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Brief
Non-invasive brain stimulation (NIBS) techniques offer a powerful tool to modulate brain function and have been implemented for the treatment of a variety of neurological disorders (Lefaucher, et al., 2014; Kesikburun, 2022). However, until recently NIBS have been limited to targeting superficial layers of cortex due to their steep depth-focality trade-off (Deng et al., 2013; Nurmi et al., 2021). The development of transcranial temporal interference stimulation (tTIS) has, for the first time, allowed for the non-invasive stimulation of deep brain regions in humans (Hummel & Wessel, Nature Rev Neurol 2024). Recent advancements with focused ultrasound stimulation (FUS) have also enabled its use for focal deep-brain stimulation (Kim, et al., 2021; Nakajima, et al., 2022).
Recent studies have demonstrated how these techniques can have therapeutic value when applied to different brain regions. For example, Yang, et al. (2024) demonstrated alleviated motor symptoms of Parkinson’s patients by applying tTIS to the globus pallidus interna. FUS applied to the basal ganglia of Parkinson’s patients in a theta burst pattern increased theta power during stimulation, while 10 Hz FUS enhanced beta power (Darmani, et al., 2025). These studies demonstrate the clinical applicability of non-invasive DBS, but have yet to be combined. Most neurological disorders do not just have a single affected brain region but rather multiple that contribute towards the disorder. In addition, higher-order functions such as cognition rely on the coordinated activity and connectivity between distributed deep brain structures and cortical networks. It may therefore be optimal to simultaneously target multiple brain regions—not only to modulate individual nodes but also to influence the interactions between them—for maximal therapeutic and functional effect.
Assignment
Your task is to develop an experimental paradigm which will apply a novel set-up of multifocal deep-brain stimulation using tTIS and FUS for the treatment of a neurological condition. Consider conditions whose route cause is subcortical and multiple regions may be affected.
Challenges
· To understand how these two stimulation techniques function and are applied to achieve the best outcome.
· To consider what behavioural outcome can assess the performance of the multi-focal design.
· To design complementary stimulation parameters which are specific to the target region and neurological disorder under consideration.






References
Darmani, G., Ramezanpour, H., Sarica, C., Annirood, R., Grippe, T., Nankoo, J.-F., Fomenko, A., Santyr, B., Zeng, K., Vetkas, A., Samuel, N., Davidson, B., Fasano, A., Lankarany, M., Kalia, S.K., Pichardo, S., Lozano, A.M. and Chen, R. (2025) ‘Individualized non-invasive deep brain stimulation of the basal ganglia using transcranial ultrasound stimulation’, Nature Communications, 16(1), p. 2693. Available at: https://doi.org/10.1038/s41467-025-57883-7. 
Hummel FC, Wessel MJ (2024) Non-invasive deep brain stimulation: interventional targeting of deep brain areas in neurological disorders. Nat Rev Neurol. Aug;20(8):451-452. doi: 10.1038/s41582-024-00990-8. 
Kim, S., Jo, Y., Kook, G., Pasquinelli, C., Kim, H., Kim, K., Hoe, H.-S., Choe, Y., Rhim, H., Thielscher, A., Kim, J. and Lee, H.J. (2021) ‘Transcranial focused ultrasound stimulation with high spatial resolution’, Brain Stimulation, 14(2), pp. 290–300. Available at: https://doi.org/10.1016/j.brs.2021.01.002. 
Kesikburun, S. (2022). Non-invasive brain stimulation in rehabilitation. Turk JPhys   Med   Rehabil,   68(1),   1-8.  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9305642/ 
Lefaucheur, J.P., André-Obadia, N., Antal, A., Ayache, S.S., Baeken, C.,Benninger, D.H., Cantello, R.M., Cincotta, M., de Carvalho, M., De Ridder, D.,Devanne, H., Di Lazzaro, V., Filipović, S.R., Hummel, F.C., Jääskeläinen, S.K.,Kimiskidis, V.K., Koch, G., Langguth, B., Nyffeler, T., Oliviero, A., Padberg, F.,Poulet, E., Rossi, S., Rossini, P.M., Rothwell, J.C., Schönfeldt-Lecuona, C.,Siebner, H.R., Slotema, C.W., Stagg, C.J., Valls-Sole, J., Ziemann, U., Paulus,W.   and   Garcia-Larrea,   L.   (2014)   ‘Evidence-based   guidelines   on   thetherapeutic use of repetitive transcranial magnetic stimulation (rTMS)’,Clinical   Neurophysiology.   125(11),   pp.   2150–2206. https://doi.org/10.1016/j.clinph.2014.05.021. 
Nakajima, K., Osada, T., Ogawa, A., Tanaka, M., Oka, S., Kamagata, K., Aoki, S., Oshima, Y., Tanaka, S. and Konishi, S. (2022) ‘A causal role of anterior prefrontal-putamen circuit for response inhibition revealed by transcranial ultrasound stimulation in humans’, Cell Reports, 40(7), p. 111197. Available at: https://doi.org/10.1016/j.celrep.2022.111197. 
Yang, C., Xu, Y., Feng, X., Wang, B., Du, Y., Wang, K., Lü, J., Huang, L., Qian, Z.,Wang, Z., Chen, N., Zhou, J., Zhang, C. and Liu, Y. (2024), Transcranial Temporal Interference Stimulation of the Right Globus Pallidus in Parkinson's Disease. Mov Disord. https://doi.org/10.1002/mds.29967 
image1.png
&

Nx-436




