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Abstract

Background: Growing evidence supports that exercise therapy is effective for patellofemoral pain (PFP) rehabilita-
tion. Nevertheless, the improvements have been reported not to be sustained in the long term, suggesting that the
current protocols may not comprehend all required functional factors to provide a consistent recovery. A potential
neglected factor in treatment protocols for PFP is postural control. However, it is unclear whether this popula-

tion presents balance impairments or the influence of postural control on pain and function during rehabilitation
programmes.

Objective: To investigate whether (Q1) balance is impaired in people with PFP compared to controls, (Q2) conserva-
tive interventions are effective to improve balance in people with PFP, and (Q3) balance exercises are effective to
improve pain and function in people with PFP.

Data sources: Medline, Embase, CINAHL, SPORTDiscus, Web of Science and Cochrane Library, supplemented by
hand searching of reference lists, citations and relevant systematic reviews in the field.

Methods: A systematic review with meta-analysis was conducted according to the Cochrane recommendations
and reported according to the PRISMA statement recommendations. We included cross-sectional studies comparing
balance between people with and without PFP; and randomised controlled trials verifying the effect of conservative
intervention on balance and the effect of balance intervention on pain and function in people with PFP. The risk of
bias was assessed using the Epidemiological Appraisal Instrument for cross-sectional studies and the Physiotherapy
Evidence Database scale for randomised controlled trials.

Results: From 15,436 records, 57 studies (Q1 =28, Q2 =23, Q3 = 14) met the eligibility criteria. Meta-analyses
indicated that people with PFP have worse anteroposterior (very low grade evidence, standardised mean difference
[SMD] = 1.03, 95% Cl 0.40-1.66) and mediolateral (moderate grade evidence, SMD=0.87, 95% Cl 0.31-1.42) balance
compared to controls. Moderate grade evidence indicated that overall balance is not affected in people with PFP
(SMD=0.38, 95% CI — 0.05-0.82). Low to very low grade evidence indicates that interventions are ineffective for
mediolateral (SMD =0.01, 95% Cl — 0.51-0.53) and overall (SMD =049, 95% Cl — 0.14-1.11) balance improvements,
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and low grade evidence indicates that interventions are effective to improve anteroposterior balance (SMD = 0.64,
95% (1 0.04-1.23). Moderate to low grade evidence indicated that balance interventions are effective to reduce pain
(SMD =0.82, 95% Cl 0.26-1.38) and improve function (SMD = 0.44, 95% Cl 0.09-0.80) when measured using question-
naires; and very low grade evidence indicated no efficacy for function measured via functional tests (SMD =0.73, 95%

Cl—0.16-161).

Conclusion: People with PFP likely present balance deficits compared to asymptomatic people. There was insuf-
ficient evidence to support the efficacy of interventions to improve or modify balance in people with PFP. Also, there
was insufficient evidence to support the efficacy of balance exercises to improve pain and function in people with

PFP.

Trial Registration The present systematic review was registered in PROSPERO (CRD42018091717).
Keywords: Anterior knee pain, Knee, Balance, Exercise, Treatment

Key Points

+ Balance is likely impaired in people with patellofemo-
ral pain compared to asymptomatic people.

« Itis uncertain whether conservative interventions are
effective in improving balance in people with patel-
lofemoral pain.

« The efficacy of exercise programmes that included
balance exercise to address pain or function in people
with patellofemoral pain is arguable.

Introduction

Patellofemoral pain (PFP) is a frequent disorder in the
general population, with an annual prevalence of up to
23% [1]. In the USA, more than two million people were
diagnosed with PFP between 2007 and 2011 [2]. This
condition has no spontaneous recovery [3, 4] and, there-
fore, requires treatment [5]. Growing evidence supports
that exercise therapy protocols are effective rehabilitation
for people with PFP [5-8]. However, pain and function
improvements have been reported not to be sustained
in the long term [6, 9, 10]. This indicates that the current
protocols may not comprehend all required functional
factors to provide a full and consistent recovery for that
population.

A potential neglected factor in treatment protocols
for PFP is postural control [5, 11-14]. Postural control
involves a complex integration of visual, vestibular and
somatosensory systems based on reflex actions occurring
to maintain balance [15-17]. Considering people with
PFP have impaired H-reflex [18, 19], it is reasonable to
expect that people with PFP will have alterations in other
neuromuscular reflexes which may impact balance. Addi-
tionally, the presence of pain in people with PFP may
also lead to impairments in postural control [20, 21]. The
nociceptive information potentially impairs information
from mechanoreceptors [20, 21], and consequently, may
delay reflexes and actions required to maintain balance

[20-22]. Some studies have evaluated balance in peo-
ple with PFP; however, the respective results are con-
flicting [23-27]. For example, Saad et al. [27] reported
that females with PFP have a greater centre of pressure
(CoP) displacement during a stair ascent task compared
to asymptomatic females. Contrastingly, Silva et al. [26]
reported that females with PFP have decreased CoP dis-
placement during the same task compared to asympto-
matic females. Therefore, there is uncertainty regarding
balance impairments in the population with PFP. Inter-
estingly, some research investigating the efficacy of
interventions for PFP has used balance measures as out-
comes, e.g. CoP behaviour during different tasks [28, 29]
and Star Excursion Balance Test (SEBT) [30], although
it is unclear if people with PFP actually present balance
deficits and if balance is a modifiable outcome in this
population. Also, some research studies included bal-
ance exercises in their protocols [28, 31, 32] and activi-
ties challenging the control of centre of gravity inside the
base of support [33, 34], and their importance for PFP
rehabilitation remains unknown.

Excessive dynamic knee valgus, including excessive
movements at the hip [35, 36] and at the ankle [37], dur-
ing activities is thought to be an important biomechani-
cal factor for PFP due to a potential increase in the lateral
force acting on the patella [35, 36, 38]. Although hip
and ankle kinematic alterations are not risk factors for
PFP development [39], people with PFP have presented
excessive hip and ankle movements during activities
[11, 40, 41]. As a consequence, interventions targeting
hip and ankle joints have been suggested and reported
to be effective for PFP rehabilitation, such as hip muscle
strengthening [6] and foot orthoses [42]. Interestingly,
adjustment movements at the ankle and hip, also called
“ankle strategy” and “hip strategy’, are adopted to keep
the centre of gravity close to the support base in order
to maintain balance in asymptomatic people [43, 44].
Perhaps, excessive hip and ankle movements observed in
people with PFP [11] may be compensations for potential
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impairments in postural control, and therefore, interven-
tions targeting balance could also be beneficial for people
with PFP. However, little is known about the addition of
balance exercises in protocols for PFP treatment.

To understand the importance of postural control for
the management of PFP, this systematic review aimed
to answer three questions: (Q1) Is balance impaired in
people with PFP compared to asymptomatic people?
(Q2) Are conservative interventions effective to improve
potential balance impairments in people with PFP? (Q3)
Are balance exercises effective to improve pain and func-
tion in people with PFP?

Methods

Design

The review was conducted according to the Cochrane
recommendations [45], reported according to PRISMA
statement recommendations [46] and a priori registered
at PROSPERO (CRD42018091717).

Deviation from Protocol

We assessed the evidence quality using GRADE (Grad-
ing of Recommendations Assessment, Development and
Evaluation), in order to perform a broader assessment of
evidence quality [47, 48], instead of a modified version of
the van Tulder criteria. [49]. Searches in the Cochrane
library were also included.

Eligibility Criteria

« QI: studies were included if (i) investigation was con-
ducted with people with PFP and asymptomatic peo-
ple; (ii) evaluated balance impairments in people with
PFP compared to asymptomatic people using any
instrument or tool; and (iii) used a cross-sectional
design or other design that permitted cross-sectional
data for PFP and control groups to be extracted. We
considered as balance evaluations those assessing
postural stability during standing (static balance)
or performing activities (dynamic balance) by using
spatial-temporal measures of sway, i.e. assessments
related to the centre of gravity behaviour, including
displacement, velocity, area, etc., via force platform
or computerised posturography; or using clinical
tests, e.g. SEBT [50].

¢ Q2: studies were included if (i) investigation was
conducted with people with PFP; (ii) investigated
the effect of any conservative intervention for PFP;
(iii) compared the experimental intervention to any
alternative, control or no intervention; (iv) outcomes
included balance assessed using any instrument; and
(v) used a randomised controlled trial design, includ-
ing crossover design. Conservative interventions
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were defined as any non-pharmacological and/or
non-surgical interventions, including (but not lim-
ited to) exercise therapy, taping or braces [51].

o Q3: studies were included if (i) investigation was
conducted with people with PFP; (ii) investigated
the effect of balance exercises or programmes which
include balance exercises targeting people with PFP;
(ili) compared the experimental intervention to any
intervention without balance exercises; (iv) evaluated
intervention effects on pain and/or physical function
using patient-reported outcome measures, e.g. visual
analogue scale or questionnaires, or applying clinical
tests, e.g. hop tests; and (v) used a randomised con-
trolled trial design. Balance exercises were defined as
activities which induce difficulties in controlling an
adequate alignment between the centre of gravity and
the base of support with the aim of improving pos-
tural control [22, 33, 34, 52]. These activities include
exercises that reduce the base of support, e.g. single-
legged stance; or challenge the control of the centre of
gravity, e.g. exercises performed on unstable surfaces
or with participants closing their eyes [22, 33, 34, 52].
We included studies that clearly described the pres-
ence of balance exercises or when it was possible to
identify exercises that were specifically prescribed to
improve postural control. Activities in which balance
is a potential component, such as single-legged squat
or landing tasks, were considered balance exercise if
the study clearly stated that the exercise targeted pos-
tural control. These tasks may target different aspects
of functionality, such as movement control, muscle
capacity or impact absorption, and participants could
be allowed to make use of varied external support
elements to remain balanced, and therefore, the exer-
cise would not target balance improvements.

We considered as PFP those participants who were
clinically diagnosed with at least the presence of retropa-
tellar or peripatellar pain, not related to traumatic events,
which was aggravated during activities that overload the
patellofemoral joint [13]. Protocols, reviews, letters, aca-
demic theses, congress abstracts, and case series studies
were excluded. Only English-language publications were
considered. No restriction on publication period was
adopted.

Search Strategy

Electronic searches were conducted in six databases:
Medline via OVID, Embase via Elsevier, CINAHL
and SPORTDiscus via EBSCO, Web of Science, and
Cochrane Library from inception to August 2022.
Terms related to “patellofemoral pain” and “balance”
(indexed and free-text terms) were used to prepare the
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search strategy (Additional file 1). Reference lists of
included articles, citation lists of included articles using
Google Scholar, and the included studies of relevant
systematic reviews [5, 7, 8, 53] were screened for eligi-
bility (Fig. 1).

Study Selection

First, duplicates were identified and excluded using the
reference software Endnote X9 (Clarivate Analytics, Phil-
adelphia, USA). Then, the records were exported to the
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software Rayyan QCRI (Qatar Computing Research Insti-
tute, Doha, Qatar) [54] which was used for the screening
process. The selection was performed by two independ-
ent reviewers by titles, then by abstracts and lastly by full
text (Fig. 1). The reviewers presented substantial agree-
ment regarding the study eligibility (kappa=0.79, based
on a pilot screening with 543 records) [45, 55]. At all
steps, disagreements between reviewers were resolved by
consulting a third reviewer.

Q1
PFP x Controls
Cross-sectional design

Q2
Targeting balance
Randomized controlled trials

Q3
Balance interventions
Randomized controlled trials

- Medline (n=875)

- Embase (n=821)

- CINAHL (n=442)

- SPORTDiscus (n=443)

- Web of Science (n=1,770)
- Cochrane (n=870)

4

A 4 A 4

- Medline (n=1,334)

- Embase (n=898)

- CINAHL (n=844)

- SPORTDiscus (n=1,242)

- Web of Science (n=2,911)
- Cochrane (n=2,986)

-

\

Records identified through database searching (n=15,436) ]

'

Records after duplicates removed (n=8,741) ]—P[ Records excluded from titles (n=7,236) }

'

o

Screened abstracts (n=1,505) }

'

s e N
Screened full-text papers (n=256) ]——> Excluded full-text papers (n=204)

al Excluded abstracts (n=1,249) ]

- No balance measure or intervention (n=124)
- Design (n=41)

Additional searches
- References (n=2,186)
- Google Scholar (n=1,996)
- Systematic reviews

- Non-English papers (n=20)

- Both groups did the same intervention (n=15)
- Nonspecific data (n=3)

- Intervention type (=1)

A 4

P
Studies included Studies included
(n=52) (n=5)

v v

Meta-analysis (n=46)
Q1*= 26 studies

Q1*= 28 studies Q2*= 23 studies

-

Studies included for analysis (n=57)

Q2*= 15 studies

Q3*= 14 studies Q3*= 14 studies

Fig. 1 Flow diagram (*some studies fulfilled the criterion for more than one question)
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Data Extraction

Data extraction was performed by two independent
reviewers, and disagreements were resolved by consen-
sus. Data extracted were: study characteristics (design,
study duration, aims, sample size, funding source and set-
tings), participant characteristics based on the REPORT-
PFP Checklist (sex, age, symptoms duration, pain
severity, weight, height, body mass index and recruit-
ment settings) [56], outcomes (balance measures for Q1
and Q2; pain and function measures for Q3), analysis
(data on central tendency and dispersion), and interven-
tion characteristics (description for Q2 and Q3). Where
data were missing, incompletely or unclearly reported,
we contacted authors for clarification or to request the
missing data. The data from two studies [57, 58] were
extracted from graphs using the web-based programme
WebPlotDigitizer [59, 60], as the respective authors did
not respond to our request. Two studies presented the
data on central tendency as median [61, 62] and one
study presented the dispersion as quartiles [62]. For these
cases, mean and standard deviation were estimated using
the Box-Cox method [63].

Risk of Bias Assessment

The risk of bias (RoB) was assessed by two independent
reviewers, and disagreements were resolved by a third
reviewer. For cross-sectional studies (Q1), 24 relevant
questions from the Epidemiological Appraisal Instru-
ment (EAI) were used [64]. The questions were selected
according to our aims and relevancy for cross-sectional
design [65, 66]. Each question was scored as “yes” (2
points), “partial” (1 point), “no” (0 point), or “unable to
determine” (0 point). Each study received a final score
calculated by dividing its total score (from 0 to 48) by 24
(total number of questions), and final scores higher than
one point were considered as studies with low RoB [65,
66]. For randomised controlled trials (Q2 and Q3), spe-
cific criteria from the Physiotherapy Evidence Database
scale (PEDro) were used [67]: adequacy of randomisa-
tion, allocation concealment, between-group baseline
comparability, blinding of assessors, adequate follow-up,
and intention-to-treat analysis. Each question was scored
as “yes” (1 point) or “no” (0 point). The sum of all crite-
ria was used in the analysis, and studies were classified
as having a low RoB (>5 points), moderate RoB (3—4
points) or high RoB (< 2 points) [67].

Statistical Analysis

Meta-analyses for all questions were carried out using
sample size, mean and standard deviation for the out-
comes analysed. Only continuous data were used. Bal-
ance measures indicating postural stability indices were
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pooled accordingly to the direction/axis of body move-
ment, i.e. anteroposterior, mediolateral, posteromedial,
posterolateral and overall postural stability, which were
measures without a defined direction, e.g. CoP area, or a
composition of all measured directions, e.g. SEBT index
[68-70]. Additionally, balance measures were divided
into postural stability indices related to displacement,
e.g. CoP area, CoP displacement or SEBT; and related to
velocity, i.e. CoP velocity [68—70]. For Q2 and Q3, end-
of treatment results were applied in meta-analysis. For
meta-analyses related to Q3, results from studies that
included more than one group with balance exercises
were combined [71].

Analyses were conducted with R statistical software
4.1.1 (package meta), using random-effects modes esti-
mated via the DerSimonian and Laird method [45].
Results are presented as standardised mean differences
(SMD) with a 95% confidence interval (CI) (Hedges’ g)
due to differences in instruments and/or units of meas-
ure. Pooled SMDs were categorised as trivial (<0.2),
small (>0.2 to<0.5), moderate (>0.5 to<0.8), large
(>0.8 to<1.20) and very large (>1.2) [72].

The statistical heterogeneity of the meta-analyses was
assessed using the Higgins’' I* measure, and analyses pre-
senting I*>50% were considered as high heterogeneity
[71]. Some reports suggest that meta-analysis with high
heterogeneity should be omitted because the high vari-
ability among the included studies could compromise
the reliability and clinical applicability [73, 74]. However,
there is no consensus regarding the limit of acceptable
heterogeneity for meaningful meta-analysis, and omitting
meta-analysis results or excluding studies to reach homo-
geneity could prevent understanding of the real state of
the literature [74-76]. Therefore, we reported meta-
analyses with high heterogeneity and explored possible
sources of heterogeneity by performing subgroup and
meta-regression analyses for the meta-analyses including
more than 10 studies [45].

For Q1, subgroup analyses included sex (females
and male/female combined), assessment method, and
task (static or dynamic); and meta-regression analysis
included age as a potential moderator. For Q2, sub-
group analyses included intervention characteristics
(passive or exercise), comparator type (sham/no-inter-
vention or exercise), design (parallel or crossover) and
intervention characteristics (intervention targeting bal-
ance or non-specific for balance); and meta-regression
analyses included age and treatment duration (weeks)
as potential moderators. For Q3, subgroup analyses
included comparator type (sham/no-intervention or
exercise), and study aim (effect of balance or not spe-
cific for balance effects); and meta-regression analyses
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included age and treatment duration (weeks) as poten-
tial moderators.

The test proposed by Egger [45, 77] was used to
evaluate the presence of publication bias for the meta-
analyses including more than 10 studies [45]. When
publication bias was detected (Egger’s test p <0.05),
two sensitivity analyses were conducted to verify
the impact of this bias: (i) trim-and-fill analyses in
which effect sizes are imputed to balance the influ-
ence of small-study effects until funnel plot symmetry
is reached [78]; and (ii) considering the limitations of
the trim-and-fill approach [79-81], we also performed
analyses by removing the outliers detected in the trim-
and-fill analysis [82, 83].

Level of Evidence

The level of evidence was assessed by two independ-
ent reviewers using the GRADE tool, and disagree-
ments were resolved by a third reviewer. The level of
GRADE evidence was downgraded if meta-analysis: (i)
included >25% of studies with high RoB (1 level) or only
studies with high RoB (2 levels); (ii) were heterogeneous
as assessed by I* (>50%) (1 level); (iii) did not include
direct evidence related to the main questions, i.e. gen-
eralisation (1 level); (iv) included less than 100 partici-
pants per group (1 level); and (v) presented publication
bias according to Egger’s test (» <0.05) (1 level) [47, 48,
84]. For analysis with less than 10 studies, publication
bias was not considered [47, 48]. The evidence quality
was classified as high (no downgraded level), moderate
(downgraded 1 level), low (downgraded 2), or very low
(downgraded > 3 levels) [47, 48].

Results

Study Selection

From 15,436 records, 57 studies were included, of which
28 papers met the eligibility criteria for Q1, 23 papers for
Q2 and 14 papers for Q3 (Fig. 1). Excluded studies during
full-text screening are presented in Additional file 2 along
with the reasons for exclusion. Meta-analyses for Q1
included 26 papers, for Q2 included 15 papers and for Q3
included 14 papers. Funnel plots are presented in Addi-
tional file 3, and detailed GRADE scores are presented in
Additional file 4.

Question 1: PFP Versus Control (Asymptomatic) for Balance
Measures

o Study characteristics: From 28 included studies, 679
people with PFP and 616 people without PFP were
evaluated regarding balance performance (Additional
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file 5). Posturography (single- and double-legged
stance), CoP behaviour, and SEBT-related tasks were
used to assess balance performance; CoP behaviour
was assessed during single-legged squat, step tasks,
seated position, single-legged landing, single- and
double-legged stance (Additional file 5).

Risk of bias: The mean EIA score was 1.2 (0.3), with
75% of included studies presenting low RoB (n=21),
and 25% presenting high RoB (n=7) (Additional
file 6).

Anteroposterior (AP) postural stability (19 studies
[24, 25, 30, 85-100]): Very low level evidence indi-
cated that people with PFP present worse AP bal-
ance with a large effect compared to controls (SMD
1.03, 95% CI 0.40-1.66; Fig. 2 and Table 1). Publica-
tion bias was detected (Egger’s test p=0.018), and
the sensitivity analyses indicated different results.
Trim-and-fill analysis indicated a moderate and non-
significant effect (low-level evidence, SMD 0.64,
95% CI — 0.23-1.52; Table 1) and by removing the
outliers [96, 97], the analysis indicated a moderate
and significant effect for worse balance in people
with PFP (moderate level evidence, SMD 0.65, 95%
CI 0.30-0.99; Table 1) (Additional file 3). Subgroup
analyses indicated that the assessment method is a
potential source of heterogeneity (Additional file 7).
Meta-regression indicated that age is not a source of
heterogeneity (Additional file 7).

Mediolateral (ML) postural stability (13 studies
[24, 29, 58, 86-92, 96, 99, 100]): Moderate level evi-
dence indicated that people with PFP present worse
ML balance with a large effect compared to controls
(SMD 0.87, 95% CI 0.31-1.42; Fig. 3 and Table 1).
The Egger’s test was not significant for publication
bias (p=0.059); however, as we found a marginal p
value, we performed the sensitivity analyses. Trim-
and-fill analysis (moderate level evidence, SMD 0.70,
95% CI 0.23—1.37; Table 1) and by removing the out-
lier [96] (moderate level evidence, SMD 0.69, 95% CI
0.23-1.16; Table 1) also indicated a moderate effect
for worse balance in people with PFP (Additional
file 3). Subgroup and meta-regression analyses did
not indicate potential sources of heterogeneity (Addi-
tional file 7).

Overall postural stability (15 studies [24, 26, 27, 57,
86-90, 92, 95, 98, 99, 101, 102]): Moderate level evi-
dence indicated that there is no difference between
people with and without PFP for overall balance
(SMD 0.38, 95% CI — 0.05-0.82; Fig. 4 and Table 1).
Publication bias was not detected (Egger’s test
p=0.813, Additional file 3). Subgroup analyses indi-
cated that the sex is a potential source of heteroge-
neity (Additional file 7). Meta-regression indicated
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PFP Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Steinberg et al. [85] 83 410 330 49 240 200 ~— 0.59 [0.22;0.95] 5.7%
Coelho et al. [98] 48 -58.60 6.60 48 -61.70 5.90 LH 0.49 [0.08;0.90] 5.6%
Zeinalzadeh et al. [24] 28 359 097 28 329 1.17 = 0.28 [-0.25;0.80] 5.6%
Ibrahim et al. [86] 30 330 230 30 1.30 0.30 - 1.20 [0.65;1.76] 5.5%
Carvalho-e-Silvaetal. [87] 25 61.00 590 25 60.70 6.00 - 0.05 [-0.50; 0.60] 5.5%
Manojlovic et al. [100] 18 5.00 160 37 560 1.50 - -0.39 [-0.95;0.18] 5.5%
Kim et al. [99] 19 0.01 0.00 19 0.00 0.00 R 1.24 [0.54;1.94] 54%
Felicio et al. [88] 15 5.00 074 15 490 0.89 e 0.12 [-0.60;0.84] 5.4%
Akhbari et al. [89] 1% 190 120 15 160 1.10 — 0.25 [-0.47;0.97] 5.4%
Negahban et al. [90] 15 283 147 15 212 0.88 —'— 0.57 [-0.16; 1.30] 5.4%
Nasab et al. [91] 15 022 014 15 0.15 0.09 inas 0.58 [-0.15;1.31] 5.4%
Motealleh et al. [92] 21 26.04 1148 21 9.35 4.02 b 1.90 [1.16;2.64] 5.4%
Loudon et al. [93] 29 -40.80 9.10 11 -53.60 6.70 —'— 147 [0.70;2.24] 5.3%
Goto et al. [25] 14 -66.17 499 14 -70.84 4.39 — 0.96 [0.18;1.75] 5.3%
Aminaka et al. [30] 20 -62.80 1.20 20 -65.60 1.20 P 2.29 [1.47;3.10] 5.3%
Song et al. [94] 16 6557 483 8 -6354810 — -0.32 [-1.18;0.53] 5.2%
Zamboti et al. [95] 10 -80.50 448 10 -79.88 4.97 —= -0.13 [-1.00; 0.75] 5.2%
Arun et al. [96] 10 -4850 151 10 -53.90 0.88 — 418 [2.50;5.87] 4.1%
Stensdotter et al. [97] 17 310 0.03 17 290 0.03 ——> 6.51 [4.74;8.28] 4.0%
Random effects model 448 407 - 1.03 [ 0.40; 1.66] 100.0%
Heterogeneity: /2 = 86%, t° = 1.7768, p < 0.01 f T T ' '
-2 0 2 4 6 8
Better in PFP  Worse in PFP

Fig. 2 Anteroposterior postural stability indices—PFP versus Controls

Table 1 Meta-analytic results of the comparisons between people with and without patellofemoral pain on balance assessment (Q1)

Analysis n PFP/Control SMD (95% Cl) p value 1 (%) Level of Evidence Egger’s
test (p
value)

AP direction (19 studies) 448/407 1.03 (0.40-1.66) 0.001 86 Very Low 0.018

Trim-and-fill analysis (2 imputed studies) 0.64 (— 0.23-1.52) 0.151 89 Low 0.746
Removing outliers (2 deleted studies) 0.65 (0.30-0.99) <0.001 77 Moderate 0.460
ML direction (13 studies) 61/279 0.87 (0.31-142) 0.002 85 Moderate 0.059
Trim-and-fill analysis (1 imputed study) 0.70 (0.23-1.37) 0.043 87 Moderate 0.641
Removing outliers (1 deleted study) 0.69 (0.23-1.16) <0.001 77 Moderate 0.292

Overall balance (15 studies) 354/335 0.38 (— 0.05-0.82) 0.083 84 Moderate 0813

PM direction (SEBT; 4 studies) 151/117 1.22 (— 0.59-3.02) 0.187 86 Moderate NA

PL direction (SEBT; 4 studies) 151/117 1.06 (— 0.54-2.66) 0.194 86 Moderate NA

AP CoP velocity (6 studies) 120/139 0.28 (— 0.07-0.64) 0.121 50 Moderate NA

ML CoP velocity (6 studies) 113/132 0.67 (= 0.20-1.55) 0130 88 Moderate NA

Overall CoP velocity (4 studies) 104/104 4(0.33-2.15) 0.007 88 Moderate NA

AP anteroposterior, CoP centre of pressure, ML mediolateral, NA not applicable, PFP patellofemoral pain, PM posteromedial, PL posterolateral, SEBT Star Excursion

Balance Test, SMD standardised mean difference

that age is not a source of heterogeneity (Additional

file 7).
 Posteromedial (PM) postural stability (4 studies [85,

95, 96, 98] ): Moderate level evidence indicated a very
large and non-significant effect for lower reach dur-
ing SEBT PM in people with PFP (SMD 1.22, 95% CI
— 0.59-3.02; Fig. 5 and Table 1).

o Posterolateral (PL) postural stability (4 studies [85,

95, 96, 98]): Moderate level evidence indicated a
large and non-significant effect for lower reach dur-
ing SEBT PL in people with PFP (SMD 1.06, 95% CI
— 0.54-2.66; Fig. 6 and Table 1).

« AP CoP Velocity (6 studies [58, 87, 88, 91, 97, 100]):

Moderate level evidence indicated that there is no
difference between people with and without PFP for
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Fig.3

PFP Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Gwynne [58] 30 150 0.15 30 143 0.10 —-— 0.54 [0.03;1.06] 8.3%
Zeinalzadeh et al. [24] 28 289 1.06 28 254 0.55 e 0.41 [-0.12;0.94] 8.2%
Ibrahim et al. [86] 30 300 180 30 1.50 0.60 . 1.10 [0.56;1.65] 8.2%
Manojlovic et al. [100] 18 590 220 37 6.60 240 — -0.30 [-0.86; 0.27] 8.2%
Kim et al. [99] 19 0.01 0.00 19 0.01 0.00 — -0.49 [-1.14;0.16] 8.0%
Lee et al. [29] 20 2470 16.30 19 13.50 4.40 — 0.91 [0.25;1.57] 7.9%
Motealleh et al. [92] 21 2547 1240 21 9.70 3.70 a 1.69 [0.98;2.40] 7.8%
Felicio et al. [88] 15 718 209 15 7.39 240 —a -0.09 [-0.81; 0.63] 7.8%
Negahban et al. [90] 15 3.07 130 15 245 145 T 0.44 [-0.29;1.16] 7.7%
Akhbari et al. [89] 15 170 070 15 1.30 0.60 T 0.60 [-0.14;1.33] 7.7%
Carvalho-e-Silvaetal. [87] 25 3230 550 25 21.70 2.70 —E 241 [1.67;3.15] 7.7%
Nasab et al. [91] 15 034 021 15 0.14 0.05 — R 1.27 [0.48;2.07] 7.5%
Arun et al. [96] 10 -46.10 099 10 -52.70 2.00 ——— 4.01 [2.37;5.64] 5.0%
Random effects model 261 279 - 0.87 [0.31; 1.42] 100.0%

Heterogeneity: /2 = 85%, t° = 0.9054, p < 0.01 ' J ' '
2 0 2 4 6
Better in PFP Worse in PFP

Mediolateral postural stability indices—PFP versus Controls

Fig. 4

PFP Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD  95%-CI  Weight
Coelho et al. [98] 48 -83.80 9.30 48 -86.10 6.50 0.28 [-0.12; 0.69] 7.4%
Priore et al. [101] 55 -78.00 8.00 40 -84.00 8.00 3 0.74 [0.32; 1.17] 7.4%
Zeinalzadeh et al. [24] 28 4036 1929 28 3769 2844 . 0.11 [-0.42; 0.63] 7.1%
Ibrahim et al. [86] 30 4.90 3.10 30 2.20 0.70 —h 1.19 [0.63; 1.74] 7.0%
Carvalho-e-Silvaetal. [87] 25 888.70 76.10 25 81290 69.20 — . 1.03 [0.43; 1.62] 6.9%
Yelvar et al. [102] 22 1216 3.14 22 11.09 3.99 e 0.29 [-0.30; 0.89] 6.9%
Kim et al. [99] 19 0.04 0.01 19 0.04 0.01 —e— -0.19 [-0.82; 0.45] 6.8%
Silva et al. [26] 29 26.40 7.50 25 4310 10.20 —a -1.86 [-2.51;-1.21] 6.8%
Felicio et al. [88] 15 1612 4.66 15 1652 443 — N -0.09 [-0.80; 0.63] 6.5%
Akhbari et al. [89] 15 2.70 1.30 15 2.20 0.90 Tea— 0.44 [-0.29; 1.16] 6.5%
Negahban et al. [90] 15 4.54 1.77 15 3.63 1.35 T 0.56 [-0.17; 1.29] 6.5%
Motealleh et al. [92] 21 56460 263.70 21 186.38 68.04 —+— 1.93 [1.18; 2.67] 6.4%
Saad et al. [27] 15 56.63 2456 15 36.34 10.92 SN B 1.04 [0.27; 1.81] 6.4%
Zamboti et al. [95] 10 7.93 2.98 10 6.41 1.50 0.62 [-0.28; 1.52] 5.9%
Carry et al. [57] 7 5459.89 1627.74 7 6131.39 1240.87 -0.43 [-1.50; 0.63] 5.4%
Random effects model 354 335 Dt 0.38 [-0.05; 0.82] 100.0%

Heterogeneity: 12 = 84%, <* = 0.6156, p < 0.01 T T
3 2 1 0 1 2 3
Better in PFP  Worse in PFP

Overall postural stability indices—PFP versus Controls

Fig.5

PFP Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl  Weight
Steinberg et al. [85] 83 6.00 430 49 460 3.90 |—'- 0.33 [-0.02; 0.69] 26.7%
Coelho et al. [98] 48 -94.20 13.20 48 -96.60 9.30 - 0.21 [-0.19; 0.61] 26.6%
Zamboti et al. [95] 10 -69.60 994 10 -73.90 6.94 ——+—— 0.48 [-0.41;1.37] 25.3%
Arun et al. [96] 10 -3540 151 10 -46.90 3.18 —— 442 [267;6.18] 21.5%
Random effects model 151 117 — 1.22 [-0.59; 3.02] 100.0%
1

Heterogeneity: /2 = 86%, t° = 3.1581, p < 0.01 I L
14 0 1 2 3 4 5 6
Better in PFP Worse in PFP

Posteromedial postural stability indices (SEBT)—PFP versus Controls
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AP CoP velocity (SMD 0.28, 95% CI — 0.07-0.64;
Fig. 7 and Table 1).

ML CoP Velocity (6 studies [58, 87, 88, 91, 95, 100]):
Moderate level evidence indicated a moderate and
non-significant effect for greater ML CoP velocity in
people with PFP compared to controls (SMD 0.67,
95% CI — 0.20—1.55; Fig. 8 and Table 1).

Overall CoP Velocity (4 studies [24, 58, 87, 92]): Mod-
erate level evidence indicated that people with PFP
present greater overall CoP velocity with a very large
effect compared to controls (SMD 1.24, 95% CI 0.33—
2.15; Fig. 9 and Table 1).

Page 9 of 20

Influence of vision: Felicio et al. [88] was the only study
that exclusively assessed their participants with eyes
closed (AP, ML and overall balance) and a sensitivity
analysis was performed to verify the impact of pool-
ing assessments performed with open and closed eyes
for all meta-analyses. We concluded that the inclu-
sion of the Felicio et al. [88] study did not impact the
results.

Studies not included in meta-analysis: Naserpour
et al. [103] was the only study that evaluated the time
to CoP stabilisation and reported statistical difference
between groups (PFP group took a longer time to

Fig. 8 Mediolateral centre of pressure velocity—PFP versus Controls

PFP Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Steinberg et al. [85] 83 6.20 510 49 540 6.00 —~— 0.15 [-0.21; 0.50] 26.8%
Coelho et al. [98] 48 -98.50 10.60 48 -100.10 8.60 - 0.16 [-0.24; 0.57] 26.7%
Zamboti et al. [95] 10 -76.25 881 10 -80.80 6.05 =+ 0.58 [-0.32; 1.48] 25.0%
Arun et al. [96] 10 -3450 246 10 -42.30 1.16 ————— 3.88 [2.29;548] 21.4%
Random effects model 151 117 —— 1.06 [-0.54; 2.66] 100.0%
Heterogeneity: 12 = 86%, t° = 2.4413, p < 0.01 ' rroroT T
-1 01 2 3 4 5 6
Better in PFP  Worse in PFP
Fig. 6 Posterolateral postural stability indices (SEBT)—PFP versus Controls
PFP Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-CI Weight
Gwynne [58] 30 2.03 127 30 1.38 0.68 ; 0.63 [0.11;1.15] 19.8%
Carvalho-e-Silva et al. [87] 25 36.70 290 25 3530 1.80 s a— 0.57 [0.00; 1.14] 18.3%
Manojlovic et al. [100] 18 2320 490 37 2580 640 —— -0.43 [-1.00; 0.14] 18.2%
Stensdotter et al. [97] 17 0.21 0.04 17 0.21 0.02 — 0.00 [-0.67;0.67] 15.4%
Nasab et al. [91] 15 112430 31029 15 1004.50 227.25 0.43 [-0.30; 1.15] 14.2%
Felicio et al. [88] 15 6.68 1.30 15 5.90 1.65 0.51 [-0.22;1.24] 14.1%
Random effects model 120 139 T 0.28 [-0.07; 0.64] 100.0%
Heterogeneity: /2 = 50%, t° = 0.0988, p = 0.08 T T T
-1 -05 0 05 1 15 2
Better in PFP  Worse in PFP
Fig. 7 Anteroposterior centre of pressure velocity—PFP versus Controls
PFP Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Gwynne [58] 30 049 024 30 047 023 —_ 0.08 [-0.42;0.59] 17.6%
Manojlovic et al. [100] 18 2510 550 37 2680 670 —+1— -0.26 [-0.83;0.30] 17.4%
Felicio et al. [88] 15 6.22 1.49 15 5.74 1.90 0.27 [-0.45;0.99] 16.6%
Nasab et al. [91] 15 1398.60 438.38 15 1202.40 367.50 0.47 [-0.26; 1.20] 16.6%
Carvalho-e-Silvaetal. [87] 25 2220 200 25 17.00 1.60 ———— 2.83 [2.03;363] 16.2%
Zamboti et al. [95] 10 3.01 0.90 10 2.40 0.53 T 0.79 [-0.13;1.71] 15.5%
Random effects model 113 132 ~— 0.67 [-0.20; 1.55] 100.0%
Heterogeneity: /2 = 88%, % = 1.0557, p < 0.01 I T T T !
-1 0 1 2 3 4
Better in PFP  Worse in PFP




Nunes et al. Sports Medicine - Open (2022) 8:144 Page 10 of 20
PFP Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl  Weight
Gwynne [58] 30 214 128 30 145 0.72 0.66 [0.14;1.18] 25.9%
Carvalho-e-Silva etal. [87] 25 4550 2.90 25 44.40 2.10 T 0.43 [-0.13;0.99] 25.6%
Motealleh et al. [92] 21 51.18 2236 21 26.72 5.08 —a 1.48 [0.79; 2.17] 24.4%
Zeinalzadeh et al. [24] 28 065 010 28 0.45 0.05 P 249 [1.79;3.20] 24.2%
Random effects model 104 104 —— 1.24 [0.33; 2.15] 100.0%
Heterogeneity: /% = 88%, <% = 0.7599, p < 0.01 ' ' ' ' '

-1 0 1 2 3 4

Better in PFP  Worse in PFP
Fig. 9 Overall centre of pressure velocity—PFP versus Controls

stabilise); and Stensdotter et al. [104] did not report
their data in detail (Additional file 8).

Question 2: Interventions Targeting Balance Improvements
for People with PFP

o Study characteristics: The studies of Maryan et al.

[105] and Maryan et al. [106] reported identical
data and were considered as one study for analyses.
From 23 included studies, 755 people with PFP were
included (Additional file 5). SEBT-related tasks, pos-
turography (single- and double-legged stance) and
CoP behaviour were applied to assess balance per-
formance. CoP behaviour was assessed during single-
legged squat, step tasks, seated position and single-
legged stance. Interventions included neurofeedback,
taping, exercises, braces, manual therapy, dry nee-
dling, and virtual reality (Additional file 5).

+ Risk of bias: The mean PEDro score was 2.9 (1.4),

with 50% presenting high RoB (n=11), 36% moder-

.

.

.

ate RoB (n=8), and 14% presenting low RoB (n=3)
(Additional file 6).

AP postural stability (11 studies [28, 30, 62, 94, 107—
113]): low-level evidence indicated that interven-
tions are moderately effective to improve AP balance
compared to control interventions (SMD 0.59, 95%
CI 0.04-1.14, Fig. 10 and Table 2). Publication bias
was not detected (Egger’s test p=0.681, Additional
file 3). Subgroup analyses indicated that the type of
comparator, type of experimental intervention, and
design are potential sources of heterogeneity (Addi-
tional file 7). Meta-regression indicated that age and
treatment duration are not sources of heterogeneity
(Additional file 7).

ML postural stability (4 studies [28, 29, 109, 111]):
very low level evidence indicated that interventions
are not effective to improve ML balance compared
to control interventions (SMD 0.01, 95% CI — 0.51—
0.53, Fig. 11 and Table 2).

Overall postural stability (7 studies [28, 107, 109, 111,
114-116)): low-level evidence indicated a non-signif-
icant small effect in favour of interventions compared

Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD  95%-Cl Weight
Steinberg et al. [107] 28 -59.80 550 29 -54.80 5.30 —'—— -0.91 [-1.46;-0.37] 9.6%
Motealleh et al. [108] 22 -69.22 739 22 -65.817.85 : -0.44 [-1.04; 0.16] 9.4%
Ferreira et al. [109] 20 579 210 20 6.09 162 T -0.16 [-0.78; 0.46] 9.3%
Aminaka et al. [30] 20 -63.50 1.30 20 -62.80 1.20 : -0.55 [-1.18; 0.08] 9.3%
Zarei et al. [110] 20 -0.89 0.11 20 -0.81 0.14 : -0.62 [-1.26; 0.01] 9.3%
Ahmadi et al. [111] 16 140 025 16 1.39 0.20 T 0.04 [-0.65; 0.74] 9.0%
Song et al. [94] 16 -66.15 464 16 -67.18 3.74 - 0.24 [-0.46; 0.93] 9.0%
Foroughi et al. [28] 17 035 0.11 16 048 0.18 —'—I -0.86 [-1.57;-0.14] 9.0%
Motealleh et al. [62] 14 -0.70 011 14 -0.71 0.17 e 0.07 [-0.67; 0.81] 8.9%
Goel and Bhatia [112] 30 -0.73 0.03 30 -0.64 0.03 —— I -3.26 [-4.05;-2.47] 8.7%
Ebrahimi et al. [113] 12 -0.71 012 12 -0.70 0.12 —a -0.06 [-0.87; 0.74] 8.6%
Random effects model 215 215 " -0.59 [-1.14; -0.04] 100.0%

Heterogeneity: /2 = 84%, 1® = 0.7441, p < 0.01 ' ' ! ' '

-4 -2 0 2 4

Favours treatment Favours control

Fig. 10 Effect of conservative interventions on the anteroposterior postural stability compared to control interventions
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to control interventions (SMD 0.49, 95% CI — 0.14—
1.11, Fig. 12 and Table 2).

o PM postural stability (5 studies [62, 107, 108, 110,

113]): moderate level evidence indicated that inter-
ventions lead to small improvement for SEBT PM
(SMD 0.37, 95% CI 0.08-0.65) compared to control
interventions (Fig. 13 and Table 2).

o PL postural stability (5 studies [62, 107, 108, 110,

113]): moderate level evidence indicated that inter-
ventions lead to small improvement for SEBT PL
(SMD 0.31, 95% CI 0.02—0.59) compared to control

interventions (Fig. 14 and Table 2).
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o Studies not included in meta-analysis: Loudon et al.

[31] was the only study that evaluated intervention
effects using the balance and reach test, and reported
that exercise is able to improve balance in people
with PFP; Miller et al. [117], and Maryam et al. [105,
106] did not report their data in detail; and the stud-
ies by Demirci et al. [118], Ojaghi et al. [119], Sinaei
et al. [120] and Fang et al. [121] compared two types
of experimental interventions without a control con-
dition (Additional file 8).

Table 2 Meta-analytic results of the effects of experimental interventions versus control interventions on balance for people with

patellofemoral pain (Q2)

Analysis n Exp/Con SMD (95% ClI) p value ? (%) Level of Evidence
AP direction® (11 studies) 215/215 0.59 (0.04-1.14) 0.038 84 Low

ML direction (4 studies) 73/72 0.01 (= 0.51-0.53) 0.966 59 Very Low

Overall direction (7 studies) 133/133 049 (— 0.12-1.09) 0.126 82 Low

PM direction (SEBT; 5 studies) 96/97 037 (O 08-0.65) 0.012 0 Moderate

PL direction (SEBT; 5 studies) 96/97 0.31(0.02-0.59) 0.034 0 Moderate

AP anteroposterior, Con control group, Exp experimental group, ML mediolateral, PM posteromedial, PL posterolateral, SEBT Star Excursion Balance Test, SMD

standardised mean difference

@ No publication bias detected—Egger’s test: p=0.681

Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Ferreira et al. [109] 20 325 050 20 3.25 047 0.00 [-0.62;0.62] 26.4%
Lee et al. [29] 20 16.80 1510 20 24.70 16.30 — -0.49 [-1.12; 0.14] 26.0%
Foroughi et al. [28] 17 062 023 16 0.67 0.30 — -0.18 [-0.87; 0.50] 24.4%
Ahmadi et al. [111] 16 168 017 16 152 0.22 — 0.79 [0.07;1.52] 23.2%
Random effects model 73 72 e 0.01 [-0.51; 0.53] 100.0%

Heterogeneity: 12 = 59%, 12 = 0.1654, p = 0.06 I T ! T '

-2 -1 0 1 2

Favours treatment Favours control

Fig. 11 Effect of conservative interventions on the mediolateral postural stability compared to control interventions

Experimental Control

Study Total Mean SD Total Mean SD
Steinberg et al. [107] 28 -9540 6.50 29 -90.70 8.00
Mahmoud and Kamel [114] 30 11.38 110 30 14.76 2.50
Ferreira et al. [109] 20 1369 7.09 20 14.06 5.10
Foroughi et al. [28] 17 6.03 369 16 8.21 7.27
Ahmadi et al. [111] 16 149 017 16 146 027
Avytar et al. [115] 12 2428.41 959.76 12 1834.90 674.40
Chevidikunnan et al. [116] 10 -78.10 7.35 10 -68.70 4.64
Random effects model 133 133

Heterogeneity: 12 = 82%, t° = 0.5772, p < 0.01

Standardised Mean
Difference SMD 95%-Cl  Weight
— -0.63 [-1.17;-0.10] 15.6%
i -1.73 [-2.33;-1.13] 15.1%
T -0.06 [-0.68; 0.56] 15.0%
—j—(— -0.37 [-1.06; 0.32] 14.5%
T 0.13 [-0.56; 0.82] 14.4%
P 0.69 [-0.14; 1.52] 13.4%
— -1.46 [-2.48;-0.45] 12.0%
— |’ 049 [1:11; 0.14] 100.0%
3 2 1 0 1 2 3
Favours treatment Favours control

Fig. 12 Effect of conservative interventions on the overall postural stability compared to control interventions
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Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-CI Weight
Steinberg et al. [107] 28 9190 9.20 29 87.90 9.10 -‘—'— 0.43 [-0.09; 0.96] 29.6%
Motealleh et al. [108] 22 7140 737 22 71.36 6.75 — e 0.01 [-0.59; 0.60] 23.4%
Zarei et al. [110] 20 0.77 010 20 0.69 0.10 — 0.78 [0.14;1.43] 19.6%
Motealleh et al. [62] 14 085 0.13 14 0.78 0.22 —T 0.38 [-0.37;1.12] 14.6%
Ebrahimi et al. [113] 12 0.83 0.09 12 0.80 0.14 — T 0.24 [-0.56; 1.04] 12.7%
Random effects model 96 97 - 0.37 [0.08; 0.65] 100.0%

Heterogeneity: 1= 0%, =0, p =0.53 I T ' !

-2 -1 0 1 2

Favours treatment Favours control

Fig. 13 Effect of conservative interventions on the posteromedial postural stability (SEBT) compared to control interventions

Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Steinberg et al. [107] 28 9140890 29 87.50 9.20 ‘*_’_ 0.42 [-0.10; 0.95] 29.3%
Motealleh et al. [108] 22 71.09 720 22 70.77 7.53 —aa 0.04 [-0.55;0.63] 23.2%
Zarei et al. [110] 20 0.83 0.11 20 0.78 0.12 T 0.43 [-0.20; 1.05] 20.6%
Motealleh et al. [62] 14 081 0.14 14 0.77 020 —E&— 0.22 [-0.52;0.97] 14.6%
Ebrahimi et al. [113] 12 081 0.10 12 0.76 0.14 —T 0.43 [-0.38; 1.24] 12.3%
Random effects model 96 97 - 0.31 [0.02; 0.59] 100.0%

Heterogeneity: 1>=0%,1*=0, p =0.87 I T ' I

-2 -1 0 1 2

Favours treatment Favours control

Fig. 14 Effect of conservative interventions on the posterolateral postural stability (SEBT) compared to control interventions

Question 3: Balance Interventions Targeting Pain

and Function for People with PFP

o Study characteristics: Of 14 included studies, 907

people with PFP were included (Additional file 5).
Visual analogue scale (VAS), numeric pain rating
scale (NPRS), and Knee injury and Osteoarthritis
Outcome Score (KOOS) subscale pain were used to
assess pain level. Anterior Knee Pain Scale (AKPS),
Knee Outcome Survey—Activities of Daily Living
Scale (KOS-ADLS), Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC), KOOS
subscales and functional tests were used to assess
functional status. A description of balance interven-
tions is presented in Additional file 5.

e Risk of bias: The mean PEDro score was 3.6 (1.8),

with 50% presenting low RoB (n=7), 14% moder-
ate RoB (n=2), and 36% presenting high RoB (n=5)
(Additional file 6).

o Pain data (14 studies [28, 31, 32, 61, 107, 113, 114,

122-128]): low-level evidence indicated that bal-
ance interventions were largely effective to improve
pain compared to non-balance interventions (SMD
0.82, 95% CI 0.30-1.33, Fig. 15 and Table 3). The
Egger’s test was not significant for publication bias

(p=0.054); however, as we found a marginal p value,
we performed the sensitivity analyses which showed
different results. Trim-and-fill analysis indicated
that balance interventions have no effect on pain
(low-level evidence, SMD 0.38, 95% CI — 0.28-1.03;
Table 3) and the analysis by removing the outliers
[61, 125, 128] indicated that balance interventions
have a small effect in improving pain in people with
PFP compared to non-balance interventions (low-
level evidence, SMD 0.40, 95% CI 0.04—0.76; Table 3)
(Additional file 3). Subgroup and meta-regression
analyses did not indicate possible sources of hetero-
geneity (Additional file 7).

o Function data: considering patient-reported outcome

measures (10 studies [28, 31, 32, 61, 113, 122-124,
126, 127]), moderate level evidence indicated that
balance interventions have a small effect in improv-
ing function compared to non-balance interventions
(SMD 0.45, 95% CI 0.13-0.78, Fig. 16 and Table 3).
Subgroup and meta-regression analyses did not indi-
cate possible sources of heterogeneity (Additional
file 7). Considering functional tests (5 studies [28,
31, 113, 125, 126]), very low level evidence indicated
that balance interventions have a moderate and non-
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Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl  Weight
Ferber et al. [122] 111 196 192 88 199 205 . -0.02 [-0.29; 0.26] 7.9%
van Linschoten et al. [123] 65 3.81 290 66 4.60 3.00 .y -0.27 [-0.61; 0.08] 7.8%
Steinberg et al. [107] 28 445 218 29 500 223 iy -0.25 [-0.77; 0.28] 7.5%
Clark et al. [124] 32 3295 3444 21 41.80 40.60 - -0.24 [-0.79; 0.32] 7.4%
Mahmoud and Kamel [114] 30 1.90 0.90 30 3.50 1.50 ¥ -1.28 [-1.84;-0.72] 7.4%
Emamvirdi et al. [125] 32 310 161 32 6.10 1.12 - -2.14 [-2.76;-1.52] 7.3%
Boitrago et al. [61] 30 190 180 30 6.07 220 - -2.05 [-2.68;-1.42] 7.2%
Rabelo et al. [32] 16 200 170 17 220 1.60 i -0.12 [-0.80; 0.57] 7.1%
Shadloo et al. [126] 15 200 154 15 200 1.66 —=a 0.00 [-0.72; 0.72] 7.0%
Molgaard et al. [127] 17 78.00 11.00 15 69.00 15.00 — 0.67 [-0.04; 1.39] 7.0%
Loudon et al. [31] 18 21.70 16.31 11 34.80 17.70 —a -0.76 [-1.53; 0.02] 6.8%
Foroughi et al. [28] 17 158 093 16 3.31 1.13 T -1.64 [-2.44;-0.83] 6.8%
Ebrahimi et al. [113] 12 171 138 12 3.07 1.82 — -0.81 [-1.65; 0.03] 6.7%
Yalfani et al. [128] 16 266 117 16 653 135 ——— -2.99 [-4.03;-1.94] 6.1%
Random effects model 439 398 : : - : : -0.82 [-1.33; -0.30] 100.0%

Heterogeneity: /2 = 89%, 2 = 0.8658, p < 0.01
-4 -2 0 2 4
Favours treatment Favours control

Fig. 15 Effect of balance interventions on pain compared to non-balance interventions

Table 3 Meta-analytic results of the effects of balance exercises versus non-balance interventions on pain and function for people
with patellofemoral pain (Q3)

Analysis n Exp/Con SMD (95% CI) p value 2 (%) Level of Evidence Egger’s
test (p
value)

Pain (14 studies) 439/398 0.82(0.30-1.33) 0.002 89 Low 0.054
Trim-and-fill analysis (3 imputed studies) 0.38 (— 0.28-1.03) 0.259 93 Low 0613
Removing outliers (3 deleted studies) 0.40 (0.04-0.76) 0.028 73 Low 0.242
Function (PROMs—10 studies) 333/291 045 (0.13-0.78) 0.006 68 Moderate 0.082

Function (tests—>5 studies) 94/95 0.67 (— 0.04-1.38) 0.065 82 Very Low NA

Con control group, Exp experimental group, PROMs patient-reported outcome measures, NA not applicable, SMD standardised mean difference

Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-CI Weight
Ferber et al. [122] 111 87.95 11.26 88 87.67 10.53 - 0.03 [-0.25;0.31] 14.0%
van Linschoten et al. [123] 65 78.80 15.50 66 74.90 17.60 T 0.23 [-0.11;0.58] 13.3%
Boitrago et al. [61] 30 85.80 12.30 30 71.83 11.80 —a 1.14 [0.60; 1.69] 10.8%
Clark et al. [124] 32 10.75 11.01 21 13.80 15.80 —T -0.23 [-0.78; 0.32] 10.8%
Rabelo et al. [32] 16 85.80 9.20 17 83.70 8.30 0.23 [-0.45;0.92] 9.2%
Molgaard et al. [127] 17 83.00 10.00 15 78.00 15.00 B B e 0.39 [-0.31;1.09] 9.0%
Shadloo et al. [126] 15 88.66 3.01 15 88.06 3.12 0.19 [-0.53;0.91] 8.8%
Foroughi et al. [28] 17 88.05 475 16 81.93 579 — 1.13 [0.39;1.87] 8.6%
Ebrahimi et al. [113] 12 88.36 6.03 12 83.00 10.46 0.61 [-0.22;1.43] 7.8%
Loudon et al. [31] 18 8545 956 11 71.20 11.80 — 1.33 [0.49;2.16] 7.7%
Random effects model 333 291 - 0.45 [0.13; 0.78] 100.0%
Heterogeneity: /12 = 68%, t° = 0.1739, p < 0.01 ' ' ' |
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Fig. 16 Effect of balance interventions on function (PROMs) compared to non-balance interventions
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significant effect in improving function compared
to non-balance interventions (SMD 0.67, 95% CI
— 0.04-1.38, Fig. 17 and Table 3).

Discussion

PFP Versus Control (Asymptomatic) on Balance (Q1)

The cross-sectional data revealed ambiguous results
because most meta-analyses reported non-significant
results, but the meta-analyses with more included stud-
ies reported impairments in the balance of people with
PFP. Most meta-analyses (six out of eight) reported non-
significant results based on moderate-level evidence,
indicating that balance is not impaired in people with
PFP. However, the non-significant results raise questions
regarding the actual presence of balance impairments in
the population with PFP. The non-significant results for
SEBT PM and PL, and ML CoP velocity were obtained
from meta-analyses with few included studies (n=4-6),
with magnitude effects varying from moderate to very
large for worse balance in people with PFP, which does
not the support a consistent conclusion.

Considering the results from the three meta-analyses
with more studies included (n=13-19 studies), there
are some circumstances which require attention for
the interpretation. The results for ML postural stability
reported more coherent findings that people with PFP
have impairments in ML balance based on moderate-
level evidence. The results for AP postural stability are
based on very low level evidence and seem to be highly
influenced by the small-study effect, suggesting that
publication bias interfered with the results. Although
the trim-and-fill analysis reported non-significant
results, in the analysis by removing the outliers, we
could observe a significant result as the original analysis
(moderate effect), and the level of evidence increased
to moderate. The findings for overall postural stabil-
ity seem to be highly affected by one study which likely
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influenced the meta-analysis towards a non-significant
result. Although the publication bias analysis did not
indicate outliers, only one study presented results sug-
gesting that people with PFP have less overall balance
sway [26] with the other 18 studies presenting that peo-
ple with PFP have a worse overall balance or no differ-
ence compared to controls (Fig. 4). Therefore, based on
the present results, we cannot affirm that people with
PFP have impairments in balance compared to asymp-
tomatic people. However, there are some findings sug-
gesting that balance is a physical factor likely altered in
people with PFP. Our results show the need for more
high-quality with large sample size investigations in
order to confirm whether balance impairments are pre-
sent in the PFP population.

Different aspects affecting people with PFP may com-
promise postural control, such as impairments in cen-
tral control [129], proprioception [130], muscle activity
[131] or muscle capacity [65, 132]. Previous studies
reported that postural control in people with PFP is
correlated with knee muscle strength [23], hip mus-
cle strength [87, 100] and knee proprioception [98]. In
contrast, studies reported controversial results on the
correlation between postural control and pain [23, 101,
102]. Nevertheless, little is known about the cause-
consequence relationship between PFP and postural
control. A recent study indicated that balance impair-
ments could be a risk factor for PFP development [133].
Contrarily, some experimental research reported that
induced knee pain impairs balance and quadriceps
coordination [134, 135]. Therefore, a better under-
standing of how balance is affected as PFP develops
could help clinicians in their decisions regarding pos-
sible interventions aiming at treating or preventing PFP
[136].

Interventions Addressing Balance in People with PFP (Q2)
This is the first review pooling information on balance
from people with PFP and interestingly, 23 randomised

Experimental Control

Heterogeneity: /% = 82%, 1> = 0.5217, p < 0.01

Standardised Mean

Study Total Mean SD Total Mean Difference SMD 95%-Cl Weight
Emamvirdi et al. [125] 32 140.12 11.50 32 117.50 13.05 —— 1.82 [1.23;2.40] 21.5%
Shadloo et al. [126] 15 1726 153 15 17.60 1.80 — -0.20 [-0.92; 0.52] 20.0%
Foroughi et al. [28] 17 2437 335 16 20.56 4.11 — 0.99 [0.27;1.72] 19.9%
Loudon et al. [31] 18 2085 4.07 11 1990 3.70 —T 0.23 [-0.52; 0.99] 19.6%
Ebrahimi et al. [113] 12 1512 428 12 13.36 4.28 T 0.40 [-0.41;1.21] 19.0%
Random effects model 94 86 | e— 0.67 [-0.04; 1.38] 100.0%
I T T 1

-2 -1 0 1 2
Favours control Favours treatment

Fig. 17 Effect of balance interventions on function (functional tests) compared to non-balance interventions
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controlled trials used balance measures as an outcome
to determine the efficacy of their interventions. Based on
the meta-analyses for Q2, we cannot affirm that balance
is a modifiable outcome in people with PFP. The results
present a number of issues which makes the conclusion
fragile. The positive results for improvements on AP, PM
and PL balance include a confidence interval which does
not warrant concluding a clinical significance of these
interventions [137]. Additionally, the AP balance result
was likely influenced by a study with a very large effect
in favour of the experimental intervention (SMD = 3.26)
[112]. The non-significant results for ML and overall
balance and the low to very low level evidence provide
further information to question the effectiveness of inter-
ventions to improve balance in people with PFP.

We can affirm that the inconclusive results are related
to the diversity of interventions, including neurofeed-
back [111], taping [30, 94, 105, 106, 109, 112, 115, 117
120], exercises [28, 31, 62, 107, 114, 116, 121], braces
[29], manual therapy [108, 117, 118], dry needling [110]
and virtual reality [113]. Few studies included exercises
addressing specifically balance deficits [28, 31, 107, 114].
The study by Steinberg et al. [107] included single-legged
ballet-related exercises, and the study by Foroughi et al.
[28] included an exercise in which the participants were
required to maintain balance on an unstable seat appa-
ratus; and the subgroup analysis including these two
studies showed a large effect in favour of the interven-
tions on AP balance (very low level evidence). The study
by Mahmoud and Kamel [114] included a progressive
balance exercise programme and presented a very large
effect in favour of interventions in improving overall bal-
ance (study with moderate RoB). The study by Loudon
et al. [31] included single-legged stance and reach tasks
and reported improvements in the balance and reach test
(study with high RoB). Therefore, we may infer that bal-
ance is a potential modifiable factor in people with PFP,
but the lack of specific and high-quality studies does
not allow a clear conclusion. Further investigation is
needed to ascertain whether interventions are effective to
improve balance in people with PFP.

Balance Interventions on Pain and Function in People

with PFP (Q3)

The results for Q3 suggest that interventions which
included balance exercises are not clearly effective for
function improvement or pain reduction. The effect
on function measured using patient-reported outcome
measures was small and included a confidence inter-
val which does not justify concluding clinical relevance
[137]. Additionally, no significant effect was observed for
function measured using functional tests. For pain reduc-
tion, the meta-analysis reported a large effect in favour
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of interventions including balance exercises, based on
low-level evidence and including a confidence interval
with the lower limit that most clinicians and researchers
would be considered to be not clinically significant [137].

The literature reports strong evidence supporting the
effectiveness of some interventions addressing pain and
function in people with PFP, such as hip- and knee-tar-
geted exercise therapy [7, 12]. Comparing the evidence
level of previous results and our findings, we could sug-
gest that balance exercises are less essential for PFP reha-
bilitation. Nonetheless, beyond the fact that subgroup
analyses were performed for heterogeneity investiga-
tion, their results suggest the importance of multimodal
exercise programmes, including balance exercises as
one component to reduce pain in people with PFP. Mul-
timodal programmes that included balance exercises
moderately reduced pain compared to control interven-
tions without balance exercises. Additionally, the sub-
group analysis pooling studies that specifically aimed to
verify the effects of balance reported a very large effect
in favour of interventions. However, we should consider
these results with caution; if the pain explains impair-
ments in balance, targeting balance on its own might not
be relevant. Therefore, the inconclusive results about the
effects of balance intervention on pain and function do
not justify clinical application, but the results encourage
further investigations in the field.

Limitations

An important limitation of the findings is the heteroge-
neity which was present in all meta-analyses. It suggests
that the diversity in participants’ characteristics, inter-
ventions or methodological aspects exceeds the diversity
expected by chance and likely influences the results [45].
The subgroup analysis indicated some potential factors
which may explain the heterogeneity, such as the assess-
ment method and sex for Q1; and the type of comparator,
the design and specificity of interventions for Q2. Even
with these factors, we could not conclude which factors
strongly influence the statistical heterogeneity. There-
fore, other factors should be explored, such as pain [20,
21] and body mass index [138, 139] which may have an
important role in moderating postural control. The study
by Yelvar et al. [102] reported that pain and body mass
index are moderately correlated with postural control in
people with PFP. We intended to perform meta-regres-
sion analyses to verify whether pain and body mass index
could explain the heterogeneity; however, the included
studies poorly reported these variables (Additional file 5)
which prevented such analysis. We may speculate that
the heterogeneity reflects the multifactorial aspect of
PFP, along with a possible high level of heterogeneity in
many characteristics among this population that could
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affect results. Additionally, other systematic reviews
investigating the influence of balance on different popu-
lations, such as older people [34, 140] and people with
chronic ankle instability [141, 142], also reported hetero-
geneity in their results, which suggest that heterogene-
ity may be inherent in this topic. Nevertheless, the high
heterogeneity of the present findings is important and
should be considered for the interpretation of the results.
Another limitation is that some results are based on low
or very low level evidence which compromises the trust-
worthiness of the reported effects. Also, for some meta-
analyses, we could not assess the presence of publication
bias due to the number of included studies. Therefore,
the present results should be interpreted with caution
and additional studies with low RoB and homogeneous
data may change our conclusions.

Conclusions

People with PFP likely present balance impairments
compared to asymptomatic people. There was insuf-
ficient evidence to support the efficacy of interventions
to improve or modify balance in people with PFP. Also,
there was insufficient evidence to support the efficacy of
balance exercises to improve pain and function in people
with PFP.
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