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Abstract

Objective—Theta-burst stimulation (TBS) is a repetitive transcranial magnetic stimulation

(TMS) protocol, capable of enhancing or suppressing the amplitude of contralateral motor-evoked

potentials (MEP) for several minutes after stimulation over the primary motor cortex. Continuous

TBS (cTBS) produces a long-term depression (LTD)-like reduction of cortical excitability. The

purpose of this study was to assess the test–retest reproducibility of the effects of cTBS and to

investigate which neurophysiologic markers of cTBS-induced plasticity are most reproducible.

Methods—In ten healthy participants we evaluated in two different sessions the effects of cTBS

(using AP–PA current direction, opposite to most commercial rTMS stimulators) on MEPs

induced by single-pulse suprathreshold TMS (using AP–PA or PA current direction) over left

motor cortex in the first dorsal inter-osseus (FDI) muscle.

Results—Results demonstrate that the marker of cTBS induced-plasticity with highest within-

subject reproducibility is the modulation of corticospinal excitability measured 5 min after cTBS.

Conclusion—Overall the effects of cTBS modulation show limited test–retest reproducibility

and some measures of the cTBS effects are more reproducible than others.

Significance—Studies comparing cTBS effects in healthy subjects and patients need to proceed

with care. Further characterization of the effects of TBS and identification of the best metrics

warrant future studies.
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1. Introduction

Transcranial magnetic stimulation (TMS) has become a valuable method to non-invasively

investigate the human brain, and offers opportunities to study and modulate brain functions

(Chen et al., 2008; Pascual-Leone, 2006). Repetitive TMS (rTMS) can induce a lasting

modulation of brain activity. A specific rTMS protocol, known as theta burst stimulation

(TBS) (Huang et al., 2005) induces particularly robust physiological aftereffects despite

being short and relatively low in intensity. When applied over the primary motor cortex

(M1), continuous TBS (cTBS) decreases the amplitude of subsequent motor-evoked

potentials (MEPs) for 10–60 min, whereas intermittent TBS (iTBS) increases it (Gentner et

al., 2008; Goldsworthy et al., 2012; Huang et al., 2005; Talelli et al., 2007; Zafar et al.,

2008). These protocols have been shown to be useful to assess changes in brain plasticity

mechanisms related to age (Freitas et al., 2011) or pathology (Oberman et al., 2010).

However, it is known that even subtle modifications of the cTBS protocol can influence its

effect (for a review see Ridding and Ziemann, 2010). For example, the duration of the

stimulation (Huang et al., 2005), the orientation of the coil (Suppa et al., 2008; Talelli et al.,

2007), and even small changes in stimulation intensity (Doeltgen and Ridding, 2011;

McAllister et al., 2009), in stimulation frequency (Goldsworthy et al., 2012), or in prior

motor activity (Gentner et al., 2008) can significantly affect the TBS effect. Two studies

have briefly addressed the intra-individual reproducibility of the TBS protocol. In a study by

Huang et al. 7 subjects from a prior study (Huang et al., 2005) were retested, and the effects

of TBS across testing days were found to be correlated (Huang et al., 2008), thus revealing

that intra-individual variability was smaller than inter-individual variability. However, Di

Lazzaro et al. (Di Lazzaro et al., 2008) found less reproducible effects of iTBS, with inter-

individual variability being greater than an overall age effect. In the present study, we

sought to further assess test–retest reliability of TBS effects in normal volunteers, and aimed

to identify the most reliable markers of cTBS modulation of motor cortical excitability.

2. Materials and methods

2.1. Participants

Ten healthy, right-handed volunteers (5 women and 5 men; 33 ± 18 years old) participated

in this retrospective study. All had normal neurological and medical exams, including a

normal Mini Mental State Examination (MMSE). They were taking no medications and had

no contraindications to TMS (Rossi et al., 2009). Demographic and clinical features are

summarized in Table 1. All participated in two experimental sessions (visit A and visit B,

separated by 107 ± 55 days). All gave their written informed consent to the study, which had

been approved by the local Institutional Review Board.

2.2. Experimental set-up

All participants underwent a brain MRI to rule out structural brain lesions and to generate a

high-resolution, anatomical brain image to guide the TMS. A 3-Tesla GE scanner was used

for image acquisition. The stimulation setup consists in stimulators attached to figure-of-

eight coils. For single-pulses, we used a Nexstim stimulator delivering biphasic pulses with

a current flowing in the brain with an antero-posterior and then a postero-anterior (AP–PA)
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direction (Nexstim Ltd, Helsinki, Finland) or, for the subject number 10, a Magstim

stimulator delivering monophasic pulses with a current flowing in the brain with a PA

direction (Magstim Ltd, Withland, Wales, UK). For repetitive TMS, i.e. cTBS, we used a

MagPro stimulator (MagVenture A/S, Farum, Denmark) delivering biphasic pulses with a

current flowing in the brain with an AP–PA direction. Note that this direction is opposite to

most commercial rTMS stimulators. The Nexstim eXimia Neuronavigation system was used

to ensure that the exact same cortical location was targeted within each study session as

defined by each individual's brain MRI. For each individual tested, the same system was

used for the two sessions; however, the experimenter was not necessarily the same.

During stimulation, surface electromyography (EMG) was recorded and monitored

continuously on-line. Active electrodes were attached to the skin overlying the first dorsal

interosseus (FDI) muscle. Reference electrode was placed over the metacarpophalangeal

joint. A ground electrode was placed over the wrist bone or the ipsilateral forearm. The

EMG signals were filtered (8–500 Hz), amplified, displayed and stored for off-line analysis.

The TMS system delivered triggered pulses that synchronize the TMS and EMG systems.

The participants were also monitored for drowsiness and asked to keep their eyes open

throughout the experiment. Relaxation of the measured muscle was controlled by continuous

visual EMG monitoring.

2.3. TMS measurements

Participants were seated in a comfortable chair, with a head rest, and with their elbows

flexed at approximately 90° and their hands resting on their laps. The optimal scalp location

for activation of the right FDI using TMS was determined as the location from which TMS-

induced motor evoked potentials (MEPs) of maximum peak-to-peak amplitude were

detected in the right FDI. Once the optimal location was identified, a marker was placed in

the MRI scan to which the individual participant was registered using the eXimia navigated

brain stimulation (NBS) system. This allowed the TMS to coil to be placed systematically in

the same location and with the same orientation and tilt throughout each session.

Motor threshold (MT) was determined according to the recommendations of the

International Federation for Clinical Neurophysiology (Rossini et al., 1994). Single TMS

pulses were delivered over the optimal scalp position at supra-threshold intensity and

gradually reduced by decrements of 2% of stimulator output. Resting MT (RMT) was

defined, with the Nexstim or Magstim stimulator used for single-pulse TMS, as the lowest

stimulus intensity capable of inducing MEPs of P50 lV peak-to-peak amplitude in at least 5

of 10 consecutive trials. EMG monitoring was used to assure that the target muscle was at

rest. Prior to cTBS, active MT (AMT) was determined, with the MagPro stimulator used for

the cTBS, as the minimum single-pulse TMS intensity required to produce MEPs of ≥200

μV in at least 5 of 10 consecutive trials while participants contracted the target muscle

(contralateral FDI) at approximately 20% of the maximal voluntary contraction. It has been

shown that prior, concurrent, or post motor activation modulates cTBS outcome (Gentner et

al., 2008; Huang et al., 2008; Iezzi et al., 2008). In order to control for prior motor

contraction during the measurement of AMT, the participants were asked to contract the FDI

muscle about 2 s prior to each TMS pulse and to relax it about 1 s after each TMS pulse, for
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at least 3 s. The cTBS protocol was applied about 1 min after the end of the AMT

measurement procedures; the relaxation of hand muscles was monitored continuously by the

experimenters during and after the stimulation.

2.4. cTBS protocol

Continuous TBS was applied using parameters similar to those used Huang et al. (Huang et

al., 2005): three pulses at 50 Hz, with an interval of 200 ms between the last pulse of a

triplet and the first pulse of a triplet, for a total number of 600 pulses. The intensity was

fixed at 80% of AMT. Due to limitations in our experimental set-up, the interstimulus

interval was 240 ms compared to the interstimulus interval of 200 ms in the original

paradigm introduced by Huang et al. Thus, in our cTBS paradigm, the triplet repetition rate

was about 4.17 Hz instead of 5 Hz, both frequencies being included in the theta band.

To establish a baseline prior to cTBS, two to three batches of ten to thirty MEPs were

recorded and measured in response to stimulation over the optimal FDI location, at an

intensity of 120% of RMT and a rate of approximately 0.1 Hz (a random jitter of ±1 s was

introduced to avoid any train effects). Following cTBS, similar batches of MEPs were

measured at 5, 10, 20, 30, 40, 50, 60, 75 and 90 min following cTBS to track changes in

amplitude over time.

2.5. Data analysis

To determine the MEP amplitude of the contralateral FDI muscle in response to TMS over

left M1, continuous EMG was sampled to epochs starting 50–100 ms before a TMS pulse

and ending 300–400 ms after. MEPs were analyzed using MegaWin (Mega Electronics Ltd,

Kuopio, Finland) or Scope software (ADInstruments, Colorado Springs, USA). The

latencies and peak-to-peak amplitudes were marked automatically and then checked by

visual inspection. Baseline MEP amplitude was defined as the average peak-to-peak

amplitude of the MEPs recorded prior to cTBS. MEPs’ amplitude at time t after cTBS was

defined as the average peak-to-peak amplitude of the MEPs recorded during the

corresponding batch; this value was then expressed as a ratio to baseline: (mean MEPs

amplitude at time t) – (mean amplitude at baseline)/(mean amplitude at baseline). Thus,

negative values reflect suppression of MEPs after cTBS.

We assessed the reproducibility across visits of baseline excitability as characterized by

RMT, AMT and MEP amplitude. Then, in order to find the best parameters to reliably

characterize brain responses to cTBS, we assessed the reproducibility of several

physiological markers that have been used in previous studies (Di Lazzaro et al., 2005,

2008; Freitas et al., 2011; Gentner et al., 2008; Huang et al., 2005; Oberman et al., 2010). A

spline interpolation was determined for each participant. As an index of the duration of the

TBS-induced modulation of cortico-spinal excitability, we defined, for each participant, the

“time to baseline” as the time when the spline interpolation crossed the baseline value line.

Some participants did not show suppression at the first measured time point (T5); for these

participants, time to baseline was estimated to be 5 min (qualitatively similar reproducibility

was estimated if the time to baseline was estimated to be 0 in those cases, or even if these

data were removed from the analysis). This happened for 2 participants at both visits (one
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male of 21 years old and one female of 53 years old) and 1 participant at visit B (one female

of 67 years old). At the other end, time to baseline was set at 90 min for participants for

whom all measures of excitability remained below baseline level. This happened for 3

participants at their visit B (2 females of 21 and 22 years old and one male of 54 years old).

As a global measure of suppression, we calculated for each participant the “area of

suppression,” i.e. the area under the spline curve between 5 min and time to baseline (see

Fig. 1A for an illustration at the group level). In consequence, the area of suppression of the

subjects with a time to baseline of 5 min was 0 (again, qualitatively similar reproducibility

was estimated if these data were removed from the analysis). In addition, we examined the

amount of modulation at the following time points following cTBS: T5, T10, T20 and T30.

We also defined the “maximal suppression” as the smallest average MEP amplitude at any

given time point in the 90 min time window after TBS. This measure can reflect the

minimum facilitation in case the participant shows no suppression at all.

Individual data for each calculated value was compared between the two visits (A and B)

using non-parametric tests (Wilcoxon sign rank test). In addition, intra-individual variability

between sessions was compared to the inter-individual variability within session (average of

the two sessions values) using a one-sample t-test.

Gender influence on reproducibility was explored with un-paired t-test for comparing male

versus female participants. The influence of time between visits and variability in RMT or

AMT on reproducibility was explored with Pearson's correlation analysis.

Outliers (>1.5 interquartile range) were removed from statistical analysis and statistical

significance for all analyses was set at p < 0.05.

3. Results

Fig. 1A shows the effects of cTBS on MEP amplitude for the group of participants for visit

A and visit B. On average, cTBS caused suppression of MEPs. However this was not the

case for all participants. For most, a clear suppression of MEPs was measured after cTBS,

but two participants in one visit (a male of 22 years and a female of 67 years) and another

participant at both visits (a female of 53 years) showed the opposite modulation.

3.1. Group-averaged comparisons between visit A and visit B

Fig. 1B–E show the group-averaged baseline and cTBS measures at visit A (dark grey bars)

and visit B (light grey bars) as well as the group averaged difference between visits (visit B–

visit A, white bars). The average MEP amplitude at baseline was 1.43 ± 1.24 mV for visit A

and 1.67 ± 1.12 mV for visit B. There was no significant difference between visits on

baseline MEP amplitude (p = 0.63; Fig. 1B).

The average time to baseline was 16.8 ± 8.6 min for visit A and 38.5 ± 38.2 min for visit B.

The average area of suppression was −1.80 ± 1.60 μV.min/μV for visit A and −13.63 ±

17.22 μV.min/μV for visit B. There was no statistically significant difference in time to

baseline between visits (p = 0.11; Fig. 1C) and only a trend for the area of suppression to be

larger at visit B (p = 0.08; Fig. 1D). The difference between the two visits is explained by
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three subjects not returning to baseline at their visit B, thus increasing their time to baseline

and area of suppression. These three subjects were a 22 year old female, tested 27 days

apart, one time in the morning and one time in the afternoon; a 21 years old female, tested

46 days apart, both times in the morning; and a 54 years old male, tested 81 days apart, both

times in the afternoon. There were no obvious epidemiologic or methodological factors

identified to account for the drastic change in TBS effects in session B in these subjects.

The amount of cTBS-induced modulation in MEP amplitude at T5, T10, T20 and T30 was

−0.18 ± 0.30, −0.11 ± 0.21, 0.02 ± 0.41 and 0.14 ± 0.34 μV/μV for visit A, and −0.12 ±

0.42, −0.11 ± 0.60, 0.06 ± 0.58 and −0.17 −0.17 ± 0.24 μV/μV for visit B. There was no

significant difference between visits at any of these time points (all the p > 0.05; Fig. 1E).

However, there was a trend toward significance at T30 (p = 0.08). The average of the

maximum suppression after cTBS was −0.44 ± 0.21 μV/μV for visit A and −0.56 ± 0.15

μV/μV for visit B. There was only a trend toward significance for change in maximum

suppression between visits (p = 0.08, Fig. 1E).

3.2. Intra-subject variability across sessions

Fig. 2 shows box plots of the individual difference between the two visits for MEP

amplitude at baseline, time-to baseline, area of suppression, modulation at T5, T10, T20 and

T30 and maximum suppression. Observation of Fig. 2 indicates that some parameters are

probably more reproducible than others. Indeed, parameters for which the difference

between visits has a distribution relatively aggregated around 0 (e.g. MEPs at baseline,

modulation at T5 and maximum suppression) are expected to be more reproducible than

parameters for which the distribution is more widespread, especially with values higher than

the inter-subject variability.

The statistical analysis confirmed that the intra-individual variability of the MEPs at

baseline and that modulation at T5 was lower than the inter-individual variability (p < 0.05

and p < 0.005 respectively). The intra-individual variability of all the other parameters

(except modulation at T30) was in the range of the inter-individual variability (all the p >

0.05). Finally, the reproducibility of modulation at T30 was particularly poor as the intra-

individual variability was superior to the inter-individual variability (p > 0.05).

A similar analysis made on the reproducibility of AMT and RMT showed that the measure

of RMT and AMT were both reproducible, i.e. the intra-individual variability of was lower

than the inter-individual variability. This difference was significant for RMT (p < 0.001); for

AMT there was a tendency toward significance (p = 0.052).

3.3. Gender, time between visits and intensity of stimulation do not explain variability

Gender was not found to have any effect on reproducibility. Differences, in absolute value,

between visit A and visit B for MEPs’ amplitude at baseline, time to baseline, area of

suppression, modulation at T5, T10, T20 and T30, and maximum suppression in male (N =

5, 28 ± 14 years old) and female (N = 5, 37 ± 21 years old) participants were not statistically

significant (all p > 0. 05).
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With one exception, the difference between visits A and B of any parameters (MEPs’

amplitude at baseline, time to baseline, area of suppression, modulation at T5, T10, T20 and

T30, and maximum suppression) was not correlated with time between visits (all the p >

0.05), variability of RMT or variability of AMT (all the p > 0.05). The only exception was

that the difference between visits of T5 was significantly correlated with RMT (Fig. 3, p <

0.05). However, such correlation does not resist correction for multiple comparisons.

4. Discussion

As far as we know, this is the first study on the reproducibility of continuous theta burst

stimulation (cTBS) and we found that the effects of cTBS to the motor cortex, as applied by

the present protocol (with neuronavigation), are reasonably repeatable over an extended

period of time in normal participants. We further found that one marker of TBS modulation,

the degree of MEP modulation at time T5 shows the highest within-subject reproducibility.

This reproducibility is similar to the reproducibility of M1 excitability (baseline MEPs,

RMT). These findings are of relevance for longitudinal studies with serial assessments of

TBS-induced plasticity and for studies comparing TBS-induced plasticity in healthy subjects

and patients with neuropsychiatric disorders (Pascual-Leone et al., 2011).

There are at least three parameters that can be adjusted in order to maximize the cTBS

effects: the temporal pattern of stimulation, the motor contraction, and the current direction

of the stimulation. Concerning the temporal pattern of stimulation, we used, in this study, a

paradigm of cTBS slightly modified from the original one introduced by Huang et al. (50 Hz

triplets repeated with a frequency of about 4.17 Hz instead of 5 Hz). It is known that cTBS

effects are influenced by the exact frequency of stimulation. Indeed, 30 Hz triplets repeated

with a frequency of 6 Hz induced greater and longer-lasting effect than the standard 50 Hz

triplets repeated with a frequency of 5 Hz (Goldsworthy et al., 2012). Secondly, prior,

concurrent and post motor contraction influence cTBS effects (Gentner et al., 2008; Huang

et al., 2008; Iezzi et al., 2008). In particular, the duration and the exact procedure to measure

AMT might interact with cTBS effects. Finally, the direction of the current seems play a

role, even if biphasic pulses are used. Indeed, whereas AP–PA seems to be the optimal

direction for eliciting MEPs, the reverse pattern (PA–AP) seems to be the optimal direction

for inducing after effects after 5 Hz stimulation (Sommer et al., 2012, but see Hamada et al.,

2012 for weak TBS effects induced with PA–AP current). One might speculate that a better

reproducibility could be obtained with a PA–AP current; however, it is important to also

assess reproducibility with AP–PA current as the MagPro stimulator delivering AP–PA

current has been used for cTBS protocols in several laboratories (e.g. Di Lazzaro et al.,

2005; Freitas et al., 2011). In conclusion, our cTBS protocol might not have been optimal

and we might expect higher reproducibility with other cTBS protocols. It was nevertheless

able to induce at the group-level the expected inhibition.

However, we found that some subjects did not show any cTBS-dependent modulation in

MEP size. While clinical and epidemiologic data did not reveal any differences between

these individuals and the rest of the participants, it is possible that genetic differences may

account for these instances. For example, a common polymorphism (BDNF Val66Met) in

the brain derived neurotrophic factor gene has been shown to influence the effects of
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repetitive TMS (Cheeran et al., 2008) (but see Li Voti et al., 2011 for different results). We

do not have genotypes in our participants, but future studies may need to consider obtaining

such data. In addition, a recent study on 56 healthy individuals showed that (i) inter-

individual variability of the response to TBS protocols was higher than previously reported

and (ii) the variability depends on the recruitment of interneurons by single-pulse of TMS,

and consequently on the early or late I-waves generated, as measured by latencies of MEPs

evoked with different current directions (Hamada et al., 2012).

In the present study, in addition to the inter-individual variability, the intra-individual

variability was not negligible. Several factors may account for within-participant variability.

The physiological state of brain activity at the time of stimulation has a crucial influence on

the magnitude and direction of any TMS-induced changes in cortical excitability. Within the

same individual, TMS can produce different perceptual or behavioral outcomes that may

depend on the excitability levels of specific neuronal populations (Romei et al., 2008;

Silvanto and Pascual-Leone, 2008). As we mentioned earlier, in the case of TBS, motor

activity has been shown to influence the direction of induced plasticity. The procedure for

measurements of AMT was chosen in order to maximally control for any prior motor

activity. However, we cannot exclude that other physical or mental activities could create

subtle difference of brain states between sessions affecting TBS effects. We found indeed a

modest correlation between change in RMT between visits and change in T5 suppression.

Thus, variability in our most robust measure of plasticity was correlated with variability of

excitability as measured with RMT. In future study, monitoring of baseline brain state, to

assure that TBS is consistently applied across sessions, could be facilitated with the

combined application of TBS with fMRI or EEG.

Another source of variability could be related to the variability of MEPs measures

themselves. Firstly, trial-to-trial variability could be high enough to create fluctuation of

MEPs amplitude when averaging tens of trials at each time point (measurement variability).

Secondly, participants’ physiological state might fluctuate during the course of the session,

for example due to fatigue (physiological variability). Future studies with sham cTBS will

help to estimate how much the variability of MEPs measure can account for the variability

of cTBS effects.

Finally, one should note that different experimenters could have carry out the two sessions

for each subject. This could increase the variability. In clinical environment, it is expected

that different technicians perform neurophysiologic assessment of patients. Thus, any

reliable measures should be relatively robust regarding changes of experimenters. We expect

that any parameters with a low (resp. high) reproducibility in our study are less (resp. more)

likely to be useful in a clinical environment.

We found that the modulation at T5 showed the greatest within-subject reproducibility.

However, the neurobiological mechanisms of TBS in humans are not fully understood.

Several studies have pointed toward the role of NMDA or GABA modulation; others

suggested a change in the expression of immediate early genes proteins (for a review, see

Cardenas-Morales et al., 2010); and the underlying processes reflected by any marker are

unclear. While in the motor cortex, these effects have been shown to reflect intracortical,
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rather than spinal, modulation of plasticity (Di Lazzaro et al., 2005), our study was not

designed to provide greater neurobiological understanding, but simply to assess test–retest

reliability and to identify the most reliable index of TBS-induced modulation.

5. Conclusion

In conclusion, TBS shows reasonable within subject test–retest reliability, even with long

inter-test intervals, but some markers of TBS effects appear to be more reliable than others.

Obviously, our results may not apply directly to patients with different pathologies, and to

those on medications that may affect the reproducibility of TMS in general and TBS in

particular. Therefore, future studies comparing TBS-induced plasticity in healthy subjects

and patients should consider experimental designs that evaluate test–retest reliability.
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highlights

• Estimating cortical plasticity with continuous theta-burst stimulation (cTBS)

should rely on a robust within-subject reproducibility.

• The present study indicates that the marker of cTBS induced-plasticity with

highest within-subject reproducibility is modulation of corticospinal excitability

measured 5 min after cTBS.

• Studies comparing cTBS effects in healthy subjects and patients need to proceed

with care as some measures of the cTBS effects are more reproducible than

others.

Vernet et al. Page 11

Clin Neurophysiol. Author manuscript; available in PMC 2015 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 1.
(A) Group-averaged evolution of excitability at visits A and B measured 5, 10, 20, 30, 40,

50, 60, 75 and 90 min after cTBS. For visualization are drawn the spline interpolations and

areas of inhibition (visit A: dark and light grey areas; visit B: dark grey area). (B–D) Group-

averaged for visit A and visit B and group-averaged difference between visits (visit B – visit

A) of: B. MEP at baseline; C. time to baseline; D. area of suppression; E. modulation at T5,

T10, T20, T30 and maximum suppression. (Mean ± SE).
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Fig. 2.
Box plots of the individual difference between the two visits for: A. MEP at baseline; B.

time to baseline; C. area of suppression; D. modulation at T5, T10, T20 and T30 and

maximum suppression. The box horizontal line is the median individual differences between

visits; the tops and bottoms of each box are the 25th and 75th percentiles; the whiskers

extend to the further observations beside outliers. Open dots are outliers, more than 1.5

times the interquartile range (i.e. distance top–bottom) away from the top or bottom of the

box. Dashed horizontal lines are zero, plus and minus the inter-individual variability

(averaged between the two visits).
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Fig. 3.
Correlation between the variability of RMT and the variability of modulation at T5.
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Table 1

Demographic data.

Participants Age [years] Gender Time
* Interval

between

visit
**

 [days]

AMT RMT

A B A B A B

1 22 M 10:00 15:25 74 56 49 67 58

2 21 M 11:00 13:50 38 38 39 43 42

3 53 F 10:00 10:50 52 49 48 52 51

4 67 F 13:30 14:40 29 41 43 47 46

5 22 F 10:00 15:05 27 39 31 39 37

6 21 F 9:30 10:00 46 31 30 35 34

7 22 M 10:00 8:30 63 34 32 45 47

8 54 M 14:00 12:30 81 38 37 54 52

9 22 M 8:00 10:00 56 41 40 53 49

10 24 F 10:00 15:30 607 48 30 42 33

33 ± 18 5F/5 M 10:36 ± 1:49 12:38 ± 2:37 107 ± 177 41.5 ± 7.5 37.9 ± 7.2 47.7 ± 9.2 44.9 ± 8.3

M: Male; F: Female

*
Time: time of testing

**
Visit: difference in days from second visit to first visit; RMT: Resting motor threshold; AMT: Active motor threshold (measured with MagPro)

and ±SD: Standard deviation.
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