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In recent years, neuroimaging has provided significant insights into
the mechanisms of psychiatric conditions. Techniques like struc-
tural and functional magnetic resonance imaging (MRI) have of-
fered comprehensive images of brain anatomy and function, yet

these techniques come with in-
herent limits. The need for spe-
cialized facilities and high costs
limit their everyday clinical effi-

cacy. In contrast, electroencephalography (EEG) offers an attrac-
tive alternative: it records brain activity on a millisecond scale and
is both cost-effective and broadly accessible.1,2 A new form of EEG
technology known as dry EEG shows great potential as a transfor-
mative tool for clinical applications, although its widespread
adoption and impact are still developing.3 Recent advancements
in dry EEG technology featuring flexible silicone electrodes, gel-
free contact, built-in preamplifiers, wireless transmission, and
sophisticated machine learning for artifact removal present
potential for future clinical uses.4 Dry EEG systems usually offer
between 2 and 32 channels, facilitating ease of use and adaptable
coverage for clinical or research requirements. Also, as evaluated
in previous research, dry EEG’s signal quality is comparable to
that of traditional wet EEG.5 This innovative technology substi-
tutes gel-based electrodes with dry contacts, which are designed
for ease of use and quick setup by nonprofessionals, as previously
demonstrated.3 This shift brings neuroimaging from the laboratory
into the living rooms of everyday life. Not only does this technology
reduce logistical barriers, but it also paves the way for real-world
monitoring of brain dynamics—an essential step toward truly per-
sonalized treatment.

Repeated Measurements and Biomarkers
Dry EEG technology represents a significant advancement in
neuroimaging for psychiatric research by enabling multiple electro-
physiological recordings from the same participant due to its stream-
lined setup. Traditional neuroimaging research often relies on single–
time point measurements, which can compromise the reliability of
neuroimaging biomarkers for neuropsychiatric disorders due to their
limited snapshot perspective, potentially resulting in heteroge-
neity in diagnostic outcomes.6 By conducting repeated measure-
ments within each individual, dry EEG can potentially determine
whether the observed heterogeneity in neuropsychiatric condi-
tions is biologically meaningful and reflects true variability in
neural states or if it results from the lack of multiple measurements
of the brain. The comprehensive and repeated data collection at
multiple time points offered by dry EEG enriches the consistency of
identified neuroimaging biomarkers and provides a deeper under-
standing of neural dynamics. Accordingly, if dry EEG technology is
integrated with interventions, the repeated measurements can po-
tentially explain why some interventions succeed for certain pa-
tients but not for others, addressing the complex and personalized
nature of mental health care.

At-Home Sleep Monitoring
At-home brain monitoring during sleep is an important application
of dry EEG technology, providing insights into sleep disturbances
commonly seen in neuropsychiatric conditions. Therefore, this tech-
nology not only expediates sleep studies but also holds the poten-
tial for broader neuropsychiatric assessments, including the early
detection of conditions like depression or psychosis. Recording elec-
trophysiological activity during sleep provides crucial insights into
the effect of neuropsychiatric disorders on sleep patterns and re-
covering processes. A noteworthy advancement in dry EEG tech-
nology incorporates sophisticated machine learning algorithms for
enhanced sleep stage analysis. This enables the recording of neural
activity during sleep, achieving sleep stage detection accuracy com-
parable to that of the criterion standard, polysomnography.4 His-
torically, a thorough assessment of sleep EEG required specialized
laboratories and necessitated that participants spend the entire night
sleeping in the laboratory. However, in recent years, dry EEG has al-
lowed for continuous monitoring in a natural sleep setting at home.4

Dry EEG provides multinight sleep data that capture subtle shifts
from a patient’s typical sleep patterns, offering opportunities for ear-
lier interventions. Additionally, recording sleep EEG in the partici-
pant’s home and bed reduces the so-called first night effect, which
can potentially make previous sleep EEG recordings in the labora-
tory environment less reliable. This ensures that the data collected
at home reflect the patient’s habitual sleep. Recording EEG activity
during sleep potentially provides insights into neuropsychiatric con-
ditions that were previously unobservable with awake EEG. For ex-
ample, a case series7 demonstrated that sleep-deprived EEG iden-
tifies epileptiform discharges missed by routine, wakeful EEG, helping
distinguish psychiatric conditions from underlying epilepsy. Sleep
EEG potentially improves the reliability of sleep biomarkers, allow-
ing for more accurate treatment strategies based on individual
neural activity while sleeping.

Scalability and Population-Level Impact
In recent years, large-scale neuroimaging data collection studies have
provided critical insights into the brain patterns found in psychiat-
ric conditions, but more data on a larger scale are still needed to gain
a comprehensive view of these patterns. The cost-effectiveness and
user-friendliness of dry EEG also enable expansive, large-scale stud-
ies previously delayed by resource limitations. This technology makes
neuroimaging assessments accessible outside specialized facili-
ties, in remote populations, and even among Indigenous tribes never
exposed to Western culture.8 This expansion allows for the collec-
tion of comprehensive data on population-level mental health trends,
facilitating a better understanding of regional patterns and dispari-
ties in mental health. By making neuroimaging assessments more
accessible, dry EEG technology supports targeted public health in-
terventions and efficient resource allocation. Although multiple stud-
ies provide encouraging evidence that dry EEG can be comparable
to conventional wet EEG,4,5 further large-scale research is needed
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to thoroughly evaluate dry EEG signal quality across diverse popu-
lations and conditions.

Limitations and Challenges
Dry EEG has drawbacks despite its potential. Compared to conven-
tional EEG setups, dry EEG setups have fewer channels, which re-
duces spatial resolution and may omit important brain regions. How-
ever, recent studies indicate that even a limited number of channels
can provide reliable results if targeted appropriately based on the spe-
cific application and relevant EEG biomarkers.9 While preliminary re-
sults on portable and dry EEG are promising,10 more extensive stud-
ies are required to confirm performance in a range of settings and
patient populations. Home-based monitoring shows promise, but it is
unclear if all patient groups can effectively set up the devices. Factors
like age, cognitive impairments, education level, and symptom sever-
ity can impact data quality, highlighting the need for effective training
and intuitive device design. These challenges highlight the impor-
tance of ongoing research to optimize device design and improve data
fidelity. Ultimately, innovation remains indispensable.

Conclusions and Future Directions
Looking ahead, it seems that dry EEG has the potential to reshape
mental health research and provide new data for better future

diagnostics and treatment. Its affordability, user-friendliness, and
high temporal resolution align with the emerging emphasis
on repeated measures at home and on personalized care. This
new technology could help clinicians adjust treatment when unfa-
vorable brain patterns appear in a patient’s EEG, thus providing
real-time, closed-loop treatment that parallels the vision of tele-
health and digital phenotyping. Also, dry EEG can integrate with
virtual reality for future remote neuropsychiatric assessments
through the metaverse and can be synchronized across multiple
users for concurrent brain monitoring. This technology can make
mental health care accessible in remote, resource-limited areas
and eliminate dependence on specialized facilities. As data ana-
lytics tools, including artificial intelligence, continue to evolve, the
depth and utility of EEG-based insights will only grow, fueling
novel strategies for early detection and targeted intervention.
In conclusion, dry EEG has the capacity to revolutionize mental
health treatment by transitioning neuroimaging from laboratories
to living rooms. Its repeated, context-rich assessments capture
daily and sleep-related fluctuations, offering a new view of brain
activity. Although further validation and refinement are needed,
dry EEG paves the way for personalized, proactive psychiatry
with more precise diagnoses and, ultimately, individualized
treatments.
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