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: ABSTRACT

Purpose: One of the most significant contributors to lower extremity degeneration alterations
Article info: : and its effects on balance and sports performance is dynamic knee valgus (DKV) as a faulty
Received: 10 Jun 2022 . movement pattern. Different exercise interventions have been conducted to improve DKV,
Accepted: 23 Aug 2022 :  Extensive research and meta-objective analysis were conducted to assess how exercise
Available Online: 01 Oct 2022 interventions affected people with lower extremity functional indicators of DKV.

Methods: The electronic databases Scopus, Web of Science (WoS), PubMed, Google Scholar,
and Iranian databases SID and Magiran were systematically searched from inception to
September 2021. Only full-text articles published in English/Persian peer-reviewed journals
that met this study criterion were tracked. Two researchers evaluated the methodological quality
of research findings separately, employing the Downs and Black Checklist. After collecting
significant data from eligible studies, the results were integrated by applying a random-effects
meta-analysis approach.

Results: The final systematic review and meta-analysis comprised seven of the 3470 papers
deemed potentially relevant. The outcome illustrates that different exercise interventions may
be effective in improving dynamic balance (SD=0.93 degrees, 95%CI: 0.54-1.32, P<0.001) and

Keywords: . functional performance (Hedge’s g=1.695, 95% CI=1.22-2.17, Z=6.99, P<0.001) in 250 DKV
Dynamic knee valgus :  participants.

(DKV), Functional - Conclusion: Exercise interventions appear to be an effective method to enhance dynamic
indices, Exercises, Meta- . balance and functional performance in individuals experiencing DKV; nevertheless, these results
analysis . should be regarded as preliminary due to the limited number of studies and their limitations.
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Highlights
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e The different exercise interventions might be effective in improving dynamic balance.

e The different exercise interventions might be effective in improving functional performance.

Plain Language Summary

Dynamic knee valgus (DKV) as an incorrect movement pattern is recognized as a risk factor for lower extremity
injuries. Different exercise interventions have been done to improve dynamic knee valgus. The purpose of the sys-
tematic review and meta-analysis was to investigate the results related to the effects of exercise interventions on the
lower extremity functional indexes of people with dynamic knee valgus. The results showed that different exercise

1. Introduction

he inappropriate movement pattern of

dynamic knee valgus (DKV) appears to

be a risk factor for lower extremity in-

jury. Lower extremity injuries appear to

be common in sports that require a high

frequency of jump-landing movements
[1]. Anterior cruciate ligament (ACL) sprains and Achil-
les tendinitis are ligamentous injuries linked to these
jump-landing movements [2]. Other non-ligamentous
injuries, including bone and cartilaginous injuries, may
result from the jump landing movements [3]. Incorrect
landing movement patterns, such as reduced knee and
hip flexion, increased hip internal rotation, and knee val-
gus, could enhance the risk of injury [4, 5]. It indicates
that DKV accurately predicts acute injuries and frequent
lower extremity usage. The adduction and internal rota-
tion of the femur, the abduction of the knee, the anterior
translation of the tibia, the external rotation of the tibia,
and the eversion of the ankle indicate the modified hip,
knee, and ankle kinematics related to inappropriate pat-
terns of lower limb function [6]. The pattern indicates
knee valgus movement by demonstrating medial knee
displacement above the line connecting the foot and the
thigh [7]. Balance loss, particularly dynamic balance, is
another factor that increases the risk of lower extremity
injuries. A practical test to determine dynamic balance
is indeed the Y-balance test (YBT). In different popula-
tions, a lower YBT score is linked to lower extremity
injuries [8]. Additionally, a DKV, which has decreased
neuromuscular efficiency, can interfere with dynamic
balance control [9].

Correcting improper movement patterns may help
avoid ACL and other lower extremity injuries, both of
which have modifiable risk factors [10]. Individuals

with low movement quality benefit most from exercise
programs, and investigators have worked to develop ef-
ficient training programs and cutting-edge techniques to
enhance it [6]. The efficiency of plyometric exercises as
one of the tools for enhancing physical and movement
fitness has been the subject of some current studies in
this field. Plyometric training programs appear to reduce
the knee valgus angle and the ground reaction forces by
emphasizing knee alignment and superior landing meth-
ods throughout vigorous activities [11]. Additionally, by
using fast forces, such training enhances feedback and
feed-forward activities while matching muscle and joint
receptors [12].

In this regard, other researchers have noticed the im-
provement of knee biomechanics by strengthening hip
muscles [13]. The most proximal joint of the lower ex-
tremities in the closed kinetic chain, the hip, seems to be
the key to improving knee control. This is corroborated
by research linking hip muscle strength to a non-contact
ACL injury [14]. More particularly, higher knee val-
gus angles throughout landing are all related to muscle
weakness in hip abduction, external rotation, and exten-
sion. Strengthening hip muscles to properly control the
femur may avoid significant valgus deviation by keep-
ing the distal femur in a more neutral alignment with the
proximal tibia at the knee [13].

Some research suggests that preventative training can
be effective for common sports injuries to the lower ex-
tremities, such as the ankle, knee, or ACL [15]. Neuro-
muscular training (NMT) seeks to reduce knee valgus
angles and enhance single-leg stability and balance,
two variables that have a significant impact on injury
prevention. In addition, it is unclear to what degree the
various components of such programs contribute to
reducing injury risk [16]. It significantly reduces peak
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landing forces, knee valgus, and varus torques, and im-
proves single-limb stability, balance, knee valgus angle,
and landing error score [15]. Some research findings on
the efficacy of dynamic resistance and/or neuromuscu-
lar (plyometric, agility, balance) exercise protocols have
demonstrated that such interventions can improve jump
landing movement mechanics in controlled settings [17].
In contrast, another investigation demonstrates muscular
strength but no changes in lower extremity movement
mechanics [18].

Research suggests that exercise protocols can posi-
tively improve the lower extremity functional indices of
patients with DKV; nevertheless, the efficacy of certain
exercise protocols seems controversial [19, 20]. The dis-
crepancies in outcomes between investigations can be
partially attributable to variations in the exercises, exer-
cise intensity and or duration, and the characteristics of
the study participants.

Numerous systematic review studies have assessed
how exercise may reduce DKV. In healthy individu-
als, Cashman et al. investigated the impact of external
rotators or weak hip abductors on knee valgus kine-
matics [21]. Ford et al. in a narrative review provide
insight into a hip-focused neuromuscular training
strategy to enhance DKV [22]. Wilczynski et al. un-
dertook a literature review to determine the effects of
different variables and diverse exercise training tech-
niques on DKV in single-leg movement activities [7].
The major subjects of the assessment and meta-anal-
ysis by Sahabuddin et al. (2021) were the advantages
of an exercise intervention emphasizing a bottom-up
(ankle-focused) or top-down (hip-focused) kinetic
chain on DKV [23].

Concerning DKV, one of the primary risk factors
for ACL injury, the efficacy of interventional exercis-
es in this population is unclear. Therefore, a compre-
hensive evaluation with pooled meta-analysis would
demonstrate these exercises’ impact on the lower
extremities’ functional indices in individuals expe-
riencing DKV. In addition, moderator variables, in-
cluding participant characteristics (age, gender, and
degree of physical activity) and intervention charac-
teristics, should be investigated (duration, intensity,
volume, type, etc.) A systematic review and meta-
analysis assessed the impact of exercise therapy on
the functional indicators of the lower extremities in
patients experiencing DKV.
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2. Materials and Methods
Protocol and registration

The preferred reporting items for systematic reviews
and meta-analyses (PRISMA) guidelines for network
meta-analysis protocols (PRISMA-P) were followed
in this systematic investigation [24]. The research
protocol was included in the international prospec-
tive registry of systematic reviews (PROSPERO-
CRD42021264396).Also, after registering the infor-
mation provided in the protocol, the sections of search
strategy, main outcomes, different outcomes, risk of
bias (quality) assessment, review team members, and
review status at the time of the most recent submission
were changed on February 10, 2022, with the supervi-
sors’ approval.

Data sources and search strategy

Scopus, PubMed, Web of Science (WOS), Google
Scholar (restricted to the first 1000 citations), and Ira-
nian databases SID and Magiran were searched online
from the oldest record until September 2021 to discov-
er relevant studies. The Google Scholar database was
searched to find articles not indexed in those databases.
The final articles of research references were thorough-
ly examined for extra details. Each search combined
free text search phrases, synonyms, and variants with
medical subject headings (MeSH). The search phrases
were divided into three categories. The main keywords
(between each category and the other category) were
merged into the databases using the Boolean “and” op-
erator, and their synonymous keywords (within every
category) were combined by applying the Boolean “or”
operator (Table 1).

It should be noted that no filters or restrictions were set
when searching the databases. All the searched citations
with their abstracts were imported to the EndNote X7
software for more detailed checks.

Study selection
Inclusion criteria

1) Individuals experiencing DKV were randomly al-
located to intervention and control groups regardless to
their physical activity level or gender to compare the re-
sults with an active or passive control group. 2) Articles
that provided the pre-test and post-test Means+SD, P,
and sample sizes or had acceptable indices for estimating
the effect size. 3) Full-text articles published in English/
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Table 1. Main database search strategy

Records Identified Through

Database Databases Searching

Keywords

(“knee angle” [title/abstract]) OR (“knee valgus” [title/abstract])) OR (“dynamic knee valgus” [title/
abstract])) OR (“knee abduction” (title/abstract])) OR (“knee alignment” [title/abstract])) OR (“knee
frontal plane” [title/abstract])) OR (“medial knee displacement” [title/abstract])) OR (“knee move-
ment” [title/abstract])) OR (“dynamic valgus” [title/abstract])) OR (“hip internal rotation” [Title/
Abstract])) OR (“hip adduction” [title/abstract])) OR (“functional knee valgus” [title/abstract])) AND
(performance [title/abstract] OR stability [title/abstract] OR balance [title/abstract] OR “postural
control” [title/abstract] OR function* [title/abstract])) AND (“exercise intervention” [title/abstract]
OR exercise [title/abstract] OR training [title/abstract] OR program [title/abstract] OR “movement
therapy” [title/abstract] OR “exercise therapy” [title/abstract] OR “therapeutic exercise” [title/ab-
stract] OR rehabilitation [title/abstract])

PubMed 763

(TITLE-ABS-KEY (“knee angle” OR “knee valgus” OR “dynamic knee valgus” OR “knee abduction” OR
“knee alignment” OR “knee frontal plane” OR “medial knee displacement” OR “knee movement”
OR “dynamic valgus” OR “hip internal rotation” OR “hip adduction” OR “functional knee valgus”))

AND (TITLE-ABS-KEY (performance OR stability OR balance OR “postural control” OR function*))
AND (TITLE-ABS-KEY (“exercise intervention” OR exercise OR training OR program OR “movement
therapy” OR “exercise therapy” OR “therapeutic exercise” OR rehabilitation))

Scopus 1730

#1: AB=(“knee angle” OR “knee valgus” OR “dynamic knee valgus” OR “knee abduction” OR “knee
alignment” OR “knee frontal plane” OR “medial knee displacement” OR “knee movement” OR
“dynamic valgus” OR “hip internal rotation” OR “hip adduction” OR “functional knee valgus”)
#2: AB (performance OR stability OR balance OR “postural control” OR function*) 958
#3: AB=(“exercise intervention” OR exercise OR training OR program OR “movement therapy” OR
“exercise therapy” OR “therapeutic exercise” OR rehabilitation)
#4: #3 AND #2 AND #1

Web of Science
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Persian peer-reviewed journals until September 2021.
3) PICOS (participants, intervention, comparators, out-
come, and setting) was further described using the Co-
chrane approach [25], and Table 2 presents the results.

Exclusion criteria

The following study designs were excluded from this
review: systematic reviews, meta-analyses, case reports
and series, cross-sections, animal testing experiments,
concepts, editorials, opinions, and test-tube research. Ad-
ditionally, the search was not conducted on conferences,
posters, letters, or texts that included only abstracts.

After deleting duplicates from the first search, two au-
thors (SM and AF) read the titles and abstracts separate-

ly. The items were preserved following the previously
specified inclusion and exclusion criteria. The complete
texts of any publications that either of the two review-
ers believed to be pertinent were obtained, and both
independently confirmed their eligibility. Any conflicts
or disagreements concerning the exclusion or inclusion
of articles between two authors were resolved through
discussion and exchange of opinions, or if necessary, by
asking the third author (RS).

Data extraction

Before tabulation, the primary researcher (SM) re-
trieved study characteristics and had a secondary re-
searcher review them (AF). Data extracted from every

Table 2. Inclusion and exclusion criteria- participants, intervention, comparators, outcome, and setting (picos), study eligibility

PICOS Inclusion Criteria Exclusion Criteria
R . . A history of trauma, fracture, surgery, pain, limited mobility, or
Participants Males and females with knee dynamic valgus without age musculoskeletal injuries (like ACL injuries, patellofemoral pain,

restriction and with any level of physical activity

osteoarthritis, and ...)

Human interventional research (pre and posttest) investigating

Intervention the effectiveness of exercise (with a minimum duration of 3
weeks)
Comparator Another exercise intervention or control group
Outcome Numerical functional performance parameters reported
Setting Laboratory, home, or field

No control group

Non-exercise interventions

Other outcomes reported

ACL: Anterior cruciate ligament.
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research encompasses the first writer’s name, publica-
tion year, sample description, the sample size for inter-
vention and control groups, participant demographics,
a screening test to determine DKV, intervention, and
control description, the primary utilized tools and meth-
ods, the primary outcomes of the retrieved studies, and
each study’s quality assessment score. It should be men-
tioned that if the data was unclear or the published ar-
ticles could not be downloaded or available, researchers
contacted the corresponding author or the first author of
the article by email to receive the missing or additional
information.

Quality assessment

Two reviewers (SM and AF) applied the most current ver-
sion of the Downs and Black quality assessment to estimate
the risk of bias in certain investigations. The checklist has
previously demonstrated high reliability and validity [26].
The modified list contains 23 questions from the original
checklist, items 1-7, 10 from “reporting”; items 11 and 12
from “external validity”; items 14-16, 18-20 from “internal
validity-bias; items 21-26 from “internal validity-selection
bias; item 27 from “power.” “Were appropriate power cal-
culations reported?”” was changed to item 27. Then the rat-
ing went from 0 to 5 to 0 or 1. (Appendix 1). If a prelimi-
nary power analysis was performed, investigations were
assigned a score of “1.” [27]. On a scale from 1 to 24, the
modified Downs and Black quality index was graded. The
risk of bias was determined to be low for investigations with
ascore of 15.6 or above (65%) and high for those below this
level [28]. A consensus conference was held to reconcile
the disparity between the two evaluators’ ratings. Without
unanimity, a third reviewer was contacted (RS).

Level of evidence

Van Tulder et al. [29] defined the degree of evidence
for every variable [28].

1. Pooled data from three or more research, including
at least two investigations with minimal bias and homo-
geneity (P>0.05), can provide strong evidence. A signifi-
cant or non-significant pool may or may not support the
analysis.

2. Strong evidence shows that since multiple investiga-
tions with a high risk of bias that appears to be homog-
enous (P>0.05) or at least one research with a low risk
of bias that is statistically heterogeneous (P<0.05) yield
statistically significant pooled results.

October 2022. Volume 12. Number 4

3. Evidence is limited whether it comes from single
research with a low risk of bias or from many investiga-
tions with a high risk of bias and statistical heterogeneity
(P<0.05).

4. The results of a single study provide very limited
evidence with a high risk of bias.

5. Conflicting evidence is provided by statistically di-
verse, non-significant pooled data from several studies
of varied quality that are inconsistent (P<0.05).

Statistical analysis

The required information was obtained from qualified
research (including pre-test and post-test MeantSD, P,
sample sizes, and possible Mean differences). The study
findings were pooled utilizing a random-effects meta-
analysis model and the forest plot of standard differ-
ences in means and estimated the standardized Hedge’s
g effect size with a 95% confidence interval. Q-test was
employed to examine data heterogeneity, whereas I? was
utilized to evaluate the extent of any possible data het-
erogeneity. When data heterogeneity was observed, a
subgroup analysis was performed to evaluate whether
gender influenced the meta-results. Publication bias was
evaluated using Egger’s tests and funnel plots. The trim-
and-fill method was employed to evaluate how additional
random trials may affect the results. Comprehensive me-
ta-analysis (CMA) software version 3 was employed for
statistical analysis (Biostat Inc, Englewood, New Jersey)

3. Results
Search results

The database search yielded 3451 references. After elim-
inating duplicate references, 242 specific references were
evaluated; 15 people were selected for full-text examina-
tion. During the review process, 19 more relevant papers
were found in reference lists and other sources, including
eligible research found in citations and searches of the
Google Scholar database. Twenty-seven of the 34 full-text
articles were discarded, while seven met the inclusion cri-
teria. One study was eligible for inclusion in the review
but did not report sufficient data [30]. Despite phone calls
and sending several emails to the corresponding author,
the necessary data was not sent to us, and we had to re-
move this article from our study. The PRISMA diagram
displays the research selection procedure in Figure 1.
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Figure 1. PRISMa flow diagram

Study characteristics

The seven investigations reported 250 individuals,
200 of whom participated in different sports (football,
soccer, handball, and basketball), 26 were university/
college physical education students, and 24 were in-
active. One research failed to disclose the gender dis-
tribution of the intervention and control groups [15].
According to the researchers that provided this infor-
mation, 118 men and 52 women participated. Several
types of exercise training had been prescribed in the
studies, including two studies on neuromuscular train-
ing [15, 31], one study on a comprehensive corrective
exercise program [20], one study on plyometric training
[6], one study on jump-landing [32] and one study on
strengthening training [8] and one studies on a combi-
nation of closed-kinematic chain, corrective, plyomet-
ric, and balance-challenging exercises [33]. Training
lessons were placed 2-4 times each week, and interven-
tions lasted 610 weeks. The control group members

M
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e
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either engaged in the regular exercise program or did
not exercise. As a screening test, DKV was assessed
using several tests, including single-leg squat in 3 stud-
ies [8, 20, 33], double-leg squat in 2 studies [31, 32],
single-leg landing in 1 study [6], and drop vertical jump
in 1 study [15] by motion capture data analysis, as il-
lustrated in Table 3.

Risk of bias assessment

Five of the seven investigations were assigned a low
risk of bias rating (LR), whereas two were assigned a
high risk of bias grade. Table 4 presents the outcomes of
the quality assessment.
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3. Results
Results of individual studies

Table 5 presents individual research results as simple
between-group (intervention vs. control) effect sizes for
every investigation and the 95% confidence interval at
posttest for each study relying on raw data.

Results of syntheses

The review study’s findings suggested that various exer-
cise interventions may be useful for enhancing dynamic bal-
ance (SD=0.93 degrees, 95%CI: 0.54-1.32, P<0.001) and
functional performance (Hedge’s g=1.695, 95% CI=1.22-
2.17,7=6.99, P<0.001) in a total of 250 DKV participants.

Description of the selected variables

Balance: One studies had used the bass stick test to
evaluate static balance [31] and four studies used YBT
to evaluate dynamic balance [6, 8, 31, 33].

Performance: Four studies reported data on perfor-
mance outcomes using the following scales, Bodding-
ton’s basketball jump shooting accuracy test [32], qual-
ity of one-leg squat performance [20] and vertical jump
height [6], and the 1-leg hop test [15].

Data synthesis

The meta-analysis was conducted by applying the stan-
dardized mean differences and Hedge’s g determined at
the beginning and end of the exercise protocols for bal-
ance and performance for the intervention and control
groups.

Forest plot of the effect of exercise

October 2022. Volume 12. Number 4

Static balance

The effectiveness of therapeutic exercise programs on
static balance was investigated in just one research [31].
Compared to the control group, the intervention program
substantially enhanced the training group’s static bal-
ance (P<0.01).

Dynamic balance
Y-balance test (YBT) (composite score)

Meta-analysis was performed on four eligible studies
[6, 8, 31, 33] that had obtained data on YBT among a
total of 112 participants with DKV. The pooled estimat-
ed standard difference was 0.93 degrees (95%CI: 0.54-
1.32, P<0.001). The Y-balance composite score was
significantly increased in exercise groups compared to
controls (Figure 2). To evaluate the potential for publica-
tion bias, a funnel plot was utilized. Even though publi-
cation bias can be detected in the asymmetrical funnel
plot in Figure 3, Egger’s test did not reveal any statisti-
cally significant differences in the intercept’s value (in-
tercept 1.84, P=0.452). Nevertheless, the trim-and-fill
method showed that adding a study to the left side of
the plot may not significantly influence the main result.
Additionally, the data had no heterogeneity (Q=1.75,
P=0.626, ’=0.00%).

Y-balance test (YBT) (anterior, posteromedial, and
posterolateral reach)

Four studies [6, 8, 31, 33] reported the YBT anterior,
posteromedial, and posterolateral reach outcomes. Ac-
cordingly, 112 participants were included in the studies.
Improvements in the YBT were consistently statisti-

on dynamic balance- composite reach

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper

in means error Variance limit limit Z-Value p-Value
Dadfar (2022) 0.788 0.519 0.269 -0.229 1.806 1519  0.129 *‘—i ‘
Wilczy nski (2021) 0.695 0.307 0.094 0093 1.297 2263 0.024 —.—
Babagoltabar (2021) 1.365 0.444 0.198 0.494 2.236 3.071 0.002
Saki (2019) 1.082 0.421 0.177  0.257 1.908 2.571 0.010 —i—

0.932 0.200 0.040 0540 1.324  4.661 0.000 ‘
-4.00 -2.00 0.00 2.00 4.00
Favours A Favours B
PHYSICAL TREATMENTS

Figure 2. Forest plot regarding the effectiveness of exercise on dynamic balance-composite score (Favors A: Exercise, Favors
B: Control)

CI: Confidence interval.

Mahdavi S, et al. Improvement of Lower Extremity Functional Indices of Dynamic Knee Valgus. PTJ. 2022; 12(4):213-232
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Funnel Plot of Standard Error by Std diff in means
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Figure 3. Funnel plot assessing publication bias in meta-analysis for dynamic balance-composite

White-filled circles indicate experimental studies, while gray-filled circles show imputed ones.

cally significant across research. The improvement was
particularly noteworthy for the anterior reach: 8.79 cm
(95% CI=3.26-14.24; P=0.002). The investigations were
not particularly consistent (Q=7.36, P=0.061, 1’=59.23)
despite the substantial effect size (SMD=1.01; 95%
CI=0.37-1.66). The effects in the posterior-medial and
-lateral directions were less than those in the anterior-
medial direction (MD=5.66 and 5.13 cm; SMD=0.58
and 0.66) yet remained statistically significant (P=0.003
and 0.001, correspondingly) (Figure 4). In addition, the
data indicated no signs of heterogeneity.

In prior research, YBT demonstrated high inter-rater
and intra-rater reliability. This test’s intra-rater reliabil-
ity ranges between 0.85 and 0.91, inter-rater reliability
ranges between 0.99 and 0.99, and the composite reach
score reliability ranges between 0.91 and 0.99 [34]. Ad-
ditionally, given that three high-quality studies [6, 31,
33] show the significant effects of exercise training on
dynamic balance; therefore, strong evidence are ob-
served for these findings.

Functional performance indices:

The Boddington’s basketball jump shooting ac-
curacy test was one of the functional performance
outcomes reported in one of the four studies [6, 15,
20, 32]. However, it was not included in this research
due to the disparity in performance between the upper
and lower extremities. Hedge’s g standardized effect
size was used to examine the data since the approved

research using a variety of functional performance
evaluation methodologies. The results of data synthe-
sis among 130 participants showed that attending the
intervention exercises may have no significant effect
on functional indexes (Hedge’s g=-0.09, 95% CI=-
3.41-3.22, 7=-0.055, P=0.956) (Figure 5). The asym-
metrical funnel plot and the non-significant outcome
of Egger’s test of the intercept (intercept=-13.797,
P=0.179) indicate no overt trace of publication bias

(Figure 6).

Moreover, a significant value of the Q test (Q=75.136,
P<0.001) and high heterogeneity index (I>=97.338)
showed a high magnitude of data heterogeneity. Gen-
der differences had a significant impact on the out-
comes, according to the findings of the subgroup anal-
ysis (Hedge’s g=1.695, 95% CI=1.22-2.17, Z=6.99,
P<0.001) (Figure 7). However, since few studies were
observed, subgroup analysis could not be applied to ac-
curately assess the cause of this heterogeneity.

High validity (0.96) has been observed for the one-leg
squat performance test’s ability to assess motor impair-
ment in the lower extremities [35]. Numerous authors
[36] have discovered that the 1-leg hop test has signifi-
cant test-retest reliability in healthy participants (ICC:
0.92-0.96; SEM: 4.56-4.62 cm); additionally, particu-
larly for women [37], the vertical jump height exhibits
great reliability and reproducibility (0.84). Since the
functional performance tests showed good validity and
reliability in previous studies and given that at least one

Mahdavi S, et al. Improvement of Lower Extremity Functional Indices of Dynamic Knee Valgus. PTJ. 2022; 12(4):213-232
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Forest plot of the effect of exercise on dynamic balance- anterior reach

Study name Statistics for each study
Std diff Standard Lower Upper
in means error  Variance  limit limit ~ Z-Value
Dadfar (2022) 0.342 0.504 0.254 -0.645 1.329  0.680
Wilczy ‘nski (2021) 0.571 0.304 0.093 -0.025 1.168  1.878
Babagoltabar (2021) 1.522 0.455 0.207 0.631 2413  3.349
Saki (2019) 1.715 0.460 0211 0814 2616  3.730
1.015 0.331 0110 0366 1.664  3.066

Std diff in means and 95% CI

‘ ‘ :L a
<@
0.00 2.00 4.00

-2.00

p-Value
0.497
0.060
0.001
0.000
0.002

-4.00

Favours A Favours B

Forest plot of the effect of exercise on dynamic balance-posteromedial reach

Study name Statistics for each study Std diff in means and 95% ClI

Std diff  Standard Lower Upper

in means error  Variance  limit limit  Z-Value p-Value
Dadfar (2022) 0.694 0.515 0.265 -0.315 1.703 1.348 0.178
Wilczy “nski (2021) 0.293 0.300 0.090 -0.295 0.881 0.978  0.328 b
Babagoltabar (2021) 0.895 0.420 0.176 0.072 1718 2132  0.033 —l—
Saki (2019) 0.760 0.407 0.166 -0.038 1.559  1.867  0.062

0.584 0194 0038 0204 0964 3.013  0.003 <&
-4.00 -2.00 0.00 2.00 4.00
Favours A Favours B

Forest plot of the effect of exercise on dynamic balance- posterolateral reach

Study name Statistics for each study
Std diff Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Dadfar (2022) 0.493 0.508 0258 -0.501 1.488 0.972  0.331
Wilczy ‘nski (2021) 0.627 0.305 0.093 0028 1226 2053 0.040
Babagoltabar (2021) 0.920 0.421 0.177  0.095 1.745 2185  0.029
Saki (2019) 0.577 0.401 0.161 -0.210 1.364 1.438 0.150
0.658 0.194 0.038 0277 1039 338  0.001

Std diff in means and 95% CI

—.— c
-4.00 -2.00 0.00 2.00 4.00
Favours A Favours B
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Figure 4. Exercise’s impact on the Y-balance test’s (YBT), a) anterior, b) Posteromedial and c) Posterolateral (c) Reaches shown

in a forest plot (favors A: Exercise, favors B: Control)

CI; Confidence interval

high-quality study [6] showed the positive influence of
exercise training on functional outcomes in the partici-
pants with DKV, a moderate level of evidence was as-
signed to these findings.

4. Discussion

The efficacy of several exercise programs on people
with DKV was compared in this study for the first time
systematically, emphasizing how well the participants
performed in functional tasks and how well they could
keep their balance. The outcomes showed that exercise in-
terventions might be effective in enhancing dynamic bal-

ance (SD mean differences=0.93 degrees, 95%CI: 0.54-
1.32, P<0.001) and functional indexes (Hedge’s g=1.695,
95% CI=1.22-2.17, 7Z=6.99, P<0.001). Examining the
impact of several moderator factors, including participant
characteristics (age, gender, and degree of physical activ-
ity), intervention features, and other secondary objectives.
The necessary statistical methods (subgroup analyses or
meta-regressions) could not be carried out since there
were insufficient investigations with comparable outcome
measures. Consequently, the impacts of moderator factors
are only briefly discussed in qualitative terms.

Mahdavi S, et al. Improvement of Lower Extremity Functional Indices of Dynamic Knee Valgus. PTJ. 2022; 12(4):213-232
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Forest plot of the effect of exercise on performance

Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper

g error Variance  limit limit Z-Value p-Value
Saki (2019) 1767 0453 0205 0879 2655 3901  0.000 E
Mozafaripour (2019) -4.932 0.814 0.662 -6.527 -3.337 -6.061 0.000
Barendrecht (2011) 2.604 0.307 0.094 2003 3.205 8.491 0.000 .

-0.093 1.692 2.861 -3.408 3.223 -0.055 0.956

-8.00 -4.00 0.00 4.00 8.00
Favours A Favours B
PHYSICAL TREATMENTS

Figure 5. Forest plot regarding the exercise on functional performance (Favors A: Exercise; Favors B: Control)

CI: Confidence interval.
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Figure 6. Funnel plot assessing the presence of publication bias in meta-analysis for functional performance white-filled circles
indicate experimental studies, while gray-filled circles show imputed ones.

Forest plot of the effect of exercise on performance

Group by Study name Gender Statistics for each study Hedges's g and 95%Cl
Comparison
Hedges's Standard Lower Upper

g error  Variance limit limit Z-Value p-Value
Both of them Barendrecht (2011) Both of them 2604 0.307 0094 2003 3205 8491 0.000 '
Both of them 2604 0.307 0094 2003 3205 8491 0.000 ‘
Ferrdle Saki (2019) Ferrele 1.767 0453 0205 0879 2655 3901 0.000 —.—
Fenrele 1767 0453 0205 0879 265 3901 0000 <@
Male Mozafaripour (2019) Mele -4.932 0.814 0662 -6527 -3337 -6.061 0.000
Mele -4.932 0814 0662 -6527 -3337 -6.061 0.000
Overall 1695 0.242 0059 1220 2171 6994  0.000 ‘

-8.00 -4.00 0.00 4.00 8.00
Favours A Favours B
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Figure 7. Forest plot regarding the effect of exercise on functional performance, grouped by gender (Favors A: Exercise, Favors
B: Control)

CI: Confidence interval.

Mahdavi S, et al. Improvement of Lower Extremity Functional Indices of Dynamic Knee Valgus. PTJ. 2022; 12(4):213-232
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Possible underlying mechanisms regarding the
effects of exercise protocols on dynamic balance
in people with dynamic knee valgus (DKV):

Our research results imply that different exercise inter-
ventions can help individuals with DKV balance. The
YBT seems to be a dynamic balance evaluation tool
that analyzes the integration of sensorimotor subsystems
[38]. Postural performance linked to dynamic balance re-
lates to the capability to sustain body balance under dif-
ficult postural conditions (dynamic stance) [39]. Motor
systems maintain homeostasis by initiating timely and
appropriate reactions to varied disturbances [40]. They
initiate, select, and employ motor command programs
and synergies to alter the biomechanical state toward the
optimal equilibrium condition [41]. Exercise interven-
tions could modify the movement control system, which
might explain some of the benefits of exercise on bal-
ance performance.

Possible underlying mechanisms regarding the
effects of exercise protocols on functional perfor-
mance outcomes in people with dynamic knee
valgus (DKV):

Our results demonstrated that exercise interventions
could improve functional performance outcomes in
people with DKV. It may be due to several physiologi-
cal and psychological benefits of the exercise interven-
tions leading to improved functional outcomes [42]. For
example, it has been found that exercise training may
increase self-confidence and self-efficacy [43], muscu-
lar function, and joint range of motion [44], and all of
them may influence the population’s functional perfor-
mance outcomes. Additionally, training interventions
that emphasize the effectiveness of movement control
and the alignment of the lower limbs and torso may help
enhance knee valgus kinematics and functional perfor-
mance results [45].

Additionally, the findings of our subgroup analysis
demonstrated that, in patients with DKV, gender dif-
ferences had a substantial impact on functional perfor-
mance outcomes. It appears that men and women have
distinct neuromuscular control techniques based on the
activity at hand; women prefer to activate more quadri-
ceps muscles than men throughout lunge maneuvers [6].
After completing a simulated risky task, researchers ana-
lyzed the gender differences in medial-to-lateral quadri-
ceps activation ratios. Men balanced the activation of the
lateral and medial quadriceps; however, females stimu-
lated the lateral quadriceps more than males. Increased
anterior shear force and knee valgus may occur from
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an unbalanced quadriceps muscle activation ratio, espe-
cially if the lateral quadriceps are more active [46]. The
diminished control of frontal plane forces at the knee can
be due to the lower medial quadriceps muscle activation
ratio. Knee joint compression, particularly the pressure
exerted by the medial condylar contact, can influence the
frontal plane regulation of DKV. Due to decreased me-
dial joint compression, women’s knees could be particu-
larly susceptible to medial femoral condylar lift-off from
the tibial plateau and larger pressures on the ACL during
deceleration of a landing or cut maneuver, which could
lower passive resistance to DKV [47]. Therefore, gender
differences may influence functional performance out-
comes in people with DKV.

Study limitations

It is crucial to comprehend the review’s and the includ-
ed research’s limitations. Only seven studies were found
that examined the impact of various exercise interven-
tions on the functional indices of the lower extremities
in individuals with DKV. This research used various
individuals, study designs, and functional performance
metrics. Participants in the research varied regarding
their gender and age, which may impact how they react-
ed to training interventions. The review’s interventions
varied in training intensity, duration, and frequency. It
was not feasible to conduct a sensitivity study to confirm
the reliability of the synthesis findings or to specifically
pinpoint the cause of research heterogeneities using sub-
group analyses or meta-regressions due to the limited
number of studies. Since we lacked the resources and
or knowledge to search in other languages, we limited
our search to peer-reviewed journals and publications in
English and Persian. However, the influence of language
bias is disputed, and its effect has not been established
[48, 49]. Although our study indicated that exercise
treatments had a positive effect on functional indicators,
it is essential to consider the significant levels of vari-
ability in the data when extending and interpreting these
results to all forms of exercise.

5. Conclusion

As aresult, according to our first systematic review and
meta-analysis, exercise therapies appear to be an effec-
tive strategy to enhance dynamic balance and functional
performance in adults with DKV; however, these out-
comes should be regarded as preliminary due to the lim-
ited number of researchers. A more comprehensive study
is necessary to better guide resource allocation, even if
these findings may support the application of exercise
programs by physicians, coaches, and athletic trainers.
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Investigators should use techniques of allocation con-
cealment and examiner and subject blinding in future re-
search to enhance intervention design and methodology
with less risk of bias.
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Appendix 1. Modified downs and black checklist

Reviewer’s Initials:

First Author:
Journal:
Year Published:
Reporting Yes No Unclear Partially
1. Is the hypothesis/aim/objective of the study clearly described? 1 0
) Are the main outcomes to be measured clearly described in the Introduction or Methods sec- 1 0
: tion?
3. Are the characteristics of the patients included in the study clearly described? 1 0
4. Are the interventions of interest clearly described? 1 0
5 Are the distributions of principal confounders in each group of subjects to be compared clearly ) 0 1
: described?
6. Are the main findings of the study clearly described? 1 0
7. Does the study provide estimates of the random variability in the data for the main outcomes? 1 0
3 Are actual probability values reported (e.g., 0.035 rather than < 0.05) for the main outcomes 1 0
. except where the probability value is less than 0.001?
Total reporting score: /9
External validity Yes No Unclear Partially
9 Were the subjects asked to participate in the study representative of the entire population from 1 0 0
' which they were recruited?
10 Were those subjects prepared to participate representative of the entire population from which 1 0 0
: they were recruited?
Total external validity score: /2
Internal validity — bias Yes No Unclear Partially
11. Was an attempt made to blind study subjects to the intervention they have received? 1 0 0
12. Was an attempt made to blind those measuring the main outcomes of the intervention? 1 0 0
13. If any of the results of the study were based on “data dredging,” was this made clear? 1 0 0
14. Were the statistical tests appropriate to assess the main outcomes? 1 0 0
15. Was compliance with the intervention/s reliable? 1 0 0
16. Were the main outcome measures used accurate (valid and reliable)? 1 0 0
Total bias score: /6
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PHYSICAL TREAT MENTS

Internal validity — confounding Yes No Unclear Partially

Were the patients in different intervention groups (trials and cohort studies), or were the cases

17. . . . 1 0 0
and controls (case-control studies) recruited from the same population?

18 Were study subjects in different intervention groups (trials and cohort studies), or were the cases 1 0 0
: and controls (case-control studies) recruited over the same period of time?

19. Were study subjects randomized to intervention groups? 1 0 0

20 Was the randomized intervention assignment concealed from patients and healthcare staff until 1 0 0
: recruitment was complete and irrevocable?

21 Was there an adequate adjustment for confounding in the analyses from which the main find- 1 0 0
. ings were drawn?

22. Were losses of patients considered to follow-up? 1 0 0

Total confounding score: /6
Power Yes No Unclear Partially
23. Were appropriate power calculations reported? 1 0 0
Total powerscore: /1
*Total quality score: /24
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