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Abstract

Background Individuals with Down syndrome have severe difficulties maintaining proper postural control when
standing upright. Therefore, the goal of the present review and meta-analysis was to examine the effects of exercise
interventions on improving postural control in individuals with Down syndrome.

Methods This systematic review was reported following the PRISMA guidelines; while Cochrane guidelines were
adopted for methodological guidance. Reports were searched in PubMed, Science Direct, Physiotherapy Evidence
Database scale (PEDro), EMBASE, Web of Science (WOS), Scopus and Google Scholar from 2000 to January 2025.
Randomized clinical trials and quasi-experimental studies were assessed in English. Review, meta-analysis, and
descriptive studies were excluded from the study. Two researchers screened and evaluated data based on PEO criteria
and the quality of studies was assessed using the PEDro scale.

Results Among between 374 studies, Six articles were included in the present review and meta-analysis. Four studies
showed that exercise interventions improve postural control in individuals with Down syndrome. However, the results
of 2 studies indicated that exercise interventions do not improve postural control in these individuals. Ultimately,

after analyzing the studies, the statistical results showed a significant difference between the intervention group and
the control group (p=0.001), indicating the effectiveness of exercise interventions and subsequent improvement in
postural control in individuals with Down syndrome. According to PEDro scale, four studies were low quality, and two
were high quality. Also, applying GRADE criteria, there is a “Low" certainty of evidence observed. The mean effect size
of the exercises in the 6 included studies in the present review was 0.67, indicating a small effect size.

Conclusions The exercise interventions improve postural control in individuals with Down syndrome. In addition,
Due to the small sample size and the small number of studies included, to deal with the risk of bias in the studies, a
new randomized controlled trial with a stronger methodology and large sample size comparing exercises and other
strategies or different types of exercises is recommended.
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Background

Down syndrome is a congenital disorder that occurs as a
result of a chromosomal abnormality and manifests with
specific clinical features [1]. Down syndrome is common
in all populations, races, and ethnicities. The Centers
for Disease Control reports that Down syndrome is the
most common chromosomal disorder, with an incidence
of 1 in 700 births [2, 3]. A study in Europe showed that
the prevalence of Down syndrome in Europe has been
increasing from 1990 to 2019, and advanced maternal age
during pregnancy has been one of the determining fac-
tors for the occurrence of this syndrome [4]. Children
and young people with Down syndrome experience lower
levels of cardiovascular and respiratory fitness compared
to their peers without Down syndrome, which can have
a negative impact on their health and quality of life [5].
Research shows that children with intellectual disabili-
ties do not participate in movements, games, and sports
on their own and do not achieve proportional growth.
Motor dysfunction in individuals with Down syndrome
includes slower reaction and movement, balance disor-
ders, posture, and simultaneous contraction of agonist
and antagonist muscles [6]. Delay in motor development
in individuals with Down syndrome is associated with
general muscle hypotonia and ligament laxity, which are
characteristics of this condition [7]. Balance is an impor-
tant factor that affects the safety skills and independence
of children with Down syndrome, and the most chal-
lenging task for these individuals is to achieve it. Gross
motor skills in these individuals are consistently lower
compared to normal children, and they show the most
difference in the balance variable compared to normal
individuals [8].

Postural control involves actively orienting the body
and its parts in space and in relation to each other [9].
Healthy individuals control their vertical posture through
small oscillatory movements, known as postural sway,
created in different parts of the body. Maintaining con-
trolled posture in a stable position requires the body’s
center of mass to be balanced within the supportive
framework of the feet. Compared to typical individuals,
individuals with Down syndrome exhibit greater oscilla-
tions in static posture, indicating instability in postural
control [9]. The instability in individuals with Down
syndrome is attributed to inherent skeletal and muscu-
lar characteristics, lax ligaments, and reduced passive
stiffness around the joints [10]. Children with Down
syndrome have severe difficulties in maintaining proper
posture and balance when standing upright [11]. Postural
control and balance are considered essential for carrying
out daily activities such as getting up from a chair, walk-
ing, boarding a bus, and performing tasks, and activities.
On the other hand, the ability to maintain body balance
plays a significant and determining role in engaging in
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sports activities and effectively executing complex skills
[12].

The World Health Organization (2020) recommends
that children should engage in at least 60 min of mod-
erate to vigorous physical activity per day [13]. Unfor-
tunately, meeting the recommended level of physical
activity can be challenging for children with disabilities.
Additionally, adhering to the recommended daily moder-
ate to vigorous physical activity can be even more chal-
lenging for children with Down syndrome, as they are at
a higher risk of physical inactivity and obesity, so strate-
gies are needed to improve both the quantity and quality
of their physical activity [14]. A recent study has shown
that increasing levels of physical activity leads to signifi-
cant improvements in musculoskeletal and cardiovas-
cular health, as well as mental and brain health among
children, adolescents, and adults with disabilities. Similar
results have been found for individuals with Down syn-
drome as well [15]. These findings strongly suggest that
individuals with Down syndrome should start or con-
tinue regular exercise and sports programs in order to
benefit from the potential impacts of exercise and physi-
cal activity on their health and maintaining proper body
posture.

Therefore, improving postural control in individuals
with Down syndrome and encouraging them to physi-
cal activity and exercise programs has always been an
important issue for trainers and physiotherapists. As
the positive effects of exercise and physical activity on
the lives of individuals with disabilities, especially those
with intellectual disabilities and Down syndrome, have
been extensively studied. Additionally, postural control in
these individuals has been positively affected by exercise
interventions. Most studies on individuals with Down
syndrome have investigated the effect of exercise inter-
ventions on the balance variable, and few studies have
directly evaluated the impact of exercise interventions on
the postural control variable. Therefore, identifying the
best type of intervention to improve the postural control
of these individuals can be very important in preventing
falls and improving postural independence. According
to the searches, no systematic review and meta-analy-
sis studies investigated the effect of exercise interven-
tions specifically and separately on the postural control
variable alone in individuals with Down syndrome. in
research conducted in these areas, the need for a study
concurrently examining the impact of exercise on the
postural control variable was felt. The researchers in this
study aim to investigate all interventions and exercise
programs that have had an impact on the postural control
variable in individuals with Down syndrome, in order to
guide individuals and sports trainers in recognizing and
designing the best exercise programs for improving the
health and lifestyle of individuals with Down syndrome.
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Methods

Search strategy

This review was reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses(PRISMA) [16]. Cochrane guideline for sys-
tematic reviews and meta-analysis [17] was followed
as methodological guidance. The present study was
prospectively registered in thein the PROSPERO data-
base of prospectively registered systematic reviews
(CRD42024550515). In this study, a comprehensive
review was conducted on the effects of exercise inter-
ventions on postural control in individuals with Down
syndrome through searching PubMed, Science Direct,
PEDro, EMBASE, Web of Science, Scopus and Google
Scholar using the following keywords:

Group 1: “sport interventions” OR “exercise” OR “sport
program” OR “motor interventions” OR “sport training”
OR “physical education program” OR “exercise protocol”
OR “training protocol” OR “exercise intervention” OR
“intervention program” AND Group 2: “control posture”
OR “postural control” OR “postural stability” OR “pos-
turography” OR “body sway” OR “control stance of body”
OR “postural adaptation” OR “postural performance” OR
“postural sway” OR “postural strategy” OR “postural per-
turbation” AND Group 3: “down syndrome” OR “down’s
syndrome” OR “trisomy 21” OR “mongolism” OR “tri-
somy 18” OR “chromosomal disorder” OR “xyy trisomy”
OR “trisomy 13”. The search was conducted from the year
2000 to January 2025.

All terms were searched without any research limita-
tions, and in some cases were combined with each other.
In addition, a manual search and a full review of article
sources were conducted to find articles that were not
found through systematic search. The English language
was used in this search. After collecting search results,
the titles and abstracts of articles were first reviewed.
If the articles met the inclusion and exclusion criteria,
their results were used in the present review, otherwise,
they were excluded. The structure and framework of the
review and meta-analysis study were based on PEO strat-
egy (Table 1).

Table 1 PEO design

Components Description

(P) Individuals with Down Syndrome ranging
from age 2 to 65 years.

(F) Sports (exercise) interventions such as bal-

ance exercises, core stability, virtual reality,
suspension training, dancing, Swiss ball, etc,,
O) Laboratory tests (Biodex and force plate,
etc.) and field tests (BESS and CTSIB, etc.)
P: Population. E: Exposure. O: Outcomes
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Inclusion and exclusion criteria

In the first stage, screening of titles and abstracts of stud-
ies focusing on the effect of exercise interventions on
postural control in individuals with Down syndrome was
conducted in English. The second stage involved screen-
ing the full text based on Inclusion criteria and the spe-
cific target population. Screening of all texts was done
by two researchers. Another senior researcher checked
the final list of selected articles to ensure that all articles
aligned with the study objectives. The inclusion criteria
included individuals with Down syndrome without other
disabilities, postural control variable, implementation of
exercise interventions, original research articles, experi-
mental, quasi-experimental, and randomized clinical tri-
als, articles in English, and studies that were published in
full text. The exclusion criteria included articles that were
only published as summaries in congresses and semi-
nars, as well as case reports, pilot studies, and reviews.
Following the search process, the studies were exported
to the EndNote Reference Library (Version 20; Clarivate
Analytics, Thomson Reuters Corporation, Philadelphia,
Pennsylvania) software, and any duplicate entries were
eliminated. Subsequently, two authors (H.Z. and M.Y.)
independently reviewed all titles and abstracts resulting
from the search process. Any discrepancies were resolved
through consensus.

Quality assessment

The quality of the methods in the relevant studies was
assessed using the Physiotherapy Evidence Database scale
(PEDro scale) [18], which consists of 11 items measuring
various criteria including (1) specification of the eligibil-
ity criteria for participation; (2) random allocation of par-
ticipants; (3) concealed allocation; (4) similarity between
groups in relevant variables at pre-test; (5) blinding of
participants; (6) blinding of the investigators administer-
ing the program; (7) blinding of the assessors measuring
the dependent variables; (8) proportion of participants
having at least one dependent variable measured; (9)
compliance of participants with the intervention; (10)
statistical comparisons between groups; and (11) point
measures and measures of variability provided for at least
one dependent variable. Each criterion that was satisfied
received a score of 1, and the total score was calculated
by summing up the results from items 2 to 11 [18, 19].
Studies with a total score of 5 or less were considered to
have ‘low” quality, while those with a score of 6 or more
were considered to have ‘high’ quality [19].

Risk of bias

We used Cochrane risk of bias (RoB 2) to assess the risk
of bias in randomized trials [20]. To assess the risk of bias,
two authors independently evaluated all the included
studies and recorded supporting data to judge the chance
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of bias in each domain (low, Some concerns, or high).
They talked about any disagreements and archived final
choices. We reported the risk of bias judgments for each
domain in each included study in risk of bias summary
figures. Judgments for each domain overall included
studies were detailed in risk of bias graphs. Risk of bias
will be categorized as ‘low risk, ‘high risk, or ‘Some con-
cerns, which is described in the Cochrane Handbook for
Systematic Reviews of Interventions [20].

Certainty of evidence

Two authors evaluated the certainty of the evidence for
each meta-analysis utilizing the Grading of Recom-
mendations Assessment, Development, and Evaluation
(GRADE) system [21]. We reduced the confidence in the
evidence when the subsequent concerns were identified:
(1) Risk of bias (over 75% of studies were not classified as
low risk of bias); (2) Inconsistency (I2 statistic exceeding
50%); (3) Imprecision (if the upper or lower limit of the
confidence interval crosses 0.5 of the effect size in either
direction, the confidence interval is broad and the effect
estimate is imprecise); (4) Indirectness (studies involving
indirect comparisons); and (5) Publication bias (asymme-
try observed in the funnel plot) [21, 22].

Statistical analyses

The study utilized the Comprehensive Meta-analysis
(CMA) software Version 3 to pool quantitative data
using random effects models with 95% confidence inter-
vals (Cls) for statistical meta-analysis. Heterogeneity
was assessed using the I? index, with thresholds of 25%,
50%, and 75% indicating low, moderate, and high levels
of heterogeneity, respectively. Hedges' g effect size was
calculated to measure the effects of training (effect size
[ESs]) [23]. Threshold values for assessing magnitudes of
ES were <0.2, trivial; 0.2-0.6, small; 0.6—1.2, moderate;
1.2-2.0, large; 2.0—4.0, very large; and >4.0, nearly perfect
[24]. An alpha level of 0.05 was defined for the statistical
significance of all the tests. Publication bias was assessed
using a symmetrical inverted funnel plot and the Begg
rank correlation test [25].

Results

Study selection

Figure 1 illustrates the process of study selection. A total
of 374 articles were initially identified, with 221 abstracts
selected for review after removing duplicate titles. Fol-
lowing abstract review, 142 articles were excluded, leav-
ing 79 articles for full-text review. Following full-text
review, 73 articles were excluded, resulting in 6 articles
being included in the study. Table 2 presents a summary
of the findings from these articles.
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Quality assessment

Quality assessment of the included studies revealed that
four were rated as low quality (score less than five on the
PEDro scale) and two were rated as high quality (score of
six on the PEDro scale) [19]. This information is detailed
in Table 3.

Exercise intervention (type and duration)

The duration of the exercise interventions varied between
5 and 12 weeks. Only two studies implemented exercise
interventions for 12 weeks [26, 27]. The remaining four
studies used a duration of 5 to 8 weeks for conducting
exercise interventions [28-30]. Additionally, there were
144 participants (25 females and 53 males) [26, 28, 30].
Three studies did not specify the gender of the partici-
pants [27, 29, 31]. These studies included 73 participants
in the experimental and 71 participants in the control
group. The exercise interventions used in the studies
included core stability exercises, Thai Elephant-Assisted
Therapy, isokinetic strength exercises, virtual reality
games, trampoline exercises, and combined balance and
resistance exercises.

The control group did not receive any intervention
in four studies [28-31]. However, the control group
received standard physical therapy exercises in two stud-
ies [26, 27].

Postural control evaluation

In the assessment of postural control in these 6 studies,
all laboratory tests were used (Biodex and force plate)
while Clinical tests such as CTSIB and BESS were not
used.

Risk of bias

Two researchers checked the details of each study’s risk
of bias. Risk of bias: each study was reported by reach-
ing a consensus between two authors. Figures 2 and 3,
presents the outcomes of the Evidence Project risk of bias
tool. Three studies had a high [29-31], Two had a Some
concerns [27, 28], and one had a low [26] risk of bias.

Certainty of evidence
Applying GRADE criteria, Table 4 shows “Low” certainty
of evidence.

Data synthesis

Six studies were conducted to assess the impact of exer-
cise intervention on postural control in 144 individuals
with Down syndrome. With an I? index of 28.36%, indi-
cating low heterogeneity, a random effect model was
utilized. The findings revealed a positive effect of exer-
cise intervention on postural control in individuals with
Down syndrome, with a Hedges’ g effect size [ES] of -0.65
and a 95% confidence interval [CI] of -0.89 to -0.41 (Z =
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Records identified from Databases (n = 374)
Pubmed = 29
Science direct=19 Records removed before the
PEDro= 4 screening:
Embhase=6 —> Duplicate records removed
Web of science =100 (n=153)
Scopus=195
Additional records other sources= 21
Records screened > Records excluded
(n=221) (n=142)
Reports sought for retrieval > Reports not retrieved
{n=79) (n=41

!

Reports assessed for eligihility
{n=38)

Studies included in review

(n=6)
Reports of included studies
(n=8)

R — Mot intervention (n=10)

Reports excluded:

Mot in English
Language (h=7)
Incomplete results (h= 13)
Data not received after request
n=2)

1. PRISMA flow diagram

Fig. 1 PRISMA flow diagram

-5.36; P=0.001) (Fig. 4). Therefore, according to the effect
size observed, core stability and Isokinetic training, com-
pared to other exercise interventions, can have a more
positive effect on postural control in individuals with
Down syndrome.

In the funnel plot, the similarity of the studies on each
side of the Hedge’s g average index does not indicate the
presence of publication bias. Additionally, the Begg rank
correlation test yielded a p-value of 0.42, suggesting that
there is no significant publication bias in the six studies
analyzed and no publication bias overall (Fig. 5).
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Table 2 Summary of studies conducted on the effect of exercise interventions on postural control in participants with down

syndrome
Researcher Intervention Sample size Age range Study Assessment Result
(year) variable tool
Aly SM and Core stability 30Ss EX(8.11+1.26)  postural Biodex Balance A significant effect with Eight Ws of
Abonour exercise (EightWs/ (21 Bs, 9 Gs) CO(834+1.07) stability System central stability exercises on improving
(2016) three ss/w) EX=15(11Bs, 4 Gs) the stability of children with DS
[28] CO=15(10Bs, 5 Gs)
Satiansuk- Thai Elephant- 16 Ss EX=11.18+2.13 postural the postural No improvement in the postural control.
pong et al. Assisted Therapy EX=8 and CO=9.59 control control record  participants with DS have a wide range
(2016) [29] (Eight Ws/ two CcO=8 +2.74 years form of performance in postural control,
ss/w) causes difficulty in obtaining statistically
different results between groups, espe-
cially when the sample size is small.
Eid et al. Isokinetic training 31 Ss EX(10.26+0.79)  postural Biodex Stability The positive effect of the 12-week
(2017) [26] (12Ws/two ss/w) (17 Ms, 14 Fs) CO(10.05+0.68) balance System isokinetic exercise with physiotherapy
CO=16 (9 Ms, 7 Fs) on the postural control of the people
EX=15 (8 Ms, 7 Fs) with DS.
Alvareza et al. Virtual reality 16 Ss CO(843+1.62)  postural Postural control  No significant difference between the
(2018) [31] (Five Ws/two ss/w)  (EX=9) EX (830+2.06) control was evaluated  control and experimental groups in the
(CO=7) by the center variable postural control.
of pressure
displacement
ShinYAetal. Resistance Training 20 Ss (mean age: Postural balance force A significant improvement in the
(2021) [30] and (Fs=5;Ms=15) 4455+7.25 Control platform postural control variable in the experi-
Balance Training EX=10 years). mental group, so resistance and balance
(Eight Ws/ three CO=10 training can be considered as a positive
ss/w) strategy for individuals with DS.
Azab et al. Trampoline-based 31 Ss CO(860+0.98)  postural (Biodex Medi-  Trampoline is likely to be effective
(2022) [27] stretch-shortening  (both sexes) EX (9.19+0.75) control cal Systems, for improvement postural control in
cycle exercises (12 EX=16 Shirley, NY, children with DS.
Ws/two ss/w) CO=15 USA)

Ws: Weeks., ss/w: Sessions per week, Ss: Subjects., EX=experimental group., CO=control group., Bs: Boys., Gs: Girls., Ms: Males., Fs: Females., DS: Down syndrome

Discussion

This review and meta-analysis aimed to investigate the
effect of exercise interventions on improving postural
control in individuals with Down syndrome. The meta-
analysis results showed that exercise programs and inter-
ventions significantly improved postural control in the
experimental group (with intervention) compared to
the control group in individuals with Down syndrome
(p=0.001). In Aly SM and Abonour (2016) study, core
stability exercises were used to improve postural control
in individuals with Down syndrome, which had the larg-
est effect size among all included studies (ES=-1.29) [28].
While in the study by Alvareza et al. (2018) [31], virtual
reality exercises (ES=-0.09), and Satiansukpong et al.
(2016) [29] which used Thai elephant therapy exercises
(ES=0.06) to improve postural control in individuals
with Down syndrome, the effect sizes were the smallest
among the included studies. The average effect size of
exercises in the 6 included studies in this review was ES=
-0.65, indicating a small effect size. With all these inter-
pretations, due to the high risk of bias and low quality in
most of the reported studies, it seems better to be cau-
tious in generalizing the results to the Down syndrome
population.

A total of 5 studies were conducted in the age range
of children to adolescents. The exercise interventions
used in this group included core stability exercises, Thai
Elephant-Assisted Therapy, isokinetic strength exer-
cises, virtual reality games, and trampoline exercises.
After analyzing the results, it was found that all exercise
interventions significantly improved postural control
in individuals with Down syndrome. Only the study by
Alvarez, et al. [31] and Satiansukpong, et al. [29], who
used a program of virtual reality exercises and Thai Ele-
phant-Assisted Therapy, did not have a significant effect
on postural control in individuals with Down syndrome,
so the effect size of these studies had the smallest effect
size among studies. According to the studies reviewed,
one of the possible reasons for the lack of effectiveness
of these exercise interventions on the postural control
variable is the duration and number of exercise sessions.
The duration of the virtual reality exercise program was
five weeks, twice a week, and the Thai Elephant-Assisted
Therapy was eight weeks, twice a week. Other reasons
include the small number of participants and the selec-
tion of the type of game in the exercise program. In the
adult age group, one study was also conducted. The exer-
cise intervention used in the study by Shin, et al. [30] was
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Table 3 The results of the quality assessment of the reviewed studies

PEDro scale criteria*

Studies

Quality
High
High
Low

Total score

11

10

1. Aly SM and Abonour. [28]
2. Satiansukpong, et al. [29]

3. Eid, et al. [26]

4. Alvareza, et al. [31]

Low

Low

5.Shin YA, et al. [30]
6. Azab, et al. [27]

Low

*PEDro scale for measuring the quality of studies: Items 1 to 11 are mentioned in the research methodology section. The sum of items 2-11. [l 1 point and [] 0 point
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a combination of balance and resistance exercises. After
Mata analyzed the results, it was found that the balance-
resistance exercise program had a significant effect on
postural control in adults with Down syndrome.

The formation of cortical and subcortical processes
involved in postural control occurs during childhood. As
a result, postural control does not reach adult levels until
the age of 13—14 [32]. Similarly, vision plays a major role
in stabilizing and controlling the body orientation in ado-
lescents. Younger adults use different balance/postural
strategies and are not able to reach postural performance
levels comparable to adults [33]. This is because adoles-
cents compared to adults are still unable to use sensory
information from the plantar skin of their feet to improve
their balance/postural control due to developmental dif-
ferences. This suggests that the responsible mechanisms
of postural control are still developing during adoles-
cence, which may be a transitional period for deeper
integration and use of sensory inputs in postural con-
trol [34]. Observed findings indicate that after engaging
in exercise interventions, children and adolescents with
Down syndrome can compensate for insufficient sensory
inputs from the plantar skin in postural control. This is a
key point because it has been reported that the proprio-
ceptive senses of adolescents with Down syndrome com-
pared to typically developing youth do not compensate
enough for the lack of visual information in static pos-
tural control, indicating an important sensory compo-
nent in maintaining postural control [35, 36]. In fact, it is
well known that when vision is eliminated during main-
taining a natural standing position, sensory reweighting
occurs, and somatosensory inputs (proprioceptive) are
adjusted to compensate and maintain postural control
[37, 38]. The findings suggest that due to the exercise
interventions, children and adolescents with Down syn-
drome have experienced an increased ability to maintain
postural control in different situations that challenge
their postural control.

Compared to the existing literature, our findings pro-
vide several new and unique insights: (1) Comprehensive
analysis: Using meta-analysis, we analyzed multiple data
from different studies, which allowed us to more pre-
cisely assess the overall impact of exercise interventions
on postural control. This approach is different from the
previous articles that examined each study separately.
(2) Identifying the type of interventions: We specifically
examined the type of exercise interventions (such as bal-
ance, strength and, etc.) and their effects on postural
control. This distinction allows us to understand which
type of intervention works best to improve postural con-
trol, and this information is valuable for practitioners
and researchers in this field. (3) Meta-Analytic Evidence:
Our meta-analysis statistically evaluates the effectiveness
of this exercise, providing statistical insights that were
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Fig. 2 Risk of bias of the studies included in the systematic review

Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias due to missing outcome data

Bias in measurement of the outcome
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Fig. 3 Overall risk of bias. Each category is presented by percentages

Table 4 Quality of evidence using the grading of recommendations assessment, development and evaluation (GRADE)

Outcome Riskof  Inconsistency Indirectness Imprecision Publication  Cer-
Bias tainty of
evidence

Postural Control Serious ®  Not serious Not serious Serious P Not serious Low

11Q]@)
GRADE Working Group grades of evidence
High certainty (©@D®@®): We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty (e)eaeaO): We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect,
but there is a possibility that it is substantially different
Low certainty (@®(O(): Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the
effect
Very low certainty () () ()): We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the
estimate of effect.a. Downgraded by one level because >25% of the studies were at high risk of bias (i.e., scored <6 on the PEDro scale and had a high
risk of bias in the RoB tool)
a. Downgraded by one level because >25% of the studies were at high risk of bias (i.e., scored <6 on the PEDro scale and had a high risk of bias in the RoB tool)

b. Downgraded to imprecision (because there is total sample size is less than 400)
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Modtl Sty e Outeome Statisties for each stuly Hedes's gand 95% (1
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Fig.5 Funnel plot of the quality of studies

lacking in previous investigations. By presenting effect
sizes and confidence intervals, we enhance the evidence
base to advise practitioners and researchers regarding the
advantages of tailored exercise programs. Also, the qual-
ity of the studies and the risk of bias were examined. (4)
Emphasis on special needs: This study pays attention to
the special needs of people with Down syndrome and
shows that exercise interventions should be designed
according to their individual characteristics and ability

levels. This point was less discussed in the existing lit-
erature and can help develop personalized exercise pro-
grams. Overall, this systematic review and meta-analysis
sheds light on the impact of exercise interventions on
postural control in individuals with Down syndrome and
contributes to a better understanding and development
of more effective exercise programs. We hope these find-
ings will contribute to growth and progress in this field.
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Limitations and recommendations for future studies in
investigating the effects of exercise interventions
Methodological limitations of this study included the
unavailability of full text for several studies due to author
requests and non-response. In addition, the restriction
to sources published only in English further limited the
scope of the search. As did the time frame of the search.
Although the results obtained from the present review and
meta-analysis had some positive outcomes, they should
still be interpreted with caution due to the following limita-
tions. First, considering the time frame was investigated in
the current study, few studies have focused on the effects
of exercise interventions on postural control in individu-
als with Down syndrome. Therefore, the limited number
of studies reduces the strength of conclusions drawn in the
present review and meta-analysis. Thus, conducting more
studies and utilizing different exercise interventions in the
future is recommended. Second, the duration and number
of sessions of the exercise interventions were short, with
most studies lasting from five to eight weeks. This may not
have been sufficient to create significant changes in pos-
tural control strategies in individuals with Down syndrome.
Additionally, the proportion of participants by gender was
lower compared to other studies in this area. One of the
main weaknesses of this research is the lack of sufficient
data to evaluate mid-term and long-term results. This point
is very important because information about long-term
outcomes can help understand interventions’ effects bet-
ter. The lack of these data may lead to the inability to evalu-
ate interventions’ effectiveness fully. Therefore, conducting
more studies in the future to examine the effects of exer-
cise interventions over a longer period and with more par-
ticipants, as well as investigating the gender-specific effects
is necessary. Third, out of the six studies included in the
present review, none had used two different training pro-
grams and compared them. All six studies had only used
one training program, and no comparisons between train-
ing programs were made. Therefore, a high-quality training
program was not found which made the implementation
of training programs by coaches challenging. Fourth, all
of the studies in this review used laboratory tests (Biodex
and force plates) to assess postural control. Clinical tests
such as CTSIB and BESS were not used. While laboratory
tests have high accuracy, they also have cost and availabil-
ity limitations. Therefore, focusing on the use of field and
clinical tests that sometimes have similar validity and reli-
ability to laboratory tools can strengthen the process of
further studies in this area and also facilitate their use and
evaluation in sports facilities and clinics. Fifth, most stud-
ies did not provide detailed information on how partici-
pants and assessors were blinded in order to prevent bias.
Due to this reason, most studies (4 out of 6) were classi-
fied as having low-quality qualitative evidence. Therefore,
it is recommended that future studies develop a research

(2025) 17:35
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methodology with higher quality standards. Sixth, no study
was found that investigated the long-term effects of exer-
cise interventions after a period of detraining. Therefore,
there is a research gap in this area, and it is recommended
that future studies focus on examining the persistence of
the effects of different training programs. Seventh, most
studies did not provide detailed information on the content
of the exercise interventions. This factor hinders coaches
and therapists from effectively using exercise interven-
tions to improve postural control in individuals with Down
syndrome in sports facilities and clinics. Eight, forty-one
reports were missing in this study, and seven were not in
English. This lack of information can affect the final results.
The absence of these reports may lead to the loss of impor-
tant data and consequently affect the overall results of the
research. Therefore, it is necessary to consider strategies to
ensure a more complete retrieval of sources and reports in
future research.

Strengths

In the current systematic review and meta-analysis, 6
studies with different types of exercises (balance exer-
cises, swimming, Pilates, etc.,), were compared. Results
showed that exercise interventions improve postural con-
trol in individuals with Down syndrome.

Conclusion

The results of the present review and meta-analysis study
showed that exercise interventions improve postural con-
trol in individuals with Down syndrome. According to
the results of the studies, only one study was conducted
to investigate the impact of sports interventions on the
postural control of adults with Down syndrome, and the
other studies were in the category of children and adoles-
cents. Due to the limited number of studies, participants,
and the high risk of bias, the results of the present study
should be interpreted with caution. Therefore, the impact
of exercise interventions on postural control in indi-
viduals with Down syndrome requires more thorough
and systematic investigation in the future. Nevertheless,
based on the results of the present review and meta-anal-
ysis study, it is recommended that sports specialists and
therapists use exercise interventions to improve postural
control in individuals with Down syndrome. Ultimately,
it appears that combined and multi-component exercise
interventions may have a greater impact, and it is recom-
mended that they be investigated in future studies.
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