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LETTER TO THE EDITOR
Repetitive transcranial magnetic
stimulation of the human motor cortex
in the gamma band reduces cortical
excitability
Transcranial Magnetic Stimulation (TMS) has emerged as a
promising therapeutic tool in various neurological and psy-
chiatric conditions [4] owing to its potential to modulate
cortical excitability and induce neuroplasticity effects that
outlast the stimulation period [3]. Repetitive TMS (rTMS)
over the motor cortex has been extensively investigated as a
non-invasive treatment to improve motor symptoms in con-
ditions such as multiple sclerosis, Huntington’s disease, and
amyotrophic lateral sclerosis, providing therapeutic efficacy
[1]. Recently, stimulation of the motor cortex has been
employed for purposes beyond motor rehabilitation, includ-
ing the treatment of, amongst others, headaches, sleep dis-
orders and pain [8].

Depending on stimulation parameters, rTMS can suppress
cortical excitability [3] in conditions characterized by corti-
cal hyperexcitability [2] or it can enhance cortical excitabil-
ity, for example in Parkinson’s disease [10]. Recently,
gamma brain stimulation, particularly at the 40 to 50 Hz fre-
quency, has gained much attention as a potential therapeu-
tic approach for several disorders [7,9]. Additionally,
impaired gamma brain activity has been observed in various
conditions such as Alzheimer’s disease [9] and chronic pain
[6], generating the question of whether rTMS stimulation in
the gamma band has the potential to regulate the observed
gamma band activation disturbances. For instance,
increased electroencephalographic activation in the gamma
band has been identified in chronic pain patients and has
been suggested as a potential marker of pain perception [5].
While evidence suggests that the induction of gamma oscil-
lations using TMS has therapeutic potential, and that
impaired gamma band activity can represent a potential bio-
marker for specific diseases, there are currently no studies
investigating the physiological effects of such a high fre-
quency stimulation protocol.

Here we test such a 40 Hz TMS brain stimulation protocol
in terms of its potential to modulate cortical excitability
that outlasts the stimulation period (for a period of up to 45
minutes after stimulation). We delivered 40 Hz gamma TMS
stimulation over the motor cortex and used the resting
motor threshold (RMT) as a measure of cortical excitability.
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Each participant received 40 Hz TMS at 80% of individual
RMT over the primary motor cortex (M1). The influence on
cortical excitability was assessed by comparing RMT before
stimulation with RMT immediately after (0’ time point) and
up to 45 minutes after stimulation at 15-minute intervals
(i.e., at 0, 15, 30 and 45 minutes post-stimulation).

Fifteen healthy participants took part in the experiment
(11 females, 4 males; M = 25 years, SD = 4 years). A safety
screening questionnaire was used prior to the experiment to
ensure the absence of any contraindications to TMS, and all
participants provided written, informed consent. The study
was approved by the national bioethics committee (EEBK/
EIT/2021/22).

The stimulation protocol consisted of 25 trains, each train
consisting of 40 pulses in 1 second (i.e., 40 Hz) followed by
29 seconds of no stimulation (see Fig. 1A). Stimulation was
delivered using the Magstim Super Rapid2 Plus1 System with
a vacuum-cooled D70 figure-of-eight alpha coil. In total,
1000 pulses were delivered to each participant in 12.5
minutes. A neuronavigation system (Visor2, ANT Neuro,
Enschede, Netherlands) was used to localize the primary
motor cortex hotspot, guide the sessions, and ensure stable
coil positioning. The coil was held at an angle of approxi-
mately 45o to the midline with the hand pointing laterally
and posteriorly such that the current flowed from posterior
to anterior. The stimulation was applied contralateral to
each participant’s dominant hand (i.e., left hemisphere on
right-handed participants). After localizing the hot spot, the
coordinates of each participant were saved in the neuronavi-
gation system and were used to guide the rTMS session and
all the RMT assessments. Thereby, the same stimulation
parameters were ensured throughout the experiment for all
participants (i.e., coil orientation, distance, and tilt).

RMTwas defined as the minimum TMS intensity needed to
elicit MEPs of > 50mV in five out of 10 trials in the relaxed
first dorsal interosseous muscle (FDI) and was established
using single-pulse TMS. MEPs were obtained by surface elec-
tromyography (EMG) leads placed over the left or the right
FDI muscle and MEPs were recorded from each participant’s
dominant hand (i.e., contralateral to the stimulation site).
RMTwas measured before delivering the gamma stimulation
protocol and an additional four times post-stimulation
(immediately after stimulation, and every 15 minutes up to
45 minutes post-stimulation). The TMS intensity in the first
post-stimulation measurement of RMT was set at the pre-
stimulation RMT intensity and during the RMT measurement
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Fig 1 The 40 Hz Transcranial Magnetic Stimulation protocol and its effect on resting motor threshold,
(A) Graphical illustration of the TMS protocol. (B) Mean participant resting motor threshold before receiving the TMS protocol, and at
0, 15, 30, and 45 minutes after receiving the TMS protocol. The increase of the RMT indicates suppression of corticospinal excitability.
Error bars depict § 1 standard error. TMS; transcranial magnetic stimulation, RMT; resting motor threshold.
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phase was being reduced or increased in steps of 1% or 2%
until 5 MEPs of > 50mV out of 10 trials were recorded. Each
of the following post-stimulation measurements (i.e., 15’,
30’ and 45’) followed the same procedure and TMS intensity
started at the previously identified RMT.

To test the effect of our 40 Hz TMS protocol on cortical
excitability we compared the pre-stimulation RMTs with
RMTs at the four post-stimulation periods, using a repeated
measures analysis of variance (ANOVA). The results provided
strong evidence in favor of a TMS timing effect
(BF10 = 22.24), indicating that RMTs differed across the stim-
ulation periods (Fig. 1B). Specifically, compared to the pre-
stimulation measures (Mean = 59.43 SD = 7.99), RMTs were
increased in the 0’ time point (Mean = 63.54 SD = 10.39,
BF10 = 9.48), the 15’ time point (Mean = 63.3 SD = 9.47,
BF10 = 18.9), the 30’ time point (Mean = 62.76 SD = 9.3,
BF10 = 1.56), and the 45’ time point (Mean = 65.89 SD = 9.63,
BF10 = 34.87). The inhibitory effect was observed immedi-
ately after the stimulation (i.e., time point 0’) and reached
the highest point at 45 minutes after the stimulation. These
results indicate that our 40 Hz TMS stimulation reduces cor-
tical excitability and generates effects on cortical excitabil-
ity that outlast the stimulation period by at least 45
minutes. The TMS protocol was well tolerated by all partici-
pants and there were no complaints of any side effects.

High-frequency TMS at 40 Hz over the human motor cor-
tex can have inhibitory physiological after effects that out-
last the stimulation period by at least 45 minutes.
Considering that the suppressive effect was at its strongest
at 45 minutes after stimulation, a longer lasting effect can
be assumed. Overall, our findings revealed that the specific
high-frequency gamma TMS protocol is well tolerated and,
2

importantly, it can induce long-lasting effects on neural
plasticity. Future work needs to investigate the connection
of the effects we report here to known neuronal mecha-
nisms, such as long-term depression.
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