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ABSTRACT 

Transcranial magnetic stimulation has moved steadily from a research instrument 

to a clinically established non-invasive treatment for conditions including 

pharmacoresistant major depression, obsessive-compulsive disorder and post-

stroke motor impairment. Its effectiveness, however, is not uniform across 

patients, and a significant proportion of this variability traces back to imprecision 

in coil positioning. The standard anatomical approach — placing the coil over a 

scalp landmark estimated to overlie the left dorsolateral prefrontal cortex — 

frequently misses the functionally defined target by margins large enough to 

reduce therapeutic yield. Artificial intelligence applied to structural and 

functional MRI provides an alternative: automated, subject-specific identification 

of cortical targets based on connectivity fingerprints rather than population-

average anatomy. A review of 31 studies published between 2017 and 2024 

indicates that AI-guided targeting reduces positioning error by 35–60% relative 

to landmark methods, and that functional connectivity-guided DLPFC 

stimulation achieves antidepressant response rates of 58.4% versus 41.2% for 
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anatomical targeting in controlled comparisons. Reinforcement learning 

algorithms for adaptive parameter optimisation have shown further gains in 

cortical excitability induction. The implications of these findings for TMS service 

development within Uzbekistan's neurological infrastructure are considered. 

 

Keywords: TMS; neuromodulation; AI targeting; DLPFC; fMRI; depression; 

motor rehabilitation; Uzbekistan 

 

1. INTRODUCTION 

Repetitive transcranial magnetic stimulation delivers brief, focal magnetic pulses 

through the scalp to induce currents in the underlying cortex, producing lasting 

changes in cortical excitability that can be harnessed for therapeutic benefit. 

High-frequency stimulation of the left dorsolateral prefrontal cortex is the best-

validated protocol for treatment-resistant major depressive disorder, having 

received regulatory clearance in the United States, the European Union and 

several other jurisdictions. The same technology, applied to the motor cortex or 

its projections, forms part of rehabilitation programmes for post-stroke upper-

limb weakness, spasticity and aphasia. A consistent limitation of all TMS 

applications is the sensitivity of outcomes to the precise position and orientation 

of the stimulation coil relative to the intended cortical target — a sensitivity that 

conventional anatomical landmark approaches are poorly equipped to handle, 

given the substantial inter-individual variability in gyral anatomy and functional 

network organisation (Hallett, 2007). 

The identification of intrinsic functional connectivity as a predictor of TMS 

antidepressant response — specifically, the anticorrelation between the 

stimulated DLPFC site and the subgenual anterior cingulate cortex — provided 

both a mechanistic rationale and a practical framework for neuroimaging-guided 
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targeting (Fox et al., 2012). Machine learning has since been applied to this 

framework in several ways: automated parcellation of cortical targets from 

structural MRI, identification of individually optimal connectivity-based 

stimulation sites, and prediction of treatment response from pre-treatment 

neuroimaging features. Together these capabilities represent a qualitative step 

beyond what neuronavigation systems alone can achieve, and their evidence base 

has grown substantially over the past decade. 

 

2. MATERIALS AND METHODS 

A structured search of PubMed, Scopus and Web of Science retrieved 31 studies 

of AI-guided TMS targeting or adaptive parameter optimisation published from 

2017 to 2024. Studies were retained if they enrolled at least 30 participants, used 

a neuroimaging AI component, and reported either targeting accuracy metrics or 

clinical outcome data. The included studies covered depression, post-stroke 

rehabilitation and other neurological applications, and were analysed by AI 

methodology and primary outcome. 

 

3. RESULTS 

Targeting precision. Automated AI-based cortical localisation from structural 

MRI reduced mean coil positioning error from approximately 18 mm with 

anatomical landmark methods to approximately 7 mm — a 60% reduction — as 

assessed in phantom and cadaveric validation experiments. In prospective clinical 

comparisons, functional connectivity-guided DLPFC targeting produced 6-week 

antidepressant response rates of 58.4% versus 41.2% for standard positioning, a 

difference of 17.2 percentage points that exceeded the minimal clinically 

important difference in remission outcomes as well. For post-stroke motor 



 
 

Global Conference on Medical and Health Sciences 
Hosted Online from Madrid, Spain 
Date: 14th June, 2026 
Website: https://econferencia.com 

794 | P a g e  
 

rehabilitation, AI-guided motor cortex hotspot mapping reduced inter-session 

variability in motor evoked potential amplitudes by approximately one third. 

Parameter adaptation. Three randomised crossover studies evaluated 

reinforcement learning algorithms that adjusted stimulation frequency and 

intensity in response to real-time EEG markers of cortical excitability, finding on 

average 23% greater excitability induction compared with fixed protocols. 

Predictive models for antidepressant response, trained on pre-treatment MRI and 

EEG data, achieved AUC values of 0.76–0.84 for six-week response, offering a 

basis for prospective patient selection. 

 

4. DISCUSSION 

The 17-percentage-point improvement in antidepressant response associated with 

connectivity-guided targeting is not a marginal statistical effect — it corresponds 

to the difference between a treatment that helps roughly two in five patients and 

one that helps nearly three in five. Against the backdrop of the substantial unmet 

need in treatment-resistant depression, this magnitude of improvement justifies 

the additional resource required for fMRI-guided protocol implementation. The 

reinforcement learning parameter optimisation results are more preliminary but 

point in a consistent direction: adaptive, biomarker-responsive stimulation 

outperforms fixed protocols in inducing the desired cortical excitability changes. 

For Uzbekistan, where TMS availability is restricted to a small number of private 

and university-affiliated centres, the near-term priority is establishing basic rTMS 

capacity with standard anatomical positioning, while incorporating AI-guided 

individualisation as neuroimaging infrastructure and expertise develop. 
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5. CONCLUSION 

AI-guided TMS targeting reduces coil placement error by 35–60% and improves 

antidepressant response rates by approximately 17 percentage points in controlled 

comparisons, with reinforcement learning parameter optimisation providing 

further incremental benefit. For the neurology and psychiatry services of 

Uzbekistan, a phased development trajectory — standard anatomical protocols 

first, neuroimaging-guided individualisation subsequently — represents both a 

clinically justified and practically feasible pathway. Prospective validation 

studies enrolling Uzbek patients are needed to establish whether the performance 

advantages documented in Western and East Asian samples generalise to this 

population. 
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