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Abstract

Purpose of Review The present topical review aims to summarize the literature to give an overview of the clinical utility of
non-invasive brain stimulation (NIBS) techniques to manage insomnia symptoms and other sleep disturbances.

Recent Findings Repetitive transcranial magnetic stimulation and transcranial electric stimulation techniques have shown
potential to manage sleep disturbances, although studies with robust double-blind controlled designs and larger samples are
warranted to better support their use. In addition, other techniques such as transcranial random noise stimulation or trans-
cutaneous vagal nerve stimulation can be promising and merit attention in future research.

Summary The application of NIBS in sleep disorders is promising, but it is still an emerging research domain which requires exhaus-
tive characterization with state-of-the-art sleep architecture investigation techniques such as in-laboratory or at-home polysomnography.

Keywords Sleep disturbances - Treatment - Alternative - Sleep disorders - Brain stimulation - Autonomous sensory

meridian response

Introduction

Over the last few years, the use of non-invasive neurostimula-
tion and neuromodulation techniques has become extremely
popular for clinical and research purposes across a series of
different conditions [1ee, 2]. Given their safety and potential
for precision, techniques such as transcranial magnetic stim-
ulation (TMS) or transcranial electrical stimulation (TES)
are being tested in a wide variety of neuropsychiatric condi-
tions, as they can affect and change neural networks and, if
applied repeatedly, even induce long-term depression (LTD)
and long-term potentiation (LTP) changes [1ee, 2]. Non-
invasive brain stimulation (NIBS) has been successfully used
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for conditions such as depression, epilepsy, motor stroke, or
chronic pain, among others, mainly as an alternative or as
an add-on treatment if the typical management options fail.
Although the ideal methodologies to acquire the most opti-
mal results still remain to be identified, different protocols
and guidelines based on clinically significant results have
been established and approved by experts [1ee, 2].

Among other neuropsychiatric conditions where NIBS
could be beneficial are sleep disorders, given the number
of neural pathways that could be stimulated to modulate
wakefulness or sleepiness [3e¢]. Indeed, in the last years,
evidence is accumulating regarding the clinical utility of
NIBS in sleep disorders, especially concerning repetitive
transcranial magnetic stimulation (rTMS) and insomnia.
Considering the popularity of studies applying NIBS tech-
niques to sleep disorders, the present topical review aimed
to summarize the literature to give an overview of such tech-
niques and describe their use and therapeutic potential in the
most common sleep disorders. To this end, a comprehensive
search combining keywords and MESH terms for “NIBS”
and “sleep” and their derivatives, with the specific terms
for each sleep disorder and NIBS type, was performed in
Medline (PubMed).
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Transcranial Magnetic Stimulation (TMS)

TMS is a stimulation technique based on magnetic pulses
to create electric fields stimulating neurons mainly at the
cortical level (although it can also stimulate subcortical
regions). Simply put, when TMS pulses are administered
repeatedly (r'TMS); it can increase or decrease cortical excit-
ability, depending on the protocol [1ee]. For instance, the
administration of rTMS at low frequencies (< 1 Hz) can
induce neuronal inhibitory function, whereas at high fre-
quencies (> 5 Hz), it can increase neuronal excitatory func-
tion. Its mechanism of action is based on the principle of
inductance, where electrical energy is generated by passing
a changing and powerful current through a coil positioned
over the skull, producing a magnetic field that can depolarize
or hyperpolarize neurons’ membranes [4]. These neuronal
effects can produce different physiologic and behavioral
responses, depending on the targeted area of the brain and
the type of stimulation [5]. Even though their use is more
established in the fields of depression and chronic pain,
rTMS is gaining a lot of attention as an alternative man-
agement option for sleep disorders, as it can affect cortical
and subcortical pathways by reducing cortical arousal levels
and by balancing autonomic function via downregulation
of hypothalamic—pituitary—adrenal (HPA) and hypotha-
lamic—pituitary—thyroid (HPT) axes. rTMS has also been
found to promote the release of melatonin, BDNF, and
GABA, which are critical for the sleep—wake cycle [3ee].
Therefore, the potential of rTMS is currently being thor-
oughly assessed especially in insomnia but also to improve
poor sleep quality, restless leg syndrome, hypersomnia, and
more conjecturally in sleep apnea and sleep bruxism.

Insomnia

A systematic review published in 2021 collected data on
28 studies among different neuropsychological conditions
assessing the effects of rTMS on sleep quality and sleep
disturbances [3ee]. From the included studies, five were
on insomnia (n=303). Globally, these studies showed an
overall improvement in objective and subjective measures
of sleep quality. More specifically, improvements in sleep
efficiency, non-rapid eye movement (NREM) stage 3, rapid
eye movement (REM) sleep cycle, and also indirect sleep
markers involving the HPA and HPT axes were present.
Although not sham-controlled, one study also observed that
improvement in subjective sleep quality was correlated with
upregulated expression of brain-derived neurotrophic factor
(BDNF) and gamma-aminobutyric acid (GABA) levels [6].
The stimulation site for most of these studies was the dorso-
lateral prefrontal cortex (mostly left hemisphere) with stimu-
lation frequency protocols at lower frequencies (e.g., 1 Hz).

In these studies, it was observed that the effects could last
up to 1 month, and according to another study, relapse and
recurrence rates of sleep disturbances were reported to be
significantly reduced at 3 months in the active rTMS group
when compared with sleep medication and psychotherapy
groups [7]. Reported side effects were either minor (mild
headaches and neck pain) or not reported.

Another systematic review including 5 more studies of
rTMS applied among primary insomnia was recently pub-
lished, gathering information on 211 more patients with
insomnia [8ee]. In general, reported studies stimulated
the same cortical areas at the same frequencies as studies
included in the previous review, but the number of sessions
(e.g., 10 or 12) was higher, which yielded more durable
results, as improvements lasted up to 1 month after the end
of the treatment. In addition, the improvement of sleep vari-
ables was correlated with decreased functional connectivity
between the right insula and the left medial frontal gyrus
in one of the studies [9¢]. A significant increase in GABA
and creatine concentration in the left dorsolateral prefrontal
cortex measured with 1H-magnetic resonance spectroscopy
was also found to be associated with improvements in sleep
[10e]. Other important findings from those reviews were
that (a) for neuropsychiatric conditions like depression,
chronic pain, anxiety, or Parkinson’s disease, stimulations
applied over the dorsolateral prefrontal cortex (DLPFC) and
motor cortex (M1 mainly) at higher frequencies improved
sleep quality, perhaps secondarily to the improvement of
the predominant condition, and that (b) in healthy subjects
with sleep deprivation, stimulation over different cortical
areas (medial frontal gyrus, medial occipital gyrus, upper
part middle occipital gyrus) at higher frequencies (5 Hz
and 10 Hz) and over the DLPFC promoted concentra-
tion and beneficial cognitive effects and improved tasks’
performances.

In summary, possible mechanisms involved in the
improvement of insomnia would be related to the reduction
of the hyperarousal state that many of these patients present,
aregulation of the HPA and HPT axis that can induce dopa-
mine and pineal melatonin release, increase concentrations
of brain serotonin and noradrenaline, and also serum levels
of GABA and BDNF, which are key neurotransmitters in the
sleep—wake cycle [3ee, 11].

Sleep Apnea

Results in sleep apnea are more inconsistent, partly because
of the difficulty and difference in mechanisms when com-
pared to insomnia. For instance, TMS has been used as a
method to recruit upper airway dilator muscles (submental
muscles) in patients with obstructive sleep apnea (OSA)
to improve maximal inspiratory inflow during sleep while
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not waking the patient [12—14]. In general, a cortical motor
facilitation over the genioglossus was noticed, as well as an
augmented maximal inspiratory flow and inspiratory volume
of flow-limited respiratory cycles. [14]. Thus, single TMS
pulses increased inspiratory patterns without arousing sub-
jects with OSA. However, the mechanical properties of the
upper airways did not significantly change with rTMS, and
high-frequency rTMS during sleep in other experiments did
not improve upper airways mechanical properties [8ee, 14,
15], thereby questioning the therapeutic potential of rTMS
in sleep apnea. In addition, OSA is now an entity that could
be subdivided into four different endotypes (i.e., anatomy,
muscle tone, loop gain, and arousal) [16], and it is possible
that TMS could more effectively remediate muscle tone and
hyperarousal endotypes relative to other OSA subtypes.

Restless Leg Syndrome

Regarding restless leg syndrome (RLS), there is less but
favorable evidence about the potential benefits of rTMS.
Several TMS studies have demonstrated cortical excitabil-
ity differences and altered pathways in RLS patients relative
to healthy controls, such as intracortical and corticospinal
imbalance, mostly concerning gamma-aminobutyric acid
GABAergic and glutamatergic networks. Other TMS stud-
ies highlighted an impairment of the short-term mechanisms
of cortical plasticity and lower amplitude of low-frequency
fluctuations (ALFF) in spontaneous brain activity during
asymptomatic periods [17-20]. Thus, hypothetically, rTMS
could have the potential to restore those impaired corti-
cal networks that involve reduced short-term plasticity by
inducing, for example, dopamine release, and improving
motor and sensory disturbances [18, 21]. Emerging data
suggest that both high-frequency and low-frequency rTMS
applied over the primary motor cortex or the supplemen-
tary motor cortex seem to have transient beneficial effects
in patients with restless legs syndrome (RLS) [21, 22].
Besides improving subjective motor and sensory symptoms
in these patients, emerging data suggest that rTMS could
also “restore” some of the circuitries’ imbalances as meas-
ured by functional magnetic resonance imaging (fMRI) or
motor-evoked potentials (MEP) [8ee, 20, 23].

Sleep Bruxism

Evidence regarding rTMS and sleep bruxism (SB) is anec-
dotal, with only one open-label study showing a decrease in
muscle soreness and night jaw-closing muscle electromyo-
graphic (EMG) activity during sleep recorded with a port-
able EMG when M1 of the masseter muscles was stimulated
[24]. There is reason to believe that differences in the neural
pathways related to the control of the jaw-closing muscles
exist in these patients [15, 25, 26] and that rTMS could be
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able to impact those pathways. However, a recent meta-
analysis including nine studies showed no statistically sig-
nificant differences between patients and controls, possibly
due to the variability in terms of classification of bruxism
and assessment of neuroplasticity [25]. Therefore, replica-
tion of rTMS benefits on SB patients is needed, hopefully
with more standardized outcome measures and controlled
double-blind studies to understand the putative actions as
well, over arousal of muscle tone, for example.

Transcranial Direct Current Stimulation
(tDCS)

tDCS is another non-invasive neuromodulation technique
based on the injection of a weak and prolonged electrical
current through the scalp [2]. This technique is considered
sub-threshold because of its indirect mechanism of action
[27, 28]. tDCS main effect resides in its capacity to alter
neuronal membrane potentials and its propensity to fire
action potentials [29]. Anodal tDCS has been associated
with the amplification of cortical excitability (increased
neuronal firing), whereas cathodal tDCS has been associ-
ated with cortical inhibition (decreased neuronal firing) [2].
tDCS has also the potential to contribute to the management
of several conditions such as chronic pain, depression, and
cognitive dysfunction. Moreover, tDCS has some advantages
over rTMS, including lower costs, ease of use, minimal side
effects, and the availability of affordable home-based port-
able devices [30, 31], thus improving the feasibility of mul-
tisession stimulation protocols.

Insomnia

A systematic review previously mentioned identified two
tDCS studies including insomnia patients with small sam-
ples and mixed results and 11 with other predominant con-
ditions where sleep disturbances were present. In general,
favorable results were observed in most studies (n=38/11),
with anodal stimulations over the DLPFC, M1, and premotor
cortex, as these stimulations improved significantly subjec-
tive sleep quality and sleep parameters such as sleep effi-
ciency or number of awakenings [32e]. Overall, less durable
and impactful benefits were qualitatively observed than with
rTMS. However, several papers have been published since
then. For example, a new randomized controlled trial (RCT)
performed on 60 eligible TBI-induced insomnia patients
who were assigned to real and sham tDCS groups and were
treated for 3 weeks reported durable subjective sleep qual-
ity and insomnia symptom improvements beyond 6 weeks
post-treatment onset in the anodal tDCS group. These effects
were found to be more pronounced in young men [33]. The
authors argue that these results may be due to men having
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cancellous parietal bone and females having denser parietal
bone or, rather, neuroplasticity differences [33]. In patients
with major depression (n=37), another RCT showed that
10 sessions of daytime tDCS with the anode positioned over
F3 and the cathode over F4, at 2 mA current for 30 min,
changed the complexity of sleep in the rapid eye movement
(REM) stage [34]. In addition, bifrontal tDCS where anode
and cathode were placed over the left and right dorsolateral
prefrontal cortices, respectively, improved daytime sleepi-
ness but not objective sleep measures in a pilot study among
patients with multiple sclerosis [35]. In addition, tDCS sig-
nificantly prolonged total sleep time (TST) and NREM sleep
stage 2 of post-stroke unresponsive wakefulness syndrome in
patients that were experiencing sleep cycles [36].

There is research on tDCS application to enhance memory
and performance in sleep-deprived patients, yet this does not
fall within the scope if this review. For more information on this
issue, we refer the reader to another more specific review [37e].

Other Sleep Disorders

Regarding restless leg syndrome (RLS), a 2-week, double-
blind, randomized, sham-controlled pilot trial did not show
any benefit of either cathodal or anodal tDCS on sleep quality
in drug-naive RLS patients, when compared to sham [38].

No other intervention study using tDCS in sleep apnea or
sleep bruxism was found.

Transcranial Alternating Current Stimulation

Transcranial alternating current stimulation (tACS) is of
particular interest among TES techniques for its singu-
lar ability to modulate endogenous brain oscillations [29,
39, 40]. Similar to tDCS, tACS implicates an injection
of an electrical current at low intensity. However, it is
rather an alternating sinusoidal current that is administered
through the scalp between two or more electrodes. Two
main mechanisms are associated with tACS’ neuromodu-
lation effects: entrainment and neuroplasticity. The online
effects of tACS have been attributed to an entrainment
phenomenon, resulting from the synchronization of the
targeted endogenous oscillation with the frequency of the
applied external current [41]. The electric field resulting
from the injected current is thought to polarize the mem-
brane potential of cortical neurons [29, 39, 40, 42¢]. What
distinguishes this technique from other NIBS is that it ena-
bles the modulation of brain activity in a frequency-spe-
cific manner [29, 39, 43, 44]. Long-lasting effects which
correspond to the sustained modulation of brain activity
observed via offline recording of electroencephalography
(EEG) have rather been hypothesized to implicate neuro-
plastic phenomena [42e, 45, 46].

Given the known role of theta rhythm during early
phases of spontaneous sleep onset and as a marker of
sleepiness [47, 48], several tACS studies have stimulated
at a 5 Hz frequency and showed an acceleration of the
sleep onset [49] and an increase in sleep propensity [50]
and subjective sleepiness [50]. Additionally, a 2-week
at-home crossover experiment studied the effect of a
fixed 0.6 mA tACS stimulation at 5 Hz or 10 Hz versus
a personalized tACS stimulation. The personalized tACS
stimulation was programmed based on the identification of
individual power peaks within the alpha and theta bands
of each subject in a preliminary EEG session. The person-
alized stimulation before sleep resulted in an increase in
sleep duration and a faster sleep onset, particularly in the
insomnia subgroup, which offers an appealing alternative
intervention for the treatment of insomnia [51]. Regarding
sleepiness, a pilot study by D’Atri and al. showed that a
30-Hz tACS stimulation over the frontal cortex blocked
the increase of sleepiness reported by the sham group [52].
This is consistent with a smaller increase of low-frequency
activity and an increase in high-frequency activity in the
active group compared to the sham group.

Some researchers have been interested in the effects of
tACS on dream awareness, though mixed results have been
found. More studies are therefore warranted. One group
administered tACS over fronto-temporal brain regions at
various frequencies (from 2 to 100 Hz) during REM sleep in
inexperienced lucid dreamers (n=27) and found that lower
gamma frequency band activity and lucid dreams increased
with 40 Hz and 25 Hz stimulation [53]. However, in a single-
blind study where experienced lucid dreamers (n=20) and
non-experienced lucid dreamers (n=13) received a 40 Hz
tACS stimulation over the frontal brain region or a sham
stimulation during a nap, results did not support an increase
of dream self-awareness following tACS stimulation [54].

Regarding memory consolidation, 8 subjects received
either sham stimulation or 0.75 Hz tACS at a maximum of
0.55 mA over the frontal lobes during NREM sleep. tACS
stimulation resulted in disrupted generation of slow and
delta oscillations of slow wave sleep (SWS), thus altering
declarative memory consolidation [55]. Additionally, motor
memory consolidation was improved by tACS set at 1-s
epochs of alternating current at 12 Hz applied bi-frontally
with a current of 1 mA. The epochs were applied during a
night of sleep upon detection of sleep spindles. No effect
was observed on sleep architecture, although an increase in
post-stimulation spindle activity was detected [56].

Closed-Loop tACS
Considering inter-individual differences of endogenous brain

oscillations, closed-loop protocols have been developed to
allow the adjustment of the stimulation frequency and the
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phase of the exogenous activity in a synchronous manner to
those of the endogenous activity [57].

In a study, 36 participants underwent a protocol of 8 h of
uninterrupted sleep during which closed-loop tACS (CL-
tACS) was delivered at 1.5 mA over bilateral frontal elec-
trodes to investigate the effect of tACS on memory. The
stimulation parameters were set to match one’s dominant
endogenous slow wave band (0.5-1.2 Hz). Length and qual-
ity of sleep were not affected by the stimulation. However,
the sham group outperformed the stimulation group on a
memory test suggesting that stimulation over a full sleeping
period may be detrimental to declarative learning. Ketz et al.
[58] also targeted the modulation of slow wave (SW) activity
by matching the phase and the frequency of tACS to posi-
tive half phases of the endogenous SW activity to improve
long-term memory consolidation [58]. Two conditions were
compared: [1ee] closed-loop tACS, which was applied at
1.5 mA via electrodes placed on F3 and F4 (international
EEG system) and administered for five cycles according to
the detected endogenous frequency, and [2] sham (no cur-
rent administered). The closed-loop stimulation protocol was
initiated once a persistent N2/N3 sleep stages (greater occur-
rences of SW events) for 4 min was detected and pursued
for the total duration of sleep. Results showed that the active
tACS condition induced an increase in SW spectral power
at the targeted frequency during sleep, as well as a coupling
augmentation with high spindle power. This modulation of
SW activity by tACS during sleep was also correlated with
an increase in long-term memory performance [59]. As part
of this study, Robinson et al. (2018) also found an increase
in subjective sleep quality and efficiency after the stimula-
tion protocol [59].

Transcranial Random Noise Stimulation
(tRNS)

Stimulation techniques using “white noise” or “pink noise”
have been studied for years to induce sleepiness and improve
sleep [60—62]. However, other varieties of sounds have also
been employed with similar purposes [63]. In summary,
these sleep-inducing noises can be divided in (a) noises
such as white noise and pink noise; (b) autonomous sen-
sory meridian response sounds such as natural sounds like
rain and firewood burning, sounds of whispers, or rubbing
various objects with a brush; and (c) classical music or a
preferred type of music. For instance, pink noise is usually
performed to amplify slow oscillatory (0.5-1 Hz) and delta
frequency and thus induce or “protect” deep sleep or even to
manipulate sleep spindles [64]. In a pilot study with a small
sample (n=8) stimulation with pink noise during sleep,
the active “enhancing” stimuli increased restorative sleep
and preserved sleep continuity [65]. The administration
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of rhythmic acoustic stimulation (RAS) during slow wave
sleep (SWS) has been shown to be a cost-effective method to
enhance slow wave activity. Thirty-five participants received
12-s-long rhythmic bursts of pink noise (at a rate of 1 Hz)
during SWS that alternated with non-stimulated, silent peri-
ods. These bursts were unilaterally delivered into one of the
ears of the participants. As expected, RAS enhanced delta
spectral power, especially in its low-frequency range (0.75
and 2.25 Hz). Interestingly, oscillatory activity was observed
in both hemispheres regardless of the stimulation site. The
most robust increase in slow oscillatory activity appeared
during the first 3—4 s of the stimulation period. Furthermore,
a short-lasting increase in theta and sigma power was evi-
denced immediately after the first pulse of the stimulation
sequences [66].

Another technique is autonomous sensory meridian
response (ASMR), which in essence is a pleasant physi-
ological tingling sensation induced by certain visual and
auditory triggers. ASMR has been shown to reduce stress
and increase positive mood, among others. In an online
study with 1037 participants (18—66 years), participants
showed significantly increased relaxation and improved
mood after watching relaxing videos featuring beneficial
clinical effects in other participants experiencing ASMR.
The latter technique was shown to improve mood and reduce
arousal, therefore having potential implications for allevi-
ating symptoms of insomnia and depression [67¢]. Other
studies partly replicated the latter findings, as classical music
and ASMR produced sensations of comfort and relaxation
and showed significant activation in common cortical areas,
while ASMR only showed activation in more cortical areas,
with the medial prefrontal cortex being the main area of acti-
vation [68]. Moreover, very recent study showed a notice-
able difference between auditory and audiovisual stimulation
in regard to the different areas of activation in the brain [69].
Whereas audiovisual stimulation showed activation of the
middle frontal gyrus and the nucleus accumbens, auditory
stimulation showed activation of the insular cortex, suggest-
ing different pathways and encouraging more research with
different stimuli.

Transcutaneous Vagal Nerve Stimulation
(ta-VNS)

ta-VNS is another non-invasive neurostimulation technique
applied to different central nervous system areas innervated
by the vagus nerve, such as to the afferent auricular branch
of the vagus nerve in the auricular concha, especially cymba
concha [70], or at the neck (cervical branch of the vagus
nerve) [71], to reduce hyperarousal and sympathetic tone.
Regarding sleep, an RCT in patients with insomnia (n =30
divided into two groups) revealed that after 1 month of daily
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treatment, Pittsburgh Sleep Quality Index (PSQI) scores
decreased significantly in the treatment group. Moreover,
treatment response in the treatment group was signifi-
cantly higher than that of the control group, suggesting that
this technique may be safe and effective for at least some
insomnia cases [72]. Another study with 24 chronic insom-
nia patients and 18 healthy controls revealed significant
improvements at the PSQI after 4 treatment weeks, which
were associated with activity changes in the prefrontal cor-
tex in patients with chronic insomnia [73]. However, another
recent study showed that although a 2-week course of ta-
VNS improved global sleep scores in community-dwelling
adults, the change in sleep was not significantly different
from that of the control groups [74]. Interestingly, in another
study with participants above 55 years old, it was shown that
improvements in measures of autonomic balance were more
pronounced in participants with greater baseline sympathetic
prevalence [75], perhaps suggesting that this treatment could
be more effective when the sympathetic drive is augmented.

Importantly, there is reason to believe that ta-VNS can
aggravate or induce sleep apnea episodes in adults and chil-
dren [76-78], likely due to the increase of airway resistance
due to increased lateral laryngeal muscle tone and vocal cord
paresis or subglottic spasm during the stimulation, which
could also increase respiratory efforts [77].

Regarding other sleep disorders, there is a small open trial
in sleep bruxism with 10 patients undergoing four sessions
of ta-VNS in auricular areas [79]. Moreover, the patients
were advised to manually stimulate the same areas between
sessions. Masticatory muscle activity and sleep parameters
were measured by polysomnography (PSG) before and after
the treatment, as well as heart rate variability (HRV) param-
eters during each stimulation. PSG analysis revealed a sta-
tistically significant reduction in tonic SB index and tonic
contraction time. Heart rate variability (HRV) parameters
showed a statistically significant increase in the mean values
of the vagal tone after each stimulation session, and no side
effect was reported. Thus, as with rTMS, results seem to be
promising, but replication with more accurate and reliable
methods is needed.

Another pilot study was done on 15 patients with severe
pharmaco-resistant RLS, who underwent 1-h weekly ses-
sions of ta-VNS in the left cymba concha, for 8 weeks [80].
It appears that in general, RLS symptoms improved by the
end of the study, such as quality of life, anxiety, or depres-
sion. Of these participants, according to the Restless Legs
Syndrome Rating Scale (IRLS), 27% (4/15) had a total
response, 40% (6/15) had a partial response, and 33% (5/15)
were non-responders, which may suggest the possibility of
different phenotypes/subgroups of responders. This needs to
be investigated more exhaustively, with controlled designs
and larger samples.

Conclusions and Future Directions

The application of NIBS in sleep disorders is promising,
but it is still an emerging research domain which requires
exhaustive characterization with state-of-the-art sleep archi-
tecture investigation techniques such as in-laboratory or at-
home PSG. For that purpose, studies with robust double-
blind controlled designs and larger samples are warranted.
Furthermore, the importance of systematically contrast-
ing effectiveness of stimulation methods to try to deline-
ate which one maximizes the balance between treatment
response and side effects is emphasized. For example, the
comparison of standardized treatment duration, the number
of sessions, stimulation intensity, and frequency are basic
parameters to compare in order to assess treatment efficacy
properly. Finally, the study of NIBS with objective (e.g.,
PSG, actigraphy) and subjective (e.g., questionnaires) sleep
assessments could help to characterize better the possible
changes in sleep architecture with the application of each
stimulation technique.
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