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Abstract

Objective The aim of the study was to investigate the effectiveness of strengthening exercise compared to other
conservative treatment methods to reduce pain and improve functional abilities for patellofemoral pain.

Methods MEDLINE, Physiotherapy Evidence Database, Scopus, Cochrane Central Register of Controlled Trials and
Embase were the databases consulted from inception until June 2024. Randomised controlled trials (RCTs) were
included with patients diagnosed with patellofemoral pain, adolescents over 16 years of age and adults up to 44
years of age, athletes and non-athletes, regardless of gender, and in which pain recorded at 4-6 weeks or 8-12 weeks
follow-up was the primary outcome. Functional evaluation scales of the knee as the Anterior Knee Pain Scale, with a
follow-up of 8-12 weeks or 6 months were secondary outcome.

Results Database search yielded a total of 1,654 papers and 12 papers were included. The meta-analysis on the
change in pre- and post-treatment pain at 4-6 weeks and 8-12 weeks showed an average reduction of -1.44 (Cl. -2.20;
-0.67) for 601 patients included and -0.8 (CI -1.23; -0.37) in favour of the intervention group with exercises for 719
patients. In subgroup analysis performed for woman population, the mean difference in pain reduction was -2.81 (Cl
-4.39;-1.23). At 8-12 weeks, standardized mean difference for functional outcomes, in pre-post treatment variation
between the two groups was 0.08 (Cl -0.07; 0.24) in favour of the intervention for 685 patients included. A very low
and low level of certainty of the evidence was recorded based on Risk of Bias analysis and GRADE method.

Conclusion A positive effect in the use of muscle strengthening strategies in the treatment of patellofemoral
pain was highlighted, albeit with a low level of certainty of the results. Women benefit most from treatment with
strengthening exercises.
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Introduction

Patellofemoral pain (PFP) is a common condition with
an annual prevalence of 22.7% in the general population
and 28.9% among adolescents. In particular adolescent
female athletes are affected by this condition [1]. Pain
appears mainly in the anterior aspect of the knee and ret-
ropatellar or peripatellar pain appears during activities of
daily living, such as walking, running or kneeling [2, 3].
The persistent or recurrent nature of PFP can limit social,
sports and work activity and therefore reduce the quality
of life in patients who suffer from it [4].

Diagnosis is made mainly by clinical evaluation using
patellar grinding, apprehension tests and palpation
of patellar edges, knee resisted isometric tests and by
excluding other pathologies such as iliotibial band syn-
drome, tendinitis and knee arthritis 3, 5, 6]. Treatment is
mainly conservative not surgical [7]. The literature shows
beneficial treatment for the management of PFP can be
achieved by orthotic devises for the correction of move-
ment mechanics, taping, educational therapy and exer-
cise [2—-4, 8-10]. In a systematic review, supported by
weak but coherent evidence, Van der Hejden et al. [11]
showed that exercise had a significantly positive effect on
the reduction of pain and improvement in the patient’s
mobility. Their results were mainly based on comparing
exercise therapy and placebo or wait and see. The same
findings were supported by the systematic review by Neal
et al. [12] in which different exercise programs were com-
pared with each other, while the comparison between
treatment with strengthening exercises and other types
of conservative treatment was poor. Only a few recent
studies have made comparisons with other types of treat-
ment. After reviewing the available guidelines on PFP
treatment, Winters et al. [13] concluded that the evidence
to indicate the best type of conservative treatment was
insufficient. The evaluation of the efficacy of therapeutic
strengthening exercise for patients with PFP must take
into account three fundamental factors: pain as a subjec-
tive outcome, impossibility of using a placebo treatment
and the difficulty of differentiating exercise programmes.
It is important to keep in mind that, due to the nature of
the conservative treatments proposed, studies cannot be
blinded with respect to the patient allocation group. At
the same time, pain is an outcome that could be strongly
influenced by the patient’s knowledge of the study group
they belong to. These considerations reinforce the idea of
the need that treatment with exercise cannot simply be
compared with no treatment or wait and see treatment
but must be compared with another type of conserva-
tive treatment. Recent systematic reviews have taken into
consideration the comparison between different types
of strengthening exercises, differentiating according to
the target muscle groups of the exercise such as proxi-
mal muscle groups, hip muscle groups and knee muscle
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groups [12, 14—17]. In clinical practice, the activation of
a target muscle group during a therapeutic exercise very
often involves the simultaneous activation and strength-
ening of other related muscle structures. Achieving
complete selectivity in targeting a single muscle group is
therefore challenging. For this reason, the present review
did not differentiate between exercise programs focused
exclusively on strengthening the quadriceps and those
aimed at the proximal or hip muscles. Furthermore, this
approach was in line with the results of previous reviews,
which did not demonstrate the superiority of one type of
strengthening over another.

The aim of the present systematic review was to investi-
gate the effectiveness of strengthening exercise compared
to other conservative treatment methods to reduce pain
and improve functional abilities in patients diagnosed
with PFP.

Materials and methods

Information sources and search strategy

This paper was drafted following PRISMA 2020
guidelines and the “Cochrane Handbook for System-
atic Reviews of Interventions” [18]. The protocol was
registered in the PROSPERO database under code
CRD42023444137. MEDLINE, Physiotherapy Evidence
Database (PEDro), Scopus, Cochrane Central Register
of Controlled Trials (CENTRAL), and Embase were the
databases consulted to search for papers. The research
had no limits in relation to language and year of publi-
cation but was conducted from inception until in June
2024. The search strings were constructed according to
the PICO methodology by combining free search terms
with Mesh terms and adapting the different strings to
the specific characteristics of the databases. The main
terms agreed through a consultation of experts in this
field and used for the research were “patellofemoral pain
syndrome” and “anterior knee pain syndrome” for pop-
ulation identification and “muscle strength’, “exercise’,
“muscle strengthening” and “resistance training” for the
definition of the intervention. A summary of the research
strings is shown in supplementary materials (Tab. S1).

Eligibility criteria

Randomised controlled trials (RCTs) were included
to evaluate the benefits obtained with strengthening
exercises compared to other conservative treatments.
According to the structuring of the PICO, the eligibility
criteria included the following elements.

+ Population: participants in the studies were patients
with a medical diagnosis of patellofemoral pain,
adolescents older than 16 years and adults up to 44
years of age, athletes and non-athletes regardless
of gender. Patellofemoral pain was to be defined
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as characterized by retropatellar or peripatellar

pain following a biomechanical alteration of the
patellofemoral joint and persisting at least for

more than 4 weeks. Pain had to be exacerbated

by the activity of climbing or descending stairs,
squatting, or sitting with bent knees. Studies that
included patients diagnosed with chondromalacia,
osteoarthritis, or other knee pathologies such as
trauma and ligament injuries were excluded from the
analysis.

« Intervention: the intervention treatment was
defined as a program of exercises aimed at muscle
strengthening which might involve one or more
body areas such as the trunk, pelvis or lower
limbs. Exercises were carried out with or without
the use aids and the different training programs
were recorded to evaluate their similarities and
differences.

+ Control: the intervention treatment had to be
compared with other conservative treatments such
as exercises not aimed at muscle strengthening,
re-education, orthotics, taping, or patellar
mobilization techniques. Comparison with no
treatment, such as wait and see or the presence of
forms of muscle strengthening exercise also in the
comparison treatment were reasons for exclusion.

+ Outcome: Pain was the primary outcome of
the study. Papers were examined that assessed
pain directly through the use of a pain intensity
measurement scale, such as the Visual Analogue
Scale (VAS) or the Numeric Rating Scale (NRS)
which have been indicated with a range from 0 to
10 to facilitate comparison. Pain at rest, usual pain
or worst pain were all included. Pain had to be
recorded at 4—6 weeks or 8—12 weeks follow-up.
As a secondary outcome, functional evaluation
scales of the knee with a follow-up of 8-12 weeks
or 6 months, such as the Anterior Knee Pain Scale
(AKPS), were considered [19]. The Kujala AKPS is
a 13-item self-report questionnaire that assesses
subjective reactions to particular activities and
symptoms that are known to correlate with anterior
knee pain. It is a scale designed for this pathology
and commonly used in studies [20]. It is graded on a
scale of 0 to 100, with 100 being the highest possible
score, signifying normal physical abilities with no
evidence of disease.

Selection and data collection process

The Rayyan Intelligent Review application (https://ww
w.rayyan.ai/) [21] was used for screening and was car-
ried out by two reviewers (EV, CG) blind to each other,
by progressively analysing titles, abstracts and text of
the papers. When the two reviewers could not reach
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an agreement, a third reviewer (RR) was asked to make
a decision. A structured checklist, planned before the
beginning of the study and agreed upon by all reviewers,
was used to retrieve data from the studies included. Two
reviewers were involved in the data extraction process
(AC, EV) and a third reviewer checked the collected data
(MM).

Data on the general characteristics of the studies were:
name of the first author and year of publication, country
where the study was carried out, sample size, age and sex
of the population involved, inclusion and exclusion cri-
teria, follow-up times, outcome measures (pain and/or
function) and study drop-out rates. The description of
treatment and control involved the collection of some
specific data as far as possible set out in line with TIDIeR
— Reporting [22], such as the exercise plan, training dura-
tion length, training program duration, the setting in
which the treatment was carried out (at home or in the
clinic) and the method of execution (supervised or inde-
pendent). Extracting quantitative data for meta-analysis
involved collecting the following data for the interven-
tion group and control group: mean and standard devia-
tion pre- and post-treatment, mean difference pre- and
post-treatment and relative standard deviation, mean
difference control group — intervention group and rela-
tive confidence intervals and p-value of the statistical test
used.

Study risk of bias (ROB) assessment

Two authors (VP; RR) separately performed the Risk of
Bias (RoB) analysis for each study included in the review,
using the RoB2 tool. The Cochrane Handbook for Sys-
tematic Reviews of Interventions was taken as refer-
ence for the analysis [21]. The following domains were
considered: randomisation process, deviations from the
intended intervention, handling of missing data, outcome
measurement methods, data return methods. When dis-
crepancies in evaluation emerged, these were discussed
by the two reviewers and, if necessary, a third reviewer
(MM) was involved.

It should be remembered that pain was an outcome
evaluated by the patient who was not blinded to its
administration or their group of allocation (intervention
vs. control). Therefore, the reviewers agreed to attribut-
ing a Risk of Bais to all the studies. This risk varied from
some concerns to high risk with regard to the domain
related to the outcome used. This aspect was considered
in the summary evaluation of the quality of the studies
and for this reason the reviewers decided not to report
the overall RoB score of the individual studies. The RoB
graph was created through RobVis visualization tool [21,
23].
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Synthesis methods

A descriptive summary of the data extracted from the
studies was provided. The data on the difference in usual/
rest pain between pre- and post-treatment recorded at
4—6 weeks and 8—12 weeks of follow-up and the data on
the difference in knee functional assessment pre- and
post-treatment measured at 8—12 weeks and 24 weeks
were used to perform the respective meta-analyses.
Given the continuous nature of the outcomes considered,
we used the mean difference (MD) or standardised mean
difference (SMD) where necessary. Data were analyzed
with Review Manager (RevMan; The Cochrane Collabo-
ration, London, UK) software. Clinical relevance was
judged according to the minimal difference reported by
Crossley [24]: for AKPS it was 10 (out of 100) points and
for VAS 2 cm (out of 10 cm). The random-effects meta-
analysis model, a more conservative approach than the
fixed-effects model, was used to combine the results. It
was assumed that clinical and methodological heteroge-
neity existed between the different studies. The charac-
teristics of physiotherapy treatments, which inherently
vary in their application, and patient characteristics,
which differ in duration of pain, activity levels and under-
lying biomechanical factors contributing to their con-
dition, are likely to have an impact on the results. Data
heterogeneity was analysed using the 12 test. Heteroge-
neity was considered substantial when the 12 exceeded
50%. To explain possible study heterogeneity, a sensitiv-
ity analysis was planned, considering articles where the
study population was composed of only women or only
athletes. A further analysis was performed on the basis of
the methodological quality of the studies according to the
Risk of Bias assessment, considering only articles with
low risk of Bias. The decision was made to analyse pub-
lication bias using the Funnel Plot if the meta-analysis
included at least 10 studies [25].

The GRADE method was applied to evaluate and sum-
marise the evidence, whereas the GradePRO programme
was used to construct the “Summary of findings” table
(https://www.gradepro.org/) [26]. The table shows the
data for the primary outcomes taken into account in the
review, and reported the overall quality of the evidence
from the selected studies and the magnitude of the effect
produced by the intervention examined. The authors
downgraded the evidence from ‘high quality’ by one level
for severe (or by two for very severe) study limitations
(risk of bias), indirectness of evidence, severe inconsis-
tency, imprecision of effect estimates or potential publi-
cation bias.

Results

Study selection and characteristics

The database search yielded a total of 1,654 papers, of
which 878 were discarded because they were duplicates.
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The remaining 776 papers were subjected to the screen-
ing process that allowed 12 papers to be included in the
qualitative and quantitative analysis [27—38] (Fig. 1). The
list of papers excluded after reading the full-text and the
reason for exclusion is presented in the supplementary
file (Tab.S2).

The baseline characteristics of the included articles are
summarised in Tables 1 and 2 (Appendix). Pain assess-
ment was performed in 9 studies [27, 29-34, 36, 37] using
the VAS scale and in three studies [28, 35, 38] using the
NRS, whereas in 4 studies [30—32, 34] usual pain or pain
during daily activities was differentiated from the worst
perceived pain or pain during physical activity (Table 3).
In this systematic review, usual pain or pain during daily
activities was used as the outcome measure.

Functional assessment was not measured in three stud-
ies [25,29,32], whereas in two other studies [24,27] it was
done with a 6-week follow-up, a timeframe that was not
considered in the present study. The AKPS was the most
widely used scale for assessing function, being present in
6 studies [28, 31, 32, 35, 37, 38].

The mean age of the enrolled patients ranged from 22
to 34 years and in three studies [28, 29, 37] only women
were enrolled. The sample sizes of the studies ranged
from 30 to 218 patients in the study by Matthews [35]. In
4 studies [29, 30, 33, 37] enrolment consisted of a popula-
tion of athletes.

Ten papers [28-31, 33-38] reported intervention by
exercise treatment under the supervision of a physiother-
apist, whereas the remaining two papers [27, 32] reported
a mixed method of intervention. Five papers [29, 32, 35—
37], reported types of exercises with a specific focus on
strengthening the knee or hip muscles. The treatment
was carried out in 4 studies [30, 31, 34, 38] at the patient’s
home, in 2 studies [27, 32] in a mixed manner (home and
clinic) and in the remaining studies [28, 29, 33, 35-37] at
a clinic. The most common treatment plan was 3 physio-
therapy sessions per week with a heterogeneous duration
from 20 to 60 min for 6 to 12 weeks. The most commonly
used control treatment was re-education combined or
not with other types of treatment such as taping, the use
of orthoses and stretching exercises. Five papers [32-35,
38] reported unsupervised control treatment.

Risk of bias in studies

The randomization domain had a low level of risk in most
studies. The risk of bias was moderate only in 3 studies
[27, 30, 33] due to the lack of specific information on the
conciliation procedures implemented. The domain relat-
ing to the evaluation of the outcome measured in the
studies was assessed with a moderate level of risk for all
papers in accordance with the considerations reported
in the methods of the present review. A high risk of bias
was found in only two studies [35, 38] in a single domain
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Identification of studies via databases and registers

Identification

Screening

Records identified from*:
Databases (n = 1169):
- Pubmed n= 225
- PEDron =244
- Scopus n = 503
- Embase n =197
Registers (n = 455):
- Cochrane n = 455
Total n of records identified = 1624

Records removed before
screening:
Duplicate records removed
(n = 848)

'

Records screened

Records excluded**
(n = 745)

(n=776)

Reports sought for retrieval

(n = 31)
I

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=231)

Reports excluded:
Wrong Study Design (n =
Wrong Population (n = 6)
Wrong Intervention (n = 4)
Wrong Outcome (n = 7)

2)

[ Included ] [

Studies included in review
(n=12)

Reports of included studies
(n=12)

Studies included in the Meta-analysis

(n=12)

Fig. 1 PRISMA 2020 flow diagram
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for both relating to data management and reporting. The
summary of the RoB assessment is presented in Fig. 2
(Fig. 2).

Results of syntheses

Results of individual studies are shown in Tables 4a and
4b (Appendix). Overall, 12 studies were included in the
meta-analysis. With the exception of the study by Mat-
thews [35] in relation to functional recovery, all studies
reported both pre- and post-treatment values for pain
and function. Therefore, rather than a precise estimate
of the post-treatment average, an estimate of the pre-
post treatment difference of the different outcomes and
the different follow-ups (4—6 and 8-12 weeks) could
be used as an outcome in the meta-analyses. The meta-
analysis on the change in pre- and post-treatment pain
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at 4—6 weeks and 8-12 weeks showed an average reduc-
tion of -1.44 (CL -2.20; -0.67) and -0.8 (CI -1.23; -0.37)
in favour of the intervention group with exercises (Fig. 3).
The number of patients involved was 601 and 719 respec-
tively. Heterogeneity was 87% in the meta-analysis
relating to the first follow-up and 0% in the case of the
second follow-up. The sensitivity analysis on the female
population was not able to explain the heterogeneity of
the meta-analysis of pain at 4—6 weeks (Fig. 4). In this
case the mean difference in pain reduction was -2.81 (CI
-4.39; -1.23) and the pain outcome was measured with a
follow-up that varied from 4 to 8 weeks to allow 3 papers
to be used within the same meta-analysis. The sensitivity
analysis for pain at 4—6 weeks, with respect to the quality
of the studies, was performed by examining the studies
that presented a low level of risk for all domains except

Risk of bias domains

Study

00000 OOOOOO

OO0 O0OO®

000000 OOOOOO

@000 O0OOOOOO
OOOOOOOOOOOO

Domains:

D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data. -

Judgement

@ Hion

Some concerns

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Fig. 2 Risk of bias

. Low
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A. pain at 4-6weeks;
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
da Silva Boitrago et al., 2021 -48 25 30 -06 32 30 101% -4.20[5.65,-2.75]
Emamvirdi etal., 2019 -3 2 32 01 1.8 32 129% -310[-4.03,-217] = ==
Esculier etal., 2017 EG vs CG combine 1.6 21 23 12 14 46 12.8%  -0.40[-1.35, 0.55] i
Hong etal. 2023 =25 4.3 19 -02 1.4 19 133% -2.30[3.16,-1.44] —
Hott et al., 2019 EG combine vs CG 15 27 7% -08 3 36 11.7% -0.60[1.75, 0.55] =T
Matthews et al., 2019 EG1 vs CG1 1.2 33 24 18 03 25 10.8% 0.60 [-0.73,1.93] =T —
Matthews etal., 2019 EG2 vs CG2 =18 31 85 -1.2 34 84 126% -0.60[1.58, 0.38] —
Mikaili et al., 2024 -49 02 20 -38 041 20 159% -1.10[-1.20,-1.00] .
Total (95% CI) 309 292 100.0% -1.44[-2.20,-0.67] ’
Heterogeneity: Tau?= 0.95; Chi*= 52.53, df= 7 (P < 0.00001); F=87% 4_1 0 45 ) i 105
Testfor overall effect: Z= 3.69 (P = 0.0002) Favours [experimental] Favours [control]
B. pain at 8-12 weeks;

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Clark et al., 2000 EG combine vs CG -44 53 40 -26 59 19 19% -1.80[-4.92,1.32] 2000 —
Lun etal., 2005 19 33 34 -27 29 32 8.2% 0.80[-0.70, 2.30] 2005 =
van Linschoten et al., 2009 =28 3% 65 -1.4 38 66 11.2% -1.10[-2.38,0.18] 2008 i
Lee etal, 2014 EG combine vs CG 1119 24 0 22 10 76% -1.10[-2.66,0.46] 2014 [
Esculieretal,, 2017 EG vs CG combine =212, 24 23 16 23 46 157%  -060[-1.69,049 2017 -7 [
Saad etal., 2018 EG combine vs CG -52 19 20 -39 08 10 18.4% -1.30[-2.30,-0.30] 2018 e
Hottetal., 2019 EG combine vs CG -16 28 76 -05 28 36 150% -1.10[2.21,0.01] 2019 .
Matthews et al., 2019 EG1 vs CG1 T8 35 24 -16 36 25 47% -010[-2.09,1.89 2019 —
Matthews et al., 2019 EG2 vs CG2 -22 31 85 -15 37 84 17.4% -0.70[-1.73,0.33] 2019 e 1
Total (95% ClI) 391 328 100.0% -0.80[-1.23,-0.37] L 2
Heterogeneity: Tau®= 0.00; Chi*= 7.02, df= 8 (P = 0.53); F= 0% ?_1 0 ?5 3 t 105
Test for overall effect: Z= 3.64 (P = 0.0003) Favours [experimental] Favours [control]

C. function at 8-12 weeks
Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Clark et al., 2000 EG combine vs CG 137 167 40 125 229 19  7.9% 0.06 [-0.48, 0.61] o
Esculieretal.,, 2017 EG vs CG combine 189 138 23 164 151 46 9.4% 0.17 [[0.33, 0.67) T
Hott et al., 2019 EG combine vs CG 79 174 76 78 18 36 15.0% 0.01 [-0.39, 0.40) =
Lun etal., 2005 5 127 34 7 106 32 101% -0.17 [-0.65, 0.32) =
Matthews et al., 2019 EG1 vs CG1 798 9 85 785 136 84 26.0% 0.11[-0.19,0.41) =
Matthews et al,, 2019 EG2 vs CG2 775 93 24 79 131 25 75% -0.13[-0.69,0.43] == T,
Saad etal., 2018 EG combine vs CG 138 .92 200 412 113 10 41% 0.25[-0.51,1.02) B -
van Linschoten et al., 2009 144 208 65 9 233 66 20.0% 0.24 [-0.10, 0.59] ™
Total (95% ClI) 367 318 100.0% 0.08 [-0.07, 0.24] %

Heterogeneity: Tau®*= 0.00; Chi*= 2.92, df=7 (P = 0.89), F=0%

Test for overall effect: Z= 1.06 (P = 0.29)

Fig. 3 Primary meta-analysis performed

for domain 4 which was not considered. The meta-anal-
ysis did not provide an explanation for the increased
heterogeneity (Fig. 4). With regards to the population of
athletes, the analysis of pain at 8—12 weeks confirmed
a heterogeneity of 0% with an average reduction of -1.0
(CI-1.67; -0.33) (Fig. 4) which was in line with the analy-
sis carried out on all types of patients. In relation to this
outcome, it was not possible to perform a meta-analysis
on studies with low risk of bias as only one of the studies

quality criteria.

%) i

-4 0
Favours [control] Favours [experimental]

included in the meta-analysis fell within the hypothesized

The meta-analysis on functional outcomes was per-
formed only on the 8-12 week follow-up (Fig. 3), since
none of the included studies reported an outcome with
a 24-week follow-up. The standardized mean differ-
ence in pre-post treatment variation between the two
groups was 0.08 (CI -0.07; 0.24) in favour of the interven-
tion with a statistical heterogeneity of 0% and an overall

number of 685 patients. It was not possible to carry out
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A. Pain at 8-12 weeks for athletes
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Lee etal., 2014 EG combine vs CG 11 19 24 0 22 10 182% -1.10[-2.66,0.46] 2014 T
Esculier etal., 2017 EG vs CG combine =22, 24 23 -16 23 46 376% -060[-1.69, 049 2017 —%
Saad etal, 2018 EG combine vs CG -52 19 20 -39 09 10 442% -1.30[2.30,-0.30] 2018 ——
Total (95% CI) 67 66 100.0% -1.00[-1.67,-0.33] i
Heterogeneity: Tau®= 0.00; Chi*= 0.88, df= 2 (P = 0.64); F= 0% 34 f2 é i
Test for overall effect Z=2.94 (P = 0.003) Favours [experimental] Favours [control]
B. Pain at 4-8 weeks for female

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Saad etal., 2018 EG combine vs CG <52 19 20 -39 09 10 347% -1.30[2.30,-0.30] 2018 —
Emamvirdi et al., 2019 -3 2 32 01 18 32 353% -3.10[4.03,-217] 2019 —
da Silva Boitrago et al., 2021 -48 25 30 -06 32 30 300% -4.20[-5.65-2.75 2021 —
Total (95% CI) 82 72 100.0% -2.81[4.39,-1.23] il
Heterogeneity: Tau*= 1.61; Chi*=12.22, df= 2 (P = 0.002); F= 84% f1 0 95 o é 10#

Test for overall effect. Z= 3.48 (P = 0.0005)

C. Pain at 4-6 weeks for studies with low ROB

Favours [experimental] Favours [control]

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
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Test for overall effect. Z= 2.56 (P = 0.01)

D. Function at 8-12 weeks for AKPS scale

i, =2 W 2 &
Favours [experimental] Favours [control]

Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
van Linschoten et al., 2009 144 208 65 9 233 66 11.0% 540[2.16,12.96] 2009 5
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Hott etal., 2019 EG combine vs CG 79 174 76 7.8 19.01 36 11.7% 0.10[-7.24,7.44] 2019
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Test for overall effect: Z=1.01 (P=0.31)

Fig. 4 Sensitivity and sub-groups meta-analysis

further sub-analyses in relation to the specific popula-
tions formed by women or athletes or in relation to the
methodological quality of the studies. The sub-analysis
which included the 4 studies,[28,31,33,34] which used
the same assessment scale, i.e. the AKPS at 8—12 weeks,
presented a mean difference in change in the scale score
of 1.30 (CI: -1.21; 3.81) with a p value of 0.31 (Fig. 4).

Favours [control] Favours [experimental]

Reporting bias

A funnel plot was calculated for all primary meta-analy-
ses. In the case of the meta-analysis of pain at 4—6 weeks
there is a more uncertain result which does not allow us
to reach a definitive conclusion. The funnel plot relat-
ing to the meta-analysis of pain and function at 8-12
weeks, also involving a greater number of studies, helps
the authors to exclude the risk of publication bias with
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greater certainty. Based on these findings, risk of publi-
cation bias is limited although it cannot be completely
excluded.

Certainty of evidence

The results of the present analyses are summarized in
the “Summary of Findings” (Table 5). with regard to pain
measured at 4-6 weeks, there was a very low level of
certainty of the evidence with a downgrade by one level
attributed for three domains by GRADE: the quality of
the studies, the high level of heterogeneity and the impre-
cision of the estimated effect. For pain and functional
recovery at 8—12 weeks the level of certainty was low
with a downgrade by one level for the domains related to
the quality of evidence and the imprecision of the esti-
mated effect.

Discussion

The aim of this systematic review was to compare the
effectiveness of physiotherapy programs focused on
strengthening exercises with other types of conservative
treatment with regards to reducing pain and improving
function in patients with PFP. This meta-analysis showed,
for both outcomes considered, an efficacy in favour
of the experimental treatment. Despite the number of
papers included and large sample size, the extent of the
improvement measured and the characteristics of the
studies included imply a certain caution in the interpreta-
tion of the results and relative choices in clinical practice.
The level of certainty of the evidence for these findings
ranged from very low to low, indicating the need for fur-
ther studies to determine which conservative treatment
is truly most effective.

The improvement in pain in favour of treatment with
therapeutic strengthening exercises was more marked in
the first follow-up period at 4—6 weeks. The reduction in
pain pre-post treatment was equal to 1.4 points on the
VAS/NRS scale with a statistical significance (p<0.001)
and a very low level of certainty. This reduction from a
clinical point of view is lower than the cut-off identified
in the literature, which is 2 points [24], and is in line with
the network meta-analysis of Winters et al. [13] where no
certainty was possible regarding the superiority of one
type of conservative treatment compared to another. For
these reasons the reported efficacy results must be inter-
preted with caution.

In the systematic review of Neal et al. [12], conducted
with regard to conservative treatments for patients with
PFP, strengthening exercises showed efficacy in relation
to pain in a follow-up short-term compared to the wait
and see treatment with a moderate level of certainty con-
sidering exercise as a single treatment and a low level of
certainty considering multiple treatments combined.
Both meta-analyses were based on the aggregate estimate
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of only 2 high-quality RCTs. When authors compared
the strength exercises with another type of conservative
treatment, the only analyses carried out were based on
a comparison between groups that performed exercise
programs which differed only for the target muscles to
be strengthened. The present review allows to deepen the
efficacy of therapeutic exercise of strengthening by high-
lighting how it can bring a greater benefit compared to
other types of conservative treatment.

Furthermore, if we consider a population composed
only of women, the improvement recorded by the rel-
evant meta-analysis at 4-8 weeks was 2.81 with an
improvement that became significant from both a sta-
tistical and clinical point of view. A reduction in the
force produced by the abductor muscles of the hip and
an increase in the valgus attitude of the knee have been
found to be significant elements in the onset of pain and
arthritis in women [39, 40] and might provide an expla-
nation for the best response to strengthening treatment
muscle in the case of PFP for women.

Statistical heterogeneity of the meta-analysis was sig-
nificant with the 12 score above 80% and showed the need
to read the results with caution. From a clinical point of
view, another aspect that might play a role in determin-
ing this level of heterogeneity was linked to the type of
exercise program used, which differed among various
papers and which would require greater standardization.
Starting from common aspects found among the stud-
ies (Appendix, Table 2), the intervention treatment that
might be envisaged in clinical practice and as the subject
of further studies might be based on 3 weekly sessions
lasting 30—40 min for a period of 6 weeks. From a quality
point of view of the studies, the meta-analysis supported
an improvement in favour of the intervention group but
did not provide useful elements to explain the statistical
heterogeneity.

The mean difference in pre-post treatment pain in
favour of the intervention was 0.8 VAS/NRS points at
8-12 weeks with statistical significance albeit with a
decreasing trend compared to the first evaluation at 4—6
weeks. This aspect highlights the need for further studies
with long-term follow-ups to test the ability of treatment
with strengthening exercises to maintain the improve-
ment obtained initially and also underlines the possibil-
ity of envisaging treatment plans repeated over time.
There was no statistical heterogeneity in this analysis
and it was not possible to perform a sensitivity analysis
with respect to the female population alone as there was
only one study available. The analysis performed on the
population of athletes highlighted very similar results to
the overall analysis with a reduction in symptoms of 1.0
VAS/NRS points with a statistical significance and het-
erogeneity of 0%. The reviewers attributed a low level of
certainty to the estimates made. In addition to the limited
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quality of the studies, the relevant meta-analysis shows
how almost all the studies included crossed the line of no
effect, making it difficult to have certainties regarding the
effectiveness of treatment (Fig. 3).

The meta-analysis on recovery of function was only
possible for the 8-12-week follow-up, and not for longer
follow-up periods. The standard mean pre-post treat-
ment difference between the intervention group and the
control group was estimated at 0.08 with a p value of 0.29
and a low level of certainty attributed to the estimate. All
the studies taken into consideration crossed the line of no
effect, resulting in a high imprecision of the estimate. The
included studies used 4 different assessment scales: the
AKPS, the KOS-ADL, the WOMAC and the Modified
Knee Function Scale.

Considering only those studies that used the AKPS
(Fig. 4) as an evaluation tool, the meta-analysis gave an
average difference in the pre-post treatment change in
function of 1.31 points. From a clinical point of view, the
minimum difference reported in the literature for AKPS
was 10 points, essentially highlighting a similar effect
between the strengthening exercise and the other conser-
vative treatments used.

Strength and limitations

This systematic review has some limits. The studies
included in the review did not allow to all the planned
aggregate analyses to be carried out, such as the func-
tional recovery evaluation at 6 months and all the
hypothesized sensitivity analyses. This also contributed
to the impossibility of fully investigating the statistical
heterogeneity that emerged in the meta-analysis of pain
at 4—6 weeks. Finally, the literature search did not involve
grey literature, although it is believed that this procedure
has resulted in a limited risk in the failure to include rel-
evant studies.

The present systematic review has enabled clarifica-
tion about the role of treatment with strengthening exer-
cises compared to other types of conservative treatment.
First of all, this choice obviates overestimating the effect
of exercise that might occur in a comparison with no
treatment and secondly limits any distortion of the effect
linked to the evaluation of a symptom closely linked
to the experience of the patient such as pain and at the
same time the impossibility of carrying out a real placebo
treatment.

Suggestions for future research

For the construction of future study protocols in this
area, it is important to consider different populations by
sex, standardized exercise programs and provide for pro-
longed follow-ups over time. The proposed exercise pro-
grams should be well described, the authors should also
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provide elements in relation to the possible tailoring and
adherence of the exercises.

Conclusion

Among conservative approaches of PFP patients, the
present systematic review highlighted a positive effect in
the use of muscle strengthening strategies in the treat-
ment, albeit with a low level of certainty of the results
due to methodological weakness of the studies. Women
with PFP are the population that may benefit more from
treatment with strengthening exercises in improving
short-term pain symptoms.
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