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Background

Combined tACS-TMS study: 
Effects of phase-dependent and frequency-selective M1 inhibition
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Methods

Expected Results & Limitations

References

Test selective modulation of excitatory-inhibitory 
balance in M1 across different frequencies
via possibly targeting distinct neuronal populations 
based on their oscillatory frequency preference and 
stimulation phase

Aim

Design
• N>24, healthy adults 
• Within-subject, 2 sessions, 2 stimulation blocks per 

session separated by 15-minute break, 3-7 days apart
• TMS at 4 non-harmonic frequencies (online), 

randomly across all phases
• MEP from FDI muscle at rest, EMG

Preliminary Results

Processing and Analysis
• EMG Filtering: bandpass filter (10-2000 Hz); notch at 

stimulation frequency

• Phase identification, MEP Identification, MEP 
Quantification, SICI Assessment

• Statistical analysis (planned): Linear mixed-effect 
model with fixed effects: frequency, phase, and their 
interaction; random effect: participant 

• Controlling for: Effect of time of stimulation; order of 
stimulation frequency (possibility of STDP)

tACS (transcranial alternating 
current stimulation) (5)

Can entrain

➤Neuronal spike timing

➤Spiking phase of neurons

➤Modulate excitation and 
inhibition

TMS (transcranial magnetic 
stimulation) measures  (6)

Single-pulse (SP) TMS
➤Corticospinal excitability : 

mediated by pyramidal cells

Paired-pulse TMS 
➤Short Intracortical Inhibition 

(SICI): mediated by GABAAergic 
inhibitory interneurons)

tACS-TMS studies in M1 show 
(1, 2, 7, 8)

tACS modulation is 

➤Frequency-dependent 

➤Phase-dependent 

➤Most significant in beta band 
(~20 Hz)

➤Drive inhibition (alpha/beta) and excitation 
(gamma) (1)

➤Reflect interaction of inhibitory 
interneurons and pyramidal cells (2)

➤Pyramidal cells <30 Hz

➤Inhibitory interneurons >30 Hz  

Oscillatory bands in M1 (primary motor cortex)

Specific neuronal frequency preference (3,4)

Aim

➢ SP responses (mean = 0.514) were significantly higher than SICI (mean = -0.623), 
Mann-Whitney U test, p < 0.001, Cohen’s d = 1.384

➢ LME model (ZScore ~ Frequency * Condition + (1|Participant), 1411 observations, 4 
participants) showed significant Condition effect (p < .001) and Frequency × Condition 
interaction (p = .024); no main Effect of Frequency (p = .078). AIC = 3519.5,           
BIC = 3551.

Bar plot showing the percentage ratio of 
median SP-SICI MEP amplitudes by frequency.

↑ ratio = ↓ inhibition
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Simulated electric field distribution in M1 using subject-specific 
head model (SimNIBS 4.5.0). Overlay shows field strength for 

tACS (A) and TMS (B) stimulation in V/m (12). 

**

Expected Results & Limitations

➢ Induction of spike timing 
dependent plasticity

➢ Large-scale network 
dynamics vs. local 
microcircuit modulation

➢ Inter-individual variability 
in responsiveness to 
tACS and TMS 

Limitations (1, 2, 8) Effect of Frequency 
(strongest) 

22 Hz (Beta):
↑ SICI vs. 6, 10 Hz
↑ SP excitation vs. 6, 10 Hz

37 Hz (Low Gamma):
↑ SICI vs. 6, 10, 22 Hz
↓ SP excitation vs. 6, 10, 22 
Hz

➢ At all frequencies (5)  

➢ 10 Hz: ↑ SP at trough

➢ 22 Hz: ↑ SP at/before 
peak

Effect of Phase 

Modulation of excitatory-
inhibitory balance

tACS Stimulation Parameters: 
• 5x7 cm sponge electrodes 
• Anode: motor hotspot; Cathode: Pz (10-20 EEG) (7, 8)
• Simulation waveform: Sinusoidal
• Duration: 24 minutes
• Amplitude (peak-to-peak): 1.5 mV (5)
• Frequency: 6, 10, 20, 37 Hz

**

TMS Stimulation Parameters: 
• Monophasic; 50 mm figure-of-8 coil, PA coil orientation
• Brainsight neuronavigation system
• N ~ 25 pulses per phase (Σ~200) (9)
• ITI = 5-7 s (7, 10)
• SP:  120% of RMT (10)
•  SICI: CS = 80% of RMT (7) 
        TS = 120% of RMT (7, 10) 
       ISI = 3 ms (7, 11) 

**
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