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Neurodegenerative diseases, such as Alzheimer's disease (AD) and Parkinson's disease (PD),
remain major challenges in clinical neurology, as no definitive cure exists. Non-invasive brain
stimulation (NIBS) techniques, including repetitive transcranial magnetic stimulation (rTMS),
transcranial direct current stimulation (tDCS), and low-intensity focused ultrasound (LIFU),
have emerged as promising therapeutic approaches for modulating cortical excitability
and promoting neuroplasticity. rTMS appears to promote synaptic plasticity and increase
regional cerebral blood flow, which may contribute to improved memory and executive
function. tDCS also has demonstrated potential in enhancing cognitive abilities in AD by
modulating cortical excitability via weak direct currents. LIFU, a novel and less explored NIBS
method, has shown promise in preclinical and early clinical studies for neurodegenerative
diseases. Recent findings suggest that LIFU may enhance cognitive function, facilitate
neuroplasticity, and temporarily open the blood-brain barrier to improve drug delivery in
AD. In PD, NIBS techniques have been explored to alleviate motor symptoms and improve
dopaminergic function. rTMS applied to the motor cortex and supplementary motor area
has been associated with improved motor performance, while tDCS has shown potential
for enhancing motor functions. LIFU is under investigation for its ability to modulate deep
brain structures which plays a key role in PD pathophysiology. This review aims to analyze
recent advancements in NIBS applications for AD and PD, highlighting their potential clinical
benefits and future directions in neurodegenerative disease management.
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Table 1. Representive studies with non-invasive brain stimulation for Alzheimer disease

Study Number Stimulation Simtulation Significant
vrgsEiilEs e design of subject site intensitiy outcome
rTMS Gaudeau-Bosma Ramdomized 12 Left DLPFC 10 Hz Effect in working memory
etal” (2013) blind
controlled
rTMS Prestonetal®  Ramdomized 32 Left DLPFC 10 Hz Effect of stimulation group on accuracy
(2010) blind and processing speed
controlled
rTMS Vanderhasselt ~ Ramdomized 28 Left DLPFC 10 Hz Decreased reaction time of Stroop task
et al.” (2006) blind
controlled
rTMS Kim et al Ramdomized 16 Left DLPFC 10 Hz Improvement of attentional control
(2012) blind
controlled
rTMS Tumasian et al”’  Case series 144 Bilateral DPPFC 12 Hz Less decline on verbal fluency and
(2021 study naming
rTMS Leeetal® Ramdomized 26 Both DLPFC and parietal 10 Hz Improvement in the memory and
(2016) blind somatosensory associated language domain
controlled cortices and Broca's and
Wernicke's areas
rTMS Koch et al.”® Ramdomized 50 Precuneus 20 Hz Slowing cognitive and functional decline
(2022) blind
controlled
tDCS Yun et al® Ramdomized 16 Left DLPFC (anodal) 2 mA Increased cerebral glucose metabolism
(2016) blind and subjective improvements in
controlled memory satisfaction
tDCS Im et al.® Ramdomized 20 Left DLPFC (anodal) 2 mA Improvements in cognitive tests (MMSE
(2019) blind and Boston naming test)
controlled Increased cerebral glucose metabolism
in left temporal lobe
tDCS Boggioetal””  Ramdomized 15 Temporal cortex (anodal) 2 mA Improvement of visual recognition
(2012) blind memory test
controlled
tDCS Melendez et al.** Ramdomized 18 Left DLPFC (anodal) 2 mA Improvements in MMSE scores,
(2023) blind immediate memory, and delayed recal
controlled
LIFU Jeong et al’ Case series 4 right hippocampus 30W/cm®  Mild improvements in memory, executive
(2021) study function, and global cognition
Increased rCMRglu in the superior frontal
gyrus, middle cingulate gyrus, and
fusiform gyrus
LIFU Jeong et al.* Case series 8 right hippocampus 3.0 W/em? Improvement of rCMRglu of the target
(2022) study area and memory function
LIFU Jeong et al® Case series 10 Left DLPFC 30W/cm®  Inceased functional connectivity between
(2025) study Left DLPFC and both the left perirhinal
cortex and left dorsomedial prefrontal
cortex
Improvement of memory function
LIFU Rezai et al.” Case study 3 One hemisphere in the 40-N5W Approximately a 32% greater reduction
(2024) frontal or temporal lobe in amyloid-beta levels in the treated

or the hippocampus with
high levels of beta-amyloid

regions compared to the untreated
contralateral regions

NIBS; non-invasive brain stimulation, rTMS; repetitive magnetic stimulation, DLPFC; dorsolaterla prefrontal cortex, tDCS; transcranial direct current
stimulation, MMSE; mini-mental state examination, LIFU; low-intensity focused ultrasound, rCMRglu; regional cerebral metabolic rate of glucose.
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Table 2. Representive studies with non-invasive brain stimulation for Parkinson' disease

Study Number Stimulation Simtulation Significant
UCANES S design of subject intensitiy outcome
rTMS Paletal” Ramdomized 22 Left DLPFC 5Hz Improvement of cognition and
(2010) blind depression
controlled
rTMS Park®® Case series 6 Primary motor cortex 10 Hz Improvement of limb-kinetic apraxia
(2018) study
rTMS Kim et al.? Double- 12 SMA 25 Hz Improvement in gait
(2018) blinded Reduction in the number of freezing
design episodes
tDCS Song et al? Case series 4 Left DLPFC (anodal) 2mA Significant hyperperfusion in the frontal
(2020) study and parietal lobes
No significant change of the motor
severity scale
tDCS Fregnietal®  Double- 17 Primary motor cortex (anodal, 1 mA Improvement of motor function
(2006) blinded cathodal), DLPFC (anodal),
design and sham-stimulation
tDCS Boggio etal.>  Ramdomized 18 Left DLPFC (anodal) 2 mA Beneficial effect on working memory
(2006) blind
controlled
LIFU Samuel et al®  Pilot study 10 Primary motor cortex 2.26 W/cm? Increased motor cortex excitability
(2023)

NIBS; non-invasive brain stimulation, rTMS; repetitive transcranial magnetic stimulation, DLPFC; dorsolaterla prefrontal cortex, SMA; supplementary
motor area, tDCS; transcranial direct current stimulation, LIFU; low-intensity focused ultrasound.
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