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Highlights
e Both training methods significantly improved the manual dexterity of children with DS.
e Combined proximal—distal training showed greater gains in the non-dominant hand.
e Shoulder stabilization enhanced fine motor performance and postural control.
® More participants reached minimally functional dexterity after combined training.

e Integrating proximal—distal exercises may improve independence in daily activities.

Plain Language Summary

Children with Down syndrome (DS) often face challenges with weak muscles and limited coordination, making
everyday activities, such as buttoning a shirt, feeding themselves, or holding a pencil, much harder than for other
children. This study examined two exercise programs designed to help: one that focused only on strengthening the
hands, and another that combined hand exercises with shoulder and upper-body training to build better stability. Forty
children between 6 and 12 years old took part in the program, exercising three times a week for eight weeks. Their
hand skills were measured using a pegboard task that tested how quickly and accurately they could move small objects.
Both programs improved the children’s hand use, but those who trained both the shoulders and hands showed greater
progress, especially with their weaker hand. Some children even moved from being unable to complete the task to
being able to do it with minimal help. These findings suggest that building shoulder strength can make the hands
steadier and more coordinated. This kind of integrated exercise could help children with DS gain more confidence,

independence, and ease in their daily lives.

Introduction

own syndrome (DS) is the most common
chromosomal disorder and the leading genet-
ic cause of intellectual disability worldwide.
With an estimated incidence of one in every
700 to 800 live births, DS affects millions of
individuals globally and continues to pres-
ent substantial challenges for health systems and families
[1]. Epidemiological studies indicate that the prevalence of
DS ranges between 1.7 and 2.5 per 1,000 live births, with
increasing trends reported over time, largely influenced by
maternal age and survival improvements [2]. In Europe, esti-
mates show approximately 8,000 annual live births with DS
(2011-2015), and approximately 419,000 people living with
DS as of 2015 [3]. Globally, the number of prevalent cases
has steadily increased over the past three decades, even as
mortality rates declined due to advances in care [4].

In Indonesia, national surveys documented a rise in preva-
lence from 0.12% in 2010 to 0.21% in 2018, underscoring
DS as a growing and persistent public health concern [5].
This increasing prevalence underscores the urgent need for
targeted therapeutic interventions to enhance motor and func-
tional abilities. Such needs are especially critical in low- and

middle-income countries, including Indonesia, where access
to specialized rehabilitation and inclusive educational ser-
vices remains limited.

Individuals with DS exhibit a distinct neurodevelopmental
profile characterized by muscle hypotonia, ligamentous lax-
ity, reduced strength, and inadequate postural stability, which
collectively compromise motor control and endurance [6, 7].
These neuromusculoskeletal features, compounded by cog-
nitive delays and sensory integration deficits, lead to marked
impairments across both gross and fine motor domains. Gross
motor difficulties manifest as delays in achieving fundamen-
tal milestones, such as sitting, standing, and walking, often
accompanied by inefficient compensatory strategies, includ-
ing widened step width, altered sway, and trunk stiffening
to maintain equilibrium during static and dynamic tasks. At
the same time, deficits in fine motor competence, including
impaired grip strength and finger dexterity, are particularly
disabling as they interfere with the performance of essential
self-care and school-related activities, such as feeding, dress-
ing, and handwriting, which are fundamental for indepen-
dence and social participation [6, 7]. Accordingly, effective
interventions targeting fine motor skills are a critical priority
in pediatric rehabilitation.

Herawany R, et al. Proximal-distal Training and Hand Dexterity in Down Syndrome. PTJ. 2026; 16 (Special Issue (Exercise Therapy in Action)):423-432.




PHYSICAL TREATMENTS

Hand manipulation skills, as defined in the occupation-
al therapy practice framework, involve the precise coor-
dination of small muscles in the hands and fingers to ma-
nipulate objects effectively. In DS, these skills are often
compromised by intrinsic weakness of the hands com-
bined with insufficient proximal stability of the shoulder
and trunk. Deficient proximal control undermines distal
motor performance and limits functional outcomes. The
relationship between proximal stabilization and distal
dexterity has been acknowledged conceptually; how-
ever, there is limited empirical evidence evaluating how
training approaches that combine these domains can op-
timize motor function [8].

Previous research has shown that shoulder stabiliza-
tion training based on dynamic neuromuscular stabiliza-
tion can yield positive outcomes. In children with DS,
such programs have been reported to significantly im-
prove grip strength and various types of pinch strength
in both dominant and non-dominant hands [9]. Similarly,
hand strengthening programs have demonstrated signifi-
cant benefits for grip strength in children with DS, and
these improvements translate into greater independence
and participation in daily activities that require manual
dexterity [10]. However, most studies have investigated
proximal or distal interventions in isolation. As a re-
sult, there is insufficient evidence on whether combined
proximal and distal training produces superior effects
compared to distal strengthening alone. In addition, the
potential impact of these interventions on the non-domi-
nant hand, which is often more impaired in children with
DS, has received little attention.

To address these gaps, the present study aimed to com-
pare the effects of distal hand strengthening alone with a
combined proximal—distal approach incorporating both
shoulder stabilization and hand strengthening exercises.
By contrasting these two strategies, this study seeks to
generate evidence supporting integrated rehabilitation
approaches that may enhance manual dexterity, indepen-
dence, and quality of life in children with DS.

Materials and Methods

In this study, participants were randomly assigned to
one of two intervention groups. A total of 40 children
with DS, aged 612 years, were recruited from Rumah
Komunitas Orang Tua Asuh Down Syndrome (KOADS)
and the outpatient clinics of Wahidin Sudirohusodo Hos-
pital and Hasanuddin University Hospital, Makassar, In-
donesia. Eligibility criteria included the ability to stand
and walk independently, normal vision and hearing, and
mild to moderate intellectual disability (IQ range 48—60)
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as assessed using the cognitive scale for DS. Children
were excluded if they had sustained an upper-limb injury
within the previous three months associated with pain
>4/10 on the visual analog scale (VAS), had cervical
or chest wall disorders limiting upper-limb mobility, or
had untreated congenital heart disease. Participants were
withdrawn if they missed three or more consecutive
sessions, withdrew consent, or experienced acute post-
training pain >4/10. Prior to enrolment, the study proce-
dures, potential benefits, and risks were explained to the
participants and their parents or guardians, and written
informed consent was obtained.

Study design and procedures

Participants were randomly assigned to one of two
intervention groups: (1) distal hand-strengthening ex-
ercises or (2) combined proximal—distal training, which
incorporated shoulder stabilization in addition to hand
strengthening. Simple random allocation using a ran-
domized number sequence was applied, in which par-
ticipant identification numbers were randomly ordered
and assigned sequentially to the two groups. Both inter-
ventions were delivered three times per week for eight
consecutive weeks. Manual dexterity was evaluated at
baseline and following the intervention using the func-
tional dexterity test (FDT) for both dominant and non-
dominant hands.

During the home-based phase, adherence to the exer-
cise program was monitored remotely using social me-
dia (WhatsApp). At the beginning of the intervention, the
research team conducted in-person sessions to deliver
the exercises directly to the children and to train parents
or caregivers in the correct exercise techniques. Once
parents demonstrated adequate competency to adminis-
ter the exercises independently, training was continued
at home under parental supervision. Adherence was
monitored through multiple mechanisms. Parents were
reminded to conduct the exercises according to the par-
ticipant’s mood and tolerance. Each training session was
recorded on video and submitted to the research team
for review. In addition, parents completed an exercise
logbook for every session, and photographs of the com-
pleted logbooks were submitted every two weeks. The
research team reviewed videos and logbooks biweekly,
provided feedback on exercise performance, and ad-
dressed any technical issues. Participants and caregivers
were encouraged to contact the research team at any time
in case of adverse effects, difficulties, or concerns during
training. Using this monitoring system, full adherence
to the prescribed home-based exercises was achieved in
both intervention groups.
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Interventions

The intervention protocols comprised proximal and
distal training components. Shoulder stabilization train-
ing was based on the principles of dynamic neuromuscu-
lar stabilization and involved closed-kinetic chain exer-
cises targeting the shoulder stabilizers. Each posture was
maintained for 10 seconds and performed in three sets of
10 repetitions, with 3-second rests between repetitions
and 1-3 minutes of rest between sets depending on par-
ticipant fatigue. In parallel, hand strengthening training
consisted of active exercises for the intrinsic muscles of
the hand, with resistance progressively increased from
light to heavy. Each session lasted 15-20 minutes and
was performed in three sets, three times per week, over
eight weeks.

Outcome measures

FDT, a standardized assessment with established valid-
ity and reliability in children [11], was employed as the
primary outcome measure of manual dexterity. The test
required inserting and turning 16 pegs using one hand,
with performance timed in seconds. Functional catego-
ries for the dominant hand were defined as functional
(16-25 s), moderately functional (26-35 s), minimally
functional (3650 s), and nonfunctional (>50 s); for the
non-dominant hand, the corresponding thresholds were
18-27 s, 2845 s, 46-55 s, and >55 s. Separate func-
tional categories were applied for the dominant and non-
dominant hands to account for expected differences in
dexterity performance associated with hand dominance.
Penalties of 5 seconds were applied if supination oc-
curred or the board was grasped, and 10 seconds if a peg
was dropped.

Statistical analysis

Data normality was assessed with the Shapiro—Wilk
test. Descriptive statistics are reported as Mean+SD.

Table 1. Participant characteristics
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Within-group differences between baseline and post-test
scores were analyzed using the Wilcoxon signed-rank
test. Between-group differences were evaluated using the
Mann—Whitney U test. All analyses were performed us-
ing SPSS Statistics (version 30.0) (IBM Corp., Armonk,
NY, USA), with the level of significance set at P<0.05.

Results

Table 1 presents the demographic characteristics of
participants across the two intervention groups. Al-
though the difference did not reach statistical signifi-
cance, a higher proportion of males was observed in the
combined shoulder stabilization plus hand strengthen-
ing group compared with the hand strengthening group
(70% vs 35%, P=0.056). With respect to age, the distri-
bution of children and adolescents was also not signifi-
cantly different between groups (P=0.205). Overall, the
two groups can be considered comparable in terms of
demographic characteristics. Table 2 presents the FDT
results for dominant and non-dominant hands at pre-test
and post-test. At baseline, both groups showed compa-
rable scores, indicating similar starting conditions. Fol-
lowing the interventions, dexterity improved in both
groups as reflected by lower median completion times.
No between-group differences were observed post-inter-
vention, suggesting that both hand strengthening alone
and the combined program were effective in enhancing
fine motor performance.

Tables 3 and 4 present the within-group analyses of
FDT performance. In the hand strengthening group (Ta-
ble 3), both hands improved significantly. The median
time of dominant hand decreased from 78.5 to 60.25 s
(A-18.25, P<0.001), while the non-dominant hand im-
proved from 107.5 to 87 s (A-20.5, P<0.001). In the
combined training group (Table 4), the improvements
were even greater. The dominant hand decreased from
67.5 to 56 s (A-11.5, P<0.001), and the non-dominant

No. (%)
Variables P
Group 1 (n=20) Group 2 (n=20)

Male 7(35) 14(70)

Sex 0.056"
Female 13(65) 6(30)
Children (6-9 years old) 12(60) 7(35)

Age 0.205"
Adolescents (10-18 years old) 8(40) 13(65)

‘Chi-square test.

PHYSICAL TREATMENTS

Note: Group 1: Hand strengthening only; Group 2: Combined shoulder stabilization + hand strengthening.
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Table 2. Between-group comparison of FDT results for dominant and non-dominant hands at pre-test and post-test

Median (Min-Max)

FDT Assessment P
Group 1 (n=20) Group 2 (n=20)

Dominant hand pre-test 78.5 (56-110) 67.5 (55-120) 0.514"
Non-dominant hand pre-test 107.5 (74-155) 105 (74-170) 0.597
Dominant hand post-test 60.25 (45-95) 56 (48-105) 0.8
Non-dominant hand post-test 87 (60-130) 71 (60-120) 0.059"

"Mann-whitney test.
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Note: Group 1: Hand strengthening only; Group 2: Combined shoulder stabilization + hand strengthening.

Table 3. FDT performance in dominant and non-dominant hands: within-group comparison in the hand strengthening group

(n=20)

Hand Strengthening

Median (Min-Max)

Dominant hand pre-test

Dominant hand post-test

Non-dominant hand pre-test

Non-dominant hand post-test

78.5 (56-110)

60.25 (45-95)

87 (60-130)

107.5 (74-155)

MedianA (IQR; Min-Max) P
-18.25 (IQR -19.75 to -7.25; -35 — -2) <0.001*
-20.5 (IQR -23.75 to -7; -46 — 0) <0.001"*

*Wilcoxon test, ‘Significance P<0.05.

hand showed the largest change, from 105 to 71 s (A—34,
P<0.001). Overall, both interventions enhanced dexter-
ity, but the combined approach produced stronger gains,
particularly in the non-dominant hand.

Table 5 presents the distribution of FDT performance
categories. At baseline, all participants in both groups
were classified as non-functional for both dominant and
non-dominant hands. Following the intervention, a shift
was observed in the dominant-hand performance. In
the hand strengthening group, three participants (15%)
achieved a minimally functional status at post-test, while
in the combined training group, five participants (25%)
reached the minimally functional category in the domi-
nant hand. No participants in either group reached the
minimally functional category in the non-dominant hand

PHYSICAL TREAT MENTS

at post-test. Although most participants remained clas-
sified as non-functional, the combined proximal—distal
training resulted in a greater proportion of functional
improvement in the dominant hand compared with hand
strengthening alone.

Table 6 compares the effectiveness of the two interven-
tions based on changes in FDT scores. For the dominant
hand, improvements were observed in both groups,
but no significant difference was found between them
(P=0.766). For the non-dominant hand, however, the
combined training group showed a greater reduction in
completion time (A —22.5 seconds) compared with the
hand strengthening group (A —15 seconds), and this dif-
ference was statistically significant (P=0.005). The mag-
nitude of this between-group difference was moderate,

Table 4. FDT performance in dominant and non-dominant hands: within-group comparison in the combined training group

(n=20)
Combined Shoulder Stabilization + Hand Strengthening Median (Min-Max) MedianA (IQR; Min-Max) P
Dominant hand pre-test 67.5 (55-120)
-11.5 (IQR -24.13 to -6.25; -55 — -3) <0.001*
Dominant hand post-test 56 (48-105)
Non-dominant hand pre-test 105 (74-170)
-34 (IQR -28 to -14; -80 — -7) <0.001*

Non-dominant hand post-test

71 (60-120)

*Wilcoxon test, "Significance P<0.05.

PHYSICAL TREATMENTS
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Table 5. Categories of the FDT
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No. (%)
Group 1 (n=20) Group 2 (n=20)
Categories of the FDT
Pre-test Post-test Pre-test Post-test
Dominant bl Dominant bl bl Dominant bl bl Dominant Ll bl
nant nant nant nant
Functional 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Moderately functional 0(0) 0(0) 0 (0) 0 (0) 0(0) 0 (0) 0(0) 0 (0)
Minimally functional 0(0) 0(0) 3(15) 0 (0) 0(0) 0 (0) 5(25) 0 (0)
Non-functional 20 (100) 20 (100) 17 (85) 20 (100) 20 (100) 20 (100) 15 (75) 20 (100)

PHYSICAL TREATMENTS

Note: Group 1: Hand strengthening only; Group 2: Combined shoulder stabilization + hand strengthening.

as indicated by the effect size (r=0.45). These findings
indicate that while both interventions improved dexter-
ity, the combined approach was more effective, particu-
larly for the non-dominant hand.

Discussion

The baseline assessment in this study revealed that all
participants were categorized as non-functional on the
FDT, reflecting profound deficits in fine motor control
widely reported in children with DS. Manual dexterity
is a cornerstone of fine motor development, enabling es-
sential daily activities, such as grasping, manipulating
objects, assembling components, and writing. However,
children with DS consistently demonstrate significant
impairments in this domain, as highlighted by systemat-
ic reviews documenting markedly lower performance in
speed, accuracy, and coordination compared with typi-
cally developing peers [12]. These deficits arise not only
from neuromuscular factors, such as hypotonia and liga-
mentous laxity, but also from limitations in cognitive and
perceptual-motor integration that reduce movement ef-
ficiency. For example, dos Santos et al. (2024) observed
that although children with DS can employ grasping pat-
terns, such as tripod and pluridigital grips, their execution

is characterized by low efficiency and quality, rendering
even simple activities, such as assembling Lego blocks,
disproportionately difficult due to weak musculature,
visuomotor incoordination, and attentional challenges
[13]. Moreover, deficits in executive functions, includ-
ing impaired working memory, cognitive flexibility, and
inhibitory control, further compound difficulties in plan-
ning and sequencing fine motor tasks [14]. Biomechani-
cal constraints also play a role, as children with DS typi-
cally exhibit up to 60% lower grip strength than peers, in
addition to inefficient motor patterns, such as excessive
trunk rotation and delayed muscle activation, producing
slow, unstable, and imprecise movements [15].

This study demonstrates that hand strengthening ex-
ercises can meaningfully enhance manual dexterity in
children with DS. The observed dexterity improvements
reflect not only increased muscle strength but also neu-
romuscular adaptations that support the precision, stabil-
ity, and efficiency of fine motor actions. These findings
are consistent with prior evidence showing that struc-
tured motor interventions are effective in addressing fine
motor deficits in DS, where impairments are driven by
a combination of hypotonia, ligamentous laxity, and de-
layed neuromotor development [10, 16].

Table 6. Comparative effectiveness of hand strengthening versus combined shoulder stabilization and hand strengthening on

FDT outcomes

Median (IQR; Min-Max)

Hand P
Group 1 (n=20) Group 2 (n=20)
Dominant hand -14.5 (IQR -19.75 to -7.25; -35 — -2) -10.5 (IQR -24.13 to -6.25; -55 — -3) 0.766*
Non-dominant hand -15 (IQR -23.75to -7; -46 — 0) -22.5(IQR -28 to -14; -80 — -7) 0.005*

"Mann-Whitney test, “Significance P<0.05.
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Note: Group 1: Hand strengthening only; Group 2: Combined shoulder stabilization + hand strengthening.
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The clinical relevance of these improvements lies in
their functional implications. Manual dexterity under-
pins essential daily activities, such as writing, button-
ing clothes, and manipulating objects. Even incremental
gains, from non-functional to minimally functional per-
formance, represent a shift toward greater independence
in daily living for children with DS. Previous studies
confirm this trajectory: Ashori et al. (2018) found that
structured motor training improved both gross and fine
motor abilities, while Raharjo (2023) reported that resis-
tive hand exercises enhanced grip strength substantially.
Together, these studies support the premise that strength-
ening-focused interventions can produce meaningful
outcomes in children with developmental disabilities
[16, 10].

Physiologically, the efficacy of hand strengthening
training is supported by evidence of both biomechani-
cal and neural adaptation. Repetitive resistive activ-
ity enhances contractility of intrinsic and extrinsic hand
muscles, while also reinforcing proprioceptive input
and improving sensorimotor integration [15]. Beyond
peripheral adaptations, there is evidence of central
contributions: repetitive fine motor training promotes
neuroplasticity, strengthening functional connectivity
between sensory and motor cortices, which in turn facili-
tates more efficient planning and execution of fine motor
sequences [17]. These changes help compensate for the
deficits in frontoparietal networks and executive func-
tion domains that have been widely documented in DS
[14, 18]. Support for these mechanisms is provided by
resistance training studies in individuals with DS, which
have demonstrated concurrent improvements in motor
performance, executive function, and frontal lobe—re-
lated cognitive processes following structured training
programs [19].

The findings of this study provide supportive evidence
that combining proximal shoulder stabilization with dis-
tal hand strengthening yields superior improvements in
manual dexterity for children with DS. This approach
aligns with the principle that proximal stability forms the
biomechanical foundation for distal mobility, whereby
enhanced scapular and glenohumeral stability allows for
more precise and efficient recruitment of hand muscles
during fine motor tasks [20]. Unlike isolated hand train-
ing, which primarily targets intrinsic and extrinsic finger
muscles, the combined program addresses both proxi-
mal and distal components of the kinetic chain, thereby
fostering integrative neuromuscular adaptations that ex-
tend beyond localized strength gains. However, no sig-
nificant between-group difference was observed for the
dominant hand, suggesting that both interventions were

2026. Volume 16. Special Issue: Exercise Therapy in Action

similarly effective in improving dominant hand dexter-
ity. This may be related to higher baseline proficiency
of the dominant hand, which could limit the extent of
observable between-group differences.

An especially notable result of this study was the more
pronounced improvement observed in the non-dominant
hand. This finding is clinically relevant because the non-
dominant side in children with DS typically exhibits
greater deficits in dexterity, coordination, and strength
compared to the dominant hand [9]. By engaging proxi-
mal stabilizers alongside hand muscles, the interven-
tion may have mitigated asymmetrical compensation
strategies, thereby enhancing bilateral motor integration
and reducing the performance gap between hands. This
finding is consistent with previous reports that targeted
proximal stabilization not only augments grip and pinch
strength but also improves bilateral motor coordination
and fine motor control [9, 21].

The physiological basis for these gains can be attrib-
uted to both biomechanical and neural mechanisms. Sta-
bilization training enhances scapular alignment and pos-
tural control by activating the serratus anterior, trapezius,
and rotator cuff muscles, providing a stable platform for
distal hand movements. Concurrently, repetitive resis-
tive hand training strengthens intrinsic muscles, such as
the lumbricals and interossei, which are crucial for pre-
cision grips. Together, these adaptations improve pro-
prioceptive feedback, optimize motor unit recruitment,
and promote cortical reorganization. This process may
be particularly relevant for children with DS, who of-
ten exhibit delayed neuromotor maturation and impaired
frontoparietal connectivity [18].

These findings extend the work of Elserty and Wagdy
(2020), who demonstrated significant increases in grip
and pinch strength following dynamic neuromuscular
shoulder stabilization, and Yadav and Kanase (2025),
who reported enhanced hand function after proximal-fo-
cused training in neuromuscular disorders. By confirm-
ing that proximal—distal synergy translates into func-
tional gains on standardized dexterity measures, such
as the FDT, this study underscores the clinical value of
integrated motor training [9, 21]. Importantly, even mod-
est shifts from non-functional to minimally functional
performance represent meaningful progress for children
with DS, as these changes can directly impact indepen-
dence in activities of daily living.
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Compared to isolated hand strengthening, integrating
proximal shoulder stabilizer training with distal hand exer-
cises yields superior improvements in fine motor function
for children with DS, as it directly addresses the layered
motor deficits characteristic of this population. A consistent
principle in motor control literature is that proximal stabil-
ity is a prerequisite for distal precision [22, 23]. By enhanc-
ing scapulothoracic alignment and glenohumeral concavity
compression, proximal training provides a stable founda-
tion that optimizes recruitment of intrinsic and extrinsic
hand muscles, such as the lumbricals, interossei, and flexor
digitorum. This synergy enhances grip, pinch, and object
manipulation beyond what can be achieved through hand-
focused training alone [9, 20].

Beyond biomechanical benefits, the proximal—distal ap-
proach activates broader neuromuscular and sensorimotor
loops that foster neuroplastic reorganization. Repeated co-
activation of proximal and distal segments stimulates corti-
cal premotor and bilateral sensorimotor regions, strength-
ening the communication between sensory feedback and
motor execution [24, 25]. Such integrative training reduces
compensatory trunk movements, improves bilateral coordi-
nation, and promotes more efficient fine motor control by
recalibrating both biomechanical stability and neural effi-
ciency. These neuroplastic adaptations may help explain the
disproportionate improvement observed in the non-domi-
nant hand, which likely had greater capacity for neural reor-
ganization due to lower baseline performance and reduced
habitual use compared with the dominant hand.

Clinically, the superiority of proximal-distal integration
lies in its multidimensional impact: it enhances muscular
strength and proprioception, supports postural stability, and
facilitates the transfer of skills to functional daily activi-
ties, such as writing, dressing, and object assembly. Unlike
isolated hand exercises, which may plateau due to limited
postural support, the combined strategy addresses hypoto-
nia, ligamentous laxity, and neuromotor inefficiency in an
integrated manner. These findings reinforce the view that
rehabilitation for children with DS benefits most from in-
terventions that target the proximal—distal continuum, po-
sitioning such approaches as robust, evidence-based strate-
gies for occupational therapy and special education.

The observation that the non-dominant hand exhibited
greater improvements in manual dexterity following both
isolated and combined training highlights an underappreci-
ated adaptive potential in children with DS. Although the
non-dominant hand generally demonstrates lower baseline
performance due to hemispheric laterality, intensive and
structured practice appears to unlock latent neuroplastic
mechanisms that facilitate disproportionately larger gains
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compared to the dominant hand. This phenomenon is con-
sistent with evidence showing that repetitive training of
the non-dominant hand can induce cortical reorganization,
expand motor representations, and strengthen corticospinal
pathways that are typically less efficient [26]. At the periph-
eral level, repetitive practice optimizes motor unit recruit-
ment, improves intermuscular coordination, and enhances
synchronization of intrinsic hand muscles, thereby acceler-
ating fine motor precision and control. Consistent with this
interpretation, resistance training studies in individuals with
DS have demonstrated concurrent improvements in motor
performance and executive function, supporting the role
of experience-dependent neuroplastic adaptations in this
population [19].

Experimental studies further support these mechanisms.
Training with chopsticks, drawing tasks, and computer-
mouse manipulation using the non-dominant hand have
all been shown to yield significant improvements in speed,
accuracy, and fluency of movements, in some cases persist-
ing up to six months post-training [27-29]. Notably, these
effects often transfer bilaterally, improving performance of
the dominant hand [29]. Electrophysiological evidence cor-
roborates these findings, showing that non-dominant hand
training produces greater excitability changes in motor
cortices relative to dominant hand training [30], likely re-
flecting greater neural reserve and responsiveness to struc-
tured input. In children with DS, this adaptive plasticity is
especially relevant, as their motor challenges stem from a
convergence of hypotonia, hyperlaxity, and neuromotor
inefficiency that affect both proximal and distal segments
[31]. Clinically, these findings suggest that incorporating
structured non-dominant hand training into rehabilitation
programs for DS may accelerate functional gains, enhance
bilateral coordination, and expand fine motor repertoires es-
sential for daily living activities. Rather than being viewed
as an inherent limitation, the non-dominant hand should
be considered a therapeutic opportunity with high adap-
tive potential. This reframing aligns with broader neuro-
rehabilitation principles emphasizing early, intensive, and
task-specific training as drivers of functional neuroplasti-
city [26, 32]. Several limitations should be considered when
interpreting these findings. First, this study did not include
a passive control group receiving usual care; therefore, im-
provements observed in both intervention groups cannot
be attributed exclusively to the training protocols. Second,
the gender distribution between groups was uneven and,
although not statistically significant, may have influenced
motor performance outcomes and should be considered
when interpreting the results.
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Conclusion

This study highlights that while children with DS ex-
hibit profound baseline deficits in manual dexterity, they
possess substantial adaptive potential when exposed
to structured motor interventions. Both isolated hand
strengthening and proximal—distal integration improved
fine motor skills. However, the combined approach dem-
onstrated greater benefits primarily in the non-dominant
hand, consistent with the biomechanical principle that
proximal stability supports distal precision and engages
broader neuromuscular and cortical pathways. Notably,
the non-dominant hand showed disproportionately great-
er gains, underscoring its latent neuroplastic capacity
and value as a therapeutic target for reducing functional
asymmetry. Taken together, these findings suggest that
proximal—distal integrated training may offer specific
advantages for improving non-dominant hand dexterity,
with potential implications for enhancing independence
and participation in daily activities for children with DS
in clinical rehabilitation and special education settings.
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