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A B S T R A C T

Objective: This research quantitatively studied the benefits of foot orthoses for patients with patellofemoral pain
syndrome (PFPS) from five aspects: pain intensity, knee function, sport and recreation function, knee symptoms,
and knee related quality of life.
Data sources: Potential articles were retrieved using five electronic databases (Web of Science, PubMed, Scopus,
China National Knowledge Infrastructure, and Wanfang). The search period was from inception to October 17,
2021.
Review methods: Two researchers independently completed record retrieval and selection, data extraction, and
methodological quality assessment. Pooled effect sizes were calculated using a random-effects model or fixed-
effect model and a 95% confidence interval (95% CI). Data from six randomized controlled trials (RCT)
meeting the inclusion criteria were extracted for meta-analysis with methodological quality assessment scores
ranging from seven to ten.
Results: Results showed that compared to the control group, foot orthoses can significantly improve knee function
(SMD ¼ -0.45[-0.74, -0.16], P ¼ 0.002, I2 ¼ 0%), and improve sport and recreation function (SMD ¼ -0.54[-1.04,
-0.03], P ¼ 0.04, I2 ¼ 0%). But the foot orthoses had no significant effect in pain intensity (SMD ¼ -0.01[-0.32,
0.30], P ¼ 0.95, I2 ¼ 64), knee injury symptoms (SMD ¼ -0.36[-0.86, 0.14], P ¼ 0.16, I2 ¼ 0%), and knee related
quality of life (SMD ¼ -0.45[-0.95, 0.05], P ¼ 0.08, I2 ¼ 0%).
Subgroup analysis of pain intensity showed that foot orthoses had some effect compared to flat/soft inserts (SMD
¼ -0.28[-0.57, 0.00], P ¼ 0.05, I2 ¼ 0%). The effect of other treatments (physiotherapy and gait retraining) was
significantly better than that of foot orthoses (SMD ¼ 0.45[0.09, 0.80], P ¼ 0.01, I2 ¼ 46%). Compared with
exercise alone, the effect of foot orthoses combined with exercise was more significant (SMD ¼ -0.98[-1.64,
-0.32], P ¼ 0.004).
Conclusion: The findings suggested that foot orthoses significantly improved knee function and sport and recre-
ation function in patients with PFPS, but had no significant effect on pain intensity, knee injury symptoms, and
knee related quality of life. This study supported the positive therapeutic effect of foot orthoses on PFPS.
1. Introduction

Patellofemoral Pain Syndrome (PFPS), also known as runner's knee
and anterior knee pain syndrome, is defined as increased pain in the area
behind or around the patella when the knee is bent and loaded with
weight [1]. In orthopedics and sports medicine, PFPS is considered to be
one of the important causes of knee pain [2]. Due to limited knee func-
tion, PFPS harms the patient's sports ability [3]. The study found that a
quarter of PFPS patients experience persistent symptoms for an average
.
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of 16 years after the initial symptoms [4]. The disease has a high
recurrence rate [4]. When the patients had patellofemoral pain repeat-
edly for a long time, it may eventually develop into osteoarthritis [5, 6].
Therefore, it is important to actively explore treatment strategies for
PFPF and effectively solve the actual problems of patients.

The occurrence of PFPS has both external and internal factors [2].
External factors include overtraining and inappropriate shoes, and internal
factors are due to abnormal foot movement [2]. That is to say, excessive
foot protonation may result in increased internal rotation of the tibia and
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femur and lateral displacement of the patella [7, 8, 9, 10], resulting in the
lower extremity in a dynamic valgus position [11, 12, 13, 14, 15]. Sub-
sequently, the knee valgus and quadriceps angle (Q angle) increase, which
leads to increased lateral stress of the patellofemoral joint (PFJ) [2].

At present, foot orthoses are a common method for the clinical
treatment of PFPS. It can improve the patient's foot movement and
activate the lower extremity muscles, thereby improving the symptoms
of PFPS. In the expert consensus on patellofemoral pain, foot orthoses are
recommended for short-term use to relieve pain [16]. Previous studies
have proposed two mechanisms for the treatment of PFPS with foot or-
thoses [17, 18]. The first is that the foot orthoses can reduce foot pro-
tonation, correct the movement trajectory of the PFJ, and improve
compensatory internal rotation of the lower extremity [17]. In the sec-
ond, the foot orthoses activate the lower extremity muscles, and the
enhanced vastus medialis muscle and gluteus medius reduce excessive
lateral movement of the patella [18].

In recent years, some studies have used foot orthoses to treat patients
with PFPS [17, 19, 20, 21, 22]. Some studies have used foot orthoses as a
single treatment, and others have chosen foot orthoses combined with
physical therapy or exercise therapy. Because of the differences in the
various intervention programs, the comprehensive effect of foot orthoses
cannotbedetermined. Bonacci et al. found that compared to foot orthoses, a
6-weekgait retrainingprogramhas a clinicallymeaningful effect on runners
with patellofemoral pain [21]. Shih et al. showed that the incidence of pain
decreased in the experimental group of runners wearing foot orthotics,
while there was no significant change in the control group wearing regular
insole [23]. The foot targeted exercises combined with foot orthoses for 12
weeksweremore effective than knee targeted exercises alone in individuals
with patellofemoral pain [19]. Thus, it is necessary to conduct a systematic
evaluation of the role of foot orthoses, provide valuable guidance and sug-
gestions to physical therapists and clinicians, and thereby provide better
medical services for patients with PFPS. Based on previous experimental
and theoretical studies on the treatment of PFFS by foot orthoses, the ob-
jectives of this studywere: (1) to investigate the benefits of foot orthoses on
PFPS from five aspects: pain intensity, knee function, sport and recreation
function, knee injury symptoms and knee related quality of life; (2) to
provide suggestions for the clinical applicationof foot orthoses in the future.

2. Methodology

This study complied with the Preferred Reporting Items for System-
atic Review and Meta-analyses Statement (PRISMA) [24] to ensure study
transparency. The protocol was registered with the trial registration
number CRD42021283945 under the International Prospective Register
of Systematic Reviews (PROSPERO).

2.1. Search strategy

We searched five electronic databases (PubMed, Web of Science, Sco-
pus, The Chinese National Knowledge Infrastructure (CNKI), and Wanfang
from inception throughOctober 17, 2021, to identify all relevant published
articles about the effect of foot orthoses for patients with PFPS. The search
terms are as follows: (1) "Foot orthoses" OR "Foot orthosis" OR "Foot or-
thotics" OR "Shoe orthotics" OR "Footwear" OR "Shoe insert" OR "Insole";
and (2) "Anterior knee pain" OR "Patellofemoral pain" OR "Patellofemoral
pain syndrome" OR "Patellofemoral osteoarthritis" OR "Chondromalacia
patellae". The two sets of terms are connected by AND, and the Chinese
translations of these terms are used in the Chinese database. In addition,
additional publications were manually identified by searching the refer-
ence lists of related studies to further identify relevant studies.

2.2. Eligibility criteria

2.2.1. Types of studies
Only peer-reviewed articles were considered in this study, and

included articles must be published in journals. The study included only a
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Randomized Controlled Trial (RCT). Some studies assign patients by
hospital number or date of birth, which does not meet RCT criteria.
Studies that did not involve any control group were excluded. Cross-
sectional studies, pre - and post-control designs with only one group,
and qualitative studies were all excluded. In addition, reviews, com-
ments, conference abstracts, and book chapters were excluded. Included
studies must be published in Chinese or English.

2.2.2. Types of participants
Inclusion criteria were as follows: (1) the participants were 18 years

old and above; (2) Participants were diagnosed with patellofemoral pain,
anterior knee pain, patellofemoral osteoarthritis, or chondromalacia
patellae; (3) Pain occurs in the behind or around the area of the patella
during tasks that increase the load of the PFJ (running, squatting,
jumping, kneeling, or sitting for a long time, etc.); (4) Patella tenderness
on palpation, or pain when stepping down or squatting on lower limbs.

2.2.3. Types of intervention
Interventions in the experimental group could be divided into:(1) foot

orthoses only; (2) Comprehensive treatment including foot orthoses (foot
orthoses combined with physiotherapy, exercise, and manual therapy).
The interventions in the control group were other than foot orthoses.
Studies in which both the experimental and control groups used foot
orthoses were excluded.

2.2.4. Types of outcome measures
Outcomemeasures of this study include pain intensity, knee function,

sports and recreation function, knee injury symptoms, and knee related
quality of life. The results of the included studies must include at least
one outcome measure mentioned above. Pain intensity was measured
using a visual analog scale (VAS), anterior knee pain scale (AKPS), and
pain subscales in the Knee injury and Osteoarthritis Outcome Score
(KOOS). Knee function was measured using the Kujala patellofemoral
score (KPS), the functional index questionnaire (FIQ), and the Activities
of daily living function subscales in the KOOS. Sport and recreation
function, knee injury symptoms, and knee related quality of life were
measured by the sport and recreation function, symptoms, and quality of
life subscales in KOOS respectively. To avoid selection bias, in addition to
the above scales, if there are studies that use other scales to measure the
same outcome, they will also be included in the analysis. Study data
reported sample size, mean, standard deviation or standard error, and
95% confidence interval.

2.2.5. Study selection and data extraction
One researcher (Z.Y.C) performed the electronic searches, and two

researchers (Z.Y.C and J.L.W) independently screened the studies based
on the titles and abstracts after the removal of duplicate studies. For the
sake of comprehensively identifying relevant studies, the remaining
studies were examined in full text, and studies that did not meet the
inclusion criteria were eliminated. Discrepancies between the two re-
searchers (Z.Y.C and J.L.W) were discussed until a consensus was
reached. A third researcher (Z.B.R) made the final decision after group
discussion if consensus could not be reached. Standardized information
tables were developed to extract basic features from each study. The
information extracted from each study was as follows: first author, year
of publication, age of participants, sample size, intervention protocol and
period, and outcome measures. Besides, numerical data (sample sizes,
mean, standard deviation, median and interquartile range) were extrac-
ted from each included study for pooled analysis. Two researchers
independently extract data from each study and resolve differences
through discussion.

2.3. Quality assessment

The methodological assessment was independently conducted by two
researchers (Z.Y.C and J.L.W) using the Physiotherapy Evidence
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Database (PEDro) scale [25]. PEDro scale is a validated tool for meth-
odological assessment of the study and is commonly used to assess
physiotherapeutic interventions [25]. The assessment criteria were as
follows: eligibility criteria (unscored), random allocation, concealed
allocation, similar measures between groups at baseline, instructor
blinding, assessor blinding, participant blinding, more than 85% reten-
tion rate, intention-to-treat analysis, between-group statistical compari-
sons, and point estimates of at least one set of outcome data. One point
was awarded for a study that meets each item. According to the scores,
the quality of these studies can be divided into four grades: excellent
(9–10 points), good (6–8 points), fair (4–5 points), and poor (less than 4
points) quality.
2.4. Case report

In all the studies we included, all patients were informed about the
content of the experiments and provided the written informed consent
prior to inclusion.

3. Data analysis

We analyzed the effect sizes of all data using Review Manager 5.3.
When different instruments were used to measure outcome variables, the
effect sizes (ES) in each study were computed using standardized mean
differences (SMDs) with a 95% confidence interval (CI) between groups
[26]. The included studies were estimated to be heterogeneous due to
differences in the characteristics of the participants and the experimental
protocol in each study. To explain the potential heterogeneity, a
random-effects model was used in most data synthesis processes. The
random-effects model assumes that the included studies were tested in
different populations, with different effect sizes calculated for each study
Figure 1. Selection proces
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[27]. When the number of studies in themeta-analysis was very small, we
used a fixed-effects model to conduct the data synthesis process, because
in this case, it may be impossible to estimate the between-studies vari-
ance (tau-squared) with any precision [27]. The fixed-effects model as-
sumes that all studies had a common true effect size, and therefore the
effect size was the same in all the study populations [27]. Heterogeneity
was assessed using the I2 statistic. Studies with an I2 statistic of >75%
were considered to have a high degree of heterogeneity; studies with an
I2statistic of 50–75% were considered to have a moderate degree of
heterogeneity; and studies with an I2statistic of<50%were considered to
have a low degree of heterogeneity [28]. When heterogeneity >50%,
subgroup analysis was performed to explore the source of heterogeneity.
Because fewer than 10 studies were included, publication bias was not
discussed in this study.

4. Results

4.1. Study identification

We searched a total of three English and two Chinese electronic data-
bases and initially retrieved 537 relevant studies. Since then, 258 duplicate
studies have been deleted. The remaining studies were screened by title,
excluding 216 studies unrelated to the study topic and the remaining 63
studies. After screening according to abstracts and full texts, the six studies
were included in this meta-analysis (Figure 1). The two researchers
reached an agreement during the independent screening process.
4.2. Study characteristics

The characteristics of the included studies are shown in Table 1. A
total of six peer-review articles in English were included [19, 20, 21, 22,
s for included studies.



Table 1. Characteristics of RCT in the meta-analysis.

Study Type of participants Sample size (Mean age
�SD)

Experiment Control Period Outcome measures

Bonacci, 2017 [21] Patellofemoral pain EG:8(34.0 � 9.5) loss to
follow-up:1
CG:8(31.5 � 9.7) loss to
follow-up:1

Foot orthoses Gait retraining 6-weeks AKPS, VAS

Collins, 2008 [20] Patellofemoral pain syndrome Foot orthoses þ
physiotherapy:44(29.6 �
5.6) loss to follow-up:1
Physiotherapy:45(30.9 �
5.8) loss to follow-up:3;
Foot orthoses:46(27.9 �
5.3) loss to follow-up:1

Group1: Foot orthoses;
Group2: Physiotherapy
Group3:Foot orthoses
þ physiotherapy

6-weeks AKPS, VAS, FIQ

Mølgaard, 2018 [19] Patellofemoral pain EG:20 loss to follow-up:3
CG:20 (31.2 � 10.8) loss
to follow-up:5

Standard knee targeted
exercises combined with
foot targeted exercises
and foot orthoses

Standard knee
targeted exercises

12-weeks KOOS (pain, ADL, Sport,
QOL and Symptoms)

Mills, 2012 [29] Anterior knee pain EG:20(30.4 � 5.47) loss
to follow-up:1
CG:20(28.5 � 5.89)

Wearing orthoses Wearing usual shoes 6-weeks VAS, KPS

Shih, 2011 [23] Runners who had pronated
foot along with
patellofemoral pain or foot
pain during running

EG:12(31.3 � 8.3)
CG:12(34.4 � 9.8)

A soft insole with a semi-
rigid rearfoot medial
wedge

A soft insole without
corrective posting

60-minute
running test

VAS

Tan, 2019 [22] Patellofemoral osteoarthritis EG:13(55 � 4) loss to
follow-up:1
CG:13(65 � 8) loss to
follow-up:2

Full-length foot
orthoses\three-quarter
length foot orthoses

Flat inserts 6-weeks VAS, AKPS, KOOS
(pain, ADL, Sport,
QoL and Symptoms)

Note: EG ¼ Experiment Group; CG ¼ Control Group; VAS ¼ Visual Analog Scale; FIQ ¼ functional index questionnaire; KPS ¼ Kujala Patellofemoral Score; JOA ¼
Japanese Orthopaedic Association score; KOOS ¼ Knee injury and Osteoarthritis Outcome Score; AKPS ¼ Anterior knee pain scale; ADL ¼ Activity Daily Life; QOL ¼
Quality of life. Physiotherapy include patellar mobilisation, patellartaping, vasti muscle retraining exercises with electromyographic biofeedback, hamstring and
anterior hip stretches, hip external rotator retraining.
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23, 29]. Patients included in the study were diagnosed with patellofe-
moral pain, anterior knee pain, and patellofemoral osteoarthritis. Inter-
vention types include (1) foot orthoses only; (2) Comprehensive
treatments (foot orthoses combined with manual therapy, exercise, and
physiotherapy). One study compared foot orthoses with three types of
treatments (foot orthoses plus physiotherapy, physiotherapy, and flat
inserts) [20]. we extracted data for foot orthoses, flat inserts, and foot
orthoses plus physiotherapy respectively in different analysis groups.
Intervention durations ranged from 2 weeks to 12 weeks.The time of
outcome measures included immediate measures and follow-up: four
studies measured immediate effects after the intervention [20, 22, 23,
29], one at 4 and 12 months follow-up [19], and one at 12 weeks
follow-up [21]. These two studies did not take measurements immedi-
ately after the intervention, and we extracted the first follow-up mea-
surement data [19, 21]. Pain intensity was assessed in all studies, knee
function was measured in four studies [19, 20, 22, 29], and sport and
recreation function, knee injury symptoms, and knee related quality of
life were assessed in two studies [19, 22].

4.3. Quality assessment

The methodological quality of each study was assessed by two re-
searchers independently according to the criteria of the PEDro scale [25].
Details of the quality assessment for each study are summarized in
Table 2. A total of six studies were included in this meta-analysis, of
which four reached a good level [19, 21, 22, 23], and two reached an
excellent level [20, 29]. Five studies reported the source of recruitment
and inclusion criteria, and one study did not report the source of
recruitment [23]. All studies were RCT, and five reported allocation
concealment. Four studies used participant blinding [20, 22, 23, 29],
none used therapist blinding (due to design limitations), and three used
assessor blinding [19, 20, 29]. Except for one study [19], the remaining
five studies measured at least one main outcome for more than 85% of
the participants. Two studies reported that participants with
4

measurement outcomes received treatment according to protocol or
control conditions [21, 23], and two used intention-to-treat analysis [19,
20]. All studies reported between-group statistical comparison and point
estimates of at least one set of outcome data.

4.4. The effect of foot orthoses on pain intensity

All studies evaluated the impact of foot orthoses on the pain intensity
of patients with PFPS. To be specific, five studies measured pain intensity
using VAS scale [20, 21, 22, 23, 29], 3 using AKPS scale [20, 21, 22], and
two studies using the "pain" subscale in the KOOS [19, 22]. Three studies
used both VAS and AKPS scales [20, 21, 22]. One study used VAS, AKPS,
and the "pain" subscale in the KOOS tomeasure [22]. In the Collins, 2009,
we extracted the data of the foot orthoses (experimental group) and
physiotherapy (control group) to compare the difference between the
foot orthoses and other treatments [20]. To combine discrepancies in
outcome measures, the random-effects model was conducted. Results of
the meta-analysis showed that foot orthoses had no significant effect on
pain intensity and there was large heterogeneity between studies (SMD¼
-0.01[�0.32, 0.30], P ¼ 0.95, I2 ¼ 64%). To explore the source of het-
erogeneity, we conducted a subgroup analysis of different intervention
methods. The results showed that foot orthoses had some effect
compared to flat/soft inserts (SMD ¼ -0.28[�0.57, 0.00], P ¼ 0.05, I2 ¼
0%); Other treatments (physiotherapy and gait retraining) are signifi-
cantly better than foot orthoses(SMD ¼ 0.45[0.09, 0.80], P ¼ 0.01, I2 ¼
46%); Compared with exercise alone, foot orthoses combined with ex-
ercise therapy have a significant effect(SMD ¼ -0.98[�1.64, -0.32], P ¼
0.004) (Figure 2).

4.5. The effect of foot orthoses on knee function

Four studies assessed the impact of foot orthoses on knee function. Of
these studies, one used the FIQ scale [20], one used the KPS scale [29],
and two used the “activities of daily living” subscale in KOOS to measure



Table 2. The methodological quality of the included studies (PEDro assessment).

Study PEDro Items Number Methodological Quality Score

1 2 3 4 5 6 7 8 9 10 11

Bonacci, 2017 [21] √ √ √ √ � unclear unclear √ √ √ √ Good 8

Collins, 2008 [20] √ √ √ √ √ � √ √ √ √ √ Excellent 10

Mølgaard, 2018 [19] √ √ √ √ � � √ � unclear √ √ Good 7

Mills, 2012 [29] √ √ √ √ √ � √ √ unclear √ √ Excellent 9

Shih, 2011 [23] � √ unclear √ √ unclear unclear √ √ √ √ Good 7

Tan, 2019 [22] √ √ √ √ √ � unclear √ unclear √ √ Good 7

Note: 1. eligibility criteria were specified; 2. subjects were randomly allocated to groups; 3. allocation was concealed; 4. the groups were similar at baseline regarding the
most important outcome indicators; 5. there was blinding of all subjects; 6. there was blinding of all therapists; 7. there was blinding of all assessors; 8. measures of at
least one key outcome was obtained frommore than 85% of the subjects initially allocated to groups; 9. all subjects for whom outcome measures were available received
the treatment or, where this was not the case, data for at least one key outcome was analyzed by “intention to treat”; 10. the results of between-group statistical
comparisons were reported for at least one key outcome; 11. the study provided both point measures and measures of variability for at least one key outcome.

Figure 2. Effect of Foot orthoses on the pain intensity.
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knee function [19, 22]. In Collins,2009, we extracted the data on foot
orthose combined with physiotherapy (experimental group) and phys-
iotherapy (control group), because in this case, the foot orthoses were a
single variable, which could prove the effectiveness of this treatment
[20]. To combine discrepancies in outcomemeasures, the random-effects
model was conducted. The results of the meta-analysis showed that foot
orthoses significantly improved knee function and there was little het-
erogeneity between studies, indicating that the results of this study were
stable (SMD ¼ -0.45[�0.74, -0.16], P ¼ 0.002, I2 ¼ 0%) (Figure 3).
5

4.6. The effect of foot orthoses on sport and recreation function

Mølgaard, 2018 and Tan, 2019 used the “sport and recreation func-
tion” subscale in KOOS to measure changes in patients' exercise and
recreation ability before and after treatment [19, 22]. Since there was
almost no heterogeneity between the two studies (I2¼ 0), the fixed-effect
model was selected for analysis. Meta-analysis found that foot orthoses
significantly improved sport and recreation performance in patients with
PFPS (SMD ¼ -0.54[�1.04, -0.03], P ¼ 0.04, I2 ¼ 0%) (Figure 4).



Figure 3. Effect of Foot orthoses on the knee function.

Figure 4. Effect of Foot orthoses on the sport and recreation function.

Figure 5. Effect of Foot orthoses on the knee injury symptom.

Z. Chen et al. Heliyon 8 (2022) e09656
4.7. The effect of foot orthoses on knee injury symptoms

Similarly, Mølgaard, 2018 and Tan, 2019 used “symptoms” subscale
of KOOS scale to evaluate the change in patients' knee injury symptoms
before and after treatment [19, 22]. Since there was almost no hetero-
geneity between the two studies (I2 ¼ 0), the fixed-effect model was
selected for analysis. The meta-analysis found that the use of foot or-
thoses did not significantly improve the symptoms of PFPS patients (SMD
¼ -0.36[�0.86, 0.14], P ¼ 0.16, I2 ¼ 0%) (Figure 5).

4.8. The effect of foot orthoses on knee-related quality of life

Finally, to assess the changes in the knee related quality of life before
and after treatment, the two studies also used “quality of life” subscale in
the KOOS scale to value [19, 22]. Since there was almost no heteroge-
neity between the two studies (I2 ¼ 0), the fixed-effect model was
selected for analysis. The meta-analysis found no significant change in
the quality of life of patients with PFPS after they used foot orthoses
(SMD ¼ -0.45[�0.95, 0.05], P ¼ 0.08, I2 ¼ 0%) (Figure 6).

5. Discussion

The results of the study showed that the knee function and sport and
recreation function of patients with PFPS were significantly improved
after the use of foot orthoses. However, in terms of pain intensity, knee
injury symptoms, and knee related quality of life, the foot orthoses did
not show a better therapeutic effect than the control group. The main
results will be discussed in detail in the following discussion.

All six studies evaluated changes in pain intensity after the use of foot
orthoses. Due to high heterogeneity among studies and large differences
among interventions, subgroups were set and analyzed according to the
intervention methods. Compared with flat inserts/soft insoles, foot
6

orthoses had some effect, which shows that the foot orthose is a feasible
treatment for PFPS patients. After wearing foot orthoses, the pain intensity
of PFPS patients was relieved and they gained a more comfortable sports
experience [23]. In the subgroup of foot orthoses compared with other
treatments, we combined Bonacci et al. [21] and Collins et al. [20] studies.
Collins et al. compared physiotherapy (patellar taping and
electromyo-graphic biofeedback training, etc.) with foot orthoses, and
Bonacci et al. compared gait retraining with foot orthoses. The results
showed that the combination of physiotherapy and gait retraining was
superior to foot orthoses. This demonstrates that patellar taping,
electromyo-graphic biofeedback training, and gait retraining all contribute
to the improvement of PFPS. Patellar taping can correct abnormal patel-
lofemoral trajectory and relieve pain. Electromyo-graphic biofeedback
training allows patients to control muscles according to the electromyog-
raphy signal, thereby strengthening muscles contraction. Gait retraining
can reduce the hip motion in the frontal plane and improve the hip me-
chanics [30, 31]. Therefore, gait retraining can help patients with PFPS to
reduce pain and improve lower-extremity function [30]. However, foot
orthoses do not directly affect the knee joint, and wearing foot orthoses for
a short period of time can neither correct the patella trajectory nor
strengthen the muscles around the knee joint, so it can only play an
auxiliary effect. In the subgroup of foot orthoses combined with exercise
therapy versus exercise therapy alone, we found that foot orthoses com-
bined with exercise therapy were more effective than exercise alone.
Therefore, in future research, foot orthoses can be combined with exercise
therapy to reduce the pain intensity of patients and shorten the treatment
period. The therapist can prescribe exercises based on the patient's specific
situation and provide them with better intervention programs.

This study demonstrated that the use of foot orthoses helped improve
knee function. Collins et al. reported that foot orthoses combined with
physiotherapy had no obvious advantage over physiotherapy, but we
found that comprehensive therapy had a more significant effect [20].



Figure 6. Effect of Foot orthoses on the knee related quality of life.
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Molgaard et al. showed that compared with the knee targeted exercises
group, foot orthoses combined with knee and foot targeted exercise were
more beneficial in improving the knee joint function of patients with PFPS,
although there was no statistical significance [19]. These results were
consistent with the above subgroup analysis of pain intensity, as the sub-
group analysis also showed that foot orthoses combined with exercise
therapy were superior to exercise therapy alone. It further illustrates that
foot orthoses can be used as an auxiliary means of physical therapy or
sports training. Mills et al. compared the foot orthoses group with the
wait-and-see policy group, and the results showed that the use of foot
orthoses alone did not significantly improve knee function. The study re-
ported that the foot orthoses groupwas significantly better than the control
group in terms of global improvement, indicating that patients were able to
perceive their health improvements after using the foot orthoses [29]. This
study also reported that compared with the wait-and-see policy group,
patients in the foot orthoses group had moderate improvements in specific
functions, indicating that after treatment, patients can more easily com-
plete activities that were considered difficult before treatment [29].
Although the study has no significant difference in knee function between
the foot orthoses group and the wait-and-see policy group, the statistical
results are more favorable for the foot orthoses group.

In terms of sports and recreation function, knee injury symptoms, and
knee related quality of life, the results of the study showed that the foot
orthoses significantly improved the exercise and entertainment capacity of
PFPS patients, but did not significantly improve the knee injury symptoms
and quality of life. The sport and recreation function were improved
because patients wearing foot orthoses can improve the contact pattern of
the PFJ and reduce the load on the knee joint [32, 33]. Accompanied by
the decrease in pain, the patient's exercise capacity strengthened. How-
ever, in the short term, no significant changes in knee injury symptoms and
quality of life were seen with foot orthoses [19, 22]. Although the two
included studies both showed that as the treatment duration extended,
patients in the experimental group had a trend of improvement in knee
injury symptoms and quality of life, there was no statistical difference
between the experimental and control groups [19, 22]. This may be
because the foot orthoses indirectly act on the knee joint by changing the
biomechanics of the foot. It is not the most effective way to relieve the
symptoms of knee injury [34]. In addition, the knee related quality of life is
affected by a combination of physiological and psychological factors and
cannot be significantly changed by foot orthoses alone.

5.1. Limitations

This study has the following limitations:(1) the number of included
studies is limited, and more high-quality RCT should be included in the
future to verify the therapeutic effect of foot orthoses on patellofemoral
pain, to increase the reliability of the analysis. (2) This study included a
pilot study, which may affect the accuracy of the results to a certain
extent. (3) This study included long-term and short-term interventions of
foot orthoses on PFPS, where structural findings related to PFPS are
difficult to obtain in the short term. Future studies could conduct sub-
group analyses of different intervention durations to investigate the
optimal durations for foot orthoses. (4) There are many reasons for PFPS,
and this study did not group and analyze different types of patients. (5) In
addition, this study did not investigate the sports background of the
included patients, which may also affect the results of the study. (6)
7

Finally, this study did not summarize the information on foot orthoses,
and future studies can supplement the models of foot orthoses.

6. Conclusions

The results of this meta-analysis showed that the foot orthoses had a
significant effect on knee function and sport and recreation function of
patients with PFPS, but it had no obvious effect on pain intensity, knee
injury symptoms, and knee related quality of life. This study supported
the positive impact of foot orthoses on the treatment of PFPS.
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