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Introduction: Transcranial direct current stimulation (tDCS) has gained attention as
a safe, non-invasive neuromodulation technique for enhancing motor and cognitive
functions in older adults. Among various brain regions, cerebellar stimulation
appears particularly effective in improving postural control and static balance. This
study aimed to compare the effects of tDCS applied over the cerebellum and the
dorsolateral prefrontal cortex (DLPFC) on the static balance of elderly men.

Methods: In this semi-experimental study with a pretest-posttest design, 60 healthy
elderly men aged 60 to 80 years from Ahvaz voluntarily participated and were
randomly assigned to four groups: cerebellar tDCS, left DLPFC tDCS, sham
cerebellar tDCS, and sham DLPFC tDCS (15 participants each). Static balance was
evaluated using a force plate device, during which participants completed three 30-
second trials of quiet standing in both the pretest and posttest stages. The intervention
consisted of 10 sessions over two weeks (five sessions per week), with each tDCS
session lasting 20 minutes. Data were analyzed using one-way analysis of covariance
(ANCOVA).

Results: The findings indicated that both cerebellar and DLPFC tDCS significantly
improved static balance by reducing center of pressure displacement in anterior-
posterior and medial-lateral directions (p<0.05). However, no statistically significant
difference was observed between the effects of cerebellar and DLPFC stimulation
(p>0.05).

Conclusion: Based on these results, both cerebellar and DLPFC tDCS protocols can
be considered effective interventions for enhancing static balance in elderly men.
Health professionals and specialists are encouraged to include these approaches in
balance rehabilitation programs for older adults.
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Introduction

The aging process naturally brings about changes in the
musculoskeletal, vestibular, somatosensory, and visual
systems (Liao et al., 2021). As individuals age, their physical
and mental abilities decline, which increases the risk of
balance disorders and falls. One promising approach to
improve brain network function—and thus enhance
supraspinal balance control in older adults—is transcranial
direct current stimulation (tDCS). The cerebellum is one target
for tDCS stimulation. Another important area that influences
balance and gait control is the left dorsolateral prefrontal
cortex (DLPFC) (Zhou et al., 2021). While previous studies
have explored the effects of tDCS applied to the cerebellum
and the left DLPFC on improving balance and postural control
in the elderly, a key challenge remains: identifying which
stimulation site is more effective in enhancing balance among
older adults. Current evidence suggests that cerebellar tDCS
may be more effective for improving balance in older adults
compared to stimulation of the primary motor cortex (Bernard
& Seidler, 2014). However, no research has yet compared the
effects of cerebellar tDCS and DLPFC tDCS on static balance
specifically in elderly men. Therefore, the present study aims
to investigate and compare the effects of cerebellar and
DLPFC tDCS on static balance in elderly men.

Methods

The present study was designed as a quasi-experimental
research project with a pre-test-post-test design that included
a control group. The statistical population consisted of healthy
men aged 60 to 75 years living in nursing homes in Ahvaz city.
Based on inquiries from the Ahvaz City Nursing Center, the
initial sample size was 1,781 individuals. From this
population, 60 healthy elderly participants were invited to join
the study and were randomly assigned to one of four groups,
each consisting of 15 individuals: cerebellar tDCS, left
DLPFC tDCS, sham cerebellar tDCS, and sham DLPFC tDCS.
During the pre-test and post-test phases, participants
performed three attempts lasting 30 seconds each to stand on
a force plate. The intervention phase took place over two
weeks, with five consecutive sessions each week, and each
session lasted 20 minutes. In the cerebellar cortex stimulation
group, participants received transcranial electrical brain
stimulation with the anode placed 2 cm below the inion and
the cathode at Cz for 20 minutes daily. In the DLPFC
stimulation group, participants received stimulation with the
anode at F3 and the cathode at F4 for the same duration. Both
sham stimulation groups (cerebellar and DLPFC) received a
similar setup as their experimental counterparts but without
active stimulation for 20 minutes each day. Data analysis was
conducted using analysis of covariance and the Bonferroni
post hoc test.

Results

The results demonstrated a significant difference between the
groups, with an effect size of 0.26 for anterior-posterior
displacement and an effect size of 0.18 for central-lateral
displacement. Specifically, the cerebellar tDCS group showed
significantly better anterior-posterior displacement compared
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to both the sham cerebellar tDCS group and the sham DLPFC
tDCS group, with mean differences of 0.35 and 0.34 units,
respectively (P<0.05). Furthermore, the DLPFC tDCS group
also exhibited significantly better anterior-posterior
displacement compared to the sham cerebellar tDCS and sham
DLPFC tDCS groups, with mean differences of 0.42 and 0.41
units, respectively (P<0.05). However, no significant
difference was found between the anterior-posterior
displacements of the cerebellar tDCS and DLPFC tDCS
groups (P<0.05). Regarding central-lateral displacement, the
cerebellar tDCS group had significantly better outcomes
compared to the sham cerebellar tDCS and sham DLPFC
tDCS groups, with mean differences of 0.22 and 0.33 units,
respectively (P<0.05). Similarly, the DLPFC tDCS group
showed significantly better central-lateral displacement
compared to the sham cerebellar tDCS and sham DLPFC
tDCS groups, with mean differences of 0.20 and 0.23 units,
respectively (P<0.05).

Conclusion

The results of the current study show that tDCS of the
cerebellum improves balance in elderly men. Anodal
cerebellar tDCS can enhance the activity of Purkinje cells and
support the function of the vermis and associated white matter
(Selanik, 2015). Furthermore, cerebellar tDCS may influence
connectivity between the cerebellum and other brain regions,
thereby improving vestibular-motor functions that are
essential for balance. Therefore, anodal tDCS of the
cerebellum is recommended for enhancing dynamic balance in
older adults. Additionally, the study found that stimulation of
the DLPFC improved static balance, as measured by anterior-
posterior and medio-lateral center-of-pressure sway, in elderly
men. Increased excitability of the DLPFC may enhance
visuospatial processing, which can improve balance and
functional mobility. Overall, both cerebellar and DLPFC tDCS
significantly improved static balance in elderly men, with no
significant difference in effectiveness between the two
methods. Consequently, geriatric specialists and occupational
therapists are encouraged to utilize the benefits of cerebellar
and DLPFC tDCS to enhance static balance in elderly men.
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