the
intervention are considered short term outcome of exercise therapy whereas
measurements from three months and longer are considered long term outcome.
In the protocol measurements up to one year follow-up were considered short term
outcomes, thereafter long term.
3. In the review the methodological quality of the studies was assessed using a
modification of of The Cochrane Collaboration’s tool for assessing risk of bias.17 In
the protocol the criteria list recommended by the Cochrane Bone, Joint and Muscle
Trauma Group, combined with the Delphi list and one additional question adapted
from the criteria list for Methodological Quality Assessment was used.
4. In the review, when possible, data from the studies were separated and allocated to
the type of interventions and comparisons that were appropriate. In the protocol
the main comparisons were exercise therapy - aiming at strengthening knee extensor musculature - versus no exercise and closed kinetic versus open kinetic chain
exercise.
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Appendices
Appendix 1. Data and analyses

Figure 1. Forest plot of comparison: Exercise therapy versus no treatment, placebo or waiting list.
Outcome: Pain, continuous data.
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Figure 2. Forest plot of comparison: Exercise therapy versus no treatment, placebo, waiting list. Outcome:
Function, continuous data

Exercise therapy for PFPS- a systematic review

Figure 3 Methodological quality summary: review authors’ judgments about each methodological quality
item for each included study.
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Figure 4 Methodological quality graph: review authors’ judgments about each methodological quality
item presented as percentages across all included studies
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Appendix 2.
Search strategy for MEDLINE (OVID WEB)
1. Arthralgia/
2. Knee Joint/ or Knee/ or Patella/
3. and/1-2
4. anterior knee pain.tw.
5. ((patell$ or femoropatell$ or femoro-patell$ or retropatell$) adj2 (pain or syndrome
or dysfunction)).tw.
6. ((lateral compression or lateral facet or lateral pressure or odd facet) adj syndrome).tw.
7. ((chondromalac$ or chondropath$) adj2 (knee$1 or patell$ or femoropatell$ or
femoro-patell$ or retropatell$)).tw.
8. or/4-7
9. or/3,8
10. exp Exercise Therapy/
11. (exercis$ or strengthen$ or stretch$).tw.
12. (stabil$ adj3 train$).tw.
13. or/10-12
14. and/9,13
15. randomized controlled trial.pt.
16. controlled clinical trial.pt.
17. Randomized Controlled Trials/
18. Random Allocation/
19. Double Blind Method/
20. Single Blind Method/
21. or/15-20
22. exp Animals/ not Humans/
23. 21 not 22
24. clinical trial.pt.
25. exp Clinical Trials as topic/
26. (clinic$ adj25 trial$).tw.
27. ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).tw.
28. Placebos/
29. placebo$.tw.
30. random$.tw.
31. Research Design/
32. or/24-31
33. 32 not 22
34. 33 not 23
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35. Comparative Study.pt.
36. Evaluation Studies.pt.
37. Follow Up Studies/
38. Prospective Studies/
39. (control$ or prospectiv$ or volunteer$).tw.
40. or/35-39
41. 40 not 22
42. 41 not (23 or 34)
43. 23 or 34 or 42
44. 43 and 14 (160 records)
Search strategy for Cochrane Central Register of Controlled Trials (Clinical Trials) (Wiley InterScience
interface), EMBASE, CINAHL (Ovid interface), AMED (Ovid interface) and PEDro (www.pedro.org.
auinterface) contained similar search settings.

Table 1 Exercise therapy versus no treatment, ‘placebo’ or waiting list control
Study ID
(arranged by
date)

Exercise Protocol

Control Group

Notes

Additional intervention in both
groups: education

Subcategory 1a. Exercise alone versus control
Clark 2000

Exercise

No treatment

Loudon 2004

Supervised exercise therapy + home
exercise

Informational
leaflet

Loudon 2004

Home exercise with education
component

Informational
leaflet

Herrington 2007 Weight-bearing exercises

No treatment

Herrington 2007 Non-weight-bearing exercises

No treatment

Song 2009

Leg press exercise

No intervention

Van Linschoten
2009

Supervised exercise program + home
exercises

Wait and see
policy

Syme 2009

General quadriceps training group

No intervention

Song 2009

Leg press and hip adduction exercises No intervention

Subcategory 1b. Exercise + other intervention versus control
Timm 1988

Exercise program with a Protonic brace No treatment

Clark 2000

Exercise+tape

no treatment

Crossley 2002

Physical therapy (including exercise
therapy) + EMG biofeedback

Placebo

Syme 2009

Selective-VMO training group + EMG
feedback+ patellar taping

No intervention

Additional interventions
included: knee strapping in the
intervention group to avoid
taping
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Appendix 3. Comparisons of exercise treatment versus controls

Table 2 Exercise therapy versus other type of intervention
Study ID
(arranged by
date)

Exercise Protocol

Control Group

Notes

Subcategory 2a. Exercise alone versus other type of intervention
Gobelet 1992

Pain free isokinetic exercises

Home
electrostimulation

Gobelet 1992

Proprioceptive static exercise

Home
electrostimulation

Clark 2000

Exercise

Tape

Wiener Ogilvy
2004

Exercise therapy

Foot orthoses

Lun 2005

Structured home exercise

Patellar brace

Collins 2008

Physiotherapy (including exercise)

Orthoses

Collins 2008

Physiotherapy (including exercise)

Flat inserts

Additional intervention in both
groups: education

Subcategory 2b. Exercise + another intervention versus another intervention alone
Clark 2000

Exercise + tape

Tape

Taylor 2003

Exercise + patellar mobilization

Patellar mobilization

Wiener Ogilvy
2004

Exercise therapy + foot orthoses

Foot orthoses

Lun 2005

Structured home exercise + patellar
brace

Patellar brace

Collins 2008

Physiotherapy (including exercise) +
orthoses

Orthoses

Additional intervention in both
groups: education
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Table 3 Exercise therapy versus other type of exercise
3A. Comparison of different types of exercise therapy
Study ID
Exercise Protocol
(arranged by date)

Control Group

Notes

Colon 1988

Pogo stick bounces

Conservative isometric exercises

Gobelet 1992

Pain free isokinetic exercises

Proprioceptive static exercise

Thomee 1997

Isometric exercises

Eccentric exercises

Wijnen 1996

Exercise program + home
exercises (McConnell
approach)

Standardized home exercise
program (including Coumans
bandage)

Harrison 1999

Supervised exercise program Conservative home exercise
program

Harrison 1999

Supervised exercise program Conservative home exercise
(McConnell approach)
program

Additional intervention
in the exercise group:
patellar taping, EMG
feedback

Schneider 2001

Physiotherapeutical exercises Exercises (with splint)
(neurophysiological basis)

Additional intervention in
the control group: splint

Loudon 2004

Supervised exercise therapy + Home exercise with education
home exercise
component

Avraham 2007

Straight leg raising

Hip rotator strengthening

Additional intervention
both groups: TENS

Nakagawa 2008

Quadriceps exercises +
abdominal + hip-abductor/
rotator exercises

Quadriceps exercises

Additional intervention
both groups: patellar
mobilization& stretching

Syme 2009

Selective-VMO training group General group (quadriceps
(McConnell approach)
concentric/eccentric)

Song 2009

Leg press+ hip adduction
exercises

Additional intervention
in the exercise group:
patellar taping.
Control group: knee
bandage

Additional intervention
in intervention group:
patellar taping& EMG
feedback. Controls:
patellar strapping

Leg press exercises only

3B. Comparison of different types of exercise - Closed versus open kinetic chain exercise
Gaffney 1992

Eccentric + concentric
exercise

Concentric isometric exercise

Witvrouw 2000

Closed kinetic chain exercise Open kinetic chain exercise

Herrington 2007

Multi joint weight bearing

Single joint no weight bearing

Bakhtiary 2008

Closed kinetic exercises

Open kinetic exercises

Additional intervention
in the exercise group:
patellar taping
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Introduction
The main aim of this thesis was to assess the evidence for the effectiveness of exercise
therapy for patellofemoral pain syndrome (PFPS) in relation to other conservative strategies and to describe present strategies for PFPS in general practice.
In this general discussion we describe the most important results, discuss the findings
in a broader perspective, present implications for medical practice, and make recommendations for further research.
Patellofemoral pain syndrome is frequently encountered in general practice, in sports
medicine, and in orthopaedic clinics. Complaints start during adolescence or young
adult age and, although the complaints are considered to be self-limiting, recovery rates
are as low as 44% after 1 year to 60% at 6 years (Chapter 2).
In the absence of pathological findings there is increasing consensus that the syndrome may well be diagnosed by excluding specific pathology around the knee and
by anamnestic criteria. These include a non-traumatic onset of pain around the patella,
grinding of the patella, and pain on activities like stair climbing, running, biking or sitting
with bended knees. The treatment options are mainly conservative and general practitioners (GPs) show a preference for an active strategy which includes physical therapy
and exercise therapy (Chapter 2). In medical practice exercise therapy is an accepted
strategy but its sustainable clinical effect is still debated. The results of a randomized
trial (the PEX study), which compared exercise therapy to a wait-and-see strategy in a GP
and sports medicine setting, showed a better outcome on pain and function scores in
favour of exercise therapy (Chapters 4 and 5). Also, a systematic review on the effects of
exercise therapy showed that exercise therapy is effective in reducing pain on the short
and long term, and in improving function on the short term, compared to no treatment/
usual care for patients with PFPS (Chapter 7). Other conservative strategies for PFPS include the use of braces, tape and insoles. A systematic review comparing the additional
effects of orthotic devices on exercise therapy for PFPS, found conflicting evidence for
the effectiveness of tape and foot orthotics on pain and function compared to exercise
therapy alone (Chapter 8).

Incidence, etiology and risk factors for PFPS in general practice
Patellofemoral pain syndrome usually expresses at adolescent/young adult age, affecting women twice as often as men, and is thought to have a multifactorial genesis. It is
frequently encountered in active populations and may constitute 25% of consultations
in sports medicine clinics.1-4 To date, however, it is unclear whether physical (over)load is
causative in PFPS or if the complaints are merely expressed under specific circumstances.

General discussion

The data on PFPS and its relation to physical activities are not conclusive, probably due
to incomplete methodology and incomplete or lack of registration.
In Dutch general practice, the ICPC-2 coding system is used for the registration and
classification of diseases/complaints, the reasons for encounter, and for the process
of care referral.5 This system can give insight into the frequency of general knee complaints in the primary care population and, depending on the national translation of
the ICPC, may also determine specific knee conditions such as PFPS. Patellofemoral pain
syndrome is classified under diagnosis code L99.7. Although precise data in primary
care are lacking, in GP practices in the age group 15-24 years, up to 9 cases of PFPS per
1000 registered persons per year are likely to be classified under this code.6 However, it
remains unclear exactly when GPs allocate such a code to a specific patient. Registration
data in physical therapy practices in the Netherlands show that approximately 26,000
cases of PFPS are treated annually. Of these, 30% attend the physical therapist without
consulting a physician.7
Nevertheless, these data and the ICPC coding system provide no information on
sports participation or activity level. Some small studies in general practice on sports
injuries are available but are also based on the ICPC registration system and therefore
lack information on typical sports-related injury patterns and specific musculoskeletal
diagnosis.8 9
In the Netherlands, extensive epidemiological data on sports injuries are available
and provide information on general diagnosis (sprain, strain, contusion, fracture), injury
location, causes of injury (acute versus overload) and type of sports, but do not provide
specific data for PFPS or other chronic knee problems.10
In our studies (Chapters 2 and 3) we used data from the Honeur knee cohort which
were collected by history taking, questionnaires and standardised physical examination
in patients consulting the GP for non-traumatic knee pain.11 In Chapter 3 we found
that PFPS comprises the second working diagnosis after ‘general knee complaints’ in
a sporting population in Dutch general practice. However, no difference in prevalence
was found between active participants and non-athletes regarding the diagnosis PFPS.
In subgroup analyses we found no difference in the type of knee complaints between
athletes who associated their complaint with their sport participation and those who
did not. There are, however, some limitations regarding these data. The major limitation
is that data collecting in this study was designed for the primary diagnosis and course of
incident knee complaints and not for injury incidence in matched groups prospectively.
Secondly the attribution of physical complaints to the respective sports activity was
based on subjective information from the participants, and the mean age of the study
group (41.0 years) was higher than normal regarding the PFPS age groups.12 13 Taking
into account these limitations, our study shows that active sport participants do not
consult the GP more frequently for PFPS than non-athletes.

181

182

Chapter 10

In order to prevent and/or treat PFPS, more information is needed on its etiology.
Therefore, it is suggested that for sports injury registration more diagnostic data should
be collected on chronic injuries such as PFPS. Also, in general practice or physical therapy
practice, details on sports participation (or the reason for encounter) should be added to
the registration of the medical diagnosis.

Diagnostics for PFPS in general practice
Knee complaints (non-traumatic and traumatic) are the second largest reason for consultation for musculoskeletal complaints in general practice.14 15
For non-traumatic knee complaints in adults and the elderly, the (working) diagnosis
is largely symptom based and will usually not require extensive diagnostic work-up.9 16 17
For PFPS the diagnostic criteria are also mainly based on symptoms (pain) and physical
findings (pain around the patella and on patellar compression), although these findings
have low specificity for PFPS.18 19 Also radiological examination is not sensitive for PFPS
and is generally used for the documentation of patellar instability or patellofemoral
osteoarthritis.20 21 Clinically, other painful conditions at the anterior side of the knee
(patellar tendinopathy, juvenile osteochondrosis and referred pain from the medial
knee compartment) may be difficult to distinguish from PFPS. Without a reference or
gold standard, the diagnosis of PFPS may therefore be questionable, or be considered
as a ‘waste basket’ diagnosis.12
Notwithstanding these remarks, there is growing consensus that PFPS is a clinical
entity in which long duration of peripatellar pain, functional disability and the absence
of specific pathology are key elements.12
For this thesis, in general practice we studied the characteristics of patients who were
diagnosed with PFPS versus those who were registered as having non-specific knee
complaints (Chapter 2). Analyses revealed that the diagnosis PFPS (made by GPs) was
associated with the duration of complaints, the appearance of bilateral complaints, and
apparent pain at the patellar edge and on knee extension. These findings are in accordance with the criteria that match PFPS but are, however, not specific.16 18 The use of a
set of criteria which are considered to be associated with PFPS showed only 61% overlap
in the diagnosis set by the GP. Therefore, we conclude that for diagnosing PFPS, GPs
probably rely on simple criteria and that the diagnosis seems to be related to the initial
policy chosen for these patients. Our results also indicate the difficulty of diagnosing
PFPS due to the absence of a gold standard.
Therefore, more studies are needed to differentiate the diagnostic criteria for PFPS in
relation to other non-traumatic knee complaints, and to establish whether these criteria
are both reproducible and reliable.
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Treatment of knee complaints in general practice
In our observational studies (Chapters 2 and 3) we compared the initial strategy regarding non-traumatic knee complaints by the GP for athletes and non-athletes and for nonspecific knee complaints and PFPS. It was found that GPs more frequently recommend
a passive strategy for athletes with knee complaints than for non-athletes. However,
no difference in referral to physical therapy concerning athletes and non-athletes was
found. Referral to a physical therapist was strongly related to a second consultation with
the GP. In 2006, in Dutch healthcare the mandatory referral to a physical therapist by the
GP was abandoned. Our study data were obtained between 2001 and 2003. Recent data
from physical therapy practice show that about 30% of patients with knee complaints
visit a physical therapist by self-referral; these figures have increased since the introduction of direct access to physical therapy.7 Whether this means there is an absolute
increase of physiotherapy treatment for knee complaints is not clear, since no combined
data before this policy change are available. For reasons of efficiency it is recommended
to study the patterns of referral and self-referral to physical therapy, especially regarding
their relation with the diagnosis and current guidelines for knee complaints in primary
care and physical therapy.
When comparing strategies for non-specific knee complaints and PFPS in general
practice we found that in about 50% of both cases, GPs apply a passive strategy such
as rest and a ‘wait and see policy’ (Chapter 2). In the cases labelled as ‘PFPS’ the GP more
often promotes an active approach, including muscle exercises (33.8% versus 18.4%)
and 30% of the PFPS cases were referred to a physical therapist. However, neither the
past nor the present Dutch Guidelines for primary care include physical therapy as a
treatment option for PFPS, but only mention isometric quadriceps exercises for home
practice.16 22 Therefore our study reveals a discrepancy between the Guidelines and
actual medical practice.
Guidelines are based on scientific evidence and/or expert opinions, and medical
practice is also directed by facilities, medical experience and the personal attitude of
physicians and patients. Cottrel et al. described the wide variety in beliefs and attitudes
of GPs regarding exercise therapy for knee osteoarthritis and chronic knee pain.23 The
authors concluded that exercise may well be underused in the management of chronic
knee pain and knee osteoarthritis, even though guidelines for knee osteoarthritis recommend the use of exercise therapy and physiotherapy. In contrast, our study revealed
the opposite: GPs favour an active approach for PFPS whereas the current guideline
does not support this strategy. However, because there is now sufficient evidence for
the effectiveness of exercise therapy for PFPS (Chapters 5 and 7), we recommended that
this advice should be incorporated in the medical guideline.
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Chronic knee complaints or the natural course of PFPS
In our observational study in general practice we found that following initial strategies,
44% of the patients diagnosed with PFSP by the GP had recovered after 1 year and 60%
after 6 years (Chapter 2). In these patients different initial strategies were applied, including a ‘wait and see’ strategy. Our randomized trial on exercise therapy for PFPS showed
almost 50% recovery after 1 year in the ‘wait and see’ (control) group that was recruited
by the GPs (Chapter 5). In one of the first observational studies, Sandow et al. reported
that 2-8 years after the initial visit about 50% of the adolescent girls rarely had pain and
50% of them were not restricted in sports activities.24 Kannus et al. reported that after
7 years follow-up, 67% had made a complete recovery.25 Blond et al. reported that after
a mean follow-up of 5.7 years in a sports medicine setting, 50% of the patients showed
good prognosis following an initial home exercise program.26 Collins et al. reported that
in 73% there was clinical improvement after 1 year in a control group which used flat
inserts at the start of the study.27 However, it is disputed whether the use of inserts
is a true placebo control. In the study by Clarke et al., 87% of the controls (who were
educated on the complaints only) were still troubled by pain after 1 year compared to
60% of the patients who underwent an exercise program.28 Although the latter study
is prospective, the drop-out rate after 1 year ranged from 30-50%, which may have
affected the recovery rates. Since patients in these latter studies were recruited from
different populations (e.g. orthopaedic centres, general practices, an open population,
etc.) the recovery rates may differ due to the severity and duration of complaints. Also,
recovery may not have been measured in the same way in each study.
However, in general the data from these studies suggest that recovery occurs in 5070% of patients on the long term, which probably reflects the natural course of PFPS.

Exercise therapy for PFPS
Study design and limitations

Chapters 4 and 5 present the design and results of a randomised clinical trial on exercise therapy and patellofemoral pain syndrome. In 2003, Heintjes et al. concluded that
although exercise therapy is an accepted therapeutic strategy in clinical practice, the
effect on outcome measures, such as pain and function scores, are limited or conflicting.29 The authors concluded that the majority of studies lack proper methodological
elements. Therefore, we carefully planned a study on the effectiveness of exercise
therapy which was supervised by a physical therapist and compared this intervention
to a group of patients which followed a ‘wait and see’ strategy, since this reflects usual
care in Dutch general practice.22 We recruited patients from GP practices and from sports
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medicine practices, since PFPS shows a high prevalence in the latter. We aimed to establish whether the effects in both subgroups would be similar.3 26
Based on an expected clinically relevant outcome, we calculated that the study population should comprise 136 participants in order to show a statistically significant effect
on outcome measures.28 We expected to recruit these patients within 14 months and
anticipated that similar numbers would be derived from GP practices and from sport
physician practices.
Since we stratified the patients by the recruiting physician (GP/sports medicine) before randomization, we optimised equal distribution of co-variables over the two treatment groups within the strata. Such stratification makes subgroup analysis (including
drop-outs from the study) more reliable.30 However, during the study we noticed that
recruitment of participants, especially by sports physicians, was impeded. First, patients
with PFPS recruited from sports medicine practices were (in some cases) not ‘new episode’ cases and had already been treated by a physical therapist or had received exercise
therapy. This was one reason for exclusion from the study. Second, eligible patients who
visited the sports physician insisted on an exercise regimen and therefore declined to
participate in a study where they might be assigned to the ‘wait and see’ strategy. This
resulted in a misbalance between the two subgroups: of the 131 study patients, 101
patients were recruited by GPs and only 30 by sports physicians. Therefore, it is debatable whether the participants recruited by sports physicians actually differed from the
‘usual’ patients in sports medicine and, therefore, that selection bias was introduced.
Moreover, there is a major issue that cannot be resolved in our study (and other
studies) on exercise therapy.31 Although we studied the course of pain, function and
recovery in the intervention and control group, our study group was not blinded for the
intervention since ‘placebo exercise’ does not exist. Also, the physical therapists who
supervised the participants were not blinded. Therefore encouragement, attention and
the personal beliefs of the physical therapists are potential effects, in addition to the
‘true’ effect of exercise. Although we used validated and accepted outcome measures,
pain and function scores are provided by the participants themselves which may also
introduce a potential bias. However, since there is no objective outcome measure for
PFPS (e.g. muscular strength or radiographic measures), we think that the use of validated pain scores and specific function scores offer comparable data to other studies,
and are the best we can get. 32 In addition, they more realistically reflect the effect as
experienced in actual clinical practice than placebo-controlled trials.
Clinical outcomes

Chapter 7 presents our updated review on exercise therapy and PFPS: 13 studies were
added to the systematic review dating from 2004, which also include an increasing
number of high-quality studies. The pooled data from these studies show that exercise
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therapy for PFPS leads to significant pain reduction on the short and long term, and to
functional improvement on the short term. The effects of exercise therapy are not clearly
reflected in the measurement of recovery.
Analysis of the data in our randomized trial (Chapter 5) also showed that patients who
followed a supervised exercise protocol benefit significantly more from their treatment
than those who were offered usual care. The exercise program resulted in a significant
and clinical relevant reduction of pain intensity and improvement of function scores.
However, in our study this improvement was not reflected in a significant difference in
the rate of recovery between the groups (measured on a 7-point Likert scale).
Crossley et al. also used a dichotomized 5-point Likert scale to measure response to
treatment and noted a marked improvement for participants in the physical therapy
group (OR 3.39; 95% CI, 1.69-6.80) compared to those in the placebo group.33 In their
study, the intervention consisted of multimodal physical therapy which included exercise therapy, patellar taping, ultrasound treatment and electrostimulation. Therefore,
from their study it is difficult to conclude what the contribution of exercise was on
recovery rate compared to our study which focused on exercise therapy alone.
We also chose to dichotomize for recovery and included the items ‘full recovery’ and
‘strong recovery’ for the outcome recovery, but failed to show a difference between the
intervention group and controls. However, when ’slight recovery’ was included in ‘recovery’, analysis showed that participants in the intervention group reported a significantly
higher recovery rate than the control group at 3 months (OR 4.1; 95%CI, 1.87-8.90).
Although ‘perceived recovery’ is accepted as a valid instrument to measure clinical
outcome for musculoskeletal conditions, it may not only comprise the domains of pain
and function but also the patient’s perspective on the process which leads to full function.34 Moreover, literature suggests that recovery may also be determined by the individual appraisal of the impact of symptoms on daily activities and quality of life. Since
our group and others suggest that recovery from PFPS may be incomplete on the long
term, it is recommended to include ‘recovery’ (in addition to pain and function scores)
as an outcome measure in future studies. The use of a Likert scale of global perceived
recovery is an appropriate instrument for comparison between studies.35
We found that the effects of intervention were more pronounced in the GP subgroup
and were absent in the sports physician subgroup. Baseline characteristics showed no
differences between the patients recruited by the GP and the sports physician on major
contributors such as duration of complaints, pain severity, age, gender, body mass
index, or volume of sport participation. Misleading results (either false positive or false
negative) are often present in subgroup analyses especially in small subgroups. Given
the small numbers and wide confidence intervals for measurements in the sports physician subgroup, it is likely that the difference is coincidental. However, one can speculate
on the possible difference between these groups of patients. Exercise therapy can be
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considered a training regimen which delivers its effect by physiological, functional, and
biological means on the musculoskeletal system. It is possible that patients visiting the
sports physician already show higher levels of ‘neuromuscular fitness’ and therefore
training effects are less pronounced compared with patients who visit their GP. Although
we found no difference in sports participation between the subgroups, the participants
recruited by sports physicians might have continued their sports activities at a higher
level during the intervention period, thereby adding more load on the patellofemoral
joint and (possibly) contributing to prolonged continuation of complaints. Larger studies in clinics including more sports participants are needed to establish whether a true
additional effect of exercise is present or absent in this subgroup.
In spite of the above-mentioned limitations regarding the methodology in studying
the effects of exercise therapy, our study supports the clinical observations which favour
exercise therapy over a ‘wait and see’ strategy. The effects of exercise therapy are significant and clinically relevant, producing effect sizes of 0.50 for pain and 0.40 for function
scores when compared with usual care. These effect sizes are considered moderate and
are comparable with the effect sizes found for exercise therapy for knee osteoarthritis
36 37

Cost-effectiveness of exercise therapy for PFPS

Chapter 6 describes the cost-effectiveness of supervised exercise therapy versus usual
care. Exercise therapy leads to significantly higher annual direct medical costs per patient, mainly caused by visiting a physical therapist (+ 135 euro). However, the average
annual societal costs per patient were significantly lower in the intervention group
(- 155 euro). This indicates that there is a small surplus in net economic effect of exercise
therapy compared to a ‘wait and see’ strategy. It was estimated that there is a societal
average cost-effectiveness ratio of –14,738 euro per quality-adjusted life-year in favour
of exercise therapy.
However, it should be noted that the cost-effectiveness ratio had a wide variance in
the confidence interval. Furthermore the average age of our patients (24.0 years) was reflected in 70% of paid work and since this type of knee complaint results in low costs for
sick leave or reduced productivity, the majority of costs will be caused by direct medical
costs, i.e. visits to the physical therapist. However, since this study was an open-label
study reflecting normal practice and the clinical results (including placebo effect) were
clinically relevant, it is (economically) justified to refer patients with PFPS to a physical
therapist for exercise therapy.
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Supervised exercise, home exercises or a combination?

Our treatment protocol consisted of initially supervised and an individually-tailored
multi-exercise muscle strengthening program which was combined with home exercises.
However, it is worth establishing whether an exercise program for PFPS without
supervision of a physical therapist will result in the same clinical improvement and
an additional reduction of medical costs. Very few studies have investigated the value
of home exercise for PFPS. Lun et al. found no difference in clinical effect between a
home exercise program and other types of interventions (brace, sleeve), but did not
compare the interventions with a control group.38 Loudon et al. compared supervised
exercise therapy with a home-based program and found no clear distinction in outcome
between groups.39
One study on exercise therapy for osteoarthritis showed that supervision by a physical
therapist of a lower limb strengthening program was more effective on pain reduction
and improvement of locomotor function than an individual home exercise program.40
Furthermore a systematic review on knee osteoarthritis suggests that class-based exercise therapy may also be economically more efficient than home-based exercise.41
To our knowledge no studies have investigated the cost-effectiveness of home-based
exercises versus supervised exercise therapy for PFPS.
Based on these sparse data it remains unclear whether a home-based exercise program for PFPS is clinically and economically as effective as a supervised program.

Exercise therapy in other musculoskeletal conditions
Several systematic reviews have examined exercise therapy for various musculoskeletal
conditions. Meta-analysis revealed a significant beneficial treatment effect for knee pain
and for physical function for patients with knee osteoarthritis.41 42
For hip osteoarthritis a small treatment effect for pain and function was measured
following strengthening exercises and water-based exercises.41 43
A meta-analysis on non-specific low-back pain showed that exercise therapy seems
slightly effective in decreasing pain and improving function in adults with chronic
low-back pain.44 45 46A review on the non-operative treatment of mid-portion Achilles
tendinopathy on pain scores showed that eccentric exercises are superior to a wait-andsee treatment. 47
Holmich et al. reported a significant clinical effect of an active training program on
long-standing adductor-related groin pain versus a passive physiotherapy program in
soccer players.48
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From literature it is clear that patients with specific and non-specific musculoskeletal
conditions can benefit clinically from exercise therapy, whereas a variety of exercise
modalities may contribute to this effect. However, the mechanism of action is not well
understood and different components may contribute to the physiological and biological changes induced by exercise. The effects of exercise can be found (peripherally) on
muscle and tendon tissue, cartilage and bone, but also at the central level by regulation
of neurotransmitters (serotonin, â-endorphins).49 50
It is well known that all parts of the musculoskeletal system (including bone, cartilage
and tendon) respond to mechanical stimuli and that the lack of these stimuli leads to
loss of tissue properties. In this reversible training model the effects can be represented
in an inverted parabolic way: increase of mechanical stress leads to augmented effects
but may lead to negative effects when the locomotor system is overloaded.51 Human
studies and animal models have shown that repetitive mechanical overloading may
damage the individual components of the system (loss and breakdown of muscle cells,
apoptosis of tendons cells, loss of bone mineralization and breakdown of cartilage).52 53
On the contrary, underloading of the musculoskeletal systems leads to negative effects
resulting in muscle wasting with corresponding loss of strength, thinning of cartilage,
and bone demineralization.
For cartilage tissue, current knowledge suggests that healthy cartilage is protected
by moderate loading and that even osteoarthritis can be modulated by physiological
joint loading.52 Although the underlying mechanism still needs to be elucidated, basic
science suggests that mechanical stimulation of the cells of the locomotor system leads
to genetic regulation within the cells and to a subsequent biological response.54 This
pathway (by some called ‘mechanotransduction’) might be the underlying mechanism
in maintaining healthy musculoskeletal tissue, promoting tissue repair, and subsequent
clinical improvement or recovery.55
To date, the majority of explanatory research on PFPS focuses on treatment variables
within this ‘biomedical model’ and searches for biomechanical, radiological or pathophysiological changes at the level of the patellofemoral joint which may be associated
with PFPS.56-58
As stated above, exercise therapy may also have a central effect at the level of neurotransmitters which can be reflected in psychological outcome measures; also, many
studies associate pain reduction and functional improvement with an increase of wellbeing in various chronic conditions.59-61
However, only a few studies have explored the psychological factors that may play
a role in the course of PFPS or its relation with the effects of exercise therapy. Clark
et al. noted a significant decrease in anxiety and depression scores in both exercise
intervention and control patients after 3 months without a significant difference between groups.28 It is noteworthy that all groups in the latter study improved on pain
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and function scores without significant differences between these groups; therefore, it
is suggested that improvement of pain and function is reflected in a decrease of anxiety
and depression. Carlsson et al. found only a few differences between their group of PFPS
patients and matched controls (both non patients and psychiatric outpatients), on anxiety and passive attitude.62 In a series of 50 patients with long-standing PFPS, Thomee et
al. concluded that the way patients with PFPS experience their pain, the coping strategies used for pain and their degree of well-being, were in agreement with other patient
groups who have chronic pain.63 Jensen et al. concluded that levels of mental distress
were higher in the group with PFPS than in the control group of healthy subjects, while
levels of self-perceived health were lower. According to the authors these data indicate
that the levels of knee pain and knee function correlate closely to the degree of mental
distress and self-perceived health in individuals with PFPS.64
In conclusion, results from these studies associate some psychological outcome
measures with the course of PFPS. However, it can be hypothesized that these outcome
measures are actually modified by the level of pain and function rather than being
independent prognostic factors.

Additional strategies for PFPS
In countries such as Australia and the UK, tape, braces and orthoses are frequently used
in physiotherapeutic practice as a combined strategy for PFPS together with exercise
therapy, electrical therapy, massage techniques or manual therapy.
Chapter 8 explores the additional value of orthoses, braces and tape on exercise
therapy by means of a systematic review. It is concluded that there is no evidence for
the additional effect of knee braces on exercise therapy regarding pain and function
outcomes, while the evidence for the additional effect of tape and foot orthotics on
exercise therapy is conflicting when compared to exercise alone. These conclusions are
based on data from eight randomised trials of which three had a low risk of bias. These
findings are supported by a recent review by Barton et al. who also concluded that there
is only limited evidence for the effect of prefabricated insoles on short-term improvement for PFPS compared to flat inserts.65
The rationale behind tape, braces and orthoses is that they are supposed to act
mechanically on the position of the knee joint, patella, distal tibia or foot. Although biomechanical research tries to relate foot position, tibia rotation and patella position with
PFPS the effects of interventions for biomechanical factors and the clinical outcome of
PFPS are difficult to address.66 There are several reasons for this.
First, the etiology of PFPS is not clearly understood and may be associated with risk
factors other than static mechanical (structural) factors alone. Whereas altering the
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static biomechanics of the lower limb may result in altered loading of the patella femoral
joint, it is during movement that the dynamic components (e.g. muscular strength and
endurance, as well as neuromuscular coordination) may perform their action on the
patellar joint. It is more likely that these factors will be influenced by (neuro-muscular)
training than by biomechanical measures. In addition, biological factors like age and
gender (e.g. PFPS has a high prevalence during adolescence and among females) may
also play a role in etiology.
Second, the factors contributing to the prognosis of PFPS are not yet well established.
A recent study revealed that the two most consistent predictors of poor outcome in
individuals with PFPS over a 1-year period were a long duration of knee pain and a low
baseline knee function score 67. This is interesting since in that study besides biological
factors (age, gender, and bodyweight) also biomechanical factors (foot arch height)
were not associated with outcome.
Third, the application of supportive means like braces or insoles may act as a placebo
therapy itself rather than a true biomechanical therapy since patients are not blinded
for this kind of therapy. Two studies tried to overcome this aspect by using ‘placebo taping’ versus ‘therapeutic taping’ and by using ‘flat inserts’ versus custom made insoles.27
33
Although therapeutic taping appeared to be more effective, its result could not be
extracted from the study since taping was a part of a multi-modal approach.33 Concerning the effect of insoles versus flat inserts only a minor effect was seen at 6 weeks in
favour of insoles, which was lost after 12 and 52 weeks follow-up.27
Therefore, the currently available data do not indicate the surplus value of supportive
means on exercise therapy for PFPS, although they are frequently used.

Implications for practice and research
PFPS is no longer considered a defined pathological condition of the cartilage caused
by biomechanical aberrations, but rather a clinical condition in which pain is mediated
by different known and unknown factors. Exercise therapy may (overall) be beneficial
to patients with a new episode of patellofemoral pain. Therefore in medical practice, in
addition to a ‘wait and strategy’, exercise should be considered as an initial therapeutic
approach. However, the expectations of physicians and patients on outcome should be
realistic, since many studies report that a substantial number of patients are not recovered after 1 year. The general belief that PFPS is a prognostically mild and self-limiting
condition should be dispelled.
Other practical strategies include refraining from pain-provoking activities; however,
although the natural course of PFPS is slow, younger patients may not like reducing their
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physical activities for a long period. There appears to be no necessity for a general use of
taping or bracing of the patellofemoral joint or the general use of foot orthoses.
From a research point of view many questions remain to be answered. Based on the
fact that exercise therapy is effective in pain reduction and improving function, future
research should aim at identifying patients who are likely to show a positive response
to exercise therapy and those who do not. It is suggested to establish subgroups of
patients with known risk factors for PFPS (e.g. high training load, decreased quadriceps
and hamstring strength, increased hip external rotator strength, increased navicular
drop and altered dynamic kinematics on jumping and landing) to explore the effect of
specific measures like insoles, tape and training modalities on outcome.2 66 68 69
Bearing in mind the high incidence of PFPS in an active population it is proposed to
intensify the liaison with sports medicine clinics to recruit these patients on a larger
scale in order to study the proposed effect modifiers.
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Summary

Summary
The aim of thesis was to study the effects of exercise therapy on patellofemoral pain syndrome (PFPS) in relation to other conservative strategies. Besides, this thesis describes
the present strategies for PFPS in general practice.
In Chapter 2 observational, prospective data on PFPS in general practice are presented.
In this study the baseline characteristics, initial treatment and outcome for patients with
PFPS are compared with patients who suffer from non-specific knee complaints (NSKC).
Patients were followed for one year and re-questioned at six years. At baseline PFPS
patients have a longer duration of knee complaints, present more bilateral complaints
and show more pain at the patellar edge then patients with NSKC. The general practitioners choose more often an active approach for the PFPS patients compared to the NSKC
patients. After one year and six year follow up the PFPS group showed significantly less
recovery then the NSKC group (44.4% vs. 65.8% at one year and 60% s vs.83.3% at six
years). The diagnosis of PFPS in this study was set by the GP. When using a set of defined
clinical variables which are thought to be specific for PFPS it showed that in 60% of cases
there was an overlap between the GP-diagnosis and the diagnosis by criteria.
It is concluded that recovery rates for PFSP are low after one and six years compared
with NSKC and since there is just 60% overlap in diagnosis of PFPS it indicates the difficulty of diagnosing PFPS in general practice. Furthermore the diagnosis of the GP seems
related with the initial policy chosen for these patients.
Chapter 3 describes the study on knee complaints in general practice in which active
sport participants are compared with non-sport participants. The study followed 421
athletes and 388 non-athletes for one year. At initial consultation acute distortions of
the knee were significantly more diagnosed in athletes than in non-athletes (p=0.04).
Further, the initial treatment policy to ‘go easy on the knee’ was significantly more advised for athletes than for non-athletes (p<0.01). However no differences were found
in the number of referrals and medication prescribed by the GP. Although small, the
medical consumption was significantly higher among athletes. Referral to the physiotherapist was more frequent for athletes than for non-athletes. However, no differences
for medical consumption between groups were found when the analysis was adjusted
for ‘revisiting the GP’.
In conclusion in this study no major differences in the diagnosis and prognosis of knee
complaints between athletes and non-athletes presented to the GP were found. There
was however a trend towards an increased medical consumption among athletes while
functional disability and pain were lower than among the non-athletes.
In Chapter 4 the design of a randomized clinical trial on exercise therapy for PFPS is
described. Based on a systematic review of the literature it was concluded that to merit
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the effect of exercise therapy a trial based on correct methodological concept needed
to be executed.
The study was designed as an open label randomized controlled trial with an intervention group undergoing 3 months of protocolized exercise therapy including six weeks
of initial supervision by a physical therapist. The control group received ‘usual care’ as
per the Dutch guidelines for PFPS in general practice. Patients were recruited from
general practices and sport medicine centers. The primary outcome measures were
pain, knee function and perception of recovery after 3 months and 12 months of follow
up to be measured by self-reporting. The secondary outcome measurements included
an economic evaluation. A cost-utility analysis was performed that expresses health
improvements in Quality Adjusted Life Years (QALYs) and incorporated direct medical
costs and productivity costs.
Based on previous studies it was calculated that 136 patients should be enrolled in the
study for the detection of clinical significant differences between groups and that the
recruitment period expected to last 15 months.
In chapter 5 the results of a randomized controlled trial on exercise therapy for PFPS
are presented. A total of 131 participants were included in the study: 65 in the intervention group and 66 in the control group. After 3 months, the intervention group showed
better outcomes than the control group with regard to pain at rest, pain on activity
and function. At 12 months, the intervention group continued to show better outcomes
than the control group with regard to pain but not to function. The effect size for pain
ranged from 0.47 to 0.56 at 3 and 12 months while the effect size for function was 0.34
at 3 months.
A higher proportion of patients in the exercise group than in the control group reported recovery (41.9% v 35.0% at 3 months and 62.1% v 50.8% at 12 months), although
the differences in self-reported recovery between the two groups were not statistically
significant. Predefined subgroup analyses revealed that patients recruited by sport physicians (n=30) did not benefit from the intervention, whereas those recruited by general
practitioners (n=101) showed significant and clinically relevant differences in pain and
function in favour of the intervention group.
From the results in this study it is concluded that supervised exercise therapy results
in less pain and better function at short term and long term follow-up compared with
usual care in patients with patellofemoral pain syndrome in general practice. Exercise
therapy does not produce a significant difference in the rate of self-reported recovery.
Chapter 6 presents the results of the cost-utility analysis concerning supervised
exercise therapy versus ‘usual care’ in primary care and sports medicine. The data of 131
patients enrolled in the study show that the annual direct medical costs per patient were
significantly higher for the intervention group (€434) compared with the control group

(€299). This was mainly caused by additional physiotherapy visits. The average annual
societal costs per patient were significantly lower in the intervention group (€1011 vs.
€1.166). Productivity costs were the largest cost component, in particular costs due to
reduced efficiency at paid work which were responsible for 47% and 56% of the total
costs in the intervention and control group respectively. Patients in the intervention
group experienced a slightly, but not significantly, higher quality of life (0.8722 vs.
0.8617).
Taking into account the wide confidence intervals for the CE-ratio’s in this study it
appears that exercise therapy is cost effective as compared with ‘‘usual care.’’
Chapter 7 describes the current concept of patellofemoral pain syndrome.
The chapter describes the different patho-physiological theories which relate to
the etiology of PFPS. The differences and similarities between the mechanical, the
neuro-muscular and the biological model are described. The diagnosis of PFPS - which is
mainly based on anamnestic elements and by excluding other pathological issues– and
the value of additional examination are explained. Treatment of PFPS is predominantly
conservative though for some specific cases surgery may be chosen. The development
of new radiological techniques may help to visualize anatomical abnormalities that can
cause patellofemoral maltracking.
It is concluded that patellofemoral pain syndrome is common and its complaints are
difficult to treat. The natural evolution of the syndrome might be less favorable than
previously suggested.
Chapter 8 presents the results of a systematic review on the additional effect of orthotic devices over exercise therapy on pain and function for PFPS.
A systematic literature search was conducted in MEDLINE, CINAHL, EMBASE, Cochrane
and PEDro up to January 2010. Eight randomized controlled trials and controlled clinical
trials of patients diagnosed with PFPS evaluating a clinically relevant outcome were included. Treatment had to include exercise therapy combined with orthotics, compared
with an identical exercise program with or without sham orthotics. The data were summarized using a best evidence synthesis.
From the review it is concluded that there is no additional effect of knee braces over
exercise therapy regarding pain and function outcomes for patients with PFPS. The
evidence for the additional effect of tape and foot orthotics on exercise therapy is conflicting when compared with exercise only. The combination of tape and exercise seems
to be preferable when compared with placebo tape and exercise. These conclusions are
based on a small number of high risk of bias studies. More studies of high methodological quality are needed to draw definitive conclusions.
In Chapter 9 the results of a systematic review on exercise therapy for PFPS are described.
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The objective of the study was to assess the effects of exercise therapy which target at
reducing knee pain and improving knee function for patients with PFPS. For this evaluation the Cochrane Bone, Joint and Muscle Trauma Group Specialized Register (December 2009), the Cochrane Central Register of Controlled Trials (The Cochrane Library 2009,
Issue 4), MEDLINE, EMBASE, and other databases were searched up to December 2009.
In the review 23 randomized controlled trials of exercise therapy with 1472 participants
suffering from patellofemoral pain syndrome were included. The primary outcomes
were pain, knee function and recovery.
The results of the review show that at short term and long term exercise therapy is
effective on pain reduction compared to no intervention (‘wait and see strategy’). At
short term exercise therapy is also effective on improving knee function but at long term
these effects are not significant. The effect of exercise therapy is however not clearly
reflected on the outcome measures for recovery.
At short term exercise therapy is more effective on pain reduction than other conservative, non-pharmacological strategies (brace, tape, insoles).
No differences in effect were found when exercise strategies for quadriceps muscle
strengthening where compared with other exercise strategies (VMO feedback retraining, closed kinetic chain, open kinetic chain, hip abductor exercise or abdominal muscle
exercise).
The conclusion of this review is that that exercise therapy is effective on reducing pain
and improving function for patients with patellofemoral pain syndrome.
Chapter 10 is a general discussion and reflects on the above executed studies and
chapters. The chapter gives a direction for future studies and indicates to the various
factors which may contribute to the etiology and/or prognosis of PFPS. Identifying prognostic factors and to study the effect of exercise therapy for subgroups is recommended.
It is concluded from above mentioned studies that exercise therapy can be used as an
initial therapeutic approach for PFPS in primary care instead of a ‘wait and see’ strategy.
However, since the recovery rates are still moderate after one year the expectations of
physicians and patients on outcome should be realistic.

Samenvatting

Samenvatting
Het doel van dit proefschrift was om de effecten van oefentherapie bij het patellofemoral pijnsyndroom (PFPS) in relatie tot andere conservatieve strategieën te bestuderen.
Daarnaast beschrijft dit proefschift de huidige strategieën in de eerste lijn voor het PFPS.
In Hoofdstuk 2 worden observationele, prospectieve gegevens over het PFPS in de
huisartsenpraktijk gepresenteerd. In deze studie worden de kenmerken bij aanvang van
de klachten, de initiële behandelstrategie en de uitkomst voor patiënten met het PFPS
vergeleken met de gegevens van patiënten die niet-specifieke knieklachten (NSKC) hebben. Patiënten zijn gedurende een jaar gevolgd en zijn na 6 jaar opnieuw ondervraagd.
Tijdens de start van de studie blijken PFPS patiënten langer knieklachten te hebben,
vaker bi-laterale knieklachten te hebben en vaker pijn aan te geven aan de randen van
de knieschijf. Huisartsen kiezen bij PFPS patiënten vaker voor een actieve behandelstrategie dan bij NSKC. Na één jaar en zes jaar follow-up vertoont de groep PFPS patiënten
een significant lager herstel dan de NSKC groep ((44.4% vs. 65.8% na één jaar en 60%
vs.83.3% na zes jaar). De diagnose PFPS in de studie werd gesteld door de huisartsen.
Indien gebruik werd gemaakt van een set van kenmerken die geacht wordt specifiek
te zijn voor het PFPS dan bleek er 60% overlap te bestaan in de diagnose volgens de
criteria en die volgens de huisarts.
De conclusie van de studie is dat het herstelpercentage voor PFPS na één en zes jaar
laag is ten opzichte van NSKC en dat met slechts 60% overlap in de diagnose van de
huisarts en volgens de criteria, de moeilijkheid van het stellen van de diagnose in de
huisartsenpraktijk wordt aangetoond.
Hoofdstuk 3 beschrijft de verschillen in type knieklachten tussen sporters en nietsporters in de huisartsenpraktijk. Daarnaast worden ook de verschillen in beleid van de
huisarts, de medische consumptie en de uitkomst na één jaar geanalyseerd. Patiënten
die de huisarts voor de eerste keer bezochten in verband met knieklachten werden uitgenodigd deel te nemen aan de studie. Uit de totale studie populatie (n=1068) van het
HONEUR knie cohort werden sporters (n=421) en niet-sporters (n=388) geselecteerd.
Acute distorsies werden door de huisarts significant meer gediagnosticeerd bij sporters dan bij niet-sporters (p=0.04). Verder werden sporters vaker geadviseerd om ‘het
rustig aan te doen’ met de knie dan niet-sporters (p<0.01). De medische consumptie
onder sporters was hoger dan onder niet-sporters. Er werden echter geen verschillen
gevonden tussen sporters en niet-sporters betreffende het herstel van de knieklachten
na één jaar follow-up. Er kan dus geconcludeerd worden dat er nauwelijks verschillen
zijn in type knieklachten, gepresenteerd in de huisartsenpraktijk, tussen sporters en
niet-sporters. Sporters werden echter vaker geadviseerd om de knie ‘te sparen’ en ‘het
rustig aan te doen’ in vergelijking met niet-sporters. Verder was er een positieve trend
in medische consumptie van de sporters terwijl de functionele beperkingen en de pijn
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minder waren in vergelijking met de niet-sporters. Ondanks de adviezen van de huisarts
en de hogere medische consumptie van de sporters was er geen verschil in herstel na
één jaar follow-up.
In Hoofdstuk 4 wordt het ontwerp van een gerandomiseerde klinische studie voor
oefentherapie bij het PFPS beschreven. Gebaseerd op een systematisch onderzoek van
de literatuur werd geconcludeerd dat om de effecten van oefentherapie op hun waarde
te schatten een studie – gebaseerd op de juiste methodologische grondslagen – diende
te worden uitgevoerd.
De studie werd opgezet als een niet geblindeerde, gerandomiseerde interventiestudie
met controlegroep. De interventiegroep werd gedurende drie maanden onderworpen
aan geprotocolleerde oefentherapie, waarbij de eerste zes weken een fysiotherapeut
instructie gaf. De controle groep kreeg de ‘gebruikelijke zorg’ zoals die beschreven
staat in de standaard ‘niet acute knieklachten bij adolescenten’ van de het Nederlands
Huisartsen Genootschap (NHG). Patiënten werden geworven in huisartspraktijken en
sportmedische centra. De primaire uitkomstmaten waren pijn, kniefunctie en subjectief
herstel na drie en twaalf maanden follow-up en werden vastgelegd door middel van
zelfrapportage. De secundaire uitkomstmaten bevatten economische evaluaties. Een
kosten-baten analyse werd uitgevoerd die verbeteringen van gezondheid vastlegt in
‘Kwaliteit van Levensjaren’ (QALYs) en bevatte directe medische kosten en productiviteitskosten.
Gebaseerd op eerdere studies werd er vanuit gegaan dat er 136 patiënten dienden te
worden gerekruteerd om klinisch significante verschillen tussen de groepen te kunnen
aantonen. De totale rekruteringsperiode werd geschat op 15 maanden.
In Hoofdstuk 5 worden de resultaten van een gerandomiseerde studie naar de effecten van oefentherapie bij het PFPS gepresenteerd. In totaal werden 131 deelnemers
in de studie geïncludeerd: 65 in de interventiegroep en 66 in de controlegroep. Na drie
maanden had de interventie groep een significant betere uitkomst met betrekking tot
pijnreductie in rust, pijnreductie bij inspanning en kniefunctie. Na twaalf maanden liet
de de interventiegroep nog steeds betere resultaten zien dan de controlegroep met
betrekking tot pijnscores maar niet meer voor de functiescores. De effectmaten voor
pijnreductie varieerden van 0.47 tot 0.56 tijdens 3 en 12 maanden follow-up. De effectmaat voor functie bedroeg 0.34 na 3 maanden.
Een groter deel van de patiënten in de oefengroep dan in de controlegroep rapporteerde herstel (41.9% vs 35.0% na 3 maanden en 62.1% vs 50.8% na 12 maanden),
hoewel de verschillen tussen de groepen niet significant was. Analyse van vooraf bepaalde subgroepen liet zien dat patiënten die werden gerekruteerd door de sportarts
(n=30) niet sterker verbeterden door het oefenprogramma, terwijl patiënten die door de
huisarts (n=101) werden aangemeld significante en klinisch relevante verbeteringen in
pijn- en functiescores lieten zien ten opzichte van de controle groep..

Samenvatting

Op basis van de resultaten van deze studie wordt geconcludeerd dat gesuperviseerde
oefentherapie resulteert in grotere pijnvermindering en sterkere functieverbetering op
korte en lange termijn vergeleken met ‘gebruikelijke zorg’ voor het patellofemoraal pijnsyndroom in de huisartsenpraktijk. Oefentherapie leidt niet tot significante verschillen
in subjectief herstel tussen beide patiëntengroepen.
Hoofdstuk 6 toont de resultaten van de kosten-effectiviteits analyse die werd uitgevoerd met betrekking tot gesuperviseerde oefentherapie versus ‘gebruikelijke zorg’ in
de huisartsen – en sportartsenpraktijk. De gegevens van 131 patiënten die in de studie
werden geïncludeerd laten zien dat de jaarlijkse medische kosten per patiënt hoger zijn
in de interventiegroep (€434) dan in de controlegroep (€299). Dit werd voornamelijk
veroorzaakt door het bezoek aan de fysiotherapeut. De gemiddelde jaarlijkse maatschappelijke kosten waren significant lager in de interventiegroep (€1011 vs. €1166).
Productiviteitskosten waren de hoogste kostencomponent, vooral kosten die werden
veroorzaakt door verminderde effectiviteit bij betaald werk waren verantwoordelijk
voor 47% en 56% van de totale kosten in de interventie en respectievelijk de controle
groep. Patiënten in de interventiegroep rapporteerden een klein, maar niet significant
verbeterde kwaliteit van leven (0.8722 vs. 0.8617).
Wanneer er rekening wordt gehouden met de grote betrouwbaarheidsintervallen in
deze studie lijkt de conclusie gerechtvaardigd dat oefentherapie kosteneffectief is ten
opzichte van’gebruikelijke zorg’ bij patiënten met PFPS.
Hoofdstuk 7 beschrijft de huidige inzichten met betrekking tot het patellofemoraal
pijnsyndroom.
Het hoofdstuk gaat in op de verschillende pathofysiologische theorieën en de etiologische achtergrond van het PFPS. De verschillen en overeenkomsten tussen het
mechanische, het neuro-musculaire en het biologische model worden beschreven. De
diagnose patellofemoraal pijnsydnroom, welke hoofdzakelijk is gebaseerd op anamnestische kenmerken en het uitsluiten van andere kniepathologie alsmede de waarde
van aanvullend onderzoek wordt besproken. De behandeling van PFPS is voornamelijk
conservatief van aard hoewel voor sommige specifieke gevallen een chirurgische benadering kan zijn aangewezen. De ontwikkeling van nieuwe radiologische technieken
kan helpen om anatomische afwijkingen zichtbaar te maken die samenhangen met het
foutief sporen (‘maltracking’) van de knieschijf.
De conclusie van het hoofdstuk is dat patellofemorale pijnklachten veel voorkomen
en de klachten vaak moeilijk zijn te behandelen. Het natuurlijk beloop van patellofemoraal pijnsyndroom kan bovendien minder voorspoedig zijn dan eerder werd gedacht.
Hoofdstuk 8 geeft de resultaten van een systematisch literatuuroverzicht naar de
aanvullende effecten van orthoses toegevoegd aan oefentherapie op pijn en functie
voor het PFPS.
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De literatuur werd systematisch doorzocht gebruik makend van MEDLINE, CINAHL,
EMBASE, Cochrane en PEDro tot januari 2010. Acht gerandomiseerde en klinische studies met een controlegroep die patiënten met het PFPS bestudeerden en een klinisch
relevante uitkomst bevatten, werden in het overzicht geïncludeerd. Behandeling diende
te bestaan uit oefentherapie gecombineerd met orthoses en werd vergeleken met identieke oefentherapie met of zonder placebo orthoses. De gegevens werden samengevat
gebruik makend van ‘best evidence synthesis’.
Uit de literatuurstudie kan worden geconcludeerd dat er geen toegevoegd effect is
van knie-braces bovenop oefentherapie met betrekking tot pijn en functie bij patiënten
met het PFPS. Het bewijs voor aanvullend effect van tape en zooltjes op oefentherapie
is conflicterend wanneer vergeleken wordt met oefenen alleen. De combinatie van tape
en oefenen lijkt aan te raden wanneer vergeleken wordt met placebo tape en oefenen.
Deze conclusies zijn gebaseerd op een klein aantal methodologisch zwakke studies. Er
zijn meer studies nodig van hoge methodologische kwaliteit om definitieve conclusies
te kunnen trekken.
In Hoofdstuk 9 worden de resultaten van een systematisch literatuuronderzoek naar
oefentherapie voor het PFPS beschreven.
Het doel van de studie was na te gaan wat de effecten van oefentherapie zijn op het
verminderen van pijn en het verbeteren van kniefunctie voor patiënten met PFPS. Voor
deze evaluatie werd gebruik gemaakt van bronnen uit de Cochrane Bone, Joint and Muscle Trauma Group Specialized Register (December 2009), de Cochrane Central Register
of Controlled Trials (Cochrane Library 2009, Issue 4), MEDLINE, EMBASE, alsmede andere
bronnen welke werden doorzocht tot december 2009. In het literatuuroverzicht werden
23 studies geïncludeerd met in totaal 1472 patiënten die klachten hadden passend bij
het PFPS. De primaire uitkomstmaten waren pijn, kniefunctie en herstel.
De resultaten van de literatuurstudie laten zien dat op korte termijn en lange termijn
oefentherapie effectief is op het verminderen van pijn ten opzichte van geen interventie
(‘afwachtend beleid’). Op korte termijn is oefentherapie ook effectief op het verbeteren
van de kniefunctie hoewel op lange termijn deze effecten niet significant meer zijn. De
effecten van oefentherapie worden echter niet duidelijk weerspiegeld in de uitkomstmaat ‘herstel’.
Op de korte termijn is oefentherapie effectiever op pijnvermindering dan andere
conservatieve, niet-farmacologische maatregelen (bandages, tape, zooltjes).
Er worden geen verschillen in effect gevonden als oefenstrategieën, gericht op het
versterken van de grote bovenbeenspieren (Mm quadriceps), worden vergeleken met
andere oefenvormen (selectieve VMO training, gesloten keten-oefenen, open ketenoefenen, heup-abductieoefeningen of buikspieroefeningen).

Samenvatting

De conclusie van deze literatuurstudie is dat oefentherapie effectief is op het verminderen van pijn en het verbeteren van functie bij patiënten met het patellofemoraal
pijnsyndroom.
Hoofdstuk 10 is de algemene discussie en geeft een beschouwing op bovenstaande
studies en hoofdstukken. Het hoofdstuk geeft richting aan studies welke in de toekomst kunnen worden uitgevoerd en benadrukt de verschillende factoren die kunnen
bijdragen aan de etiologie en/of prognose van het PFPS. Het wordt aanbevolen om
prognostische factoren te identificeren en om het effect van oefentherapie in specifieke
subgroepen te bestuderen.
Uit de bovenstaande studies in dit proefschrift wordt geconcludeerd dat oefentherapie kan worden aangewend als initiële therapeutische strategie voor het PFPS in de
eerste lijn in plaats van een afwachtend beleid. Echter, omdat het subjectief herstel
van PFPS na een jaar als redelijk wordt ervaren, dienen zowel de arts/therapeut als de
patiënt een realistische verwachting van de effecten van oefentherapie hebben.
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