
journal of orthopaedic & sports physical therapy | volume 44 | number 6 | june 2014 | 391

[ research report ]

P
atellofemoral pain syndrome (PFPS) is one of the most 
commonly reported injuries in sports medicine.10,11,38 PFPS 
is characterized by diffuse retropatellar and peripatellar 
pain that is aggravated with squatting, prolonged 

sitting, and stair activities, and is diagnosed in the absence of other

pathologies, such as patellar 
tendinopathy, chondral defects, 
or patellofemoral osteoarthri-
tis.12,25,39 Although quadriceps 
muscle–strengthening exercises 

are often included as part of the inter-
vention for PFPS,7,16 the most recent 
literature review, published in 2003 by 
Heintjes et al,16 concluded that there was 
little evidence to support exercises as an 
intervention. However, this conclusion 
was based on the results of only 2 ran-
domized controlled trials (RCTs) and 1 
clinically controlled trial.16

Since the review by Heintjes et al,16 a 
number of studies investigating the effec-
tiveness of quadriceps strengthening for 
the treatment of PFPS have been pub-
lished. Therefore, an updated thorough 
review of the literature on the clinical ef-
fectiveness of quadriceps-strengthening 
exercises appears warranted. The aim 
of this systematic review was to evaluate 
and summarize the evidence for thera-
pist-guided quadriceps muscle–strength-
ening exercises (alone or combined with 
other interventions) as a treatment for 
PFPS when compared to advice and in-
formation or a placebo treatment.

TT STUDY DESIGN: Systematic literature review.

TT OBJECTIVE: To summarize the evidence for 
physical therapist–guided quadriceps-strength-
ening exercises as a treatment for patellofemoral 
pain syndrome.

TT BACKGROUND: Although quadriceps strength-
ening is often included in the plan of care for 
patellofemoral pain syndrome, a systematic review 
published in 2003 found only limited evidence that 
exercise was more effective than no exercise for 
this common condition.

TT METHODS: The PubMed, Embase/MEDLINE, 
and Cochrane Central Register of Controlled Trials 
databases, from inception to January 9, 2014, were 
searched for randomized controlled trials compar-
ing the use of quadriceps-strengthening exercises 
to interventions consisting of advice/information 
or a placebo. Outcomes of interest were pain 
measures and function, as measured with self-
report questionnaires. The methodological quality 
of the randomized controlled trials was assessed 
with the Physiotherapy Evidence Database scale. 
Results were summarized using a best-evidence 

synthesis and graphically illustrated using forest 
plots without meta-analysis.

TT RESULTS: Seven studies were included in the 
literature review. These studies reported strong 
evidence that isolated quadriceps strengthening 
is more effective in reducing pain and improv-
ing function than advice and information alone. 
In addition, compared to advice and informa-
tion or placebo, there was strong evidence that 
quadriceps-strengthening exercises combined with 
other interventions may be more effective in reduc-
ing pain immediately postintervention and after 12 
months, but not in improving function.

TT CONCLUSION: The literature provides strong 
evidence for the use of quadriceps-strengthening 
exercises, with or without other interventions, for 
the treatment of patellofemoral pain syndrome.

TT LEVEL OF EVIDENCE: Therapy, level 1a–.  
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METHODS

Search Strategy

A 
search of the PubMed, Embase/
MEDLINE, and Cochrane Cen-
tral Register of Controlled Trials 

databases from the date of inception to 
January 9, 2014 was conducted. Based 
on the work by Glanville et al,15 the terms 
patellofemoral pain syndrome, physical 
therapy, exercise, and their synonyms and 
similar terms were used in combination 
with a Cochrane search filter to maximize 
sensitivity and precision in identifying 
RCTs (APPENDIX A, available online).19

Study Selection
All search records were initially screened, 
based on the title and abstract. The full text 
of the retained articles was then screened 
to determine whether the articles met the 
inclusion criteria. Finally, the reference sec-
tions of the full-text articles were searched 
to determine if there were other relevant ar-
ticles that had not been identified through 
the search. A flow chart of the search and 
selection process is provided in FIGURE 1.

Inclusion and Exclusion Criteria
Only full-text articles of RCTs written in 
English and Dutch were included in the 
review. To be included, studies had to re-
port on the clinical outcomes of therapist-
guided quadriceps-strengthening exercises, 
used alone or in combination with other 
interventions, compared to advice and in-
formation or a placebo, for the treatment of 
individuals with PFPS. PFPS was defined as 
“diffuse retropatellar and peripatellar pain 
in the absence of other pathologies.”12,25,39 
The exercises used in these studies aimed 
to enhance quadriceps strength.27 Studies 
were included if they reported pain level 
and/or function, assessed with self-report 
questionnaires, as outcome measures.

Data Extraction
The first author extracted the following in-
formation from each of the selected studies: 
author names, publication year, character-
istics of the study population (number of 
participants and age, sex, and duration of 

symptoms), description of the interven-
tions, measurement outcomes for pain and 
function, follow-up duration, and statisti-
cal results (mean difference and 95% con-
fidence interval, P value, and effect size).

The studies included in this review 
were divided into 2 groups. In the first 
group of studies were RCTs that compared 
quadriceps-strengthening exercises to ad-
vice and information. In the second group 
were studies that compared quadriceps-
strengthening exercises combined with 
other interventions to the use of advice 
and information or a placebo treatment.

Quality Assessment
The methodological quality of the stud-
ies was assessed with the Physiotherapy 
Evidence Database (PEDro) scale, a 
critical appraisal tool for physiotherapy 
experimental studies.26 The PEDro scale 

consists of 11 items and is based on the 
Delphi list developed by Verhagen et al.37

The reliability of scoring the method-
ological quality of articles using the PEDro 
scale has been shown to be fair to good in 
1 study,21 with an intraclass correlation co-
efficient of 0.68, and excellent in another 
study,13 with an intraclass correlation co-
efficient of 0.91. For this review, the clas-
sification proposed by the Evidence-Based 
Review of Stroke Rehabilitation was 
used.21,32 Studies scoring 9 or 10 points 
were considered to be of excellent meth-
odological quality, and studies with scores 
ranging from 6 to 8 points were of good 
methodological quality, studies scoring 
4 or 5 points were of fair methodological 
quality. Studies that scored below 4 points 
were of poor quality. In this classification, 
scoring did not include the first item on 
the PEDro scale, so the total PEDro score 

Records identified through 
database search, n = 304:
• PubMed, n = 147
• Embase, n = 72
• Cochrane Central Register of 

Controlled Trials, n = 85 

Full-text articles excluded, n = 8:
• Not a randomized controlled trial,  
 n = 220,23

• Use of Protonics brace in daily  
 activities without exercise, n = 133

• Use of the same population, 
 n = 34,5,9

• Control group received treatment  
 after 1 week, n = 122

• Exercise was not described, 
 n = 124   

Full-text articles assessed for 
eligibility, n = 15

Studies included in the review, 
n = 73,6,14,17,30,31,34

Records excluded after screening 
titles, abstracts, and duplicates, 
n = 289

FIGURE 1. Flow chart of the search and study selection process.
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was the sum of items 2 to 11.32 All included 
articles were also independently assessed 
by a second reviewer (H.F.A.M.), and dis-
agreements with the primary author (L.K.) 
were discussed and resolved by consensus.

Data Analysis
A best-evidence synthesis was completed 
by rating the articles using the levels of 
evidence described by van Tulder et al.36 
To classify the RCTs within the levels of 

evidence, the classification of Van Peppen 
et al35 was used (APPENDIX B, available on-
line). The evidence was divided into 5 lev-
els: strong, moderate, limited, indicative 
findings, and no or insufficient evidence. 
The results were presented in forest plots, 
which consisted of the standardized ef-
fect size (standard mean difference) cal-
culated from the within-group change 
score, standard deviation, and the num-
ber of participants of each group, using 

the program RevMan 5.2 (The Nordic 
Cochrane Centre, Copenhagen, Den-
mark). Meta-analysis was not warranted 
due to the heterogeneity of the studies.

RESULTS

Search Results

T
he literature search identified 
304 potentially relevant articles. Af-
ter excluding 289 articles based on 

 

TABLE 1 Data for the Studies Included in the Literature Review

Study Population Intervention Group Comparison Group
Outcome Measures  
and Follow-up Results*

Fukuda et al14 70 sedentary females 
with PFPS; age range, 
20-40 y; duration 
of symptoms, not 
reported

4 wk, 3 sessions per wk. Exer-
cises: iliopsoas strengthen-
ing; seated knee extension; 
leg press; squatting; stretch-
ing of hamstrings, ankle 
plantar flexors, quadriceps, 
and iliotibial band

Instructed to maintain 
daily activities

Pain: 11-point NPRS during 
ascending stairs and 
descending stairs

Function: LEFS, AKPS
Follow-up: immediately 

postintervention at 4 wk

Pain
Ascending stairs change score: IG, –1.5  1.6; 

CG, 0.1  1.1. Difference in change score‡: 
IG versus CG, –1.6 (–2.4, –0.8); P<.05

Descending stairs change score: IG, –1.0  
2.2; CG, –0.3  1.5. Difference in change 
score‡: IG versus CG, –0.7 (–1.9, 0.5); P>.05

Function
LEFS change score: IG, 10.0  6.5; CG, 2.4  

7.5. Difference in change score§: IG versus 
CG, 7.6 (3.2, 12.0); P<.05

AKPS change score: IG, 10.2  11.6; CG, 0.7  
9.9. Difference in change score§: IG versus 
CG, 9.5 (2.9, 16.1); P<.05

Herrington and 
Al-Sherhi17

45 males with PFPS, 
anterior knee pain, or 
patellar maltracking; 
mean  SD age, 
26.9  5.6 y (range, 
18-35 y)

6 wk, 3 sessions per wk. Group 
1, knee extension exercises; 
group 2, seated leg press 
exercises. Both groups: 
advice as given to the 
comparison group, warming 
up on a cycle ergometer

Advice to avoid sport or 
other pain-provoking 
activities, but to con-
tinue their standard 
army duties

Pain: VAS, stepping up and 
down 25-cm step, knee 
extension strength testing

Function: modified Kujala 
questionnaire

Follow-up: immediately 
postintervention at 8 wk

Pain
Difference in postintervention scores, stepping 

up and down: IGs lower than CG.‡ IG1 versus 
CG, P = .004; IG2 versus CG, P<.001. Knee 
extension strength testing: IGs lower than 
CG.‡ IG1 versus CG, P = .015; IG2 versus 
CG, P = .005

Function
Difference in postintervention scores: both IGs 

had a higher score than the CG (P<.001)§

Song et al30 89 participants with 
PFPS. Mean age, 41 y; 
69 males, 20 females; 
mean duration of 
symptoms, 35.9 mo

8 wk, 3 sessions per wk. Group 
1, hip adduction combined 
with leg press exercise; 
group 2, leg press exercise. 
Both groups: hot pack; 
stretching quadriceps, 
hamstrings, iliotibial band, 
and calf; cold pack

Health education mate-
rial regarding PFP; 
advice not to perform 
any exercise program 
or intervention

Pain: VAS, worst pain previ-
ous week

Function: Lysholm scale
Follow-up: immediately 

postintervention at 8 wk

Pain
Change score: IG1, –2.18 (–3.17. –1.19); IG2, 

–2.58 (–3.56, –1.61); CG, –0.18 (–1.16, 0.80). 
Difference in change score‡: IG1 versus CG, 
–2.19 (–3.44, –0.93); P = .001; ES, 0.78; IG2 
versus CG, –2.54 (–3.79, –1.30); P<.005; 
ES, 0.92

Function
Change score: IG1, 10.93 (7.27, 14.59); IG2, 10.73 

(7.13, 14.33); CG, 0.67 (–2.93, 4.27). Differ-
ence in change score§: IG1 versus CG, 9.99 
(4.81, 15.17); P<.005; ES, 1.12; IG2 versus 
CG, 1.73 (5.60, 15.87); P<.005; ES, 1.01

Table continues on page 394.

Quadriceps-Strengthening Exercises
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titles and abstracts, 15 articles remained. 
Eight studies were excluded after assess-
ing the full text of the articles.4,5,9,20,22-24,33 
Among these 8 studies, 2 were not 
RCTs,20,23 3 articles4,5,9 provided data on 
the same population as the original ar-
ticle,6 1 article33 assessed the use of a Pro-
tonics brace without including exercises, 

in 1 article the control group received 
treatment after 1 week,22 and the remain-
ing article did not describe the exercise 
performed in the study.24 Cross-refer-
encing revealed no additional relevant 
articles, for a total of 7 studies3,6,14,17,30,31,34 
included in this review.

TABLE 1 presents the characteristics 

of the 7 studies included in the review. 
There were 3 studies14,17,30 that compared 
quadriceps-strengthening exercises to ad-
vice and information. Five studies3,6,14,31,34 
compared quadriceps-strengthening 
exercises combined with other interven-
tions to advice and information or place-
bo. The study by Fukuda et al14 included 

 

TABLE 1 Data for the Studies Included in the Literature Review (continued)

Study Population Intervention Group Comparison Group
Outcome Measures and 
Follow-up Results*

Clark et al3 81 participants with AKP: 
45 males, 36 females; 
mean age, 27.9 y 
(range, 15-40 y). Du-
ration of symptoms: 
less than 3 mo, n = 3; 
3 to 6 mo, n = 6; 6 to 
12 mo, n = 12; greater 
than 12 mo, n = 60

3 mo, 6 sessions; daily 
exercises at home. Group 
1, exercise and taping 
and education; group 2, 
exercise and education. 
Exercises: squats against 
the wall; sit-to-stand; 
proprioceptive balance 
work; gluteus medius and 
maximus; progressive step-
down exercises; stretching 
of the hamstrings, iliotibial 
band, quadriceps, and gas-
trocnemius

Group 1: taping and 
education; group 2, 
education. Education: 
information and 
advice about nature 
of AKP, anatomy of PF 
joint, causes of AKP, 
footwear and sport 
activities, stress relax-
ation techniques, ice 
and massage, pain-
controlling drugs, diet 
and weight, prognosis 
and self-help

Pain: VAS, climbing stairs 
and walking on a flat 
surface

Function: WOMAC lower-
limb function score

Follow-up: immediately 
postintervention at 3 mo 
and 12 mo

Pain
3 mo, change score: IG1 and IG2, –34.4  41.6; 

CG1 and CG2, –26.8  43.8. Difference in 
change scores‡: IG1 and IG2 versus CG1 and 
CG2, –7.6 (–28, 12.9); P = .46. 12 mo, differ-
ence in change scores‡: IG1 and IG2 versus 
CG1 and CG2, pain exercise was lower than 
no exercise, P = .03

Function
3 mo, change score: IG1 and IG2, –11.7  12.4; 

CG1 and CG2, –13.4  14.2. Difference in 
change scores§: IG1 and IG2 versus CG1 and 
CG2, 1.7 (–4.7, 8.1); P = .6. 12 mo, difference 
in change scores§: IG1 and IG2 versus CG1 
and CG2, no significant difference

Crossley et al6 71 participants with 
PFPS: 25 males, 46 
females; mean age, 
27.5 y (range, 12-40 y)

6 wk, 1 session per wk: patellar 
taping, retraining VMO, 
gluteal muscle strengthen-
ing exercises, stretching of 
soft tissue structures, home 
exercise

Placebo taping, sham 
ultrasound, light 
application of non-
therapeutic gel

Pain: VAS, worst pain in 
previous week, usual pain 
in previous week

Function: AKPS, FIQ
Follow-up: immediately 

postintervention at 6 wk

Pain
Worst pain, preintervention and postinterven-

tion scores: IG preintervention, 7.0  1.5; IG 
postintervention, 3.0  2.0; CG preinterven-
tion, 7.0  1.5; CG postintervention, 5.0  
2.5. Difference in change scores§: CG versus 
IG, 2.0 (1.0, 3.5); P<.05; ES, 0.80. 

Usual pain: preintervention and postinterven-
tion scores: IG preintervention, 4.5  1.0; IG 
postintervention, 1.0  1.5; CG preinterven-
tion, 4.5  1.0; CG postintervention, 2.5  
2.0. Difference in change scores§: CG versus 
IG, 1.5 (0.5, 2.5); P<.05; ES, 0.75.

Function
AKPS: preintervention and postintervention 

scores: IG preintervention, 68  7; IG 
postintervention, 86  9; CG preinterven-
tion, 69  9; CG postintervention, 78  12. 
Difference in change scores§: CG versus IG, 
–10 (–14, –5); P<.05; ES, 0.91. 

FIQ: preintervention and postintervention 
scores: IG preintervention, 9  2; IG post-
intervention, 13  3; CG preintervention, 9 
 2; CG postintervention, 11  3. Difference 
in change scores§: CG versus IG, –1 (–3, 0); 
P>.05; ES, 0.33

Table continues on page 395.

Quadriceps-Strengthening Exercises Combined With Other Interventions
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2 intervention groups and was therefore 
included in both sets of comparisons.

Isolated Quadriceps Strengthening
The 3 studies14,17,30 that compared quad-

riceps strengthening to advice and 
information included a total of 204 par-

 

TABLE 1 Data for the Studies Included in the Literature Review (continued)

Study Population Intervention Group Comparison Group
Outcome Measures and 
Follow-up Results*

Fukuda et al14 70 sedentary females 
with PFPS: age range, 
20-40 y; duration 
of symptoms, not 
reported

4 wk, 3 sessions per wk. Knee 
and hip exercises: iliopsoas 
strengthening; seated 
knee extension; leg press; 
squatting; hip abduction; 
hip external rotation; side-
stepping; knee exercises; 
stretching of hamstrings, 
ankle plantar flexors, quad-
riceps, iliotibial band

Instructed to maintain 
daily activities

Pain: 11-point NPRS during 
ascending stairs and 
descending stairs

Function: LEFS, AKPS
Follow-up: immediately 

postintervention at 4 wk

Pain
Ascending stairs change score: IG, –2.2  

2.3; CG, 0.1  1.1. Difference in change 
scores‡: IG versus CG, –2.3 (–3.4, –1.2); 
P<.05. Descending stairs change score: IG, 
–2.6  2.3; CG, –0.3  1.5. Difference in 
change scores‡: IG versus CG, –2.3 (–3.5, 
–1.1); P<.05

Function
LEFS change score: IG, 16.6  16.7; CG, 2.4  

7.5. Difference in change scores§: IG versus 
CG, 14.2 (6.4, 22.0); P<.05. AKPS change 
score: IG, 15.0  12.8; CG, 0.7  9.9. Differ-
ence in change scores§: IG versus CG, 14.3 
(7.4, 21.2); P<.01

Syme et al31 69 participants with 
PFPS: 28 males, 41 
females; mean age, 
28.2 y; mean duration 
of symptoms, 48.4 
mo

8 wk, 2 sessions per wk. Group 
1: selectively retraining the 
VMO; McConnell approach; 
group 2: general strengthen-
ing of the quadriceps. 
Both (when necessary): 
correct lower-limb align-
ment; tape for pain relief; 
retrain the gluteus medius 
muscle; stretching of the 
quadriceps, iliotibial band, 
gastrocnemius/soleus, and 
anterior hip structures; pa-
tella mobilization combined 
with deep friction massage

Advice to refrain from 
undertaking any 
forms of exercise 
programs

Pain: NRS-101: average pain 
in previous month, MGQ

Function: modified FIQ
Follow-up: immediately 

postintervention at 8 wk

Pain
NRS-101: preintervention and postintervention 

scores: IG1 preintervention, 47.7  29.6; IG1 
postintervention, 21.4  24.7; IG2 preinter-
vention, 51.3  29.4; IG2 postintervention, 
28.1  28.5; CG preintervention, 59.6  21.8; 
CG postintervention, 49.3  22.5. Difference 
in postintervention scores‡: IG1 versus CG, 
–28.0 (–45.9, –1.0); P<.001; ES, –1.17 (–1.80, 
–0.55); IG2 versus CG, –21.2 (–39.1, –3.3); P 
= .008; ES, –0.89 (–1.49, –0.28). 

MGQ: preintervention and postintervention 
scores: IG1 preintervention, 17.5  6.1; IG1 
postintervention, 9.0  9.0; IG2 preinter-
vention, 20.1  8.8; IG2 postintervention, 
7  12.0; CG preintervention, 21.0  9.4; 
CG postintervention, 17.0  14.0. Difference 
in postintervention scores‡: IG1 versus CG, 
–6.0 (–11.0, –1.0); P = .014; ES, –0.8 (–1.42, 
–0.21); IG2 versus CG, –8.0 (–14.0, –4.0);  
P = .003; ES, –1.03 (–1.65, –0.42)

Function
Preintervention and postintervention scores: 

IG1 preintervention, 33.0  13.2; IG1 
postintervention, 25.0  30.0; IG2 preinter-
vention, 34.8  17.9; IG2 postintervention, 
10.0  35.0; CG preintervention, 33.0  
15.3; CG postintervention, 30.0  25.0. 
Difference in postintervention scores‡: no 
significant differences between 3 groups, 
P = .070. IG1 versus CG, –10.0 (–20.0, 0.0); 
ES, –0.58 (–1.17, 0.01); IG2 versus CG, –15.0 
(–25.0, 0.0); ES, –0.62 (–1.22, –0.03)

Table continues on page 396.
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ticipants (114 men and 90 women). The 
mean age of the participants ranged from 

26.9 years17 to 41 years.30 The participants 
in the study by Song et al30 had a mean 

duration of symptoms of 35.9 months.
Intervention  The duration of the in-

 

TABLE 1 Data for the Studies Included in the Literature Review (continued)

Abbreviations: AKP, anterior knee pain; AKPS, Anterior Knee Pain Scale; CG, comparison group; ES, effect size; FIQ, Functional Index Questionnaire; IG, 
intervention group; LEFS, Lower Extremity Functional Scale; MGQ, McGill Pain Questionnaire; NPRS, numeric pain rating scale; NRS, numeric rating 
scale; PF, patellofemoral; PFP, patellofemoral pain; PFPS, patellofemoral pain syndrome; VAS, visual analog scale; VMO, vastus medialis obliquus; WOMAC, 
Western Ontario and McMaster Universities Osteoarthritis Index.
*Values in parentheses are 95% confidence interval. 
†Only P values were obtained from text; other information was obtained from figures. 
‡Negative score is in favor of the intervention group. 
§Positive score is in favor of the intervention group. 

Study Population Intervention Group Comparison Group
Outcome Measures and 
Follow-up Results*

van Linschoten 
et al34

131 participants with 
PFPS: mean  
SD age, 24  8.2 
y; 47 males, 84 
females; duration of 
symptoms: 2-6 mo, 
89; 6-24 mo, 42

6 wk, 9 sessions: warming up 
on a cycle ergometer; static 
and dynamic exercises for 
the quadriceps, hip adduc-
tor, and gluteal muscles; 
balance exercises; flexibility 
exercises for major thigh 
muscles; information and 
advice as given to the CG

Information and advice 
about PFPS and its 
positive prognosis; 
advice to refrain from 
all sports activities 
that provoke pain; 
advice to use simple 
analgesic when pain 
was severe; advice to 
find alternative ways 
to maintain fitness; 
instructions for daily 
isometric quadriceps 
contractions

Pain: NRS, pain at rest, pain 
with activity

Function: Kujala PF scale
Follow-up: immediately 

postintervention at 3 mo 
and 12 mo

Pain
3 mo, pain at rest: preintervention and 

postintervention scores: IG preintervention, 
4.14  2.3; IG postintervention, 2.30  
2.5; CG preintervention, 4.03  2.3; CG 
postintervention, 3.22  2.8. Difference 
in postintervention scores‡: IG versus CG, 
–1.07 (–1.92, –0.22); P = .01; ES, 0.56. 

3 mo, pain with activity: preintervention and 
postintervention scores: IG preintervention, 
6.32  2.2; IG postintervention, 3.81  
2.9; CG preintervention, 5.97  2.3; CG 
postintervention, 4.60  3.0. Difference 
in postintervention scores‡: IG versus CG, 
–1.00 (–1.91, –0.08); P = .03; ES, 0.54. 

12 mo, pain at rest: preintervention and 
postintervention scores: IG preintervention, 
4.14  2.3; IG postintervention, 1.43  
2.2; CG preintervention, 4.03  2.3; CG 
postintervention, 2.61  2.9. Difference 
in postintervention scores‡: IG versus CG, 
–1.29 (–2.16, –0.42); P<.01; ES, 0.47. 

12 mo, pain with activity: preintervention and 
postintervention scores: IG preintervention, 
6.32  2.2; IG postintervention, 2.57  
2.9; CG preintervention, 5.97  2.3; CG 
postintervention, 3.54  3.38. Difference 
in postintervention scores‡: IG versus CG, 
–1.19 (–2.22, –0.16); P = .02; ES, 0.45

Function
3 mo: preintervention and postintervention 

scores: IG preintervention, 64.4  13.9; 
postintervention, 78.8  15.5; CG prein-
tervention, 65.9  15.2; postintervention, 
74.9  17.6. Difference in postintervention 
scores§: IG versus CG, 4.92 (0.14, 9.72); P 
= .04; ES, 0.37. 12 mo: preintervention and 
postintervention scores: IG preinterven-
tion, 64.4  13.9; postintervention, 83.2 
 14.8; CG preintervention, 65.9  15.2; 
postintervention, 79.8  17.5. Difference in 
postintervention scores§: IG versus CG, 4.52 
(–0.73, 9.76); P = .09

Quadriceps-Strengthening Exercises Combined With Other Interventions
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tervention ranged from 4 weeks14 to 8 
weeks,30 with 3 sessions per week for all 
3 studies.14,17,30 In the study by Fukuda 
et al,14 the exercise group performed il-
iopsoas strengthening in a non–weight-
bearing position, as well as seated knee 
extension, leg press, and squatting exer-
cises. In the study by Song et al,30 both 
exercise groups performed leg press exer-
cises, with 1 group combining the exercise 
with hip adduction in an attempt to fur-
ther activate the vastus medialis obliquus 
(VMO). In the study by Herrington and 
Al-Sherhi,17 one treatment group per-
formed knee extension exercises in a 
seated position and another treatment 
group performed leg press exercises.
Outcome Measures  The numeric pain 
rating scale14 and the visual analog scale 
(VAS)17,30 were used to measure pain. 
Function was measured with the follow-
ing questionnaires: the Lower Extremity 
Functional Scale,14 Anterior Knee Pain 
Scale (AKPS),14 Lysholm scale,30 and 
modified Kujala questionnaire.17

Follow-up  Postintervention measures for 
each study were conducted at the end of 
the intervention (at 4 weeks,14 6 weeks,17 

and 8 weeks30).
Quality Assessment  The methodologi-
cal quality of the studies is described in 
TABLE 2. Five items were discussed by the 
reviewers and resolved by consensus, 
resulting in a Cohen kappa of 0.85. All 
3 studies14,17,30 were considered to be of 
good methodological quality.
Data Analysis  In all 3 studies,14,17,30 
which included 5 intervention groups, 
the groups that performed quadriceps-
strengthening exercises had less pain 
(P<.05) postintervention than their re-
spective comparison groups, with Fu-
kuda et al14 and Song et al30 reporting 
change scores (difference between prein-
tervention and postintervention scores) 
consistent with those findings. It should 
be noted that in the study by Fukuda et 
al,14 a greater improvement in pain for 
the quadriceps-strengthening group was 
found for ascending stairs, but not for de-
scending stairs (FIGURE 2).

Postintervention function scores were 
significantly higher (P<.05) in all 5 of 
the groups that performed quadriceps-
strengthening exercises compared to the 
comparison groups,14,17,30 with the change 

scores reported by Fukuda et al14 and 
Song et al30 being consistent with these 
results (FIGURE 3).

In all 3 studies,14,17,30 the individuals 
with PFPS who performed quadriceps-
strengthening exercises for a period of 
4 to 8 weeks consistently demonstrated 
significantly less pain and better func-
tion immediately postintervention com-
pared to those receiving a comparison 
intervention of information and advice. 
There is, therefore, strong evidence that 
quadriceps strengthening may be more 
effective than advice and information for 
lowering pain and improving function 
immediately postintervention in indi-
viduals with PFPS.

Quadriceps Strengthening Combined 
With Other Interventions
The 5 studies3,6,14,31,34 that compared 
quadriceps strengthening combined with 
other interventions to advice and infor-
mation included a total of 422 individu-
als with PFPS (277 women and 145 men). 
The mean age of the participants was 24 
years34 to 28.2 years.31 The participants 
in the study by Syme et al31 had a mean 
symptom duration of 48.4 months.
Intervention  The duration of the in-
terventions ranged from 4 weeks14 to 12 
weeks,3 with the frequency of therapy ses-
sions ranging from once every 2 weeks3 
to 3 times a week.14 In these studies, 
quadriceps-strengthening exercises were 
supplemented by hip-strengthening ex-
ercises,3,6,14,31,34 stretching,3,6,14,31,34 patellar 
taping,3,6,31 home exercises,3,34 educa-
tion,34 or soft tissue techniques.31 In these 
studies, the comparison groups were pro-
vided with advice and information,3,14,31,34 
a placebo treatment,6 or taping.3

Outcome Measures  Depending on the 
study, pain was measured for ascending 
and descending stairs,3,14 walking on a flat 
surface,3 at rest and with activity,34 on av-
erage,6,31 and at worst,6 using a numeric 
pain rating scale,14,31,34 the McGill Pain 
Questionnaire,31 or a VAS.3,6 The Lower 
Extremity Functional Scale,14 AKPS,6,14 
Kujala patellofemoral scale,34 modified 
Functional Index Questionnaire (FIQ),31 

TABLE 2 Methodological Quality Assessment*

2 3 4 5 6 7 8 9 10 11 Total 1

Fukuda et al14 + + + – – + + + + + 8 +

Herrington and Al-Sherhi17 + + + – – + + + + + 8 +

Song et al30 + + + – – + + + + + 8 +

2 3 4 5 6 7 8 9 10 11 Total 1

Clark et al3 + + + – – + + + + + 8 +

Crossley et al6 + + + + – + + + + + 9 +

Fukuda et al14 + + + – – + + + + + 8 +

Syme et al31 + + + – – + + + + + 8 +

van Linschoten et al34 + + + – – – + + + + 7 +

*The methodological quality was assessed with the Physiotherapy Evidence Database (PEDro) scale.26 
The PEDro scale consists of 11 items. The total 10-point PEDro score is the sum of items 2 through 11. 
When a study fulfilled the criteria for an item, it was awarded 1 point (+); when a study did not fulfill 
the criteria, no point was awarded (–). Item assessment: 1, eligibility criteria; 2, random allocation;  
3, concealed allocation; 4, baseline comparability; 5, blinding subjects; 6, blinding therapists; 7, 
blinding assessors; 8, outcome data greater than 85%; 9, intention to treat; 10, between-group results; 
11, point measures/measures of variability; total, 10-point PEDro score.

Quadriceps-Strengthening Exercises

Quadriceps-Strengthening Exercises Combined With Other Interventions

44-06 Kooiker.indd   397 5/16/2014   5:11:59 PM

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
 

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.jo

sp
t.o

rg
 a

t O
tte

rb
ei

n 
U

ni
ve

rs
ity

 o
n 

Ju
ne

 1
, 2

01
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
01

4 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



398 | june 2014 | volume 44 | number 6 | journal of orthopaedic & sports physical therapy

[ research report ]

the FIQ,6 and the Western Ontario and 
McMaster Universities Osteoarthritis In-
dex lower-limb score3 were used to mea-
sure function.
Follow-up  All authors provided pain 
and outcome measures data at the end of 
their intervention at 4 weeks,14 6 weeks,6 
8 weeks,31 and 12 weeks.3,34 In addition, 2 
studies had follow-up measurement at 12 
months postintervention.3,34

Quality Assessment  The studies by Fu-
kuda et al,14 van Linschoten et al,34 Clark 
et al,3 and Syme et al31 were considered 
to be of good methodological quality (6-8 
points). The study by Crossley et al6 was 
of excellent methodological quality (9-10 
points). Eligibility criteria were specified 
in all studies.
Data Analysis  The 5 studies3,6,14,31,34 in-

cluded a total of 7 interventions, with 2 
studies having 2 separate intervention 
groups. Individuals in 5 of the 7 interven-
tion groups3,6,14,31,34 had significantly low-
er pain scores postintervention compared 
to those in the respective comparison 
groups (P<.05). Only the study by Clark 
et al3 failed to show a difference in pain 
postintervention between the 2 groups 
provided with exercises and the 2 groups 
that did not perform any exercises (P = 
.46). The studies by Fukuda et al,14 Cross-
ley et al,6 and Clark et al3 used change 
scores to compare treatment groups and 
the control group (FIGURE 4).

Overall, immediately postinterven-
tion, in 4 of 5 studies, individuals with 
PFPS who performed quadriceps-
strengthening exercises combined with 

other interventions demonstrated signifi-
cantly less pain than those who received 
education only and/or placebo.6,14,31,34 
Therefore, there is strong evidence that 
quadriceps strengthening combined with 
other interventions is more effective in 
lowering pain immediately postinter-
vention than advice and information or 
placebo in people with PFPS.

The studies by Fukuda et al14 and van 
Linschoten et al,34 which had 1 interven-
tion group, reported higher function 
scores immediately postintervention in 
the intervention group compared to the 
comparison group (P<.05). The study 
by Crossley et al,6 which had 1 inter-
vention group, showed inconsistency in 
outcomes for the 2 functional outcome 
measures. Function based on the AKPS 

Pain

Study/Subgroup Mean ± SD Total, n Mean ± SD Total, n Weight SMD IV, Fixed (95% Confidence Interval)

Fukuda et al14* –1.5  1.6 10 0.1  1.1 12 16.3% –1.14 (–2.06, –0.22)

1 2–1–2 0

Favors 
strengthening

Favors 
comparison

Fukuda et al14† –1  2.2 10 –0.3  1.5 11 18.3% –0.36 (–1.23, 0.50)

Song et al30‡ –2.58  2.61 30 –0.18  2.62 15 32.5% –0.90 (–1.55, –0.25)

Song et al30§ –2.18  2.6 29 –0.18  2.62 15 33.0% –0.75 (–1.40, –0.11)

Abbreviation: SMD, standardized mean difference.

FIGURE 2. Quadriceps strengthening versus comparison group: pain. The study by Herrington and Al-Sherhi17 did not provide the information to be included in the forest plot. 
*Pain measured with an 11-point numeric pain rating scale during stair ascent. †Pain measured with an 11-point numeric pain rating scale during stair descent. ‡Pain measured 
with the visual analog scale: worst pain in previous week for the group of hip adduction in combination with leg press exercise. §Pain measured with the visual analog scale: 
worst pain in previous week for the intervention group with leg press exercise.

Quadriceps Strengthening Comparison Group

Function

Study/Subgroup Mean ± SD Total, n Mean ± SD Total, n Weight SMD IV, Fixed (95% Confidence Interval)

Fukuda et al14* 10  6.5 10 2.4  7.5 12 17.5% 1.03 (0.13, 1.94)

1 2–1–2 0

Favors 
comparison

Favors 
strengthening

Fukuda et al14† 10.2  11.6 10 0.7  9.9 11 17.6% 0.85 (–0.05, 1.75)

Song et al30‡ 10.93  9.62 29 0.67  9.64 15 32.4% 1.05 (0.38, 1.71)

Song et al30§ 10.73  9.62 29 0.67  9.64 15 32.6% 1.03 (0.36, 1.69)

Abbreviation: SMD, standardized mean difference.

FIGURE 3. Quadriceps strengthening versus comparison group: function. The study by Herrington and Al-Sherhi17 did not provide the information to be included in the forest 
plot. *Function measured with the Lower Extremity Functional Scale. †Function measured with the Anterior Knee Pain Scale. ‡Function measured with the Lysholm scale for the 
intervention group of hip adduction in combination with leg press exercise. §Function measured with the Lysholm scale for the intervention group with leg press exercise.

Quadriceps Strengthening Comparison Group
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was significantly improved in the inter-
vention group compared with the com-
parison group (P<.05); however, there 
was no between-group difference for 
the FIQ (P>.05). The 2 remaining stud-
ies3,31 showed no difference in function 
scores postintervention (P>.05). Again, 
the studies by Fukuda et al,14 Crossley et 
al,6 and Clark et al3 used change scores to 
compare between treatment groups and 
the control. The forest plot for these stud-
ies is presented in FIGURE 5.

Based on inconsistent results among 
these 5 studies, it can be concluded that 
there is no evidence that quadriceps 
strengthening combined with other in-

terventions is more effective in improving 
function than advice and information or 
a placebo treatment in people with PFPS 
immediately postintervention.
Long-Term Results  van Linschoten et al34 
and Clark et al3 also assessed pain and 
function at 12 months postintervention. 
In both studies,3,34 pain was significantly 
lower in the intervention group com-
pared to the comparison group (P<.05). 
Neither study provided sufficient infor-
mation to make a forest plot.

Significantly less pain was demon-
strated for individuals performing quad-
riceps strengthening in combination 
with other interventions in 2 studies3,34 

at 12 months. Therefore, there is strong 
evidence that quadriceps strengthen-
ing combined with other interventions 
is more effective in lowering pain at 12 
months than advice and information or a 
placebo treatment in people with PFPS.

van Linschoten et al34 and Clark et 
al3 reported no significant differences 
between the intervention and compari-
son groups for functional outcomes at 12 
months (P>.05). Neither study provided 
sufficient information to make a forest 
plot.

Two studies3,34 showed no significant 
differences for function measurements 
at 12 months for the intervention groups 

Function

Study/Subgroup Mean ± SD Total, n Mean ± SD Total, n Weight SMD IV, Fixed (95% Confidence Interval)

Clark et al3* –11.7  12.4 40 –13.4  14.2 41 43.2% 0.13 (–0.31, 0.56)

1 2–1–2 0

Favors 
comparison

Favors 
intervention

Crossley et al6† 18  19.04 18 9  19.04 18 18.7% 0.46 (–0.20, 1.13)

Crossley et al6‡ 4  6.36 18 2  6.36 17 18.4% 0.31 (–0.36, 0.97)

Fukuda et al14§ 16.6  16.7 11 2.7  7.5 12 10.5% 1.05 (0.17, 1.94)

Fukuda et al14† 15.0  12.8 10 0.7  9.9 11 9.2% 1.21 (0.26, 2.16)

Abbreviation: SMD, standardized mean difference.

FIGURE 5. Quadriceps strengthening combined with other interventions versus comparison group: function. The studies by Syme et al31 and van Linschoten et al34 did not 
provide the information to be included in the forest plot. *Function measured with the Western Ontario and McMaster Universities Osteoarthritis Index lower-limb function 
score. †Function measured with the Anterior Knee Pain Scale. ‡Function measured with the Functional Index Questionnaire. §Function measured with the Lower Extremity 
Functional Scale.

Quadriceps Strengthening Comparison Group

Pain

Study/Subgroup Mean ± SD Total, n Mean ± SD Total, n Weight SMD IV, Fixed (95% Confidence Interval)

Clark et al3* –34.4  41.6 40 –26.8  43.8 41 43.3% –0.18 (–0.61, 0.26)

1 2–1–2 0

Favors 
intervention

Favors 
comparison

Crossley et al6† –4  5.31 18 –2  5.31 18 19.0% –0.37 (–1.03, 0.29)

Crossley et al6‡ –3.5  4.25 18 –2  4.25 17 18.5% –0.34 (–1.01, 0.32)

Fukuda et al14§ –2.2  2.3 11 0.1  1.1 12 10.0% –1.25 (–2.16, –0.34)

Fukuda et al14║ –2.6  2.3 10 –0.3  1.5 11 9.3% –1.15 (–2.09, –0.21)

Abbreviation: SMD, standardized mean difference.

FIGURE 4. Quadriceps strengthening combined with other interventions versus comparison group: pain. The studies by Syme et al31 and van Linschoten et al34 did not provide 
the information to be included in the forest plot. *Pain measured with the visual analog scale during climbing stairs and walking on a flat surface. †Worst pain measured with 
the visual analog scale. ‡Pain measured with the visual analog scale. §Pain measured with the numeric pain rating scale during ascending the stairs. ║Pain measured with the 
numeric pain rating scale during descending the stairs.

Quadriceps Strengthening Comparison Group
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compared to the control group. There-
fore, there is no evidence that quadriceps 
strengthening combined with other in-
terventions is more effective in improv-
ing function at 12 months than advice 
and information or placebo in people 
with PFPS.

DISCUSSION

Isolated Quadriceps Strengthening

T
he level of evidence to support 
the effectiveness of quadriceps-
strengthening exercises compared 

to advice and information has changed 
from limited to strong since the last sys-
tematic review by Heintjes et al.16 It is 
noteworthy that of the 3 studies includ-
ed in the systematic review of Heintjes et 
al,16 only the study by Clark et al3 fulfilled 
the criteria for the present review. The 
study by Timm33 assessed the use of a 
Protonics brace in daily activities, which 
was not considered to be exercise therapy, 
and the study by McMullen et al23 was 
not an RCT. Consistent with the results of 
this review, the recent systematic review 
by Lankhorst et al18 showed that weaker 
knee extension strength is a risk factor 
for PFPS.

Quadriceps-strengthening exercises 
may be divided into non–weight bearing 
and weight bearing, and general versus 
selective VMO training. There is no con-
sensus as to which type of exercise is most 
effective.1 This is demonstrated by the use 
of different types of exercise in all stud-
ies in this review. In the study by Fukuda 
et al,14 the treatment group performed 
both weight-bearing and non–weight-
bearing exercises. In the study by Song 
et al,30 both treatment groups performed 
weight-bearing exercises, with the differ-
ence that one group focused on selectively 
training the VMO.30 In the study by Her-
rington and Al-Sherhi,17 one intervention 
group performed non–weight-bearing 
exercises and the other group performed 
weight-bearing exercises. Based on the 
results of this review, no specific recom-
mendations can be made as to the type of 
exercise to use for the treatment of PFPS, 

as all types appear to be effective. Because 
in all 3 studies14,17,30 the frequency of the 
intervention was 3 times a week, this 
frequency seems appropriate to use for 
treatment.

Quadriceps Strengthening Combined 
With Other Interventions
It is remarkable that when quadriceps 
strengthening is combined with other in-
terventions, there is no evidence that the 
treatment is more effective for improving 
function. As other factors, such as altered 
lower extremity alignment, may also con-
tribute to PFPS,39 it would be plausible 
that including additional interventions 
would have further improved the effec-
tiveness of care.

The lack of effectiveness in improving 
function might be explained by the self-
reported function outcome measures in 
the studies that combined exercises with 
other interventions. The FIQ,6 the modi-
fied FIQ,31 and the Western Ontario and 
McMaster Universities Osteoarthritis In-
dex lower-limb score3 showed no statis-
tical difference between groups in these 
studies. In contrast, when the Lower Ex-
tremity Functional Scale and the AKPS14 
were used, a significantly better func-
tional improvement was recorded for the 
strengthening intervention groups. For 
example, in the study by Crossley et al,6 
the AKPS showed a significant difference 
favoring the intervention group, whereas 
the FIQ did not. This could be due to the 
difference in validity and responsiveness 
of the different outcome measures.

There are few studies comparing dif-
ferent outcome measures. The VAS usual 
pain, VAS worst pain, and AKPS were 
more valid and responsive compared to 
the FIQ and VAS activity in a study that 
included 71 participants with PFPS in the 
age range of 12 to 40 years.8 However, an-
other study of 18 participants with PFPS 
between 20 and 50 years of age showed 
that both the FIQ and the VAS worst 
pain in the previous week were valid for 
detecting clinical change.2 The modified 
FIQ was shown to be valid and reliable 
in 2 studies with 88 participants with 

PFPS.28,29 More research may be required 
to recommend which outcome measures 
to use.

Furthermore, only 1 more study with a 
statistical difference in favor of interven-
tion was needed to have more than 50% 
of the studies in favor of the intervention 
group. In the study by Syme et al,31 the 
confidence intervals reached zero, indi-
cating that the difference between the in-
tervention group and comparison group 
almost reached a statistical difference. 
Reaching statistical difference in this 
study would have changed the evidence 
into strong evidence35 that quadriceps 
strengthening combined with other in-
terventions is more effective in improving 
function than advice and information or 
a placebo treatment in people with PFPS 
immediately postintervention.
Long-Term Results  Only Clark et al3 and 
van Linschoten et al34 assessed pain and 
function at 12 months postintervention. 
In both studies, the pain scores were 
significantly better in the intervention 
groups; however, there was no difference 
in function between the intervention 
group and control group. Of the 2 stud-
ies3,34 that measured long-term effects at 
12 months, the study by Clark et al3 col-
lected questionnaires from only 49 of the 
81 participants. Although an intention-
to-treat analysis was used, this could have 
been a source of bias. In these studies, 
function was measured with the West-
ern Ontario and McMaster Universities 
Osteoarthritis Index lower-limb func-
tion score3 and the Kujala patellofemoral 
scale.34 The validity of these 2 question-
naires needs further study.

It was not an aim of this systematic re-
view to recommend interventions to use 
in addition to quadriceps strengthening. 
Furthermore, the variability in the inter-
ventions (patellar taping, hip strengthen-
ing, balance training, and mobilization 
of the patella) performed in the stud-
ies3,6,14,31,34 precludes decision making as 
to which approach is most effective.

The results of this study indicate that 
quadriceps strengthening should be an 
important part of treatment for indi-
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viduals with PFPS. Data on the effective-
ness of adding other interventions are 
inconclusive. Additional research should 
be conducted to determine which other 
interventions to use in addition to quad-
riceps strengthening in this population.

Limitations
It is possible that the results of the best-
evidence synthesis are overrated, because 
studies with no significant differences 
are less likely to be published (publica-
tion bias).

The authors decided not to perform 
a meta-analysis due to the heterogeneity 
of the studies, and, as such, forest plots 
were included only to visually represent 
the data. It should be noted that the 
studies by Fukuda et al14 (FIGURE 3) and 
Crossley et al6 (FIGURES 4 and 5) reported 
significant differences between the inter-
vention and comparison groups in their 
results section, but this difference is not 
evident in the forest plots. This may be 
caused by the division of the number of 
participants, which may not be reported 
twice in a forest plot.

Only the study by Crossley et al6 com-
pared treatment with a placebo, and 
showed statistical differences between 
the treatment group and placebo group. 
In the other studies, individuals in the 
control groups could not be blinded to 
their group allocation; therefore, a nega-
tive placebo effect was possible. The study 
by Clark et al3 provided the same number 
of sessions with a physical therapist for 
the control group, to control for the guid-
ance of a physical therapist. This was the 
only study that did not show any statisti-
cal differences between the exercise and 
nonexercise groups, with 60% of the par-
ticipants in the control group improving 
sufficiently enough to not require further 
treatment.3 Physical therapist guidance 
included information and advice about 
the nature of PFPS, anatomy of the patel-
lofemoral joint, causes of PFPS, footwear 
and sport activities, stress relaxation 
techniques, ice and massage, pain-con-
trol drugs, diet and weight, prognosis, 
and self-help.3 The guidance of a physi-

cal therapist could therefore be a positive 
factor in the treatment of PFPS.

Implications for Future Studies
More research about the most appropri-
ate outcome measure to be used in this 
population is necessary. Psychometric 
values of several measurement outcomes 
have been studied2,8,28,29; however, no rec-
ommendations as to which measurement 
outcome would be best to use in research 
and daily practice can be made. Future 
studies should use the most validated 
outcome measures to provide stronger 
evidence for the effectiveness of quadri-
ceps strengthening for the treatment of 
PFPS. More research on the long-term ef-
fects of quadriceps strengthening is nec-
essary. More research should be done to 
determine which exercises and training 
modalities are most effective in treating 
PFPS.

CONCLUSION

T
here is strong evidence for the 
effectiveness of isolated quadri-
ceps strengthening, performed at 

a frequency of 3 times per week, for the 
treatment of PFPS. Though all types 
of quadriceps-strengthening exercise 
(weight bearing and non–weight bearing; 
general and selective VMO training) were 
shown to be effective, no recommenda-
tions can be made as to which type may 
be most effective. Studies combining 
quadriceps strengthening with other in-
terventions provided strong evidence for 
pain reduction, but not for improvement 
in function.

KEY POINTS
FINDINGS: In the treatment of people with 
PFPS, quadriceps strengthening is more 
effective in lowering pain and improving 
function postintervention than advice 
and information alone. Quadriceps 
strengthening combined with other in-
terventions is more effective in lowering 
pain directly postintervention and at 12 
months.
IMPLICATIONS: In clinical practice, quad-

REFERENCES

 1.   Bizzini M, Childs JD, Piva SR, Delitto A. System-
atic review of the quality of randomized con-
trolled trials for patellofemoral pain syndrome. J 
Orthop Sports Phys Ther. 2003;33:4-20. http://
dx.doi.org/10.2519/jospt.2003.33.1.4

 2.   Chesworth BM, Culham E, Tata GE, Peat M. 
Validation of outcome measures in patients 
with patellofemoral syndrome. J Orthop Sports 
Phys Ther. 1989;10:302-308. http://dx.doi.
org/10.2519/jospt.1989.10.8.302

 3.   Clark DI, Downing N, Mitchell J, Coulson L, Syz-
pryt EP, Doherty M. Physiotherapy for anterior 
knee pain: a randomised controlled trial. Ann 
Rheum Dis. 2000;59:700-704.

 4.   Cowan SM, Bennell KL, Crossley KM, Hodges 
PW, McConnell J. Physical therapy alters re-
cruitment of the vasti in patellofemoral pain 
syndrome. Med Sci Sports Exerc. 2002;34:1879-
1885. http://dx.doi.org/10.1249/01.
MSS.0000038893.30443.CE

 5.   Cowan SM, Bennell KL, Hodges PW, Crossley 
KM, McConnell J. Simultaneous feedforward 
recruitment of the vasti in untrained postural 
tasks can be restored by physical therapy. J 
Orthop Res. 2003;21:553-558. http://dx.doi.
org/10.1016/S0736-0266(02)00191-2

 6.   Crossley K, Bennell K, Green S, Cowan S, 
McConnell J. Physical therapy for patello-
femoral pain: a randomized, double-blinded, 
placebo-controlled trial. Am J Sports Med. 
2002;30:857-865.

 7.   Crossley K, Bennell K, Green S, McConnell J. A 
systematic review of physical interventions for 
patellofemoral pain syndrome. Clin J Sport Med. 
2001;11:103-110.

 8.   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;85:815-822.

 9.   Crossley KM, Cowan SM, McConnell J, Bennell 
KL. Physical therapy improves knee flexion dur-
ing stair ambulation in patellofemoral pain. Med 

riceps-strengthening exercises may be 
used to lower pain and improve function 
in patients with PFPS.
CAUTION: Due to the use of different 
quadriceps-strengthening programs, no 
recommendations can be made with re-
gard to which exercises are optimal.

ACKNOWLEDGEMENTS: The authors acknowl-
edge H.F.A. Moossdorff-Steinhauser, PT, MSc 
(Clinical Health Sciences, Physiotherapy Sci-
ences, Utrecht University, Utrecht, the Nether-
lands) for assessing the methodological quality 
of the articles as the second reviewer.

44-06 Kooiker.indd   401 5/16/2014   5:12:06 PM

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
 

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.jo

sp
t.o

rg
 a

t O
tte

rb
ei

n 
U

ni
ve

rs
ity

 o
n 

Ju
ne

 1
, 2

01
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
01

4 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



402 | june 2014 | volume 44 | number 6 | journal of orthopaedic & sports physical therapy

[ research report ]

MORE INFORMATION
WWW.JOSPT.ORG@

Sci Sports Exerc. 2005;37:176-183.
 10.   DeHaven KE, Lintner DM. Athletic injuries: com-

parison by age, sport, and gender. Am J Sports 
Med. 1986;14:218-224.

 11.   Devereaux MD, Lachmann SM. Patello-femoral 
arthralgia in athletes attending a Sports Injury 
Clinic. Br J Sports Med. 1984;18:18-21. http://
dx.doi.org/10.1136/bjsm.18.1.18

 12.   Dixit S, DiFiori JP, Burton M, Mines B. Manage-
ment of patellofemoral pain syndrome. Am Fam 
Physician. 2007;75:194-202.

 13.   Foley NC, Bhogal SK, Teasell RW, Bureau Y, 
Speechley MR. Estimates of quality and reli-
ability with the Physiotherapy Evidence-Based 
Database Scale to assess the methodology of 
randomized controlled trials of pharmacological 
and nonpharmacological interventions. Phys 
Ther. 2006;86:817-824.

 14.   Fukuda TY, Rossetto FM, Magalhães E, Bryk FF, 
Lucareli PR, de Almeida Carvalho NA. Short-
term effects of hip abductors and lateral rotators 
strengthening in females with patellofemoral 
pain syndrome: a randomized controlled clinical 
trial. J Orthop Sports Phys Ther. 2010;40:736-
742. http://dx.doi.org/10.2519/jospt.2010.3246

 15.   Glanville JM, Lefebvre C, Miles JN, Camosso-
Stefinovic J. How to identify randomized con-
trolled trials in MEDLINE: ten years on. J Med 
Libr Assoc. 2006;94:130-136.

 16.   Heintjes E, Berger MY, Bierma-Zeinstra SM, Ber-
nsen RM, Verhaar JA, Koes BW. Exercise therapy 
for patellofemoral pain syndrome. Cochrane Da-
tabase Syst Rev. 2003:CD003472. http://dx.doi.
org/10.1002/14651858.CD003472

 17.   Herrington L, Al-Sherhi A. A controlled trial of 
weight-bearing versus non–weight-bearing ex-
ercises for patellofemoral pain. J Orthop Sports 
Phys Ther. 2007;37:155-160. http://dx.doi.
org/10.2519/jospt.2007.2433

 18.   Lankhorst NE, Bierma-Zeinstra SM, van Mid-
delkoop M. Risk factors for patellofemoral 
pain syndrome: a systematic review. J Orthop 
Sports Phys Ther. 2012;42:81-94. http://dx.doi.
org/10.2519/jospt.2012.3803

 19.   Lefebvre C, Manheimer E, Glanville J. Search-
ing for studies. In: Higgins JPT, Green S, eds. 
Cochrane Handbook for Systematic Reviews 
of Interventions, Version 5.0.1. Oxford, UK: The 
Cochrane Collaboration; 2008:ch 6.

 20.   Loudon JK, Gajewski B, Goist-Foley HL, Loudon 
KL. The effectiveness of exercise in treating 
patellofemoral-pain syndrome. J Sport Rehabil. 
2004;13:323-342.

 21.   Maher CG, Sherrington C, Herbert RD, Moseley 
AM, Elkins M. Reliability of the PEDro scale for 
rating quality of randomized controlled trials. 
Phys Ther. 2003;83:713-721.

 22.   Mason M, Keays SL, Newcombe PA. The effect of 
taping, quadriceps strengthening and stretching 
prescribed separately or combined on patel-
lofemoral pain. Physiother Res Int. 2011;16:109-
119. http://dx.doi.org/10.1002/pri.486

 23.   McMullen W, Roncarati A, Koval P. Static and 
isokinetic treatments of chondromalacia patella: 
a comparative investigation. J Orthop Sports 
Phys Ther. 1990;12:256-266. http://dx.doi.
org/10.2519/jospt.1990.12.6.256

 24.   Moyano FR, Valenza MC, Martin LM, Caballero 
YC, Gonzalez-Jimenez E, Demet GV. Effective-
ness of different exercises and stretching 
physiotherapy on pain and movement in 
patellofemoral pain syndrome: a randomized 
controlled trial. Clin Rehabil. 2013;27:409-417. 
http://dx.doi.org/10.1177/0269215512459277

 25.   Nijs J, Van Geel C, Van der auwera C, Van de 
Velde B. Diagnostic value of five clinical tests 
in patellofemoral pain syndrome. Man Ther. 
2006;11:69-77. http://dx.doi.org/10.1016/j.
math.2005.04.002

 26.   Physiotherapy Evidence Database. PEDro scale. 
Available at: http://www.pedro.org.au/english/
downloads/pedro-scale/. Accessed June 14, 
2010.

 27.   Pollock ML, Gaesser GA, Butcher JD, et al. 
American College of Sports Medicine Position 
Stand. The recommended quantity and quality 
of exercise for developing and maintaining car-
diorespiratory and muscular fitness, and flex-
ibility in healthy adults. Med Sci Sports Exerc. 
1998;30:975-991.

 28.   Selfe J, Harper L, Pedersen I, Breen-Turner J, 
Waring J. Four outcome measures for patello-
femoral joint problems: part 1: development and 
validity. Physiotherapy. 2001;87:507-515. http://
dx.doi.org/10.1016/S0031-9406(05)65448-X

 29.   Selfe J, Harper L, Pedersen I, Breen-Turner 
J, Waring J. Four outcome measures for 
patellofemoral joint problems: part 2: reli-
ability and clinical sensitivity. Physiotherapy. 
2001;87:516-522. http://dx.doi.org/10.1016/
S0031-9406(05)65449-1

 30.   Song CY, Lin YF, Wei TC, Lin DH, Yen TY, Jan MH. 
Surplus value of hip adduction in leg-press ex-
ercise in patients with patellofemoral pain syn-
drome: a randomized controlled trial. Phys Ther. 
2009;89:409-418. http://dx.doi.org/10.2522/

ptj.20080195
 31.   Syme G, Rowe P, Martin D, Daly G. Disability 

in patients with chronic patellofemoral pain 
syndrome: a randomised controlled trial of VMO 
selective training versus general quadriceps 
strengthening. Man Ther. 2009;14:252-263. 
http://dx.doi.org/10.1016/j.math.2008.02.007

 32.   Teasell RW, Foley NC, Bhogal SK, Speechley MR. 
An evidence-based review of stroke rehabilita-
tion. Top Stroke Rehabil. 2003;10:29-58. http://
dx.doi.org/10.1310/8YNA-1YHK-YMHB-XTE1

 33.   Timm KE. Randomized controlled trial of Pro-
tonics on patellar pain, position, and function. 
Med Sci Sports Exerc. 1998;30:665-670.

 34.   van Linschoten R, van Middelkoop M, Berger 
MY, et al. Supervised exercise therapy versus 
usual care for patellofemoral pain syndrome: 
an open label randomised controlled trial. BMJ. 
2009;339:b4074.

 35.   Van Peppen RP, Kwakkel G, Wood-Dauphinee 
S, Hendriks HJ, Van der Wees PJ, Dekker J. 
The impact of physical therapy on functional 
outcomes after stroke: what’s the evidence? 
Clin Rehabil. 2004;18:833-862. http://dx.doi.
org/10.1191/0269215504cr843oa

 36.   van Tulder M, Furlan A, Bombardier C, 
Bouter L. Updated method guidelines for 
systematic reviews in the Cochrane Col-
laboration Back Review Group. Spine (Phila 
Pa 1976). 2003;28:1290-1299. http://dx.doi.
org/10.1097/01.BRS.0000065484.95996.AF

 37.   Verhagen AP, de Vet HC, de Bie RA, et al. The 
Delphi list: a criteria list for quality assessment 
of randomized clinical trials for conducting sys-
tematic reviews developed by Delphi consensus. 
J Clin Epidemiol. 1998;51:1235-1241.

 38.   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;28:480-489.

 39.   Witvrouw E, Werner S, Mikkelsen C, Van Tiggelen 
D, Vanden Berghe L, Cerulli G. Clinical classifi-
cation of patellofemoral pain syndrome: guide-
lines for non-operative treatment. Knee Surg 
Sports Traumatol Arthrosc. 2005;13:122-130. 
http://dx.doi.org/10.1007/s00167-004-0577-6

44-06 Kooiker.indd   402 5/16/2014   5:12:06 PM

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
 

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.jo

sp
t.o

rg
 a

t O
tte

rb
ei

n 
U

ni
ve

rs
ity

 o
n 

Ju
ne

 1
, 2

01
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
01

4 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



journal of orthopaedic & sports physical therapy | volume 44 | number 6 | june 2014 | B1

PUBMED SEARCH STRATEGY
(“Patellofemoral Pain Syndrome” OR “anterior knee pain”) AND (Exercise OR “Exercise Therapy” OR rehabilitation OR physiotherapy [Title/Abstract] OR 
“physical therapy” OR “Physical Education and Training”[Mesh]) AND (randomized controlled trial [pt] OR controlled clinical trial [pt] OR randomized 
[tiab] OR placebo [tiab] OR clinical trials as topic [mesh: noexp] OR randomly [tiab] OR trial [ti]) NOT (animals[mh] NOT (animals[mh] AND humans 
[mh]))

APPENDIX A

BEST-EVIDENCE SYNTHESIS CLASSIFICATION SUGGESTED BY VAN PEPPEN ET AL35

Strong Evidence
Provided by statistically significant findings in outcome measures in:
•   At least 2 high-quality RCTs, with PEDro scores of at least 4 points*

Moderate Evidence
Provided by statistically significant findings in outcome measures in:
•   At least 1 high-quality RCT and
•   At least 1 low-quality RCT (3 points or less on PEDro scale) or 1 high-quality CCT*

Limited Evidence
Provided by statistically significant findings in outcome measures in:
•   At least 1 high-quality RCT or
•   At least 2 high-quality CCTs (in the absence of high-quality RCTs)*

Indicative Findings
Provided by statistically significant findings in outcome measures in at least:
•   1 high-quality CCT or low-quality RCT* (in the absence of high-quality RCTs), or
•   2 studies of a nonexperimental nature with sufficient quality (in absence of RCTs and CCTs)*

No Evidence From Trials
•   In the case that results of eligible studies do not meet the criteria for 1 of the above stated levels of evidence or
•   In the case of conflicting (statistically significant positive and statistically significant negative) results among RCTs and CCTs, or
•   In the case of no eligible studies
Abbreviations: CCT, clinically controlled trial; PEDro, Physiotherapy Evidence Database; RCT, randomized controlled trial.
*If the number of studies that show evidence is less than 50% of the total number of studies found within the same category of methodological quality 
and study design (RCT, CCT, or nonexperimental studies), no evidence will be classified.

APPENDIX B
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