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and social engagement,20 and is theoreti-
cally linked to an increased potential for 
developing knee osteoarthritis.15

We recently conducted a systematic 
review with meta-analysis that pooled data 
from all available high-quality random-
ized controlled trials (RCTs) published up 
to May 2022.46 This meta-analysis identi-
fied that 6 nonsurgical treatments (knee-
targeted exercise; the combination of 
hip-and-knee–targeted exercise, soft tissue 
stretching, patellar taping, and quadriceps 
muscle biofeedback; foot orthoses; lower 
quadrant manual therapy; hip-and-knee–
targeted exercise; and knee-targeted ex-
ercise combined with perineural dextrose 
injection) had positive effects on pain 
and function at short term (ie, ≤3/12) in 
people with PFP.46 These pooled data dem-
onstrated interventions that are beneficial 
at a population level, but not who is most 
likely to respond or via which mechanisms.

Previous systematic reviews with 
meta-analysis35,38 and observational 
studies36 have reported that variables in-
cluding older age, higher baseline pain and 
poorer function, and prolonged symptom 
duration are associated with a poorer prog-
nosis. The reviews were limited by poor 
quality methods, inappropriate control 
groups, and small sample sizes.35,38 Lack 
et al35 included only 15 low-quality cohort 
studies and no RCTs, leaving them unable 
to differentiate between predictors of out-
come and prognostic factors. Matthews 
et al38 identified that the prognostic studies 
included in their review typically explored 
too many prognostic variables relative to 
their sample size. A solution to this prob-
lem is to apply meta-regression techniques 
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P
atellofemoral pain (PFP) is a common musculoskeletal condition 
experienced by people of variable levels of physical activity. The main 
symptom is knee pain at, around, or behind the patella aggravated by 
running, squatting, and stair ambulation.60 PFP has a reported prevalence 

of 28.9% in active adolescents and 22.7% in the general population,56 with over 
50% reporting persistent pain 5 to 8 years postdiagnosis.36 This persistent pain 
experience negatively impacts physical activity levels, health-related quality of life, 

	i OBJECTIVE: To investigate the prognostic and 
mechanistic variables associated with efficacious 
treatments in people with patellofemoral pain (PFP).

	i DESIGN: Updated intervention systematic 
review with de novo meta-regression.

	i LITERATURE SEARCH: We searched MEDLINE, 
Web of Science, and Scopus from inception until 
October 2023 for randomized controlled trials 
(RCTs) involving people with PFP.

	i STUDY SELECTION CRITERIA: High-quality 
RCTs (scoring ≥7 on the PEDro scale) involving 
participants with PFP and at least 1 treatment arm 
involving an efficacious intervention.

	i DATA SYNTHESIS: We extracted homogenous 
pain and function data to calculate effect sizes to 
regress with baseline prognostic (eg, symptom dura-
tion) and mechanistic (eg, strength change) data.

	i RESULTS: Thirty-four high-quality RCTs involving 
1526 people with PFP were included. For knee-
targeted exercise, we identified symptom duration 
(R2 = 0.68), older age (R2 = 0.31), and low baseline 

knee extensor strength (R2 = 1.0) as significant 
prognostic variables. For hip-and-knee–targeted 
exercise, we identified older age (R2= 0.37), greater 
mass (R2= 0.28), and greater baseline hip abduction 
torque (R2= 1.0) as significant prognostic variables. 
We also identified a significant mechanistic as-
sociation between pain and increased knee extensor 
torque (R2= 0.99). For hip-targeted exercise, we 
identified lower height as a significant prognostic 
variable (R2= 0.96-0.99) and a significant mechanistic 
association between both pain and function and 
increased hip abduction (R2= 0.93-0.96) and hip 
external rotation (R2= 0.96-0.97) strength.

	i CONCLUSIONS: Prolonged symptom duration, 
older age, and greater mass are prognostic vari-
ables for people with PFP. Increasing hip and knee 
muscle strength may be mechanisms underpin-
ning positive responses to exercise therapy. JOSPT 
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on data obtained in a systematic review 
using baseline prognostic indicators (eg, 
age) and intervention mechanisms (eg, 
a change in muscle strength) alongside 
treatment effect sizes. Compared to tra-
ditional meta-analysis, meta-regression 
provides valuable quantitative insight into 
the contribution of each indicator to the 
treatment effect. The field now has suf-
ficient high-quality RCTs that report the 
required prognostic and mechanistic data 
to make this possible.

We aimed to conduct a meta- 
regression to investigate the prognostic 
indicators (ie, observational baseline 
data) and intervention mechanisms 
(ie, longitudinal change from baseline) 
from all available high-quality RCTs in-
cluding at least 1 arm involving an in-
tervention reported to be efficacious in 
our previous review.46

METHODS

W
e prospectively registered this 
systematic review with meta-
regression with PROSPERO 

(CRD42023484049) and have 3 de-
viation from the original protocol: (1) 
postregistration, we included hip-targeted 
exercise therapy in our analyses as 
it was identified to be equivalent to 
knee-targeted exercise therapy (ie, an 
efficacious treatment) in our previous 
review;46 (2) our protocol inaccurately 
refers to the use of 2 quality appraisal 
scales; and (3) we decided against at-
tempting to use the Grading of Recom-
mendations, Assessment, Development, 
and Evaluations (GRADE) approach as it 
does not align well with meta-regression 
outcomes. We have reported this sys-
tematic review with meta-regression 
per the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis 
(PRISMA) statement.40

Search Strategy
All high-quality RCTs from our previ-
ous review46 were automatically eligible 
if they included at least 1 arm involving 
an intervention identified to have pri-
mary or secondary efficacy, superior-
ity, or equivalence. We used the same 
search terms from our previous review,46 
originally duplicated from Barton et al,2 
with the English language and human 
participants as limitations: (patell* OR 
femoropat* OR anterior knee pain) AND 
(pain OR syndrome OR dysfunction) 
AND (clinical trial OR controlled trial 
OR random*). We searched the same 3 
databases (MEDLINE, Web of Science, 
and Scopus) from May 2022 to October 
2023 to identify new RCTs meeting our 

Records identified from*: 
Databases, n = 681
Web of Science, n = 277
Scopus, n = 276
PubMed, n = 128

Records removed
before screening: 

Duplicate records removed,
n = 231
Records marked as ineligible
by automation tools, n = 0
Records removed for other
reasons, n = 0

Records screened, n = 450 Records excluded**, n = 425 

Reports sought for retrieval, n = 25 Reports not retrieved, n = 0

Reports assessed for eligibility,
n = 25

Reports excluded: 
No English, n = 2
Wrong study design, n = 3
No reported efficacious
treatment, n = 10
Studies excluded for PEDro
score <7, n = 5 

Records identified from: 
Identified in previous review,
n = 29

Reports assessed for eligibility,
n = 29

Reports excluded: 
n = 0 

Studies included in review, n = 34

Identification of studies via databases and registers Identification of studies via other methods 
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Reports sought for retrieval, n = 29 Reports not retrieved, n = 0

FIGURE 1
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
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eligibility criteria, with inception to May 
2022 captured by our previous search.

Inclusion Criteria
One investigator (B.S.N.) exported all 
identified studies into Covidence (Veri-
tas Health Innovation Ltd, Melbourne, 
Australia). We adapted the eligibility cri-
teria from our previous review, again origi-
nally duplicated from Barton et al:2 (1) RCTs 
involving adult participants aged >18 to 
45 years, (2) participants with PFP defined 
as insidious onset symptoms aggravated by 
activities such as running, jumping, squat-
ting, or stair ambulation, (3) RCTs investi-
gating nonsurgical interventions, and (4) 
RCTs including at least 1 arm involving an 
intervention reported to have primary or 
secondary efficacy, superiority, or equiva-
lence. RCTs including participants with 
traumatic onset of symptoms or symptoms 
commencing postsurgery or participants 
with concomitant pathology were ineligible.

Two investigators (F.D. and M.R.) 
reviewed all titles and abstracts inde-
pendently to determine eligibility by con-
sensus, reviewing full texts if necessary. A 
third investigator (B.S.N.) was available 
but not required to resolve discrepancies. 
Once all new eligible RCTs were identified, 
2 investigators (F.D. and B.S.N.) reviewed 
them independently to determine if they 
contained at least 1 eligible treatment arm 
analogous to (1) knee-targeted exercise; (2) 
the combination of hip-and-knee–targeted 
exercise, soft tissue stretching, patellar tap-
ing, and quadriceps muscle biofeedback; 
(3) prefabricated foot orthoses; (4) lower 
quadrant manual therapy; (5) hip-and-
knee–targeted exercise; (6) knee-targeted 
exercise combined with perineural dex-
trose injection; and (7) hip-targeted exer-
cise. Eligible RCTs were retained for quality 
assessment.

PFP Diagnostic Criteria
All retained RCTs were appraised relative 
to the PFP diagnostic criteria described by 

Barton et al,3 which considers adherence 
to specific inclusion and exclusion criteria. 
The score for RCTs included in our pre-
vious review was automatically recorded, 
and newly identified RCTs were screened 
by 2 independent reviewers (F.D. and 
B.S.N.) before agreeing a consensus score. 
A third investigator (A.B.J.) was available 

but not required to resolve discrepancies 
that could not be resolved by consensus.

Quality Assessment
We used the PEDro scale37 to determine 
methodological quality as per our pre-
vious review.46 Two investigators (F.D. 
and B.S.N.) applied the PEDro scale 

TABLE 1
PEDRO Scores for the Retained High-Quality Randomized Controlled Trials

Study A B C D E F G H I J Total

Previous Search (29 Trials)

Baldon et al1 1 1 0 1 0 0 1 1 1 1 7

Behrangrad and Kamali4 1 1 1 1 1 0 1 0 1 1 8

Bolgla et al5 1 0 1 0 0 1 1 1 1 1 7

Celik et al7 1 0 1 1 0 0 1 1 1 1 7

Clark et al8 1 0 1 0 0 1 1 1 1 1 7

Collins et al9 1 1 1 0 0 1 1 1 1 1 8

Crossley et al12 1 1 1 1 0 1 1 1 1 1 9

Das et al13 1 0 1 1 0 1 1 0 1 1 7

Espí-López et al16 1 1 1 0 0 1 1 1 1 1 8

Fukuda et al18 1 1 1 0 0 1 1 1 1 1 8

Fukuda et al17 1 1 1 0 0 1 1 1 1 1 8

García-Triana et al19 1 1 1 0 0 1 1 0 1 1 7

Halabchi et al21 1 1 1 0 0 0 1 1 1 1 7

Hott et al28 1 1 0 0 0 1 1 1 1 1 7

Hott et al29 1 1 0 0 0 1 1 1 1 1 7

Ismail et al30 1 1 1 0 0 1 1 0 1 1 7

Matthews et al39 1 1 0 1 1 1 1 1 1 1 9

Mølgaard et al41 1 1 1 0 0 1 0 1 1 1 7

Motealleh et al43 1 1 1 0 0 1 1 0 1 1 7

Nakagawa et al44 1 1 1 1 0 1 1 0 1 1 8

Rasti et al50 1 1 1 1 0 1 1 0 1 1 8

Saad et al52 1 1 0 0 0 1 1 1 1 1 7

Sahin et al53 1 1 1 0 0 1 1 0 1 1 7

Song et al57 1 1 1 0 0 1 1 1 1 1 8

Van den Dolder and Roberts59 1 1 1 0 0 1 1 1 1 1 8

Wu et al61 1 1 1 0 0 1 1 1 1 1 8

Yañez-Álvarez et al62 1 0 1 0 0 1 1 1 1 1 7

Zago et al64 1 1 1 0 0 1 1 1 1 1 8

Zarei et al65 1 1 0 0 0 1 1 1 1 1 7

Updated Search (5 Trials)

Hansen et al22 1 1 1 0 0 1 1 1 1 1 8

Kumar et al34 1 1 1 0 1 1 0 0 1 1 7

Pompeo et al48 1 1 1 0 1 1 1 1 1 1 9

Silva et al55 1 1 1 0 0 1 1 1 1 1 8

Zafarian et al63 1 0 1 1 0 1 1 0 1 1 7

Abbreviations: A, random allocation; B, concealed allocation; C, comparable groups at baseline; D, 
participant blinding; E, clinician blinding; F, outcome assessor blinding; G, >85% data collection; H, 
intention-to-treat analyses; I, between-group statistical comparisons; J, variability reported.
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independently to all retained RCTs 
before achieving consensus on a total 
score. A third investigator (A.B.J.) was 
available but not required to resolve dis-
crepancies that could not be resolved by 
consensus. To align with our previous re-
view, scores of ≥7 reflected high quality42 
and only these RCTs were retained for 
meta-regression.

Data Extraction
One investigator (F.D.) extracted data from 
all RCTs retained for meta-regression, and 
the accuracy of data extraction was re-
viewed by a second investigator (B.S.N.). 
Data extracted included descriptive data 
(eg, lead author, publication year, inter-
ventions, sample size), baseline prognostic 
data (eg, participant sex, age, height, mass, 
body mass index [BMI], involved limb, 
symptom duration), and mechanistic data 
(eg, change in kinematics, kinetics, muscle 
function). Data that could be both prog-
nostic (eg, baseline muscle strength) and 
mechanistic (eg, change in muscle strength 
postintervention) were extracted as such. 
We also extracted means (M) and stan-
dard deviations (SD) for pain (eg, numeri-
cal pain-rating scale) and function (eg, the 
Kujala scale) at baseline and follow-up 
to calculate an effect size ([[M1 – M2] / 
[√SD1

2 + SD1
2/2]]).51

As our previous review identified only 
short-term efficacy (<3 months), this 
was the timeframe used for data extrac-
tion. Where RCTs presented more than 
1 pain or function outcome, the outcome 
with the smallest within-group effect 
was extracted to minimize the poten-
tial for type I error as per our previous 
review. If no SD was reported, then the 
interquartile range or any other type of 
data was used to calculate SD according 
to the Cochrane Handbook.26 Original 
authors were contacted a maximum of 
twice if data were missing or presented 
in a format that was inconsistent with 
our requirements.Co

llin
s 

et
 al

9
46

 (2
5:

21
)

27
.9

 ±
 5

.3
17

2.
8 

± 
9.

1
78

.5
 ±

 2
0.

4
26

.1 
+ 

5.
6

42
 ±

 N
R

45
 (2

9:
16

)
30

.9
 ±

 5
.8

17
0.

9 
+ 

8.
4

70
.9

 +
 14

.6
24

.2
 ±

 4
.7

37
 ±

 N
R

GR
OC

NR
Gr

ou
p 

1: 
Fo

ot
 o

rth
os

es
Gr

ou
p 

2:
 C

om
bi

ne
d 

in
te

rv
en

-
tio

ns

M
at

th
ew

s 
et

 al
39

10
9 

(8
1:2

8)
27

.9
 ±

 6
.0

17
1.0

 ±
 9

.4
72

.5
 ±

 16
.2

24
.7 

± 
4.

8
55

.4
 ±

 6
0.

8

10
9 

(7
0:

39
)

28
.3

 ±
 6

.0
17

1.4
 +

 9
.8

75
.3

 ±
 16

.9
25

.5
 ±

 4
.9

52
.3

 ±
 6

1.9

GR
OC

NR
Gr

ou
p 

1: 
Hi

p 
ex

er
ci

se
Gr

ou
p 

2:
 Fo

ot
 o

rth
os

es

Cr
os

sle
y 

et
 al

12
36

 (2
3:

13
)

29
.0

 +
 8

.0
17

0.
0 

+ 
9.

0
68

.6
 ±

 13
.7

23
.5

 ±
 3

.8
39

.0
 ±

 4
3.

0

NR
U-

VA
S

Ku
ja

la
NR

Gr
ou

p 
1: 

Co
m

bi
ne

d 
in

te
rv

en
-

tio
ns

A
bb

re
vi

at
io

n
s:

 A
B

D
, a

bd
u

ct
io

n
; A

D
D

, a
dd

u
ct

io
n

; A
D

L
, a

ct
iv

it
ie

s 
of

 d
ai

ly
 li

vi
n

g;
 B

M
I,

 b
od

y 
m

as
s 

in
de

x;
 C

SA
, c

ro
ss

-s
ec

ti
on

al
 a

re
a;

 E
M

G
, e

le
ct

ro
m

yo
gr

ap
hy

; E
R

, e
xt

er
n

al
 r

ot
at

io
n

; E
X

T
, e

xt
en

si
on

; F
, 

fe
m

al
e;

 F
L

E
X

, fl
ex

io
n

; G
M

E
D

, g
lu

te
u

s 
m

ed
iu

s;
 G

R
O

C
, g

lo
ba

l r
at

in
g 

of
 c

ha
n

ge
; I

R
, i

n
te

rn
al

 r
ot

at
io

n
; K

O
O

S,
 k

n
ee

 in
ju

ry
 a

n
d 

os
te

oa
rt

hr
it

is
 o

u
tc

om
e 

sc
or

e;
 L

E
F

S,
 lo

w
er

 e
xt

re
m

it
y 

fu
n

ct
io

n
al

 s
ca

le
; M

, 
m

al
e;

 M
V

C
, m

ax
im

al
 v

ol
u

n
ta

ry
 c

on
tr

ac
ti

on
; N

P
R

S,
 n

u
m

er
ic

al
 p

ai
n

-r
at

in
g 

sc
al

e;
 N

P
R

S-
A

S,
 n

u
m

er
ic

al
 p

ai
n

-r
at

in
g 

sc
al

e 
w

he
n

 a
sc

en
di

n
g 

st
ai

rs
; N

P
R

S-
D

S,
 n

u
m

er
ic

al
 p

ai
n

-r
at

in
g 

sc
al

e 
w

he
n

 d
es

ce
n

d-
in

g 
st

ai
rs

; N
R

, n
ot

 r
ep

or
te

d;
 P

P
T

, p
ai

n
 p

re
ss

u
re

 th
re

sh
ol

d;
 R

F,
 r

ec
tu

s 
fe

m
or

is
; R

O
M

, r
an

ge
 o

f m
ov

em
en

t;
 U

-V
A

S,
 u

su
al

 v
is

u
al

 a
n

al
og

u
e 

sc
al

e;
 V

A
S,

 v
is

u
al

 a
n

al
og

u
e 

sc
al

e;
 V

A
S-

A
, v

is
u

al
 a

n
al

og
u

e 
sc

al
e 

du
ri

n
g 

ac
ti

vi
ty

; V
L

, v
as

tu
s 

la
te

ra
li

s;
 V

M
, v

as
tu

s 
m

ed
ia

li
s;

 V
IM

, v
as

tu
s 

in
te

rm
ed

ia
li

s;
 V

M
O

, v
as

tu
s 

m
ed

ia
li

s 
ob

li
qu

u
s;

 W
O

M
A

C
, W

es
te

rn
 O

n
ta

ri
o 

an
d 

M
cM

as
te

r 
U

n
iv

er
si

ti
es

 O
st

eo
ar

th
ri

ti
s 

In
de

x;
 

W
-V

A
S,

 w
or

st
 v

is
u

al
 a

n
al

og
u

e 
sc

al
e.

 J
ou

rn
al

 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

n 
M

ay
 1

3,
 2

02
5.

 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
02

5 
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.



202  |  april 2025  |  volume 3  |  number 2  |  jospt open

What Prognostic Indicators and Treatment Mechanisms Exist for Efficacious Treatments in People With Patellofemoral Pain? A Secondary Meta-regression With an Updated Search

Covidence. After removing duplicates and 
screening titles and abstracts followed by 
full texts against our inclusion criteria, 10 
new RCTs22,24,27,32–34,48,55,58,63 were eligible 
for quality assessment (FIGURE 1). After 
screening these 10 new RCTs using the 
PEDro scale, five22,34,48,55,63 scored ≥7 and 
were retained for meta-regression (TABLE 

1). PFP diagnostic criteria scores ranged 
from 1 to 7, and individual scores are de-
tailed in SUPPLEMENTAL FILE 2. We included 
a total of 34 high-quality RCTs1,4,5,7–9,12,13,16–

19,21,22,28–30,34,39,41,43,44,48,50,52,53,55,57,59,61–65 for 
data extraction (TABLE 2). We received raw 
data from 4 out of 8 authors contacted. 
We were able to perform meta-regression 
for 5/7 efficacious treatments, with no 
prognostic or mechanistic data available 
from >3 RCTs for foot orthoses or knee-
targeted exercise combined with perineu-
ral dextrose injection.

Baseline Prognostic Variables
Five unique prognostic variables were 
reported by at least 1 eligible RCT: 24 
RCTs (70.6%) reported mass and BMI, 
34 RCTs (100%) reported age, 26 RCTs 
(76.5%) reported height, and 14 RCTs 
(41.2%) reported symptom duration.

Mechanistic Variables
Twenty-six unique mechanistic variables 
were reported by at least 1 eligible RCT, 
which we categorized as strength, torque, 
kinematics, range of motion, morphol-
ogy, and pain perception (FIGURE 2).

Sensitivity Analysis
Torque data reported by Nakagawa et al44 
were visually heterogeneous to torque 
data reported by other included RCTs. 
Nakagawa et al44 reported their torque 
data in Nm/kg and did not report base-
line BMI to allow us to normalize these 
data to the same unit as other torque data 
(Nm/kg/m2). We therefore conducted a 
sensitivity analysis (SUPPLEMENTAL FILE 3) 
and identified no significant change in 

tion outcomes, ensuring that prognostic 
data were all converted to the same unit 
of measurement. For mechanistic data, 
an effect size for change was regressed 
with effect sizes for both pain and func-
tion outcomes. An α level was set a 
priori at ≤.05. Correlation coefficients 
(adjusted R2) were interpreted as per 
Schober et al,54 categorized as negligible 
(0.00–0.09), weak (0.10–0.39), moder-
ate (0.40–0.69), strong (0.70–0.89), and 
very strong (≥0.90).

RESULTS

T
wenty-nine high-quality RCTs1,4,5,7–

9,12,13,16–19,21,28–30,39,41,43,44,50,52,53,57,59,61,62,64,65 
from our previous review had at least 

1 appropriate treatment arm. From the up-
dated search, 681 studies were imported to 

Meta-regression
Statistical analyses were conducted 
using R (Version 2023.09.0+463; R 
Core Team 2021). We performed ran-
dom effects meta-regression to analyze 
the correlation between prognostic or 
mechanistic data and treatment effect 
sizes for pain and function outcomes. It 
is broadly accepted that between 8 and 
25 data points are required for meta-re-
gression.31 We anticipated having limited 
ability to frequently pool homogeneous 
data from ≥8 RCTs and so set a thresh-
old of ≥3 RCTs per regression adhering 
to the R programming language. The de-
tailed code used for our meta-regressions 
is reported in SUPPLEMENTAL FILE 1. Mean 
baseline prognostic data were regressed 
with effect sizes for both pain and func-

FIGURE 2
Prevalence of mechanistic variables. Abbreviation: ROM, range of motion.
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very strong adjusted R2= 1.0, P = .01; 
FIGURE 3B-C).

Relationship Between Pain, Function, 
and Baseline Prognostic Data for 
Hip-and-Knee–Targeted Exercise Therapy
We identified a significant association be-
tween effect size for function and older 
age (14 RCTs,1,8,16–18,30,48,50,53,55,57,62,65 weak 
adjusted R2= 0.37, P = .01), greater mass 
(12 RCTs,1,7,16–18,30,43,48,55,57,62,65 weak adjust-
ed R2= 0.28, P = .05), and greater hip ab-
duction torque (3 RCTs,1,7,55 adjusted R2= 
1.0, P = .02; FIGURE 4A-C).

Relationship Between Pain, 
Function, and Mechanistic Data for 
Hip-and-Knee–Targeted Exercise Therapy
We identified a significant association be-
tween effect size for pain and increased knee 
extensor torque (3 RCTs,1,44,55 very strong 
adjusted R2= 0.99, P = .05; FIGURE 4D).

Relationship Between Pain, Function, 
and Baseline Prognostic Data for 
Hip-Targeted Exercise Therapy
We identified a significant association 
between effect size for pain and lower 
height (5 RCTs,5,22,28,39,52 very strong ad-
justed R2= 0.99, P = .00; FIGURE 5A).

We identified a significant association 
between effect size for function and low-
er height (5 RCTs,5,22,28,39,52 very strong 
adjusted R2= 0.98, P = .00; FIGURE 5B).

Relationship Between Pain, Function, 
and Mechanistic Data for Hip-Targeted 
Exercise Therapy
We identified a significant association be-
tween effect size for pain and increased 
hip abduction strength (4 RCTs,22,28,39,52 
very strong adjusted R2= 0.93, P = .02) 
and hip external rotation strength (4 
RCTs,22,28,39,52 very strong adjusted R2= 
0.97, P = .01; FIGURE 5C-D).

We identified a significant associa-
tion between effect size for function 
and increased hip abduction strength 

We identified a significant association 
between effect size for pain and prolonged 
symptom duration (8 RCTs,1,13,17,21,22,28,41,57 
moderate adjusted R2= 0.68, P = .01; 
FIGURE 3A).

We identified a significant association 
between effect size for function and older 
age (17 RCTs,1,5,13,17–19,21,22,28,30,34,41,43,52,53,57 
weak adjusted R2= 0.31, P = .02) and 
low knee extensor strength (3 RCTs,22,28,52 

outcome after removing data reported 
by Nakagawa et al,44 so these data were 
therefore retained.

Relationship Between Pain, Function, 
and Baseline Prognostic Data for 
Knee-Targeted Exercise Therapy
Only significant associations are described 
in the text below. Nonsignificant associa-
tions are detailed in SUPPLEMENTAL FILE 4.
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FIGURE 3
Regression in knee-targeted exercise therapy. (A; left) Association between effect size for pain and prolonged 
symptom duration. (B; middle) Association between effect size for function and older age. (C; right) Association 
between effect size for function and low knee extensor strength.
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ing knee-targeted exercise therapy. This 
aligns well with previous studies, with 
Collins et al,11 reporting that a symptom 
duration of >2 months is a prognostic in-
dicator for conservative interventions. We 
also identified that lower age explained 
31% of the variance in effect following 
knee-targeted exercise therapy. This 
aligns well with the previous systematic 
review with meta-analysis of Lack et al,35 
who reported that both shorter symptom 
duration and lower age predict the suc-
cess of exercise interventions. Clinicians 
should be aware that younger people with 
shorter symptom duration have a greater 
potential to respond favorably to knee-
targeted exercise therapy.

Although lower baseline knee extensor 
strength explained 100% of the variance 

were associated with a poorer prognosis in 
people with PFP. We also identified that 
increased knee extensor torque and hip 
abduction and external rotation strength 
are possible mechanisms of effect in peo-
ple with PFP. We have identified baseline 
prognostic and mechanistic variables that 
should inform future research and may 
guide physiotherapists in their prescrip-
tion of exercise therapies in people with 
PFP. Our results should also guide future 
research with respect to what mechanistic 
variables should be prioritized for future re-
search, with regression outcomes becoming 
more valid as additional data are added.

Prognostic Indicators
Prolonged symptom duration explained 
68% of the variance in effect follow-

(4 RCTs,22,28,39,52 very strong adjusted 
R2= 0.96, P = .01) and hip external 
rotation strength (4 RCTs,22,28,39,52 very 
strong adjusted R2 = 0.96, P = .01; 
FIGURE 5E-F).

We identified a significant associa-
tion between effect size for function 
and increased hip abduction strength 
(4 RCTs,22,28,39,52 very strong adjusted R2= 
0.96, P = .01) and hip external rotation 
strength (4 RCTs,22,28,39,52 very strong 
adjusted R2 = 0.96, P = .01; FIGURE 5E-F).

DISCUSSION

P
rolonged symptom duration, older 
age, greater height and mass, lower 
baseline knee extensor strength, 

and higher baseline hip abduction torque 
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Regression in hip-and-knee–targeted exercise therapy. (A; upper left) Association between effect size for function and older age. (B; upper right) Association between effect size 
for function and greater mass. (C; bottom left) Association between effect size for function and greater hip abduction torque. (D; bottom right) Association between effect size 
for pain and increased knee extensor torque.

 J
ou

rn
al

 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

n 
M

ay
 1

3,
 2

02
5.

 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
02

5 
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.



jospt open  |  volume 3  |  number 2  |  april 2025  |  205

What Prognostic Indicators and Treatment Mechanisms Exist for Efficacious Treatments in People With Patellofemoral Pain? A Secondary Meta-regression With an Updated Search

in future mechanistic work, rather than a 
variable to guide clinical decision making.

We also identified that lower age ex-
plained 68% of the variance in effect fol-
lowing hip-and-knee–targeted exercise 
therapy, aligning well with our prognos-

is a risk factor for PFP development,45 and 
previous prognostic analyses reporting that 
people with lower knee strength experience 
superior functional outcomes in the short 
term.35,47 We advise interpreting this out-
come as a variable that should be prioritized 

in effect following knee-targeted exercise 
therapy, this is likely explained by the low 
number of trials included in this regression 
(n = 3).22,28,52 There is biological plausibility 
to this outcome, with epidemiological stud-
ies reporting that low quadriceps strength 
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Regression in hip-targeted exercise therapy. (A; upper left) Association between effect size for pain and lower height. (B; upper right) Association between effect size for function 
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of our results. This is the first attempt in 
the PFP field to use meta-regression to 
consider both prognostic and mecha-
nistic variables, which is why we chose 
to regress data from a minimum of 3 
high-quality trials instead of requiring 
a greater volume of data. Care should be 
taken when interpreting our results with 
low numbers of included trials, and these 
outcomes should guide future research 
more than clinical decision making.

We performed prognostic meta- 
regressions using typically reported base-
line data (eg, symptom duration, body 
mass, age) but were limited in our ability 
to perform mechanistic meta-regression 
from >3 RCTs due to high data heteroge-
neity. While our study was conducted in 
adherence to a rigorous methods, there 
were deviations from our initial PROS-
PERO-registered protocol, but we are 
confident that these deviations were nec-
essary and have not influenced the out-
come. Future high-quality RCTs should 
endeavor to report baseline prognostic 
(eg, hip and knee baseline torque and 
muscle strength) and intervention mech-
anistic data (eg, knee extensor torque, hip 
abduction and external rotation muscle 
strength) consistent with existing trials in 
the field to further understanding of why 
people with PFP may or may not respond 
to specific interventions.

CONCLUSION

P
rolonged symptom duration, older 
age, taller height and higher mass, 
lower knee extension strength, and 

greater baseline hip abduction torque 
were associated with a poorer prognosis in 
people with PFP at short-term follow-up 
after conservative treatment. Increasing 
knee extensor torque following hip-and-
knee–targeted exercise therapy, and hip 
abduction/external rotation strength fol-
lowing hip-targeted exercise therapy are 
probable mechanisms of effect in people 
with PFP. Outcomes involving fewer than 

hip-and-knee–targeted exercise therapy, 
and increasing both hip abduction and 
hip external rotation strength explained 
93% to 97% of the variance in effect fol-
lowing hip-targeted exercise therapy. 
This must once again be considered in 
light of the limited number of included 
trials (n = 3)1,44,55 and the nuanced under-
standing that exercise therapy for persis-
tent musculoskeletal conditions is likely 
to derive its effects though a multifaceted 
biopsychosocial framework.6 These out-
comes suggest a probable mechanism 
of effect following exercise protocols in 
people with PFP, with improved muscle 
function associated with superior clinical 
outcomes. This is biologically plausible, 
particularly increasing knee extensor 
torque, which would theoretically in-
crease patellofemoral contact area and 
reduce joint stress.49 Clinicians should 
consider if a patient’s muscle strength has 
improved from baseline should they fail 
to respond positively to exercise therapy.

Nonsignificant Associations
No significant prognostic associations 
were identified for lower-quadrant man-
ual therapy. This is most explained by 
the low number of trials from which we 
could extract prognostic data (n = 3-4), 
alongside the high variability in out-
comes experienced by the participants, 
with pooled effect sizes ranging from 
0.5 to 5.7. We were unable to regress any 
mechanistic variables extracted from 
lower quadrant manual therapy trials 
due to the high heterogeneity in collected 
measures. No prognostic or mechanistic 
regressions could be completed for trials 
of combined interventions for the same 
reason, and just 2 eligible trials included 
the use of foot orthoses.

Strengths and Limitations
We only included high-quality trials in-
volving interventions reported to be ef-
ficacious to maximize the internal validity 

tic outcomes for knee-targeted exercise 
therapy. Lower body mass also explained 
28% of the variance in effect following 
hip-and-knee–targeted exercise therapy, 
which was not the case for knee-targeted 
exercise therapy. The overall evidence for 
the role of body mass in PFP development 
and persistence is conflicting, with previ-
ous epidemiological studies10,45 reporting 
that greater body mass is not a predictor of 
PFP onset, but retrospective analyses typi-
cally reporting greater body mass in people 
with PFP compared to matched controls.23 
This suggests that people with PFP develop 
greater body mass over time, perhaps due 
to reduced physical activity as symptoms 
persist,20 and clinicians should therefore 
still consider knee-targeted and hip-and-
knee–targeted exercise therapy regardless 
of their patient’s body mass.

Shorter height explained between 98% 
and 99% of the variance in effect follow-
ing hip-targeted exercise therapy. It is 
important to acknowledge that this out-
come is the result of regressing data from 
just,5,22,28,39,52 but also that the hip-targeted 
exercise therapy protocols in these trials 
were very homogeneous. This is a com-
pletely novel finding in the PFP field. 
Shorter people will need to produce lower 
internal forces to move through maximal 
joint excursion due to their reduced lever 
length,14 possibly allowing them to be ad-
herent without resulting symptom irrita-
bility. Muscle cross-sectional area scales to 
body mass at 0.66 meaning larger (ie, tall-
er) people may be at a detriment by having 
less muscle mass.25 Hip-targeted exercise 
therapy should be considered for people 
with PFP of all heights, but clinicians may 
expect greater variability in response as 
the patient height increases, and the re-
lationship between height and treatment 
outcome should continue to be explored.

Mechanistic Variables
Increased knee extensor torque explained 
99% of the variance in effect following 
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8 trials should be clinically interpreted 
with caution but guide future research 
that continues to explore why people 
with PFP do or do not respond favorably 
to specific interventions. 

KEY POINTS
FINDINGS: People with patellofemoral pain 
who have prolonged symptom durations, 
higher body mass, and older ages have a 
poorer prognosis. Increasing hip and knee 
muscle strength may be a mechanism 
underpinning exercise therapy.
IMPLICATIONS: This systematic review with 
meta-regression has identified baseline 
prognostic and mechanistic variables 
that may guide physiotherapists in their 
prescription of exercise therapies in 
people with patellofemoral pain.
CAUTION: Regressions including low 
numbers of RCTs should be used to 
guide future research rather than clini-
cal decision making.
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