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Six Treatments Have Positive Effects at
3 Months for People With Patellofemoral
Pain: A Systematic Review
With Meta-analysis

atellofemoral pain (PFP) affects up to 29% of active adolescents
and 23% of both active and sedentary adults in the general
population.”” People with PFP have a poorer health-related quality
of life® and lower physical activity levels than their peers,* and
may be on a trajectory to patellofemoral osteoarthritis.?*1*? Patellofemoral
pain has a poor prognosis, with over 50% of people reporting persistent
pain more than 5 years posttreatment.”” Clinicians and researchers

© OBJECTIVE: To determine the effects of non- (standardized mean difference [SMD], 1.16; 95%
surgical treatments on pain and function in people  Cl: 0.66, 1.66) and function (SMD, 1.19; 95% CI:
with patellofemoral pain (PFP). 0.51, 1.88), combined interventions for pain (SMD,

0.79; 95% Cl: 0.26, 1.29) and function (SMD,

0.98; 95% Cl: 0.47,1.49), foot orthoses for global
© LITERATURE SEARCH: We searched MEDLINE,  rating of change (OR = 4.31; 95% Cl: 1.48, 12.56),
Web of Science, and Scopus databases from their and lower-quadrant manual therapy for function
inception until May 2022 for interventional random-  (SMD, 2.30; 95% Cl: 1.60, 3.00). Two interven-
ized controlled trials (RCTs) in people with PFP. tions demonstrated short-term secondary efficacy

©STUDY SLECTONGRIER We s o014 008 5 e by b,
RCTs that were scored >7 on the PEDro scale. g pyfor p '

1.02; 95% Cl: 0.58, 1.46) and function (SMD, 1.03;
©DATA SYNTHESIS: We extracted homogenous 95% ClI: 0.61, 1.45), and knee-targeted exercise

© DESIGN: Systematic review with meta-analysis.

pain and function data at short- (<3 months), therapy and perineural dextrose injection for pain
medium- (>3 to <12 months) and long-term (SMD, 1.34; 95% CI: 0.72, 1.95) and function (SMD,
(>12 months) follow-up. Interventions dem- 1.21; 95% CI: 0.60, 1.82).

onstrated primary efficacy if outcomes were ® CONCLUSIONS: Six interventions had
superior to sham, placebo, or wait-and-see control.  positive effects at 3 months for people with PFP,
Interventions demonstrated secondary efficacy if with no intervention adequately tested beyond
outcomes were superior to an intervention with this time point. J Orthop Sports Phys Ther
primary efficacy. 2022;52(11):750-768. Epub: 8 September 2022.
@ RESULTS: We included 65 RCTs. Four GG kgl VR

interventions demonstrated short-term primary @KEY WORDS: knee, patellofemoral joint,
efficacy: knee-targeted exercise therapy for pain systematic review/meta-analysis

need to do more to understand how PFP
is best managed.

Consensus statements*?” and clinical
practice guidelines''°%1% have summarized
the evidence for nonsurgical treatment of
PFP, but it remains unclear which nonsur-
gical interventions demonstrate primary
efficacy (ie, superior to placebo, sham, or
wait-and-see) or secondary efficacy (ie, su-
perior to an intervention with established
efficacy).” Winters et al'® recently devel-
oped and published a living systematic
review with network meta-analysis. Find-
ings broadly agreed with recommenda-
tions in previous consensus statements-*’
and guideline documents,>°7% with all
treatments (education, exercise, education
and foot orthoses, education and exercise,
and patellar taping/mobilisation) report-
ed as superior to wait-and-see control at
3-months follow-up.

Despite the strength of network meta-
analysis methods, the narrow inclusion
criteria of RCTs reporting only global
rating of change (GROC) or worst pain
scores in the past week meant that only
22 trials were included." These meth-
odological decisions limit the certainty,
completeness, and generalizability of the
findings. Potentially relevant RCTs using
valid outcome measures, including the
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anterior knee pain (Kujala) scale** and
the knee injury and osteoarthritis out-
come score PFP subscale (KOOS-PF)?¢
were excluded. An aggregate meta-analy-
sis with broader eligibility criteria is war-
ranted and may provide greater insight
for clinical practice.

This systematic review with meta-anal-
ysis aimed to determine which nonsurgi-
cal treatments have primary or secondary
efficacy for pain and function outcomes in
people with PFP, by synthesizing data from
all available high-quality RCTs at short-,
medium-, and long-term follow-up.

METHODS

E PREREGISTERED THIS SYSTEM-
Watic review with PROSPERO

(CRD42019152252). It was re-
ported in accordance with the Preferred
Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) statement.”
There was 1 deviation from the registered
protocol in line with our grant application:
To align with the methods of Morrissey
et al,” we decided to include and synthe-
size data only from RCTs with adequate
methodological quality.

Search Strategy

We used the following search terms, du-
plicated from the work of Barton et al*:
(patell* OR femoropat* OR anterior knee
pain) AND (pain OR syndrome OR dys-
function) AND (clinical trial OR con-
trolled trial OR random*). We searched
MEDLINE, Web of Science, and Scopus
from their inception until May 2022, with
the English language and human partici-
pants as limitations. A single investigator
(C.B.) completed an additional citing ref-
erence search in Google Scholar and hand
searched the reference lists of subsequent
included studies.

Inclusion Criteria

One investigator (B.S.N.) exported all
identified studies into EndNote X7
(Thompson Reuters, Philadelphia, PA).
We used the following eligibility criteria,
again duplicated from the work of Barton

et al': (1) RCTs involving participants
with PFP and (2) RCTs investigating non-
surgical interventions. Two independent
investigators (B.S.N. and C.B.) reviewed
all titles and abstracts to determine eligi-
bility, with full texts reviewed if necessary.
A third investigator (S.D.L.) was available,
but not required, to resolve discrepancies.

Methodological Quality Assessment
(PEDro) and Risk of Bias (RoB2)

We used the PEDro scale® to determine
methodological quality given its strong
convergent validity and correlation with
the Cochrane Risk of Bias II (RoB2)
tool.™ Two independent investigators
(B.S.N. and C.B.) applied the PEDro scale
to all eligible studies, with a third investi-
gator (S.D.L.) available, but not required,
to resolve discrepancies. Scores of >7 were
considered to reflect high quality,” and
these trials were included in quantitative
synthesis. A single author (B.S.N.) ap-
plied the Cochrane RoB2 tool* to retained
studies and risk of bias (RoB) was classi-
fied as being high, low, or of some concern.

Diagnostic Criteria

We applied the PFP diagnostic checklist
as described by Barton et al,’® a 7-item
checklist that identifies the key criteria
for diagnosing PFP, to all retained high-
quality RCTs. This was completed by 2 in-
dependent investigators (B.S.N. and C.B.)
with a third investigator (S.D.L.) available,
but not required, to resolve discrepancies.
A higher score indicates a more compre-
hensive diagnostic process with a greater
number of criteria reported.

Data Extraction

Data pertaining to study characteristics
were extracted from all retained RCTs
by a single investigator (C.B.) and the ac-
curacy reviewed by a second investigator
(B.N.). These included the primary in-
tervention, sample size, participant age,
body mass index (BMI), symptom dura-
tion, and study duration (APPENDIX A, avail-
able at www.jospt.org). We then extracted
within-group mean change and associated
standard deviation (SD) for outcomes per-

taining to pain (eg, numerical pain-rating
scale) and function (eg, the Kujala scale),
with a maximum of 2 outcomes per re-
tained RCT. Where RCTs presented more
than one pain or function outcome, we
extracted the smallest within-group effect
to minimize the potential for type I error.
Ordinal data (eg, GROC) were extracted
if presented in the absence of nominal
data. Authors who did not report data in
these forms were contacted up to 3 times.
Follow-up was defined from commence-
ment of treatment as short- (<3 months),
medium- (>3 but <12 months), and long-
term (=12 months).>> When RCTs provid-
ed multiple data points within 1 follow-up
period (eg, 4 and 8 weeks), the latest data
point was extracted.”

Statistical Methods

We performed statistical analyses us-
ing Review Manager 5.4 (The Cochrane
Collaboration, Copenhagen, Denmark).
Analyses were conducted by a single inves-
tigator (B.S.N.), and the accuracy of data
entry was reviewed by a second investiga-
tor (S.D.L.). If the variance of a reported
mean change was reflected by either a 95%
confidence interval (CI) or standard error
(SE) instead of SD, these were converted
as per the Cochrane guidelines.’® Within-
group mean change and SD were used to
calculate standardized mean differences
(SMDs) with 95% CIs and were classified
as small (<0.59), large (0.60-1.19), and
very large (>1.20).° Nominal data were
used to calculate odds ratios (ORs) with
95% ClIs and were interpreted as small
(1.0-1.99), large (2.0-4.99), and very large
(=5.0).* Data were pooled and meta-anal-
ysis conducted where studies were deemed
to be methodologically homogeneous and
treatment modalities comparable, using a
random-effects model."” Statistical homo-
geneity for pooled data was determined us-
ing I? statistics, with heterogeneity defined
as I>>50%, P<.05.57

Evaluating Efficacy

We adapted and extended the approach
defined by Morrissey et al,” where inter-
ventions are explored by an adequately
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powered RCT or data pooling, demon-

strated the following:

+ Primary proof of efficacy: a signifi-
cant difference compared with sham,
placebo, or a true wait-and-see control

* Secondary proof of efficacy: a signif-
icant difference between an interven-
tion or combined interventions where
at least one has primary efficacy at the
defined time point

e Superiority: a significant difference
between 2 interventions with proven
efficacy at the defined time point

» Equivalence: no significant difference
between 2 interventions where at least
one has proven efficacy at the defined
time point

* No additional benefit: no significant
difference between interventions with
proven efficacy at the defined time
point, with an additional intervention
in 1 treatment arm (ie, an A+B versus
A design)

* No indication of efficacy: equivalent
or inferior to sham, placebo, or a true
wait-and-see control

e Inadequately tested: a comparison
of interventions where efficacy is ob-
scured by inadequate trial power or
a comparison between interventions
without primary efficacy
We determined adequate sample size

using G*Power (version 3.1.9.6, Heinrich-
Heine University, Germany), with 23 par-
ticipants per group required to identify
the minimum detectable change score of
2 points for numerical pain-rating scale
and 10 points for the Kujala Scale** with
o = 5% and B = 0.90. Data from single
inadequately powered RCTs or pooled
data failing to achieve adequate power
were considered inadequately tested and
were not included in formulating efficacy
recommendations.

Certainty of Evidence

Two authors (B.S.N. and S.D.L.) inde-
pendently determined certainty of evi-
dence to be high, moderate, low, or very
low for each outcome using the GRADE
approach.* Certainty of evidence started
as high and was then adjusted according

| LITERATURE REVIEW ]

to specific criteria,**** with a ceiling of
moderate certainty applied to outcomes
from single studies. Risk of bias was used
to rate down 1 level if serious (>50% and
<75% of pooled data coming from studies
with high or some concern of RoB, or a
single study with some concern of RoB)
or 2 levels if very serious (>75% of pooled
data coming from studies with high or
some concern of RoB, or a single study
with a high concern of RoB). Inconsis-
tency was used to rate down 1 level if I?>
50% or where data pooling was not pos-
sible.” Imprecision was used to rate down
1 or 2 levels if either 95% CI crossed 1 or
2 effect size thresholds, respectively.”® Ef-
Jfect size was used to rate up 1level if large,
or 2 levels if very large.* Publication bias
could not be considered as no outcome
involved data pooling from >10 RCTs.%!

RESULTS

HE SYSTEMATIC SEARCH IDENTIFIED
T574~0 titles and abstracts for screen-
ing. After removing duplicates and
studies that failed to meet the inclusion
criteria, and adding 30 eligible stud-
ies identified following cited reference

searching, 170 RCTs were eligible for
quality appraisal (FIGURE 1).

Quality Screening and Eligibility

After applying the PEDro scale to all eli-
gible RCTs, 105 trials were rated as low
quality and excluded (APPENDIX B, avail-
able at www.jospt.org), and 65 trials were
rated as high quality and retained for data
SyntheSiS (TABLE)'1*3,6*9,144*16,18*20,22,25,29*31,35*38,
41-44,46,47,53-55,59,60,62,66,67,71,72,74,77-79,83,85-91,93-96,
98,100,101,103,105,108,111-113,115-117 Extracted data per_
taining to study characteristics for retained
trials are found in APPENDIX A (available at
www.jospt.org), including 3796 partici-
pants with a median symptom duration of
43 months (range 6-114.). The retained tri-
als investigated exercise therapies (n = 30),
electrotherapies (n = 9), manual therapies
(n = 6), foot orthoses (n = 4), dry needling/
acupuncture (n = 4), injection therapies
(n = 3), taping techniques (n = 3), gait re-
training (n = 2), combined interventions

(encompassing hip-and-knee-targeted
exercise therapy, vastus medialis oblique
biofeedback, soft tissue stretching, and pa-
tellar taping; n = 2), blood flow restriction
training (n = 1), and psychological thera-
pies (n = 1). Fifteen RCTs did not present
data in a manner allowing for meta-anal-
ysis, and these authors did not respond

to requests or could not provide raw data
upon COIltaCt 7,19,30,44,53,59,60,67,90,93-95,101,111,112

Diagnostic Criteria

After applying the PFP diagnostic validity
scale to all high-quality studies retained
for data synthesis, scores ranged from
0 to 7 with a mean (SD) of 4.7 (£1.8). A
retropatellar or prepatellar pain location
was the least frequently reported domain
(80/65 trials), and symptoms consistent
with PFP were the most frequently re-
ported domain (54/61 trials). Only 2
high-quality trials reported no domains
at all, and nine reported all described
domains (APPENDIX C, available at www.
jospt.org).

Risk of Bias
Of the 65 high quality RCTs retained for

meta-analysis, 23 were at high RoB,'®
9,14,15,18-20,30,31,36,47,53,87,89,91,95,96,105,111,112,115 20 had

SOME CONCErNS,>%16:29:37:18,59,60.62,67.72,77,78,83,86.90,

94,100,108,117 and 22 were at 10W ROB,2’7'22’25'35'38’
41,42,44,46,55,66,71,74,85,88,93,98,101,103,113,116
717485,85,93,9 (APPENDIX D,

available at www.jospt.org).

Efficacy Estimations
A summary of all efficacy estimations is
detailed in an evidence gap map (FIGURE 2).

Primary Proof of Efficacy (FIGURE 3)
Knee-Targeted Exercise Therapy Versus
Wait-and-See Control Based on data from
2 RCTs,*>9® there was high-certainty evi-
dence of large effect that knee-targeted
exercise therapy is efficacious at short-
term follow-up, improving pain (SMD,
1.16; 95% CI: 0.66, 1.66, I* = 0%) com-
pared to a wait-and-see control.

Based on data from 2 RCTs,*>9 there
was moderate-certainty evidence of large
effect that knee-targeted exercise thera-
py is efficacious at short-term follow-up,
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Identification of Studies via Other Methods

Records identified from:
Citation searching (n = 109)

Records excluded
(n =5073)

Reports not retrieved
(n=0)

(n = 109)

Reports sought for retrieval

Reports not retrieved
(n=0)

A4

!

Reports excluded:

No relevance to research

question (n = 527) (n=109)

Reports assessed for eligibility

Reports excluded:
No relevance to research
question (n = 79)

\4

Reports excluded:
Inadequate methodological
quality (n = 105)

Identification of Studies via Databases and Registers
H Records identified from:
= Databases (n = 3)
o
= MEDLINE and Embase = 1826
H Web of Science 2182
= Scopus = 1732
_
_ .
Records screened
F—
(n = 5740)
Reports sought for retrieval o
@ (n = 667)
=
Q
: !
%)
]
Reports assessed for eligibility _
(n =667) v
)
A
Studies included in review L
(n=170)
T
Q
E] | >
e v
Studies included in meta-
analysis
(n =65)

|
FIGURE 1. The Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) flow diagram.

improving function (SMD, 1.19; 95% CI:
0.51,1.88; I? = 45%) compared to a wait-
and-see control.

Combined Interventions Versus Wait-
and-See Conirol Based on data from 1
adequately powered RCT,* there was
low certainty of evidence of large effect
that combined interventions are effica-
cious at short-term follow-up, improv-
ing pain (SMD, 0.79; 95% CI: 0.29,
1.29) and function (SMD, 0.98; 95% CI:
0.47, 1.49) compared to a wait-and-see
control.

Foot Orthoses Versus Sham Orthoses Based
on data from 1 adequately powered RCT,**
there was low certainty of evidence of
large effect that foot orthoses are effica-
cious at short-term follow-up and are
associated with a positive GROC score

(OR = 4.31; 95% CI: 1.48, 12.56) when
compared to sham orthoses.
Lower-Quadrant Manual Therapy Versus
Wait-and-See Control Based on data from
1 adequately powered RCT,"¢ there was
moderate-certainty evidence of very large
effect that lower-quadrant manual thera-
py is efficacious at short-term follow-up,
improving function (SMD, 2.30; 95% CI:
1.60, 3.00) compared to a wait-and-see
control.

Secondary Proof of Efficacy (FIGURE 4A)

Hip-and-Knee-Targeted Exercise Therapy
Versus Knee-Targeted Exercise Thera-
py Based on data from 2 adequately and
4 inadequately powered RCTs,?!41:6277.79.91
there was very low certainty of evidence
of large effect that hip-and-knee-targeted

exercise therapy is efficacious at short-
term follow-up, improving pain (SMD,
1.02; 95% CI: 0.58, 1.46; I?> = 51%) com-
pared to knee-targeted exercise therapy.
Based on data from 2 adequately and
3 inadequately powered RCTs,?!#1:6277.91
there was very low certainty of evidence
of large effect that hip-and-knee-tar-
geted exercise therapy is efficacious at
short-term follow-up, improving func-
tion (SMD, 1.03; 95% CI: 0.61, 1.45; 1> =
65%) compared to knee-targeted exercise
therapy.
Knee-Targeted Exercise Therapy and Peri-
neural Dextrose Injection Versus Knee-
Targeted Exercise Therapy Based on data
from 1 adequately powered RCT,** there
was moderate-certainty evidence of large
effect that perineural dextrose injection
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and knee-targeted exercise therapy is effi-

PEDRO SCORES FOR THE RETAINED cacious at short-term follow-up, improv-
H1cH-QUALITY RANDOMIZED ing pain (SMD, 1.34; 95% CI: 0.72, 1.95)
CONTROLLED TRIALS and function (SMD, 1.21; 95% CI: 0.60,
1.82) compared to knee-targeted exercise
Study Total therapy.
Azab’
Aghakeshizadeh' Superiority (FIGURE 4B)
Albornoz-Cabello? Combined Interventions Versus Knee-Tar-
Almeida® geted Exercise Therapy Based on data
Arrebola® from 1 adequately powered RCT,** there
Bagher® was very low certainty of evidence of large
Bakhitary? effect that combined interventions are su-
Baldon™ perior to knee-targeted exercise therapy
Behrangrad™ at short-term follow-up, improving pain
Boitrago® (SMD, 1.03; 95% CI: 0.45, 1.60) and
Bolgla® function (SMD, 1.05; 95% CI: 0.47,1.62).
Bonacci®
Callaghan®® Equivalence (FIGURE 4C)
Celik®® Hip-Targeted Exercise Therapy Versus Knee-
Clark® Targeted Exercise Therapy Based on data
Coelho®® from 1 adequately powered RCT,"” there
Collins* was very low certainty of evidence that
Crossley® hip-targeted exercise therapy is equivalent
Das™® to knee-targeted exercise therapy at short-
Emamvirdi®® term follow-up, with no significant differ-
Esculier”

ences identified for pain (SMD, 0.06; 95%

Espi-Lopez® CI: -0.22, 0.34) or function (SMD, -0.03;
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Fukuda®? 95% CI: -0.30, 0.25) outcomes.
Fukuda® Foot Orthoses Versus Hip-Targeted Exercise
Garcia-Triana® Therapy Based on data from 1 adequately
Giles* powered RCT,™ there was low-certainty
Glaviano®® evidence that foot orthoses are equivalent
Gobbi? to hip-targeted exercise therapy at short-
Hains® term follow-up, with neither intervention
Halabchi®* associated with a positive GROC score
Zart:z (OR =0.92; 95% CI: 0.52,1.63).

o
et No Additional Benefit (FIGURE 5A)
lammarrone® Combined Interventions and Foot Orthoses
Ismail* Versus Combined Interventions Based on
il data from 1 adequately powered RCT,*
Matthews™ there was very low certainty of evidence that
Mills' combined interventions and foot orthoses
Molgaard™ provided no additional benefit to combined
Motealleh” interventions alone at short-term follow-up
Nakagawa’® (OR = 0.75; 95% CI: 0.16, 3.58).
Ositeras& Hip-and-Knee-Targeted Exercise Therapy
Priore®* and Dry Needling Versus Hip-and-Knee-
Rabelo® Targeted Ezercise Therapy Alone Based
Rasti® 8

on pooling data from 1 adequately and

fable continues onnextpage. |y jpadequately powered RCT*7 there
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PEDRO SCORES FOR THE RETAINED
HicH-QUALITY RANDOMIZED
CONTROLLED TRIALS (CONTINUED)
Study A B (4 D E F G H 1 J Total
Rathleff®’ 1 0 1 0 0 1 1 1 1 1 7
Riel* 1 1 1 1 0 0 1 1 1 1 8
Rogvi-Hansen® 1 0 1 1 1 1 1 0 1 0 7
Saad* 1 1 0 0 0 1 1 1 1 1 7
Sahin®* 1 1 1 0 0 1 1 0 1 1 7
Selhorst® 1 1 1 1 1 1 1 1 1 1 10
Shah* 1 1 1 1 0 1 1 0 1 1 8
Singer* 1 0 1 1 1 1 1 1 1 0 8
Song®® 1 1 1 0 0 1 1 1 1 1 8
Sutlive'® 1 1 0 1 0 1 1 1 1 1 8
Syme!® 1 1 1 0 0 1 1 1 1 1 8
van den Dolder'® 1 1 1 0 0 1 1 1 1 1 8
Van Linschoten'® 1 1 1 0 0 0 1 1 1 1 7
Whittingham'® 1 1 1 0 0 1 1 0 1 1 7
Witvrouw"? 1 1 1 0 0 1 1 0 1 1 7
Witvrouw™ 1 1 1 0 0 1 1 0 1 1 7
Yanez-Alvarez"® 1 0 1 0 0 1 1 1 1 1 7
Zago*® 1 1 1 0 0 1 1 1 1 1 8
Zarej"’ 1 1 0 0 0 1 1 1 1 1 7
Wuts 1 1 1 0 0 1 1 1 1 1 8
100% 88% 8% 32% 9% 8% 9% 62% 100% 95%

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.

was low-certainty evidence that hip-and-
knee-targeted exercise therapy and dry
needling provided no additional benefit
to hip-and-knee-targeted exercise thera-
py alone at short-term follow-up for pain
(SMD, -0.95; 95% CI: -2.68, 0.78; I =
93%) or function.

Based on pooling data from 1 ad-
equately and 1 inadequately powered
RCT,**' there was moderate-certainty
evidence that hip-and-knee-targeted ex-
ercise therapy and dry needling provided
no additional benefit to hip-and-knee-
targeted exercise therapy alone at short-
term follow-up for function (SMD, -1.26;
95% CI: -3.38, 0.85; I 95%).
Hip-and-Knee-Targeted Exercise Therapy
and Vibration Therapy Versus Hip-and-
Knee-Targeted Exercise Therapy Alone Based
on data from 2 adequately and 1 inad-

equately powered RCTs, 61515 there was
very low certainty of evidence that hip-
and-knee-targeted exercise therapy and
vibration therapy provided no additional
benefit to hip-and-knee-targeted exercise
therapy alone at short-term follow-up for
pain (SMD, -0.07; 95% CI: —-0.42, 0.28;
I2 = 0%).

Based on data from 2 adequately pow-
ered RCTs, "1 there was very low certain-
ty of evidence that hip-and-knee-targeted
exercise therapy and vibration therapy
provided no additional benefit to hip-and-
knee-targeted exercise therapy alone at
short-term follow-up for function (SMD,
0.76; 95% CI: —0.85, 2.37; I2 = 93%).

No Indication of Efficacy (FIGURE 5B)
Hip-and-Knee-Targeted Exercise Therapy
and Hyaluronic Acid Injection Versus Hip-

and-Knee-Targeted Exercise Therapy and
Sham Injection (Saline) Based on data
from 1 adequately powered RCT,* there
was very low certainty of evidence that
hip-and-knee-targeted exercise therapy
and hyaluronic acid injection had no in-
dication of efficacy compared to hip-and-
knee-targeted exercise therapy and sham
injection at short-term follow-up for pain
(SMD, -0.21; 95% CI: —0.64, 0.21).

Based on data from 1 adequately pow-
ered RCT,” there was low-certainty evi-
dence that hip-and-knee-targeted exercise
therapy and hyaluronic acid injection had
no indication of efficacy compared to
hip-and-knee-targeted exercise therapy
and sham injection at short-term follow-
up, with a superior change in function in
the sham group (SMD, -0.57; 95% CI:
-1.00, -0.13).

Based on data from 1 adequately pow-
ered RCT,” there was low-certainty evi-
dence that hip-and-knee-targeted exercise
therapy and hyaluronic acid injection had
no indication of efficacy compared to
hip-and-knee-targeted exercise therapy
and sham injection at medium-term
follow-up for pain (SMD, 0.00; 95% CI:
—0.42, 0.43).

Based on data from 1 adequately pow-

ered RCT, there was very low certainty
of evidence that hip-and-knee-targeted
exercise therapy and hyaluronic acid
injection had no indication of efficacy
compared to hip-and-knee-targeted ex-
ercise therapy and sham injection at me-
dium-term follow-up for function (SMD,
-0.39; 95% CI: —0.81, 0.04).
Foot Orthoses Versus Sham Orthoses Based
on data from 1 adequately powered RCT,*
there was very low certainty of evidence
that foot orthoses had no indication of ef-
ficacy when compared to sham orthoses at
medium-term follow-up and are not asso-
ciated with a positive GROC score (OR =
1.13; 95% CI: 0.38, 3.39).

Based on data from 1 adequately pow-
ered RCT,* there was very low certainty
of evidence that foot orthoses had no
indication of efficacy when compared to
sham orthoses at long-term follow-up
and are not associated with a positive
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Intervention |Contro| |Outcome Measure I Short Term | Medium Term Long Term

Interventions with primary proof of efficacy

Positive, high certainty,

Knee-targeted exercise BT 16 (0.66, 1.66)"
E Wait and see (DICORLG6)

therapy Positive, moderate certainty,
Function (2 studies) N
1.19(0.51, 1.88)

Positive, low certainty,

Pain (1 study) 0.79 (0,26, 1.29)"

Combined interventions [Wait and see

Positive, low certainty,

Function (1 study) "
0.98 (0.47, 1.49)

Positive, low certainty, Neutral, very low certainty, Neutral, very low certainty,

Foot orth Sham foot orth Out 1 stud
ootorthoses am foot orthoses viEEme (i S OR 4.31 (148, 12.56)" OR 1.13 (0.38, 3.39) OR 1.9 (0.69, 5.75)

Pain (2 studies) Neutral, moderate certainty,
Lower-quadrant 2.19 (-1.02, 5.41)

Wait and see Positive, moderate certainty,
2.30 (1,60, 3.00)"

manual thera
27 Function (1 study)

Interventions with secondary proof of efficacy

Positive, very low certainty,

Hip-and-knee-targeted Knee-targeted exercise e (15 SRS 1.02 (0.58, 1.46)"

exercise therapy therapy Function (5 studies) Positive, low certainty,
1.03 (0.61, 1.45)"

) Positive, moderate certainty,
Knee-targeted exercise . Pain (1 study) .
Knee-targeted exercise 1.34 (0.72, 1.95)

therapy and perineural

therapy Positive, moderate certainty,
dextrose injection

Function (1 study) 1.21(0.60, 1.82)"

Interventions with superiority

Positive, very low certainty,
. Pain (1 study) N
Knee-targeted exercise 1.03 (0.45, 1.60)

Eo IS IR TS therapy Positive, very low certainty,

Function (1 stud
¢ ) 1.05 (0.47, 1.62)"

Interventions with equivalence

. Neutral, very low certainty,
. . . Pain (1 study)
Hip-targeted exercise Knee-targeted exercise 0.06 (-0.22, 0.34)

therapy therapy Neutral, very low certainty,

Function (1 study) 0,11 (~0.65, 0.44)

Hip-targeted exercise
therapy

Neutral, low certainty,

Foot orthoses OR 0.92 (0.52, 1.63)

Outcome (1 study)

Interventions with no additional benefit

Combined interventions unliaditarates |(eueams @ s Neutral, vey low certainty,
and foot orthoses i/ OR 0.75 (0.16, 3.58)

Pain|(2\studies) Neutral, low certainty,

Hip-and-knee-targeted
e Hip-and-knee-targeted —0.95 (-2.68, 0.78)

exercise therapy and dry

exercise therapy Neutral, moderate certainty,

needling
—1.26 (-3.38, 0.85)

Function (2 studies)

. . " Neutral, very low certainty,
Hip-and-knee-targeted Pain (3 studies
[IPEIMEH AR e Hip-and-knee-targeted ( ) —0.07 (-0.42, 0.28)

exercise therapy and

exercise thera
vibration 5

Neutral, very low certainty,

Function (2 studies)
0.76 (~0.85, 2.37)

Interventions with no indication of efficacy

Hip-and-knee-targeted Hip-and-knee-targeted Pain (1 study) Wi, vy tew EEREdiisy, Wesie e earEisy,
) . —0.21 (-0.64, 0.21) 0.00 (-0.42, 0.43)
exercise therapy and exercise therapy and e e e : e
hyaluronic acid injection [sham injection Function (1 study) cgative, low certainty, eutra, very low certainty,
—0.57 (-1.00, —0.13) —0.39 (<0.81, 0.04)
Pain (1 study) Neutral, very low certainty,
. . -0.19 (-0.73, 0.35)
Dry needling Sham needling ] | e
Function|(2study) eutral, very low certainty,
0.02 (=0.51, 0.55)
Key
Positive Neutral Negative

Moderate | Moderate | Moderate

Low Low Low

Very low Very low Very low

FIGURE 2. Evidence gap map.
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Primary Efficacy

Knee-targeted exercise therapy versus wait-and-see control: short-term pain

Comb. Int.
Study or Subgroup

Mean SD Total Mean SD Total

Knee Wait and See Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Fukuda 2010 1.5 1.6 23 0.1 1.1 12 46.4% 0.94 [0.21, 1.68] ——
Song 2009 2.58 1.75 30 0.18 1.75 15 53.6% 1.35 [0.66, 2.03] ——
Total (95% CI) 53 27 100.0% 1.16 [0.66, 1.66] <>
Heterogeneity: Tau? = 0.00; Chi? = 0.63, df = 1 (P = 0.43); 1> = 0% _54 _52 3 5 j‘
Test for overall effect: Z = 4.53 (P < 0.00001) Eavzars Wik asl S Favars (e
Knee-targeted exercise therapy versus wait-and-see control: short-term function
Knee Wait and See Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI 1V, Random, 95% CI
Fukuda 2010 10.2 11.6 23 0.7 9.9 12 49.0% 0.84 [0.11, 1.57] ——
Song 2009 10.73 6.44 30 0.67 6.44 15 51.0% 1.53 [0.83, 2.24] ——
Total (95% Cl) 53 27 100.0% 1.19 [0.51, 1.88] <
Heterogeneity: Tau? = 0.11; Chi® = 1.81, df = 1 (P = 0.18); I*> = 45% _54 _52 0 é ‘5‘
Test for overall effect: Z = 3.43 (P = 0.0006) Ervers W 2 Sen Bavers e
Combined interventions versus wait-and-see control: short-term pain
Comb. Int. Wait and See Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% ClI
Crossley 2002 4 2.5 33 2 2.5 34 0.79 [0.29, 1.29] —t—
-2 0 2 4

Combined interventions versus wait-and-see control: short-term function

Std. Mean Difference
IV, Random, 95% ClI

Wait and See

Favors Wait-and-See Favors Comb Int

Std. Mean Difference
IV, Random, 95% ClI

FIGURE 3. Forest plots for primary efficacy outcomes.

Crossley 2002 18 9 33

8 11 34 0.98 [0.47, 1.49]

-+

|

Favors Wait-and-See Favors Comb Int

T T T

4 -2 0 2 4

GROC score (OR = 1.99; 95% CI: 0.69,
5.75).

Lower-Quadrant Manual Therapy Versus
a Wait-and-See Control Based on pooling
data from 1 adequately and 1 inadequately
powered RCT,*>!"6 there was moderate-
certainty evidence that lower-quadrant
manual therapy had no indication of ef-
ficacy compared to wait-and-see control
at short-term follow-up for pain (SMD,
2.19; 95% CL: —1.02, 5.41; 12 = 97%).

Dry Needling Versus Sham Needling Based
on data from 1 adequately powered RCT,*°

there was very low certainty of evidence
that dry needling had no indication of effi-
cacy compared to sham needling at short-
term follow-up for pain (SMD, -0.19; 95%
CI: -0.73, 0.35) and function (SMD, 0.02;
95% CI: —0.51, 0.55).

Inadequately Tested

Twenty interventions or combinations
of interventions had been inadequately
tested in isolation because of the absence
of comparison against an intervention
with primary efficacy, or wait-and-see

control, sham, or placebo, or low sample
size (n<23 per group; APPENDIX E, avail-
able at www.jospt.org), including the
following;:

1. Education

2. Hip-and-knee-targeted exercise ther-

apy and education
3. Hip-and-knee-targeted exercise ther-

apy and Pilates

4. Hip-and-knee-targeted exercise ther-
apy and placebo taping

5. Hip-and-knee-targeted exercise ther-
apy and patellar taping
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Foot Orthoses Sham Orthoses Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
Collins et al 2008 35 41 23 40 4.31[1.48, 12.56] R
0.02 0.1 ] 10

Favors Sham Orthoses Favors Foot Orthoses

Foot orthoses versus sham foot orthoses: medium-term outcome

Foot Orthoses  Sham Orthoses Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
Collins et al 2008 34 42 30 38 1.13 [0.38, 3.39] H—
0.01 0.1 ] 10

Favors Sham Orthoses Favors Foot Orthoses

Foot orthoses versus sham foot orthoses: long-term outcome

Foot Orthoses  Sham Orthoses Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
Collins et al 2008 38 45 30 41 1.99 [0.69, 5.75] -1 t+—
0.01 0.1 ] 10

Favors Sham Orthoses Favors Foot Orthoses

Lower-quadrant manual therapy versus wait-and-see control: short-term pain

Manual Rx Wait and See Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
van den Dolder 2006 10 16 21 2 10 16 50.5% 0.57 [-0.10, 1.23] il
Zago 2021 6.56 2.03 30 0.18 0.91 24 49.5% 3.85[2.93, 4.78] ——
Total (95% CI) 51 40 100.0% 2.19 [-1.02, 5.41] e ———
Heterogeneity: Tau? = 5.22; Chi? = 31.86, df = 1 (P < 0.00001); I*> = 97% _#4 _#2 5 ﬁ j‘

Test for overall effect: Z = 1.34 (P = 0.18)

Lower-quadrant manual therapy versus wait-and-see control: short-term function

Favors Wait and See Favors Manual Rx

Manual Rx Wait and See Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Zago 2021 31.86 18.41 30 -0.37 2.27 24 2.30[1.60, 3.00] 1 +
=20 -10 0 10

FIGURE 3. (Continued).

Favors Wait and See Favors Manual Rx

6. Hip-and-knee-targeted exercise ther- 13. Knee-targeted exercise therapy and 20.Psychologically informed interven-
apy and femoral taping Botox injection tion (video)
7. Patellar bracing 14.. Spinal manipulation
8. Hip-and-knee-targeted exercise ther-  15. Ankle mobilization with movement DISCUSSION
apy and mindfulness meditation 16. Trigger point therapy —
9. Foot orthoses and foot exercises 17. Hip-and-knee-targeted exercise ther- ONSURGICAL INTERVENTIONS ARE
10. Pulsed shortwave diathermy apy with neuromuscular stimulation appropriate treatment options for
11. Pulsed shortwave diathermy and ex- 18. Step rate retraining and education people with PFP. Knee-targeted
ercise therapy 19. Step rate retraining and minimalist exercise therapy, combined interven-
12. Laser footwear tions, foot orthoses, and lower-quadrant
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FIGURE 4. Forest plots for (A) secondary efficacy, (B) superiority, and (C) equivalence outcomes.

(A) Secondary Efficacy

Hip-and-knee-targeted exercise therapy versus knee-targeted exercise therapy:
short-term pain

Hip and Knee Knee Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Baldon 2014 5.7 2.3 15 3.6 3.3 16 17.2% 0.71[-0.01, 1.44] =
Fukuda 2012 4.2 1.7 25 1.4 0.9 24 17.9% 2.01[1.32, 2.71] —
Ismail 2013 3.2 0.9 16 2.26 1.3 16 17.3% 0.82 [0.09, 1.54] .
Motealleh et al 2019 40.71 14.39 14 28.57 11.67 14 16.0% 0.90 [0.12, 1.68] —
Nakagawa 2008 2.6 2.5 7 1.3 3.9 7 11.2% 0.37 [-0.69, 1.43] =\
Sahin 2016 3 121 25 1 243 25  20.5% 1.03 [0.43, 1.62] —=
Total (95% CI) 102 102 100.0% 1.02 [0.58, 1.46] <&
Heterogeneity: Tau® = 0.15; Chi® = 10.25, df = 5 (P = 0.07); I = 51% t t f

‘
4 2 0 2 4

Test for overall effect: Z = 4.59 (P < 0.00001) Favors Knee  Favors Hip and Knee

Hip-and-knee-targeted exercise therapy versus knee-targeted exercise therapy:
short-term function

Hip and Knee Knee Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Baldon 2014 19.5 11.9 15 12.7 6.2 16  19.0% 0.70 [-0.02, 1.43] =
Fukuda 2012 19.8 9.1 25 2.8 8.9 24 20.5% 1.86 [1.18, 2.54] —
Ismail 2013 13.7 5.5 16 86 73 16 19.2% 0.77 [0.05, 1.49] —
Motealleh et al 2019 19.42 7.96 14 13.21 6.53 14 17.6% 0.83 [0.05, 1.61] —
Sahin 2016 11.6 5.8 25 56 6.9 25  23.7% 0.93 [0.34, 1.51] —
Total (95% Cl) 95 95 100.0% 1.03 [0.61, 1.45] <o
Heterogeneity: Tau? = 0.10; Chi? = 7.36, df = 4 (P = 0.12); I* = 46% t t

Test for overall effect: Z = 4.79 (P < 0.00001) = =2 ® z e4

Favors Knee  Favors Hip and Kne

Knee-targeted exercise therapy and dextrose injection versus knee-targeted exercise therapy:
short-term pain

Dextrose and Knee Knee Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Garcia Triana 2021 5.2 2 25 2.5 1.98 25 1.34[0.72, 1.95] ‘Jr
20 -10 0 10 20

Favors Knee Favors Dextrose and Knee
Knee-targeted exercise therapy and dextrose injection versus knee-targeted exercise therapy:
short-term function

Dextrose and Knee Knee Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Garcia Triana 2021 23.2  10.7 25 11.1 8.9 25 1.21[0.60, 1.82] ‘+
-10 -5 0 5 10
a R Favors Knee Favors Dextrose and Knee
(B) Superiority

Combined interventions versus knee-targeted exercise therapy: short-term pain

Comb. Int. Knee Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI 1V, Random, 95% CI
Halabachi 2015 3.74 2.09 26 197 1.2 27 1.03 [0.45, 1.60] l —

| | | |
T T T

4 2 0 2 4
Favors Knee Favors Comb. Int.

Combined interventions versus knee-targeted exercise therapy: short-term function

Comb. Int. Knee Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total IV, Random, 95% ClI IV, Random, 95% ClI

Halabachi 2015 20.42 11.57 26 10.25 7.15 27 1.05[0.47, 1.62] ‘ —+

4 2 0 2 4
Favors Knee Favors Comb. Int.
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(C) Equivalence

Hip-targeted exercise therapy versus knee-targeted exercise therapy: short-term pain

Study or Subgroup  Mean

Hip and Core
SD Total Mean

Hip and Core Knee Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% ClI IV, Random, 95% CI
Bolgla 2016 3.11 2.22 111 2.98 2.08 88 0.06 [-0.22, 0.34]

I

| | |

F

-4

Hip-targeted exercise therapy versus knee-targeted exercise therapy: short-term function

Std. Mean Difference
IV, Random, 95% CI

Knee
SD Total

22 0 2 4
Favors Knee  Favors Hip and Core

Std. Mean Difference
IV, Random, 95% CI

Bolgla 2016

12.58 11.93 111

12.9 13.55 88 -0.03 [-0.30, 0.25]

| | |

Foot orthoses versus hip-targeted exercise therapy: short-term outcome

2 ] 0 1 2
Favors Knee Favors Hip and Core

FIGURE 4. (Continued).

Foot Orthoses  Hip Exercise Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
Matthews et al 2020 48 100 46 92 0.92[0.52, 1.63] —H
0.01 0.1 ] 10 100

Favors Hip Exercise

Favors Foot Orthoses

manual therapy all have primary effi-
cacy (ie, superior to placebo, sham, or
wait-and-see) in the short-term when
compared to a wait-and-see approach.
Hip-and-knee-targeted exercise therapy
and knee-targeted exercise therapy com-
bined with perineural dextrose injection
have secondary efficacy (ie, superior to
an intervention with established effi-
cacy) in the short-term when compared
to knee-targeted exercise therapy alone.
Combined interventions produced supe-
rior outcomes compared to knee-targeted
exercise, suggesting that providing more
care may improve outcomes in the short
term. Only foot orthoses and hip-and-
knee-targeted exercise therapy combined
with hyaluronic acid injection have been
adequately tested beyond a short-term
follow-up.

Interventions With Proof of Efficacy

There is a dearth of evidence to guide
clinical practice, service design, and policy
recommendations when considering lon-
ger-term outcomes. We sought to include a

broad range of outcomes from high-quali-
ty RCTs in our data synthesis. Recent data
syntheses of PFP treatments have focused
on a narrow range of outcomes from RCTs
of variable quality,"° or all available RCTs
combined with expert consensus® have
been used to formulate recommendations.
Our results support previous work:?'"* a
wait-and-see approach is not appropriate
given the number of interventions with
short-term efficacy, and people with PFP
should be referred for active rehabilita-
tion. Our results do not agree with previ-
ous conclusions that there is evidence for
medium- and long-term efficacy for exer-
cise therapy?' or combined interventions
and education"® because of the absence of
adequately tested primary or comparator
interventions against a true, no-interven-
tion, wait-and-see control. From the high-
quality RCTs included in our review, 6 of
7 efficacious or equivalent interventions
were inadequately tested beyond short-
term follow-up, and a further 18 inter-
ventions were inadequately tested at all
time points.

Although combined hip-and-knee-
targeted exercise therapy has benefit
compared to knee-targeted exercise ther-
apy at short-term follow-up, it has not
been adequately tested beyond this time
point. One in 2 people with PFP report
persistent pain up to 8 years postdiag-
nosis,” so treatments with a long-term
effect are clearly required. The dearth of
high-quality exercise therapy trials with
an adequate control arm beyond a short-
term follow-up highlights the disparity
between reported symptom persistence®
and follow-up duration in current RCTs
intended to underpin clinical practice.
Exercise therapy RCTs that do include a
long-term follow-up*-'°* have not involved
an appropriate control and are inad-
equate for guiding high-quality decisions.

There are ethical challenges associ-
ated with having a true wait-and-see
group (ie, no treatment) in a long-term
follow-up trial, with some treatment (eg,
basic education) considered a more ethi-
cal comparison. Funding and conducting
high-quality trials of adequately developed
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(A) No Additional Benefit

Combined interventions and foot orthoses versus combined interventions: short-term outcome

Comb. Int. and FO Comb. Int. Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
Collins et al 2008 38 42 38 41 0.75 [0.16, 3.58] —
0.01 0.1 10 100

Favors Comb. Int. Favors Comb. Int. and FO

Hip-and-knee-targeted exercise therapy and dry needling versus hip-and-knee-targeted
exercise therapy: short-term pain

H&K H&K & DN Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Espi-Lopez 2017 1.3 2.68 30 1.6 3.75 30 51.3%  -0.09[-0.60, 0.42]
Zarei 2019 1 25 20 4.5 0.76 20 48.7% -1.86[-2.61, -1.10] .
Total (95% CI) 50 50 100.0% -0.95[-2.68, 0.78]
Heterogeneity: Tau? = 1.45; Chi® = 14.53, df = 1 (P = 0.0001); I* = 93% —io _%5 5 1%0

t
Test for overall effect: Z = 1.08 (P = 0.28) Favors H&K & DN Favors H&SK

Hip-and-knee-targeted exercise therapy and dry needling versus hip-and-knee-targeted
exercise therapy: short-term function

H&K H&K & DN Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Espi-Lopez 2017 9.2 12 30 12 13.93 30 51.2% -0.21[-0.72, 0.30]
Zarei 2019 3.01 7.95 20 18.15 3.91 20 48.8% -2.37[-3.20, -1.54] ——
Total (95% ClI) 50 50 100.0% -1.26 [-3.38, 0.85]

|
T 1

4 2 0 2 4
Favors H&K & DN Favors H&K

Heterogeneity: Tau? = 2.20; Chi? = 18.99, df = 1 (P < 0.0001); I> = 95%
Test for overall effect: Z = 1.17 (P = 0.24)

Hip-and-knee-targeted exercise therapy and vibration versus hip-and-knee-targeted
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FIGURE 5. Forest plots (A) for no additional benefit outcomes and (B) for nonefficacy outcomes. Abbreviations: DN, dry needling; Ex, exercise; FO, foot orthoses; HA, hyaluronic
acid; H&K, hip and knee.
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FIGURE 5. (Continued).
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interventions with long-term follow-up
(=12 months) is an urgent research priority.
Both foot orthoses and lower-quadrant
manual therapy should be offered to peo-
ple with PFP, with the variable response
and absence of effect beyond the short-
term forming part of the shared-decision
making between patient and clinician.
Prefabricated foot orthoses are efficacious
in the short term when compared to sham
foot orthoses but not at medium- or long-
term follow-up, and they were equiva-
lent to a hip exercise therapy protocol at
short-term follow-up. There was greater
variability in outcome for lower-quad-
rant manual therapy when compared to
a wait-and-see approach, with a signifi-
cant short-term improvement in func-
tion, but not pain. Wide CIs for both pain
and function outcomes following manual
therapy suggest variable results across in-
dividuals. There are currently limited or
no data available to predict response to
foot orthoses or manual therapy, respec-
tively, with baseline foot mobility or hip
strength recently reported to not mediate
treatment outcome.” Decisions should
not rely solely on clinical trial data, but
they should also incorporate clinician ex-
perience®® and patient preferences.”®
Patellofemoral pain has a multifaceted
presentation with a variable aetiology®°
and treatment targets across multiple
domains.**6+92 A combined interven-
tions approach, encompassing hip-and-
knee-targeted exercise therapy, vastus
medialis oblique biofeedback, soft tissue
stretching, and patellar taping is superior
to a wait-and-see control and to knee-
targeted exercise therapy in isolation.
This variable aetiology may explain why
combining multiple interventions results
in short-term success. However, the fact
that combined interventions used in the
included trials do not address all poten-
tial treatment targets®* may explain why
short-term success inconsistently trans-
lates into long-term resolution.??8:1
Developing treatments that target all
relevant deficits, such as using graded ex-
posure in the presence of kinesophobia'®®
or a strength training programme in the

presence of measured muscle weakness,**
represents a plausible step forward in evi-
dence-informed clinical practice.'®*

Interventions With No Indication

of Efficacy

There is no role for dry needling, vibration
therapy, or hyaluronic acid injection com-
bined with exercise therapy when treating
PFP. Dry needling of the quadriceps was
no better than sham needling, and dry nee-
dling of the quadratus lumborum, gluteus
medius, and quadriceps combined with
hip-and-knee-targeted exercise therapy
had no additional benefit above hip-and-
knee-targeted exercise therapy alone. Vasti
muscle timing local to the patellofemoral
joint has been reported to be associated
with a diagnosis of PFP.* Isolated inter-
ventions aiming to affect these variables
did not have indication of efficacy, offered
no additional benefit, or have been inad-
equately tested. These findings agree with
the most recently published consensus
statement® despite the addition of new
high-quality RCTs. Vibration therapy of-
fered no additional benefit for either pain
or function over and above hip-and-knee
targeted exercise therapy. The wide range
of mechanisms that purportedly underpin
the effects of vibration therapy in healthy
people should be investigated in people
with PFP prior to further RCTs. We also
identified that hyaluronic acid injection
combined with hip-and-knee-targeted ex-
ercise therapy was ineffective when com-
pared to sham injection combined with
hip-and-knee-targeted exercise therapy.
Hyaluronic acid is effective for tibiofemo-
ral osteoarthritis® when injected locally and
may contribute to symptom improvement
through the stimulation of native synovial
fluid production.® While PFP is proposed
as part of a continuum with patellofemoral
osteoarthritis,* the hypothesized synovial
fluid production mechanism of hyaluronic
acid is of questionable relevance for the
typical PFP demographic.

Clinical Implications
People with PFP should not be offered
wait-and-see care. Clinicians should

strongly consider engaging people with
persistent PFP in hip-and/or-knee exer-
cise therapy and combining interventions
(ie, exercise plus another intervention)
may result in superior short-term out-
comes. Foot orthoses, lower-quadrant
manual therapy, and perineural dextrose
injection (alongside exercise) should also
be offered to people with persistent PFP
as part of a shared decision-making ap-
proach. Clinicians should be open and
honest with people with PFP about the
absence of supporting evidence for inter-
ventions beyond short-term follow-up.

Limitations

We searched MEDLINE, Web of Sci-
ence, and Scopus, and limited our search
to studies published in the English lan-
guage. Searching alternative or additional
databases may have led to the inclusion of
additional data, which may have altered
the results, but we mitigated this with
a citing reference search and by hand
searching the reference lists of included
studies. Our data extraction was complet-
ed by a single author and subsequently
checked for accuracy by a second author,
and our RoB assessment was completed
by a single author. Having second authors
perform these tasks independently before
reaching consensus may have increased
their accuracy. We did not consider pub-
lication bias, and it is possible that trials
with negative outcomes could have influ-
enced the results of our review.

Given the high number of RCTs in the
PFP field, we decided to include only those
with high methodological quality defined
using the PEDro scale. An alternative ap-
proach would be to include all eligible
trials and allow study quality and RoB to
factor into the certainty of evidence using
GRADE, which may have produced differ-
ent results. The reporting of exercise pre-
scription parameters has previously been
highlighted as frequently insufficient’®
to enable clinical translation. We did not
appraise included RCTs relative to any
reporting guideline(s), which limits any
evaluation of the specific parameters that
resulted in the reported outcomes.
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Thirteen of 65 trials did not provide
data in a format suitable for meta-analysis
despite multiple requests. One hundred
and five RCTs were excluded for inade-
quate methodological quality. Future RCTs
should aim to ensure a robust methodology
by concealing allocation, ensuring blinding
of outcome assessors, and performing in-
tention-to-treat analyses; to include along-
term follow-up; and to adhere to published
reporting guidelines, for example, the re-
cent REPORT-PFP consensus."

Of the 65 retained high-quality RCTs,
the minimum mean symptom duration
was 6 months. The best approach to man-
aging PFP of a shorter duration is unclear,
and careful clinical reasoning is required
when applying the outcomes of our re-
view to people with a symptom duration
of under 6 months. It is plausible that in-
terventions delivered to people with PFP
of a shorter duration would have a differ-
ent effect to those delivered once symp-
toms have persisted for a longer period.
As a symptom duration of >4 months is
associated with a poorer prognosis,5>7°
developing and investigating appropriate
interventions that can be delivered and
readily accessed by people with PFP of a
shorter duration are important.

Knee-targeted exercise therapy was
the only intervention with high-certainty
evidence, and there is a dearth of RCTs
that investigate intervention effects be-
yond short-term follow-up. We identified
6 interventions with positive effects, yet it
remains difficult to determine for whom
these interventions are most likely to de-
liver benefits, or by what mechanism(s).
This is in part because RCTs do not trans-
late into clinical practice in isolation.*® The
outcomes of this review need to be synthe-
sized with the preferences of people with
PFP™ and expert clinical reasoning® to
fully define current best practice for PFP.

CONCLUSIONS

NTERVENTIONS FOR PERSISTENT PFP
that improved pain and function out-
comes at short-term follow-up included
knee-targeted exercise, combined inter-

r
L
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ventions, foot orthoses, lower-quadrant
manual therapy, knee-targeted exercise
combined with perineural dextrose injec-
tion, and hip-and-knee-targeted exercise.
These interventions should be offered to
people with persistent PFP. No inter-
vention demonstrated efficacy beyond a
short-term follow-up. ®

KEY POINTS
FINDINGS: Six interventions have positive
effects on pain and function outcomes at
3 months for people with persistent PFP
(a symptom duration of >6 months). No
intervention demonstrated efficacy be-
yond short-term follow-up, and several
interventions are inadequately tested to
allow for efficacy evaluation.
IMPLICATIONS: People with persistent PFP
should not be offered wait-and-see care
given there are appropriate interven-
tions with evidence of benefit available
in the short term.
CAUTION: Efficacy statements refer only
to short-term follow-up and to people
with persistent PFP.
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APPENDIX A

DATA EXTRACTION FROM THE RETAINED HIGH-QUALITY RANDOMIZED CONTROLLED TRIALS
Sample Size (F:M)
Age in Years (mean +)
BMI in kg/m2 (mean +) Furthest Extracted
Symptom Duration in Months (mean +) Follow-up Extracted Pain Fonetion
Study Group 1 Group 2 Group 3 Group 4 (Weeks) Outcome Outcome
Exercise therapy
Aghakeshizadeh* IT 23 (15:8) 23(12:11) 24.(13:11) NA 6 VAS Kujala
299480 286£77 289165
239413 237419 237417
74 +NR 65+NR 43 +N\R
Almeida® IT 26 (26:0) 26 (26:0) N/A NA 26 NPRS Kujala
249 +46 249450
230435 248 +2.6
50.8 +£389 473+396
Azab’ IT, DUM 17 (12:5) 17 (10/7) NA NA 12 VAS Kujala
152411 157411
218413 221412
262467 231458
Bagheri® IT 15(15:0) 14 (14:0) N/A NA 26 VAS KOS-ADLS
279475 28846.8
237423 232426
NR NR
Bakhtiary® IT 16 (16:0) 16 (16:0) NA NA 5 VAS NR
223417 21.8+06
NR NR
NR NR
Baldon® SE 15(15:0) 16 (16:0) N/A NA 2 W-AS LEFS
227432 21.3+26
206429 223425
60 +NR 27 tNR
Boitrago® IT 30(30:0) 30(30:0) N/A NA 12 NPRS Kujala
NR NR
NR NR
NR NR
Bolgla®E 105 (73:32) 80 (51:29) NA NA 6 VAS Kujala
294407 29.3+09
NR NR
NR NR
Clark?® IT 20(10:10) 20(812) 19(9:10) 22 (913) 52 VAS WOMAC
260474 29546.2 29.346.8 271472
248457 249+42 250439 252442
NR NR NR NR
Emamvirdi®® IT 32(32:0) 32(32:.0) N/A NA 6 VAS NR
221459 231465
221416 212410
NR NR
Fukuda® PE 23(23:0) 20 (20:0) 21 (2L:0) NA 8 NPRS-AS Kujala
24.0+70 25046.0 250470
NR NR NR
NR NR NR
Table continues on next page.
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APPENDIX A (CONTINUED)

Sample Size (F:M)
Age in Years (mean +)
BMI in kg/m2 (mean +) Furthest Extracted
Symptom Duration in Months (mean +) Follow-up Extracted Pain Function
Study Group 1 Group 2 Group 3 Group 4 (Weeks) Outcome Outcome
Fukuda* PE 24.(24:0) 24.(25:0) NA NA 52 NPRS-DS Kujala
230430 22030
245430 236427
2104177 23.2+290
Hott® DUM 37 (24:13) 39 (25:14) 36 (24:12) NA 12 U-VAS Kujala
285462 27886 26.3+70
NR NR NR
NR NR NR
Hott*> DUM 37 (24:13) 39 (25:14) 36 (24:12) NA 52 U-VAS Kujala
28516.2 278486 26.3+70
NR NR NR
NR NR NR
Ismail® PE 16 (11:5) 16 (12:4) NA NA 6 VAS Kujala
208+27 212432
NR NR
NR NR
Motealleh” PE 14 (14.0) 14 (14:0) N/A NA 4 VAS Kujala
304+6.1 284457
232433 226130
NR NR
Nakagawa’® PE 7 (NR) 7(NR) NA NA 6 W-VAS NR
NR NR
NR NR
NR NR
Osteras® IT 21(15:6) 19(17.2) N/A NA 12 VAS FIQ
3304124 26.8 +10.5
NR NR
4324324 3484372
Rabelo® IT 17 (17:0) 17 (17:0) NA NA 26 NPRS Kujala
253481 259EEDID)
228418 218+2.8
49.3+40.5 46.2+33.0
Rasti® IT 12(0:12) 12(0:12) N/A NA 4 VAS NR
259452 242452
240+08 24.3100
NR NR
Rathleff*” IT 59 (51:8) 62 (46:16) N/A NA 104 W-VAS KOOS-ADL
173409 172411
224431 211425
394NR 36 £N\R
Riel® 1T 20 (16:4) 20 (19:1) N/A NA 6 NR Kujala
165415 169415
220423 22.3436
NR NR
Saad® DUM 10 (10:0) 10 (10:0) 10 (10:0) 10 (10:0) 8 VAS Kujala
232425 225411 213412 232410
218417 220420 219+13 213413
NR NR NR NR
Table continues on next page.

B2 | NOVEMBER 2022 | VOLUME 52 | NUMBER 11 | JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY



Downloaded from www.jospt.org at on March 12, 2026. For personal use only. No other uses without permission.

Copyright © 2022 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

APPENDIX A (CONTINUED)

Sample Size (F:M)
Age in Years (mean +)
BMI in kg/m2 (mean +) Furthest Extracted
Symptom Duration in Months (mean +) Follow-up Extracted Pain Function
Study Group 1 Group 2 Group 3 Group 4 (Weeks) Outcome Outcome
Sahin® SE 25 (25:0) 25 (25:0) NA NA 12 VAS Kujala
B5I0EEEY BSEE6IS)
264435 255144
6+NR 8+N\R
Song® PE 29 (21:8) 30 (22:8) 30 (26:4) NA 8 W-AS Lysholm
3864108 402499 429498
222432 230430 225421
41.8+36.1 38.3+34.2 277 +41.0
Syme'® DUM 23(13:10) 23(13:10) 23 (15:8) NA 8 NPRS FIQ
28.8480 213+£79 285164
POIDEEI 2393 262412
4904375 455+35.3 50.5+41.3
Van Linschoten'® IT 65 (42:23) 66 (42:24) N/A N/A 52 VAS-A Kujala
247 £86 23.3478
232439 230434
NR NR
Witvrouw'? DUM 30 (20:10) 30 (20:10) N/A NA 12 VAS Kujala
NR NR
NR NR
NR NR
Witvrouw™ DUM 30(20:10) 30(20:10) N/A NA 260 VAS Kujala
NR NR
NR NR
NR NR
Yanez-Alvarez™> IT 25 (14:11) 25 (12:13) N/A N/A 4 VAS Kujala
4834130 52 +107
278+3.8 285447
NR NR
Electrotherapy
Albornoz-Cabello? IT 42 (NR) 42 (NR) N/A NA 3 VAS Kujala
484156 52 +10.3
283453 282447
NR NR
Callaghan® IT 37 (2L16) 37 (22:15) N/A NA 6 VAS Kujala
36.513.6 332494
VEEY 25GEERY)
28.1+14.1 2374143
Celik®® DUM 15(11:4) 15(9:6) NA NA 5 NR Lysholm
329469 327497
241431 22729
BYEE3Y 77+4.3
Das® DUM 14(9:5) 13(67) N/A NA 12 VAS Kujala
391491 4154127
NR NR
NR NR
Table continues on next page.
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APPENDIX A (CONTINUED)

Sample Size (F:M)
Age in Years (mean +)
BMI in kg/m2 (mean +) Furthest Extracted
Symptom Duration in Months (mean +) Follow-up Extracted Pain Function
Study Group 1 Group 2 Group 3 Group 4 (Weeks) Outcome Outcome
Gobbi*’ IT 24 (16:8) 17 (12:5) N/A NA 52 NR Kujala
355490 36.8+8.0
NR NR
NR NR
Glaviano® IT 11(8:3) 10(8:2) N/A NA 52 U-VAS Kujala
238456 230437
NR NR
26.3+26.3 2304278
lammarrone® DUM 17 (12:5) 13(10:3) N/A NA 52 NR VISA
2418 2147
NR NR
NR NR
Rogvi-Hansen® IT 19 (11:8) 17(9:8) N/A NA 2 VAS NR
35£NR 31NR
NR NR
48 +NR 72 +NR
Wu' NAB 18(9:9) 18(810) N/A NA 12 VAS Kujala
273+NR 275 +NR
217 +NR 222 +NR
NR NR
Manual therapy
Behrangrad* IT 15(12:3) 15(12:3) N/A N/A 13 NRPS Kujala
243419 243419
193+24 194422
NR NR
Coelho® IT 39(39:.0) 39(39:0) 39(39:0) NA 05 NPRS Kujala
253453 246+4.3 256451
251452 238440 245453
NR NR NR
Hains% DUM 27 (20:7) 11(8:3) N/A NA 4 VAS NR
253 £N\R 250 £N\R
NR NR
NR NR
Shah®> DUM 30 (19:11) 30 (22:8) N/A NA 6 VAS FIQ
29417 27 +17
236+39 268437
NR NR
van den Dolder™® NE 21 (17:4) 16 (10:6) N/A NA 2 U-VAS NR
BOEEL 52 +18
NR NR
NR NR
Zago*® PE,NE 30 (NR) 28 (NR 24 (NR) NA 4 VAS Lysholm
314472 3494108 329488
241428 240+3.8 241422
NR NR NR
Table continues on next page.
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Sample Size (F:M)
Age in Years (mean +)
BMlin k.glhzz (mean +) Furthest Extracted
Symptom Duration in Months (mean +) Follow-up Extracted Pain Function
Study Group 1 Group 2 Group 3 Group 4 (Weeks) Outcome Outcome
Foot orthoses
Collins? PE, NAB, NE 46 (25:21) 44 (20:24) 45(29:16) 44 (26:18) 52 GROC
27945.3 290460 309458 29656
261456 239435 242447 24.8+6.2
NR NR NR NR
Matthews™ E 109 (70:39) 109 (81:28) NA NA 12 GROC
28.316.0 279+6.0
255449 247 +4.8
52.3 4619 55.4+60.8
Mills” IT 20 (15:5) 20 (14:6) NA NA 6 GROC
304155 285159
264197 236427
36 +NR 48 +NR
Molgaard™ IT 20 (NR) 20 (NR) N/A NA 52 KOOS (pain) KOOS (sport)
NR NR
NR NR
NR NR
Dry needling
Espi-Lopez** NAB 30 (15:15) 30 (14:16) N/A NA 12 NPRS KOOS-ADL
297 £95 2924105
NR NR
114 +696 102 £75.6
Ma® DUM 25 (12:13) 23(13:10) N/A NA 12 VAS Kujala
225424 25146.0
22727 218433
NR NR
Sutlive'® NE 30 (17:13) 30 (20:10) NA NA 05 NPRS Kujala
303455 311451
264144 26.8+32
2744297 53.0+66.8
Zarei'” NAB 20 (20:0) 20 (20:0) N/A NA 6 NPRS Kujala
223433 257485
NR NR
NR NR
Injection therapy
Garcia-Trian® SE 25(187) 25 (20:5) N/A NA 26 VAS WOMAC (func-
555+14.8 535144 tion)
NR NR
NR NR
Hart** NE 45 (35:11) 41 (31:10) NA NA 26 VAS WOMAC (func-
26070 281484 tion)
264453 258451
NR NR
Singer® IT 14 (8:6) 10(9:1) N/A NA 24 VAS Kujala
3L5£NR 274 tNR
NR NR
66 +NR 80 +NR
Table continues on next page.
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APPENDIX A (CONTINUED)

Sample Size (F:M)
Age in Years (mean +)
BMI in k.glhfz (mean +) Furthest Extracted
Symptom Duration in Months (mean +) Follow-up Extracted Pain Function
Study Group 1 Group 2 Group 3 Group 4 (Weeks) Outcome Outcome
Taping and bracing
Arrebola® IT 13(13:0) 16 (16:0) 14 (14:0) NA 24 NPRS Kujala
304484 30.3+79 279494
246426 227428 234436
NR NR NR
Priore® IT 25(18:7) 25(19:6) NA NA 6 VAS Kujala
229+45 220433
238443 235142.8
50.5+43.0 512 4+64.0
Whittingham'°® IT 10 (2:8) 10 (2:8) 10 (2:8) N/A 4 VAS FIQ
188413 18611 187414
NR NR NR
NR NR NR
Gait retraining
Bonacci® IT 8(8:0) 8 (4:4) N/A N/A 20 GROC
340495 315497
240+2.7 229434
4834569 46.5+407
Esculiers” IT 23 (15:8) 23(149) 23(14:9) NA 20 U-VAS KOS-ADLS
307453 332465 284468
NR NR NR
16.4+16.3 42.2 +474 2804424
Combined interventions
Crossley? PE 36 (23:13) 35(2312) N/A N/A 6 U-VAS Kujala
290+8.0 260480
235438 248437
3904430 3104320
Halabchi®* Sup 30(1713) 30(1812) N/A NA 12 VAS Kujala
301459 29.3459
24.3439 216424
319+21.2 3014224
BFR
Giles* DUM 40 (24:16) 39(19:20) NA NA 26 W-AS Kujala
2851452 267455
NR NR
3164409 378 +55.5
Psychological
Selhorst* IT, DUM 34 (24:10) 32(19:13) N/A N/A 2 NPRS Kujala
1653417 143417
231454 224455
NR NR
Abbreviations: BFR, blood flow restriction training; BMI, body mass index; DUM, data unsuitable for meta-analysis; E, equivalence data; F, female; FIQ,
Sfunctional index questionnaire; GROC, global rating of change; IT, inadequately tested data; KOOS-ADL, knee injury and osteoarthritis outcome score - activi-
ties of daily living; KOS-ADLS, knee outcome survey - activities of daily living scale; LEFS, lower extremity functional scale; M, male; NAB, no additional
benefit data; NE, nonefficacy data; NPRS, numerical pain-rating scale; NPRS-AS, numerical pain-rating scale when ascending stairs; NPRS-DS, numerical
pain-rating scale when descending stairs; NR, not reported; PE, primary efficacy data; SE, secondary efficacy data; Sup, superiority data; U-VAS, usual visual
analogue scale; VAS, visual analogue scale; VAS-A, visual analogue scale during activity; VISA, Victorian Institute of Sports Assessment. W-VAS, worst visual
analogue scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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APPENDIX B

PEDro SCORES FOR THE EXCLUDED LOW-QUALITY RANDOMIZED CONTROLLED TRIALS

Study

Abyaneh et al 2016
Akarcali et al 2002
Akbas et al 2011
Alsharani et al 2020
Astur et al 2019
Avraham et al 2007
Azizi et al 2019
Bazbug et al 2022
Bedum et al 2020
Behrangrad et al 2020
Bily et al 2008
Boitrago et al 2021
Brantignham et al 2009
Callaghan et al 2001
Can et al 2003
Chevidikunnan et al 2016
Constantinou et al 2022
Corum et al 2018

De Souza et al 2020
Demirci et al 2017
Denton et al 2005
Dolak et al 2011

dos Santos et al 2019
Drew et al 2017
Dursun et al 2001
Ebrahimi et al 2021
Elsayed et al 2014
Engetal 1993

Evcik et al 2010
Fatimah et al 2021
Ferber at al 2015
Foroughi et al 2019
Ghourbanpour et al 2018
Gunay et al 2017
Hafez et al 2006
Hafez et al 2012
Herrington et al 2007
Jellad et al 2021
Jensen et al 1999
Kang et al 2014
Kannus et al 1992
Kannus et al 1999
Karamiani et al 2022
Kaya et al 2013

Total

J
1
1
1
1
1
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
0
1
1
1
1
1
1
1
1
1
1
1
1
0
0
1
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1
Table continues on next page.
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APPENDIX B (CONTINUED)

Study A c D E F G H I J Total
Kayambashi et al 2012 1 0 1 0 0 0 1 0 1 1 5
Kayambashi et al 2014 1 0 1 0 0 0 1 0 1 1 5
Kedroff et al 2019 1

Kowall et al 1996 1 0 0 0 0 0 0 0 1 0 2
Kim et al 2022 1 0 1 1 0 0 1 0 1 1 6
Kumar et al 2013 1 0 0 0 0 0 0 0 1 1 3
Lee et al 2014 1 0 1 0 0 0 0 0 1 1 4
Lewinson et al 2015 1 0 1 1 0 1 0 0 1 1 6
Loudon et al 2004 1 0 1 0 0 0 1 0 0 1 4
Lun et al 2005 1 0 1 0 0 1 0 0 1 1 4
Maayah et al 2013 1 0 1 0 0 0 1 0 1 1 5
Mahmoud et al 2015 1 0 1 0 0 1 0 0 1 1 5
Maryam et al 2018 1 0 1 0 0 0 0 0 1 0 3
Mason et al 2011 1 1 0 0 0 1 0 0 1 1 5
Melo et al 2018 1 1 1 0 0 0 1 0 1 1 6
Minoonejad et al 2012 1 0 1 0 0 0 0 0 1 1 4
Monika et al 2016 1 0 1 0 0 0 0 0 1 1 4
Moyano et al 2013 1 1 1 0 0 0 1 0 1 1 6
Naiclu et al 2018 1 0 0 0 0 0 0 0 1 1 3
Nakhostin-Roohi et al 2016 1 0 1 1 1 1 0 0 1 0 6
Naslund et al 2002 1 0 0 0 0 0 1 0 1 0 3
Nouri et al 2019 1 0 1 1 1 1 1 0 1 0 6
Orscelik et al 2015 1 0 1 0 0 0 0 0 1 1 4
Orscelik et al 2019 1 0 1 1 1 0 1 0 1 0 6
Osteras et al 2012 1 1 1 0 0 1 0 0 1 1 6
O'Sullivan et al 2021 1 1 1 1 0 1 0 0 0 1 6
Petersen et al 2016 1 0 0 0 0 0 0 0 1 0 2
Phillips et al 2009 1 0 1 0 0 0 1 0 1 1 5
Pocai et al 2021 1 0 0 0 0 0 1 0 1 1 4
Qietal 2007 1 0 0 0 0 0 1 0 1 1 4
Qui et al 2009 1 0 1 0 0 0 0 0 0 1 3
Raatikainen et al 1990 1 0 0 1 1 0 1 0 1 0 5
Rangole et al 2015 1 0 0 0 0 0 0 0 1 1 3
Razeghi et al 2010 1 0 0 0 0 0 1 0 1 1 4
Rehman et al 2021 1 1 0 1 0 0 1 0 1 1 6
Rodrigues et al 2021 1 0 0 0 0 0 0 0 0 0 1
Roh et al 2021 1 1 1 0 0 1 1 0 0 1 6
Roper et al 2016 1 0 1 0 0 0 1 0 1 1 5
Rowlands et al 1990 1 0 0 1 0 0 0 0 1 0 3
Sanchez et al 2017 1 0 0 0 0 1 1 0 1 0 4
Selhorst et al 2018 1 0 0 1 0 1 0 1 1 1 6
Senthil et al 2020 1 0 0 0 0 0 0 0 0 1 2
Shadloo et al 2021 1 0 1 0 0 1 1 0 0 0 4
Shafiei et al 2019 1 0 1 0 0 1 1 0 1 1 6
Sharif et al 2014 1 0 1 0 0 0 0 0 1 1 4
Sharif et al 2020 1 0 1 0 0 0 0 0 1 1 4

Table continues on next page.
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Study A B Cc D E F G H I J Total
Shetty et al 2016 1 1 0 0 0 0 1 0 1 1 b
Smith et al 2019 1 1 1 0 0 0 0 1 1 1 6
Sokhangooei et al 2010 1 0 0 0 0 0 0 0 1 1 3
Talbot et al 2020 1 1 1 0 0 0 1 0 1 1 6
Tan et al 2010 1 0 1 0 0 0 1 1 1 1 6
Telles et al 2016 1 0 1 0 0 0 0 0 1 1 4
Thomee et al 1997 1 0 0 0 0 0 1 0 1 1 4
Timm et al 1997 1 0 1 0 0 1 0 0 1 1 5
Tramontano et al 2020 1 0 0 0 0 1 1 0 0 1 4
Valera-Calero et al 2021 1 1 1 0 0 0 1 0 1 1 6
Verma et al 2012 1 0 0 0 0 0 0 0 0 1 2
Wiener-Oglive et al 2004 1 1 0 0 0 0 1 0 1 1 5
Yeviar et al 2015 1 0 1 0 0 1 0 0 1 1 5
Yip et al 2006 1 0 0 0 0 1 1 0 1 1 5
Zemadanis et al 2015 1 0 0 0 0 0 1 0 1 0 3
Abbreviations: A, random allocation; B, concealed allocation; C, comparable groups at baseline; D, participant blinding; E, clinician blinding; F, outcome
assessor blinding; G, 285% data collection; H, intention-to-treat analyses; I, between-group statistical comparisons; J, variability reported.
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APPENDIX C

DIAGNOSTIC VALIDITY SCORES FOR THE RETAINED HIGH-QUALITY RANDOMIZED
CONTROLLED TRIALS

Inclusion Criteria Exclusion Criteria

Study
Aghakeshizadeh 2021
Albornoz-Cabello 2020
Almeida 2021
Arrebola 2020
Azab 2022
Bagheri 2020
Bakhtiary 2008
Baldon 2014
Behrangrad 2017
Boitrago 2021
Bolgla 2016
Bonacci 2018
Callaghan 2004
Celik 2020
Clark 2000
Coelho 2020
Collins 2008
Crossley 2002
Das 2016
Emamvirdi 2019
Esculier 2018
Espi-Lopez 2017
Fukuda 2010
Fukuda 2012
Garcia-Triana
Giles 2017
Glaviano 2019
Gobbi 2019
Hains 2010
Halabchi 2015
Hart 2019

Hott 2019

Hott 2020
lammarrone 2016
Ismail 2013

Ma 2020
Matthews 2020
Mills 2012
Molgaard 2018
Motealleh 2019
Nakagawa 2013

Total
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Table continues on next page.
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Inclusion Criteria Exclusion Criteria

Study

Osteras 2013
Priore 2020

Rabelo 2017

Rasti 2020

Rathleff 2015

Riel 2018
Rogvi-Hansen 1991
Saad 2018

Sahin 2016
Selhorst 2021

Shah 2016

Singer 2011

Song 2009

Sutlive 2018

Syme 2009

van den Dolder 2006
Van Linschoten 2009
Whittingham 2004
Witvrouw 2000
Witvrouw 2004
Yanez-Alvarez 2020
Zago 2021

Zarei 2020

Wu 2021

Abbreviations: A, pain location; B, insidious onset; C, symptoms consistent with patellofemoral pain; D, previous knee surgery; E, internal derangement;
F, ligamentous instability; G, other sources of knee pain.
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APPENDIX D

RoB2 SCORES FOR THE RETAINED HIGH-QUALITY RANDOMIZED CONTROLLED TRIALS

Exercise
Trials

Study ID

‘ Low risk

?
Some concerns

. High risk

Bakhtiary 2007
Baldon 2014
Bolgla 2016
Clark 2000
Emamvirdi 2016
Halabchi 2015
Rathleff 2015
Van Linschoten 2009
Witvrouw 2000
Witvrouw 2004
Sahin 2016
Crossley 2002
Fukuda 2010
Fukuda 2012
Rabelo 2017
Reil 2018

Song 2009
Syme 2009
Azab 2022
Ismail 2013
Motealleh 2019
Nakagawa 2008
Osteras 2012
Hott 2019

Hott 2020

Saad 2018
Almeida 2021

Bagheri 2021
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Nonexercise
Trials

Study ID

‘ Low risk

?

Gobbi 2019

Some concerns

‘ High risk

Rogvi-Hansen 1991
Singer 2011
Behrangrad 2017
Hains 2010

Celik 2019

Das 2016

Arrebola 2020

Shah 2016

000000 O DO O s

Callaghan 2004
Aghakeshizadeh 2021 ’
Yanez-Alvarez 2020 ‘
Giles 2017

Espi-Lopez 2016
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Hart 2019
van den Dolder 2006 .

Glaviano 2019 ’

Collins 2008 .
Molgaard 2018 .
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Matthews 2020 3
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Zago 2021

Coelho 2020
Selhorst 2021

Wu 2021
lammaronne 2016
Bonacci 2017
Mills 2011 v
Whittingham 2004
Sutlive 2018

Zarei 2019

Esculier 2017
Garcia-Triana 2021

Ma 2020
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GAP MAP FOR INADEQUATELY TESTED INTERVENTIONS

Intervention

Control

Outcome Measure

Short Term

Medium Term

Long Term

Interventions with inadequate testing

Hip-and-knee-targeted
exercise therapy

Wait and see

Pain (1 study)

Function (1 study)

Hip-and-knee-targeted
exercise therapy

Knee-targeted exercise
therapy

Pain (1 study)

Positive, low certainty
1.05 (0.29, 1.80)
Positive, high certainty

1.41(0.61, 2.21)

Positive, moderate certainty,
2.37(1.63,3.12)"

Positive, moderate certainty,
3.22 (2.35,4.09)"

Function (1 study)

Positive, moderate certainty,
1.86 (1.18, 2.54)"

Positive, moderate certainty,
1.76 (1.09, 2.42)"

Hip-and-knee-targeted

Pain (4 studies)

Positive, very low certainty
1.17 (0.45, 1.89)

Positive, very low certainty
0.40 (0.05, 0.74)

exercise thera Eduatey Positive, | rtaint: Neutral I rtaint:
py Function (3 studies) ositive, low certainty eutral, very low certainty
1.22(0.17,2.27) 0.26 (-0.08, 0.61)
Hip-and-knee-targeted . Positive, moderate certainty
Education Outcome (1 stud:

exercise therapy ( ¥) OR 28.85 (1.55, 537.96)
e e Pain (2 studies) Positive, moderate certainty | Neutral, moderate certainty Neutral, low certainty

N . 0.34 (0.02, 0.66) 0.17 (-0.14, 0.49) 0.19 (-0.17, 0.55)
exercise therapy and Education

education

Function (2 studies)

Neutral, moderate certainty
0.02 (-0.29, 0.34)

Neutral, moderate certainty
-0.06 (-0.38, 0.25)

Neutral, low certainty
0.05 (-0.31, 0.40)

Posterior hip-targeted
exercise therapy

Anterior hip-targeted
exercise therapy

Pain (1 study)

Neutral, very low certainty

Neutral, very low certainty

-0.11 (-0.66, 0.43) -0.11 (-0.43, 0.66)
Function (1 study) Neutral, very low certainty | Neutral, very low certainty
-0.03 (-0.88, 0.22) -0.33 (-0.65,0.22)

Hip-and-knee-targeted
exercise therapy and dry
needling

Hip-and-knee-targeted
exercise therapy

Pain (2 studies)

Neutral, low certainty,
-1.17 (-3.25, 0.91)

Function (2 studies)

Hip-and-knee-targeted
exercise therapy and
vibration therapy

Hip-and-knee-targeted
exercise therapy

Pain (2 studies)

Neutral, very low certainty
1.41 (-0.63, 3.44)

Function (2 studies)

Positive, very low certainty
1.59 (0.95, 2.23)

Hip-and-knee-targeted
exercise therapy and
mindfulness meditation

Hip-and-knee-targeted
exercise therapy

Pain (1 study)

Neutral, very low certainty
0.44 (-0.29, 1.17)

Positive, very low certainty
1.07 (0.29, 1.84)

Function (1 study)

Neutral, very low certainty
0.02 (-0.70, 0.73)

Positive, very low certainty
0.88 (0.13, 1.64)

Hip-and-knee-targeted
exercise therapy and
motor control exercise

Hip-and-knee-targeted
exercise therapy

Pain (1 study)

Neutral, very low certainty
0.29 (-0.38, 0.97)

Neutral, very low certainty
0.19 (-0.48, 0.87)

Function (1 study)

Neutral, very low certainty
050 (-0.19, 1.18)

Neutral, very low certainty
031 (-0.36,0.99)

Open chain knee-targeted
exercise therapy

Closed chain knee-
targeted exercise therapy

Pain (1 study)

Neutral, very low certainty
0.15 (-0.54, 0.84)

Function

Exercise therapy with
feedback

Exercise therapy without
feedback

Pain (1 study)

Function (1 study)

Neutral, very low certainty
0.34 (-0.28, 0.97)

Hip-and-knee-targeted
exercise therapy and
patellar taping

Hip-and-knee-targeted
exercise therapy

Pain (1 study)

Positive, low certainty
1.92 (0.61, 3.31)

Function (1 study)

Positive, low certainty
2.13(0.73,3.52)

Hip-and-knee-targeted
exercise therapy and
placebo taping

Hip-and-knee-targeted
exercise therapy

Pain (1 study)

Neutral, very low certainty
0.94 (-0.20, 2.09)

Function (1 study)

Neutral, very low certainty
-0.07 (-1.14, 1.01)

Downloaded from www.jospt.org at on March 12, 2026. For personal use only. No other uses without permission.

Copyright © 2022 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

Hip-and-knee-targeted
exercise therapy and
patellar kinesio taping

Hip-and-knee-targeted
exercise therapy

Pain (1 study)

Neutral, very low certainty
0.11 (-1.04, 1.26)

Function (1 study)

Neutral, very low certainty
-0.05 (~1.20, 1.09)

Hip-and-knee-targeted
exercise therapy and
femoral kinesio taping

Hip-and-knee-targeted
exercise therapy

Pain (1 study)

Neutral, very low certainty
0.14 (-0.92, 1.19)

Function (1 study)

Neutral, very low certainty
-0.18 (-1.24, 0.88)

Pain (1 study)

Positive, low certainty
1.11(0.51,1.71)

Bracing Education | : :
Function (1 study) Neutral, very low certainty
0.23 (-0.32,0.79)
Positive, low certaint
Foot orthoses Wait and see Outcome (1 study) il C e g7

OR 17.10 (1.89, 154.84)

Combined interventions
and foot orthoses

Combined interventions

Outcome (1 study)

Neutral, vey low certainty,
OR 3.91 (0.76, 20.13)

Neutral, vey low certainty,
OR 1.03 (0.35, 3.05)

Foor orthoses and foot-
targeted exercise therapy

Knee-targeted exercise
therapy

Pain (1 study)

Positive, low certainty
0.98 (0.24, 1.72)

Neutral, low certainty
0.59 (-0.12, 1.30)

Function (1 study)

Neutral, low certainty

0.63 (-0.08, 1.35)

Neutral, low certainty
0.37 (-0.33, 1.07)
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Intervention

Control

Outcome Measure

Short Term

Term

Long Term

Interventions with inadequate testing

Pulsed shortwave

Placebo pulsed shortwave

Pain (1 study)

Function (1 study)

Positive, low certainty
1.52 (0.8, 2.23)

Pulsed shortwave and
exercise therapy

Exercise therapy

Pain (1 study)

Positive, moderate certainty
2.76 (2.15, 3.36)

Function (1 study)

Positive, moderate certainty
1.66 (1.16, 2.16)

Lazer

Sham lazer

Outcome (1 study)

Neutral, very low certainty
OR 2.67 (0.67, 10.58)

Hip-and-knee-targeted
exercise therapy and
neuromuscular
stimulation

Hip-and-knee-targeted
exercise therapy

Pain (1 study)

Neutral, low certainty

Neutral, very low certainty

Neutral, very low certainty

-0.78 (-1.67,0.12) 0.19 (-0.48, 0.87) -0.31 (-1.18, 0.55)
Function (1 study) Neutral, low certainty Neutral, low certainty Neutral, low certainty
-0.81 (-1.71, 0.09) -0.61 (-1.49, 0.27) -0.80 (-1.69, 0.20)

Pain (1 study)

Neutral, very low certainty

Standard neuromuscular  |Variable neuromuscular 0.00 (-0.46, 0.46)
stimulation stimulation i
imulati imulati Function (1 study) Neutral, very low certainty
0.26 (-0.29, 0.62)
Knee-targeted exercise Knee-targeted exercise Pain (1 study) e, ey ety
8 8 0.74 (-0.11, 1.58)

therapy and botox
injection

therapy and placebo
injection

Function (1 study)

Positive, very low certainty
0.93 (0.07, 1.79)

Spinal manipulation

Trigger point therapy

Pain (1 study)

Negative, very low certainty
-1.04 (-1.81, -0.27)

Function (1 study)

Neutral, very low certainty
-1.53 (-2.36, 0.70)

Step rate retraining
combined with education

Education

Pain (1 study)

Neutral, very low certainty
-0.18 (-0.88, 0.52)

Neutral, very low certainty
-0.28 (-0.99, 0.42)

Function (1 study)

Neutral, very low certainty
-0.33 (-1.03,0.38)

Neutral, very low certainty
-0.27 (-0.97, 0.42)

Step rate retraining and
minimalist shoes

Foot orthoses

Outcome (1 study)

Positive, low certainty
OR 15.00 (1.03, 218.30)

Psychologically informed
video

Sham video

Pain (1 study)

Positive, low certainty
0.47 (0.02, 0.92)

Function (1 study)

Key
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Positive

Neutral

Negative

Moderate | Moderate | Moderate
Low Low Low
Verylow | Verylow | Verylow
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