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ARTICLE INFO

Attention-deficit/hyperactivity disorder (ADHD) requires comprehensive and
carefully tailored therapeutic approaches. Although pharmacotherapy is effective
and considered the first-line treatment, it has notable limitations owing to its non-
specific effects on the nervous system and the potential for adverse effects and drug
tolerance. Non-invasive brain stimulation (NIBS), which selectively targets neural
circuits, has emerged as a novel alternative intervention. Evidence suggests that
repetitive transcranial magnetic stimulation (rTMS) is effective in improving the
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ADHD is a common neurodevelopmental modulate neurotransmitters such as dopamine and
disorder  characterised by  age-inappropriate  norepinephrine broadly and non-specifically across
symptoms of inattention, hyperactivity, and  multiple neural networks. Rather than acting

impulsivity. Pharmacotherapy, particularly stimulant
medication, is currently the primary first-line
treatment for this disorder. Nevertheless, exclusive
reliance on these medications is associated with
important clinical challenges. Over time, patients
may develop drug tolerance, thereby reducing
treatment efficacy. Moreover, stimulant medications

exclusively on the pathological pathways associated
with the disorder, this non-specific mechanism of
action can lead to various adverse effects.

To overcome these limitations, non-invasive
technologies such as NIBS have attracted attention as
a targeted therapeutic approach. By externally and
safely modulating brain activity, these techniques
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stimulate specific regions to induce neuroplasticity.
The aim of this approach is to directly modify
dysfunctional neural networks in patients with
ADHD. By generating a variable magnetic field in
the target region, rTMS locally stimulates the
cerebral cortex and regulates inhibitory and
excitatory synaptic transmission.

This process ultimately modulates cortical
excitability). Functional magnetic resonance imaging
(fMRI) studies have shown that applying rTMS to
the right dorsolateral prefrontal cortex (right
DLPFC), which plays a vital role in attentional
control, increases activity in this region and its
associated networks. These neurological changes are
highly correlated with improvements in symptoms of
inattention and working memory. One of the key
findings regarding the effectiveness of rTMS is its
significant effect on reducing symptoms of
hyperactivity and impulsivity exclusively in children
compared with adults. This age-dependent pattern
suggests that children’s brains may exhibit
substantially greater neuroplasticity in response to
electromagnetic  stimulation,  highlighting  the
necessity of early interventions at younger ages.

Unlike the magnetic nature of rTMS, transcranial
direct current stimulation (tDCS) uses low-intensity
direct electrical current to affect voltage-gated ion
channels, leading to changes in the resting membrane
potential of neurons. This method primarily engages
the prefrontal-striatal-thalamic neural circuit, which
constitutes the main foundation of inhibitory control
mechanisms in the brain.

Clinical evidence indicates that although tDCS
has less effect on symptoms of inattention, it is
effective in reducing impulsive behaviours and
improving inhibitory control. In this method, the
electrode placement strategy, or montage, is the main
determinant of treatment outcome. Studies have
shown that the most effective configuration for
enhancing inhibitory control involves placing the
anodal electrode over the left dorsolateral prefrontal
cortex (left DLPFC) and the cathodal electrode over
the right orbitofrontal cortex (right OFC).

Since patients with ADHD have structural and
functional deficits, such as reduced grey matter

volume in the DLPFC and OFC regions, this
electrode configuration directly reconstructs the
networks associated with impulsive behaviours.
Alongside the two main methods mentioned above,
other approaches are also being developed. For
example, external trigeminal nerve stimulation
(eTNS) has simultaneously reduced symptoms of
inattention and impulsivity by increasing electrical
activity in the right frontal lobe.

Transcranial random noise stimulation (tRNS) has
also shown considerable potential for enhancing
brain processing speed, particularly under conditions
of cognitive fatigue, and improving working
memory. In some trials, it has demonstrated greater
effectiveness than tDCS.

Methods such as transcranial alternating current
stimulation (tACS) and transcranial pulse stimulation
(TPS) have also been effective in modulating
attention-related brain waves and producing
sustained reductions in symptom severity for months
after treatment, respectively. Despite the promising
results, the scientific evaluation of these interventions
faces several challenges. There is considerable
heterogeneity in study findings, arising from
differences in stimulation protocols, patients’ ages,
and research designs.

One notable finding is the absence of a
significant relationship between the “treatment dose”
(the number and duration of sessions) and the degree
of clinical effectiveness in rTMS and tDCS
interventions. This issue indicates that, in neural
interventions, the quality of brain-region targeting,
optimal current intensity, and alignment with the
patient’s clinical profile are substantially more
important than the quantity and indiscriminate
prolongation of treatment sessions.

Extensive reviews confirm that various NIBS
modalities are safe and well tolerated, with reported
adverse effects generally being mild and transient.
Although some studies have demonstrated specific
therapeutic benefits (e.g., enhanced attention via
rTMS and improved inhibitory control via tDCS),
conclusive evidence of their efficacy is still lacking
due to substantial heterogeneity and inconsistent
findings across studies.The high variability in
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intervention parameters and the strong dependence of
therapeutic outcomes on the precise alignment of
stimulation targets with individual clinical profiles
have thus far precluded the establishment of a
standardized treatment protocol.

Consequently, despite the growing body of
research and the promising prospects of these
interventions, pharmacotherapy remains the first-line
treatment for patients with ADHD. Future research
should prioritize standardizing protocols, conducting

parallel-group trials, and gaining a more precise
understanding of age-dependent neuroplasticity so
that these modalities can secure a definitive role
within standard treatment protocols.
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