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Cerebellum plays an important role in the modification of voluntary 
motor movements via its outputs to motor cortex (M1). The main 
cerebellar efferent motor pathway is the dentatothalamocortical (DTC) 
tract that has facilitatory effects on the contralateral motor cortex (M1) 
(1). However, activation of the Purkinje cells of the cerebellar cortex 
inhibits the dentate nucleus, thus it results in disfacilitation of the M1.

Transcranial magnetic stimulation (TMS) is a non-invasive tool and 
has widely been used for the past four decades that has enabled the 
investigation and modulation of neural networks. It is known that 
repetitive TMS (rTMS) can modulate cortical excitability by causing 
facilitation or inhibition (or disfacilitation) depending on the applied 
protocol beyond the stimulation period, producing both local and 
distant effects in motor and non-motor brain regions. In healthy 
individuals, low-frequency rTMS (≤1 Hz) has inhibitory effects via 
adjustment of synaptic plasticity towards long term depression (LTD), 
while high-frequency rTMS (≥5 Hz) causes increased excitability via 
long term potentiation (LTP)-like mechanisms when applied over 
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Introduction: To investigate the effects of continuous (cTBS) and 
intermittent (iTBS) theta burst stimulation applied over the lateral 
cerebellum on corticospinal excitability in healthy individuals.

Methods: Twenty right-handed healthy male participants underwent 
three TBS sessions (cTBS, iTBS, sham) in a randomized crossover design. 
Motor evoked potentials (MEPs), resting and active motor threshold 
(RMT and AMT, respectively), and cortical silent period (CSP) were 
assessed before and after each session using single-pulse transcranial 
magnetic stimulation over the left primary motor cortex. Transcranial 
magnetic stimulation was delivered to the right cerebellar hemisphere 
at 80% of active motor threshold.

Results: A significant reduction in MEP amplitude was observed following 
iTBS (p=0.028), while no significant changes occurred after cTBS or sham 

stimulation. No significant effects were found in RMT or CSP across any 
of the protocols. All sessions were well tolerated and considered safe. 
Mild and transient side effects, such as neck discomfort or headache, 
were reported in five participants.

Conclusion: Intermittent cerebellar TBS was associated with reduced 
MEP amplitude, suggesting decreased corticospinal excitability, whereas 
cTBS and sham stimulation did not produce significant effects. Cerebellar 
TBS was safe and well tolerated in all participants. These findings suggest 
that cerebellar iTBS may exert modulatory effects on motor cortical 
excitability and may contribute to a better understanding of cerebellar 
stimulation effects in healthy individuals.

Keywords: cerebellar TMS, cerebellum, corticospinal excitability, theta 
burst stimulation, transcranial magnetic stimulation

ABSTRACT

Highlights
•	 Cerebellar TBS was safe and well tolerated in all 

participants.

•	 Cerebellar iTBS reduced MEP amplitude in healthy 
subjects.

•	 cTBS showed no significant effect on MEP amplitude.

M1, based on MEP amplitude changes in most studies (2–4). It has 
been suggested that the increase in MEPs after high-frequency rTMS 
might not reflect direct excitation of the cortex, but rather a reduction 
in GABA-mediated intracortical inhibition (5–7). Conversely, low-
frequency rTMS may enhance inhibitory effects through GABA-B–
related mechanisms, which is often seen as a longer cortical silent 
period (8–11).
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Approximately two decades after the introduction of TMS, Huang et al. 
proposed theta burst stimulation (TBS) that is a specific, efficient and 
fairly consistent rTMS protocol that can induce long-lasting physiological 
changes. It has some advantages such as shorter stimulation durations 
with lower intensity compared to conventional rTMS protocols. 
Transcranial magnetic stimulation consists of bursts of three pulses 
delivered at 50 Hz, repeated every 200 ms (5 Hz) (12). Intermittent TBS 
typically involves a total of 600 pulses applied over approximately three 
minutes in an intermittent pattern (2 seconds on, 8 seconds off). When 
delivered over the motor cortex, iTBS has been shown to increase cortical 
excitability for at least 20 minutes, producing effects that resemble long-
term potentiation and are comparable to those observed after high-
frequency rTMS. In contrast, cTBS delivers the same number of pulses 
continuously over a much shorter duration (approximately 40 seconds) 
and is generally associated with a reduction in cortical excitability lasting 
up to 60 minutes. These effects are considered analogous to long-term 
depression and are similar to those induced by low-frequency rTMS (12). 
Importantly, some studies suggest that TBS protocols may produce more 
robust and longer-lasting neurophysiological effects than conventional 
rTMS paradigms (13,14).

However, the effects of these different TBS protocols applied on the 
cerebellum are not yet clearly understood. Although cerebellar TMS has 
been reported as an effective and promising method to evaluate and 
modulate cerebello-cortical networks, the current literature includes 
heterogenous results regarding the effects of rTMS or TBS protocols 
applied on cerebellum in healthy individuals. The aim of this study is to 
investigate cerebellar intermittent and continuous TBS effects in terms of 
excitability changes on contralateral M1 in healthy individuals.

METHODS

Subjects
The subjects were selected and included into the study according to 
safety of the TMS group guideline’s criteria (15). Twenty right-handed 
male healthy volunteers, aged between 23 and 44, who had no history 
of any neurologic, psychiatric, and cardiologic disease, head trauma, 
no family history of epilepsy and who were not taking any drugs that 
may affect central nervous system (CNS) excitability were enrolled in the 
study. During the two days before each TBS session, subjects required 
sleep well and during the twelve hours of each TBS session, subjects 
required not to drink coffee, excessive tea, alcohol, or any drugs that may 
affect CNS excitability (15). All participants were chosen as male subjects 
because we aimed to exclude women’s menstrual cycle’s possible effects 
on cortical excitability (16). Written informed consent was obtained from 
all volunteers before testing. This study was approved by the Bakırköy Dr. 
Sadi Konuk Training and Research Hospital Ethics Committee with file 
number 2014/254 on 15 December 2014.

Study Design
All subjects underwent cTBS, iTBS and sham TBS sessions and each 
session was performed on a separate day, at least 1 week apart. The 
order of the TBS protocol was determined randomly for each subject. All 
sessions were performed at the same time of the day (between 12:00 and 
14:00). Resting motor threshold (RMT) and active motor threshold (AMT) 
were determined as well as motor evoked potentials (MEP) and cortical 
silent periods (CSP) were recorded before and immediately after each 
TBS session. After each procedure, all subjects were questioned regarding 
the tolerability and side effects of the cerebellar TBS and whether 
they experienced any unpleasant sensations or discomfort related to 
cerebellar TBS.

Electromyography (EMG) recordings
Surface EMG was recorded from the right first dorsal interosseous (FDI) 
muscle using 1 cm diameter surface Ag/AgCl electrodes placed according 
to muscle belly tendon montage technique. A circular ground electrode 
was placed on the dorsal surface of right wrist. The electrodes were 
connected to a Synergy electromyography system (Medelec, Oxford 
Instruments, UK). Electromyography activity was continuously monitored 
with auditory and visual feedback during the process. The MEPs were 
recorded with 2 Hz-10 kHz filter settings, and sensitivities of 50 µV-1 mV 
per division.

Transcranial magnetic stimulation (TMS) studies
Transcranial magnetic stimulation studies were performed with MagStim 
200 (Magstim Co., Whitland, Dyfed, UK) stimulator connected to a 
standard figure-of-eight flat coil (70 mm diameter) placed over primary 
motor cortex. The figure-of-eight coil was preferred over the double-
cone coil due to its better spatial selectivity, which was considered 
appropriate for targeting the lateral cerebellar cortex, where the distance 
from the scalp is relatively short. This coil configuration has been shown 
to be effective, easy to apply, and comfortable, and has been widely 
used in cerebellar TMS studies conducted in both healthy individuals 
and patient populations (17–21). For single-pulse TMS, the coil was 
placed tangentially over the left motor cortex with the handle pointing 
posterolaterally. To locate the motor hotspot, slightly suprathreshold 
stimuli were applied over the left M1, and the coil was gradually moved 
in ~5 mm steps until the site producing the largest and most consistent 
MEPs from the FDI muscle was identified. The optimum scalp position 
to elicit MEPs in the contralateral FDI was marked on the tight-fitting 
cap placed on the participant’s head to assure stable coil placement 
throughout the session.

The RMT was defined, at the same coil position, as the lowest stimulation 
intensity that elicited MEPs greater than 20 µV in at least 5 out of 10 trials 
at rest. The AMT was the lowest stimulation intensity that evoked MEPs 
greater than 200 µV in at least 5 out of 10 trials while the participant 
maintained approximately 10–15 % of the maximum voluntary 
contraction, with audio-visual feedback (22).

Motor evoked potentials were recorded from the right FDI at rest 
following stimulation of the motor hotspot with single-pulse TMS 
at 120% of the RMT. Eight MEP traces were collected, with at least a 

Figure 1. Schematic representation of the study design and the assessed 
neurophysiological parameters.
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7-second interval between each stimulus to minimize residual hysteresis 
effects on MEP amplitude, which have been documented at inter-trial 
intervals as short as 5 seconds in the relaxed target muscle (3,15). Peak-
to-peak amplitudes were measured, and average amplitude values were 
used for analysis.

The cortical silent period (CSP) was measured while participants 
maintained a mild to moderate voluntary contraction of the target 
muscle, estimated at around 20–25% of the maximal force. Transcranial 
magnetic stimulation pulses were applied at 140% of the AMT over 
the motor hotspot. Cortical silent period duration was defined as the 
time from the offset of the MEP to the return of voluntary EMG activity 
exceeding 50% of the pre-stimulus baseline following the period of 
EMG suppression. Twelve rectified EMG traces were recorded for 
each subject, and the average value was used for analysis. The sweep 
duration was set between 200 and 500 ms, sensitivity was adjusted to 
200–500 µV/division, and a low-pass filter was 100 Hz. The order of 
measurements was consistent across all sessions as follows: RMT, MEP 
amplitude, AMT, and CSP. The whole post-TBS assessment, including 
RMT, MEP amplitude, AMT, and CSP, began 10 minutes after the 
completion of TBS and took approximately 20–25 minutes to complete, 
with the last measurement obtained approximately 30–35 minutes after 
TBS completion.

Figure 1 provides an overview of the study protocols and the 
neurophysiological parameters assessed.

Theta burst stimulation
Continuous and intermittent TBS were performed with a MagStim Rapid² 
magnetic stimulator (Magstim Co., Whitland, Dyfed, UK) connected to 
a standard figure-of-eight flat coil (70 mm diameter). Participants were 
seated in a comfortable armchair during procedure, were asked to 
slightly tilt their head forward for optimal coil positioning during TBS. 
The coil was tangentially held with the handle pointing upwards in all 
sessions, in a position shown as optimal for inhibition of the contralateral 
M1 previously (23). Theta burst stimulation was applied over the 
right cerebellar hemisphere, specifically by positioning the anterior 
intersection of two halves of the coil on a point 1 cm below and 3 cm 
lateral to inion as described in previous studies, which used MRI and 
neuronavigation, for predominantly targeting the posterior and superior 
lobules of cerebellum (17,24–26). The right cerebellum was selected 
because cerebellar output mainly influences the contralateral motor 
cortex. The intensity of the active repetitive stimulation was set at 80% of 
the AMT, consistent with previously published cerebellar TBS protocols in 
healthy individuals (17–19,25).

For cTBS, bursts of three pulses at 50 Hz were delivered every 200 ms for 
a total duration of 40 seconds, resulting in a total of 600 pulses. For iTBS, 
the same bursts were given in 2-second trains repeated every 10 seconds, 
also totaling 600 pulses (12). Sham TBS sessions were performed using 
a sham coil designed to mimic both the auditory and somatosensory 
sensations of active cTBS or iTBS, without generating effective magnetic 
stimulation.

Statistical Analysis
All statistical analyses were performed using IBM Statistical Package for 
Social Sciences (SPSS) program version 26.0 (IBM Inc., Chicago, IL, USA). 
Descriptive statistics were used to summarize the pre- and post-TBS 
measurements.

For comparisons between pre- and post-stimulation values, the Wilcoxon 
signed-rank test was used, as the data did not meet the assumptions of 
normality. A p-value of <0.05 was considered statistically significant.

To compare the effects of the three TBS protocols, percentage changes 
were calculated for all parameters (MEP amplitude, CSP duration, and 
motor thresholds) using the formula:

((PostTBS – PreTBS) / PreTBS × 100). These changes were compared across 
the three conditions (iTBS, cTBS, and sham) using the Friedman test, as 
the data were not normally distributed. When the Friedman test yielded 
statistically significant results, pairwise comparisons were performed with 
the Wilcoxon signed-rank test, applying Bonferroni correction to adjust 
for multiple comparisons.

RESULTS
The ages of the 20 male participants ranged from 23 to 44 years, with 
a mean age of 31.75±5.43 years. Cerebellar TBS was well-tolerated 
mostly with mild side effects including neck pain and mild headache in 
five subjects. Severe or permanent adverse effects did not occur in any 
participants.

The Friedman test revealed no statistically significant difference in MEP 
amplitude percentage change (Post − Pre) / Pre × 100) across the three 
TBS protocols (p=0.705). However, within-group comparisons indicated a 
significant decrease in MEP amplitude following iTBS (p=0.028), whereas 
no significant pre-post differences were observed after either cTBS 
(p=0.709) or sham stimulation (p=0.681) (Figure 2A)

Analysis of RMT percentage change showed no significant differences 
across the stimulation protocols in the Friedman analysis (p=0.713). 
Similarly, Wilcoxon signed-rank tests revealed no significant within-
group differences between pre- and post-stimulation values for any of 
the protocols (p=0.204 for cTBS, p=0.211 for iTBS, p=0.327 for sham) 
(Figure 2B)

A marginally significant overall difference was found for AMT (p=0.043) 
based on percentage changes in Friedman; however, Bonferroni-
corrected pairwise comparisons did not reveal any significant differences 
between protocols (adjusted significance level: p <0.0167:cTBS vs. iTBS: 
p=0.872; cTBS vs. Sham: p=0.044; Sham vs. iTBS: p=0.048. However, 
Wilcoxon signed-rank analysis demonstrated a significant decrease 
in AMT following both cTBS (p=0.012) and iTBS (p=0.043), with no 
significant change after sham stimulation (p=0.471) (Figure 2C).

Cortical silent period percentage change did not differ significantly 
among the three TBS protocols according to the Friedman test (p=0.522). 
Furthermore, Wilcoxon signed-rank tests revealed no significant pre-post 
differences following cTBS (p=0.232), iTBS (p=0.478), or sham stimulation 
(p=0.799) (Figure 2D)

Table 1 summarizes the mean values, standard deviations and p-values of 
the measured parameters (MEP amplitude, RMT, AMT, and CSP) before 
and after cerebellar TBS.

DISCUSSION
In this study, we investigated the effects of cerebellar cTBS and iTBS 
on motor cortex excitability in healthy individuals, using single-pulse 
TMS measures; motor thresholds, MEPs, and CSP duration. The main 
findings can be summarized as follows: cerebellar iTBS led to a significant 
reduction in MEP amplitude, whereas cTBS did not induce a significant 
change in MEP amplitude. Both cTBS and iTBS protocols led to a 
significant reduction in AMT. However, RMT and CSP duration did not 
show any significant changes following either protocol. As expected, 
sham stimulation did not produce significant changes in any of the 
measured parameters implying the specificity of the observed effects and 



Azman İste et al. Cerebellar TBS and Corticospinal Excitability

529

Arch Neuropsychiatry 2026;63:526−532

minimizing the likelihood of nonspecific influences such as sensory input 
or time-dependent variability.

The magnitude of TBS efficacy may vary depending on several factors, 
including stimulation frequency and intensity, total number of pulses, 
and individual biological differences such as brain-derived neurotrophic 
factor polymorphisms (27). These factors may partly account for the 
heterogeneous findings reported across TBS studies. Beyond the motor 
cortex, rTMS and TBS have also been applied to non-motor cortical 
regions, including the dorsolateral prefrontal cortex, superior and 
middle temporal gyri, and the cerebellum, in both healthy individuals 

and clinical populations (28). However, responses in these regions 
appear to be less consistent than those observed in the motor cortex, 
where effects can be directly assessed using well-established measures 
of corticospinal excitability. Within this context, we applied TBS using 
stimulation parameters that have been most frequently reported in the 
literature, using a conventional stimulation intensity previously described 
for cerebellar applications (17–19,25,29–31). To further reduce variability, 
the same participants were included across all three TBS protocols, 
thereby minimizing inter-individual differences. In addition, potential 
influences of cortisol levels and hormonal fluctuations related to the 
menstrual cycle were controlled by including only male participants 

Figure 2. Pre- and post-TBS changes of measured parameters. Mean (± standard deviation) values for MEP amplitude, RMT, AMT, and CSP before and after each TBS protocol. Within-
protocol comparisons were analyzed using the Wilcoxon signed-rank test. Statistically significant changes (p <0.05) are indicated by an asterisk. (A) MEP amplitude: a significant 
reduction was observed following iTBS (p=0.028); no significant changes were found after cTBS or sham stimulation. (B) Resting motor threshold (RMT): no statistically significant 
pre-post differences were observed for any protocol (p >0.05). (C) Active motor threshold (AMT): AMT significantly decreased after cTBS (p=0.012) and iTBS (p=0.043), while no change 
was detected following sham stimulation (p=0.471). (D) Cortical silent period (CSP): no significant changes were found between pre- and post-stimulation in any condition (p >0.05).

Table 1. Mean values and standard deviations of measured parameters (RMT, AMT, MEPamp, CSP) of the subjects before and after 
cerebellar TBS

RMT P value AMT P value MEPamp P value CSP P value
cTBS

Pre 39.3±6.5 0.204 27.9±6 0.012 879.9±999 0.709 107.6±31 0.232

Post 38.9±7.9 26.5±5.3 794.9±693 102.6±34

iTBS

Pre 39±7.05 0.211 26.9±6.3 0.043 890.1±788 0.028 101.5±37 0.478

Post 38.3±7.2 25.4±5.9 638.2±577 93.9±25

ShamTBS

Pre  40.2±8.6 0.327 28.4±6.7 0.471 769.9±559 0.681 116.2±42 0.799

Post 39.7±9.2 28.3±6.7 736.6±631 113.9±43

AMT: Active Motor Threshold; CSP: Cortical Silent Period; cTBS: Continuous Theta-Burst Stimulation; iTBS: Intermittent Theta-Burst Stimulation; MEPamp: Motor Evoked Potential 
Amplitude; RMT: Resting Motor Threshold.
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and by conducting all sessions at the same time of day (16,32). Notably, 
the absence of significant changes in any of the measured parameters 
following sham stimulation further supports that nonspecific effects were 
relatively limited in the present study.

Motor evoked potential amplitude reflects global corticospinal 
excitability. Intermittent TBS delivered to the motor cortex is generally 
associated with increased MEP amplitude and enhanced corticospinal 
excitability; however, cerebellar iTBS in our study resulted in a significant 
reduction in MEP amplitude, indicating an inhibitory or disfacilitatory 
effect. This finding may indirectly suggest an enhancement of cerebellar 
inhibitory influence on the motor cortex via the DTC pathway. Studies 
investigating cerebellar iTBS in healthy individuals remain limited 
and report heterogeneous results in the current literature (31). Both 
Harrington et al. and Popa et al. reported no significant modulation 
of MEP amplitude following cerebellar iTBS, despite differences in 
stimulation intensity (90% AMT and 80% AMT, respectively) (18,19). 
However, Koch et al. reported an increase in MEP amplitude lasting up to 
15 minutes after right cerebellar iTBS, which disappeared by 30 minutes 
(17). Together, these findings highlight the considerable variability in MEP 
responses following cerebellar iTBS.

Although cerebellar cTBS has been examined more extensively 
than cerebellar iTBS, reported effects on MEP amplitude remain 
heterogeneous. In this study, cerebellar cTBS did not induce significant 
changes in MEP amplitude. Consistent with our findings, Popa et al. did 
not observe significant changes in MEP amplitude following cerebellar 
cTBS, despite a trend toward reduction at 10 minutes post-stimulation 
(18). However, several studies have reported reductions in MEP amplitude 
following cerebellar cTBS delivered at both 80% AMT and 90% RMT 
(17,19,25,30,31). In addition, MEP suppression was reported to be most 
prominent at 5 minutes post-stimulation and no longer significant after 
45 minutes (30).

Resting motor threshold mainly reflects excitability of axons in M1 
activated by TMS and no significant change in RMT was observed 
following either cTBS or iTBS in our study. This finding is consistent with 
a limited number of studies reporting similarly nonsignificant effects of 
these protocols on RMT (17,19,20,31,33).

The cortical silent period is defined as the temporary suppression of 
voluntary electromyographic activity following a TMS-induced MEP. It 
reflects complex inhibitory processes involving both cortical and spinal 
mechanisms, with possible modulation by basal ganglia circuits and 
various contextual or pathological factors, particularly those mediated 
by GABAergic neurotransmission (34). Only a limited number of studies 
have investigated CSP following cerebellar TMS, and consistent with our 
findings, no significant changes have been reported after 1 Hz rTMS, 
cTBS, or iTBS (19,31,35).

Overall, while cTBS is generally considered to produce effects resembling 
low-frequency rTMS and iTBS effects are more comparable to high-
frequency rTMS, particularly in motor cortex studies, responses following 
cerebellar stimulation remain less consistent. Notably, some studies have 
suggested that iTBS responses may be relatively more consistent than 
those observed with cTBS (36,37). Our findings may provide additional 
support for previous reports suggesting that iTBS elicits more consistent 
physiological effects. Specifically, we observed significant changes in MEP 
amplitudes following iTBS, whereas cTBS did not induce considerable 
effects.

Although AMT is widely used as a reference parameter for determining 
stimulation intensity in TMS paradigms, it has not commonly been 
preferred as a direct outcome measure for assessing cortical excitability 

changes. As highlighted in a recent systematic review (38) , the majority 
of rTMS studies use the AMT primarily in deciding stimulation intensity, 
particularly in TBS protocols where 80% of AMT is conventionally 
applied, but do not report pre- and post-intervention AMT values (38). In 
our study, we observed a post-interventional decrease in AMT following 
both cTBS and iTBS. While this reduction might be indicative of increased 
excitability, its interpretation is limited by the known variability and 
susceptibility of AMT to non-cortical influence. Because AMT assessment 
is highly sensitive to multiple confounding factors including background 
muscle contraction, coil positioning variability, and inter-individual 
physiological states. Furthermore, compared to RMT, AMT exhibits 
greater intra-individual variability due to its dependence on sustained 
voluntary activation. These methodological limitations complicate its use 
as a reliable biomarker for neuroplastic changes. Therefore, the observed 
decrease in AMT may not directly indicate a true change in excitability 
but could instead result from methodological factors (38).

In a recent review, Hurtado-Puerto et al. evaluated the safety profile of 
cerebellar TMS and concluded that both cTBS and iTBS are generally 
safe and well tolerated (39). Across the studies, no serious adverse 
events were reported. However, mild and transient side effects such as 
neck pain, local discomfort, lightheadedness, dizziness, mild headache, 
tinnitus were noted in a few cases involving both healthy controls and 
patient populations including individuals with schizophrenia, Parkinson 
disease, stroke and drug-resistant epilepsy (19,40–47). Consistent with 
this evidence, no major adverse effects were observed in the present 
study. Only a few participants reported transient neck discomfort 
following cTBS, which did not interfere with the completion of the 
protocol. These findings, consistent with the existing literature, further 
support the favorable tolerability of cerebellar TBS when applied within 
recommended safety parameters.

Cerebellar rTMS has been investigated as a therapeutic tool in various 
neurological conditions. Improvement in motor function has been 
reported following cerebellar rTMS in patients with ataxia after posterior 
circulation stroke, as well as in spinocerebellar degeneration (48–50). In 
multiple system atrophy cerebellar subtype, cerebellar rTMS was shown 
to modulate cortical excitability and improve short-latency afferent 
inhibition (21). Cerebellar TBS has also been studied in Parkinson’s disease, 
focal dystonia, schizophrenia, Alzheimer’s disease, and drug-resistant 
epilepsy (30,33,40,43,47). These findings suggest that the cerebellum 
may be a valuable stimulation target beyond healthy populations, and 
understanding its effects in healthy individuals provides an important 
baseline for interpreting findings in clinical conditions.

This study has several limitations. First, a neuronavigational system 
was not used during stimulation. Although coil positioning followed 
established anatomical landmarks, the exact cerebellar regions targeted, 
and the specific neural populations affected remain unclear. This is a 
common limitation in cerebellar TBS research, where stimulation effects 
are often less consistent compared to motor cortex applications, likely 
due to anatomical and functional variability. Moreover, all outcome 
measures were obtained at a single post-stimulation time point, 
preventing the evaluation of the duration and temporal dynamics of 
TBS-induced effects. Additionally, the stimulation intensity for cerebellar 
TBS was set at 80% of the AMT of the motor cortex rather than the active 
brainstem threshold, which has been recommended to minimize direct 
corticospinal tract activation during cerebellar stimulation. However, the 
coil was positioned 3 cm lateral to the inion targeting the lateral cerebellar 
hemisphere, which reduces the likelihood of direct corticospinal tract 
activation, and this intensity has been widely used in previous cerebellar 
TBS studies in healthy individuals (17–19,25). Further, the study included 
only male participants, which may be seen as a limitation in terms of 
the generalizability of the findings to broader populations. However, 
this approach was intentionally adopted to minimize the potential 
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confounding effects of menstrual cycle-related excitability fluctuations 
and therefore may be considered a methodological strength in enhancing 
internal validity. Including paired-pulse TMS protocols such as short-
interval intracortical inhibition (SICI), intracortical facilitation (ICF), and 
cerebellar brain inhibition (CBI) in the methodology could have provided 
important additional information and would enable exploration of 
specific intracortical and cerebellar inhibitory or facilitatory mechanisms 
in more detail. Furthermore, only unilateral motor cortex recordings 
were obtained, and potential ipsilateral or bilateral effects of cerebellar 
stimulation were not assessed. Lastly, a relatively small number of 
MEPs was recorded per condition, which may limit the reliability of 
the measurements given the inherent variability of MEP amplitudes. 
Therefore, the results should be interpreted with caution and considered 
exploratory. Despite these limitations, we believe that certain aspects of 
the study may offer useful contributions to the relevant literature. The 
inclusion of a sham TBS condition, which showed no measurable effects, 
supports the specificity of the results and strengthens internal validity. 
All sessions were conducted at the same time of the day to minimize 
circadian variability, and including a relatively larger sample compared 
to similar studies adds to the reliability of the findings. Most importantly, 
both cTBS and iTBS on cerebellum were well tolerated, with no serious 
adverse effects observed, confirming that cerebellar TBS can be safely 
applied in healthy individuals under controlled conditions.

As a result, this study supports that cerebellar TBS is safe and well tolerated 
in healthy individuals. The observed decrease in MEP amplitudes after 
cerebellar iTBS, whereas no significant changes were observed following 
cTBS and sham stimulation, suggests that different TBS protocols may 
have distinct effects on corticospinal excitability. However, these findings 
should be interpreted with caution due to the variability of the measures 
used and the limited understanding of the underlying mechanisms. As 
cerebellar repetitive TBS protocols are increasingly being explored for 
therapeutic use, the present study may contribute to future research by 
providing preliminary insights into their effects in healthy populations.
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