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Editorial on the Research Topic

Exploring neuromodulation and neuroimaging techniques for

psychiatric disorders: insights from preclinical and clinical studies

Over the past decade, rapidly advancing neuroimaging and neuromodulation

technologies have transformed our understanding of healthy brain function and its

dysfunction in disease (Fox et al., 2014; Fregni et al., 2021; Desarkar et al., 2024).

In psychiatry, human neuroimaging methods have enabled precise mapping of neural

circuits (Etkin, 2019). Meanwhile, neuromodulation techniques have provided tools to

causally influence and alter targeted networks (Fitzgerald, 2011). The combination of these

approaches can inform where and how to stimulate, and test whether the circuits identified

through imaging actually drive symptoms and whether altering them produces clinical

benefit (Kas et al., 2025).

This Research Topic brought together preclinical and clinical studies that leveraged

neuroimaging and neuromodulation to advance diagnosis, treatment, and mechanistic

insight across psychiatric disorders. In this Editorial, we summarize the key findings

from the five contributing works. By highlighting these studies, we aim to elucidate the

promise and challenges of neuromodulation and neuroimaging techniques in the study of

psychiatric disorders.

In a rodent model, Lu et al. used deep brain stimulation (DBS) of the ventral tegmental

area (VTA) to explore the neural mechanisms underlying positive psychotic-like behaviors.

The results showed that stimulation reduced hyperlocomotion and stereotyped behaviors.

Using local field potential recordings, fiber photometry, and optogenetics, the authors

showed that local GABAergic neurons in the VTA, rather than dopaminergic neurons,

were responsible for mediating these effects. This study contributed to the mechanistic
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understanding of circuit-specific effects of DBS and provides

preliminary evidence that targeting the VTA may be beneficial in

treating the positive symptoms of psychosis.

While preclinical DBS studies provide critical mechanistic

insight into how modulation of specific brain circuits can influence

symptoms and behavior, translating these findings to broader

clinical populations requires stimulation approaches capable of

achieving precise, focal modulation of deep brain structures.

Yatsuda et al. examined temporal interference (TI) stimulation for

targeting deep brain regions at the population level. They found

that the same montage consistently modulated deep targets across

populations, although with variable focality. The trade-off between

deep stimulation and unwanted cortical modulation was target-

dependent. Furthermore, compared to transcranial alternating

current stimulation, TI reduced unwanted cortical modulation at

least 1.5-fold, but showed higher variability. These findings offer

practical guidance for montage selection while highlighting the

target-dependent trade-offs that must be considered when applying

TI clinically.

Targeting considerations also motivated the work of Wu et al.,

who presented a protocol to test whether repetitive transcranial

magnetic stimulation (rTMS) targeting the dorsomedial prefrontal

cortex can alleviate anhedonia in schizophrenia. Their trial will

randomize 82 patients to active or sham stimulation using

an intermittent theta-burst protocol twice daily for 15 days.

Assessments will include anhedonia symptoms, cognitive function,

and prefrontal hemodynamic activity via functional near-infrared

spectroscopy (fNIRS) at baseline, post-treatment, and four-week

follow-up. If the clinical trial proves effective, this approach could

offer a new intervention strategy for negative symptoms.

fNIRS also featured in the work of Hui et al., although

here as a diagnostic marker rather than the outcome measure.

They compared prefrontal activation during verbal fluency tasks

using fNIRS in individuals with bipolar disorder (BD), unipolar

depression (UD), and healthy participants. The results indicated

that both the BD and UD groups showed less oxygenated

hemoglobin activation than controls, with BD showing the

least total activation. Activation in the ventrolateral prefrontal

cortex during a semantic fluency task differed between BD

and UD, suggesting a potential biomarker for differential

diagnosis. Moreover, the phonological fluency task produced

greater prefrontal activation than the semantic fluency task for UD

and control participants, but not for those with BD, indicating

that patterns of neural engagement in these tasks may be different

between these groups.

Brunelin et al. demonstrated circuit-informed

neuromodulation in practice in a case study of hoarding

disorder. This disorder is typically resistant to existing treatments.

They targeted the right dorsolateral prefrontal cortex, which plays

a role in impulse control. Accelerated cathodal high-definition

transcranial direct current stimulation (tDCS) was applied with

three 20-min daily sessions over 5 days. There were improvements

in acquisition behavior and mood, while no adverse effects were

observed. While a single case cannot establish efficacy, this report

suggests that neuromodulation may offer new possibilities for

people with limited therapeutic options.

Together, these five contributions illustrate how neuroimaging

and neuromodulation, applied independently or in combination,

can advance psychiatric research frommultiple perspectives. As the

technologies continue to mature, they will offer increasingly precise

ways to understand, diagnose, and treat psychiatric disorders.

Author contributions

US: Writing – review & editing. MD: Writing – review

& editing. EK: Writing – review & editing, Conceptualization,

Writing – original draft.

Conflict of interest

The author(s) declared that this work was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

The author EK declared that they were an editorial board

member of Frontiers at the time of submission. This had no impact

on the peer review process and the final decision.

Generative AI statement

The author(s) declared that generative AI was not used in the

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in

this article has been generated by Frontiers with the support of

artificial intelligence and reasonable efforts have been made to

ensure accuracy, including review by the authors wherever possible.

If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

Desarkar, P., Vicario, C. M., and Soltanlou, M. (2024). Non-
invasive brain stimulation in research and therapy. Sci. Rep. 14:29334.
doi: 10.1038/s41598-024-79039-1

Etkin, A. (2019). A reckoning and research agenda for neuroimaging in
psychiatry. Am. J. Psychiatry 176, 507–511. doi: 10.1176/appi.ajp.2019.190
50521

Frontiers inHumanNeuroscience 02 frontiersin.org

https://doi.org/10.3389/fnhum.2026.1790803
https://doi.org/10.3389/fnhum.2024.1308549
https://doi.org/10.3389/fpsyt.2025.1706553
https://doi.org/10.3389/fpsyt.2025.1610703
https://doi.org/10.3389/fnhum.2023.1327811
https://doi.org/10.1038/s41598-024-79039-1
https://doi.org/10.1176/appi.ajp.2019.19050521
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org


Sakoglu et al. 10.3389/fnhum.2026.1790803

Fitzgerald, P. B. (2011). The emerging use of brain stimulation
treatments for psychiatric disorders. Aust. N. Z. J. Psychiatry 45, 923–938.
doi: 10.3109/00048674.2011.615294

Fox, M. D., Buckner, R. L., Liu, H., Chakravarty, M. M., Lozano, A. M., Pascual-
Leone, A., et al. (2014). Resting-state networks link invasive and noninvasive brain
stimulation across diverse psychiatric and neurological diseases. Proc. Natl. Acad. Sci.
U. S. A. 111, E4367–E4375. doi: 10.1073/pnas.1405003111

Fregni, F., El-Hagrassy, M. M., Pacheco-Barrios, K., Carvalho, S., Leite, J., Simis,
M., et al. (2021). Evidence-based guidelines and secondary meta-analysis for the use of
transcranial direct current stimulation in neurological and psychiatric disorders. Int. J.
Neuropsychopharmacol. 24, 256–313. doi: 10.1093/ijnp/pyaa051

Kas, M., Penninx, B., Knudsen, G. M., Cuthbert, B., Falkai, P., Sachs, G. S., et al.
(2025). Precision psychiatry roadmap: towards a biology-informed framework for
mental disorders.Mol. Psychiatry 30, 3846–3855. doi: 10.1038/s41380-025-03070-5

Frontiers inHumanNeuroscience 03 frontiersin.org

https://doi.org/10.3389/fnhum.2026.1790803
https://doi.org/10.3109/00048674.2011.615294
https://doi.org/10.1073/pnas.1405003111
https://doi.org/10.1093/ijnp/pyaa051
https://doi.org/10.1038/s41380-025-03070-5
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org

	Editorial: Exploring neuromodulation and neuroimaging techniques for psychiatric disorders: insights from preclinical and clinical studies
	Author contributions
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


