We thank the reviewers for their useful comments. We have answered all concerns point by
point below. Changes in the manuscript have been highlighed in yellow.

Reviewer #1: The authors performed an experiment with the aim to associate power and
phase of 2-30 Hz frequencies of the EEG recordings, in a pre-TMS window, with the
amplitude of the evoked-TMS MEPs. They found that a significant correlation exists only
between phase and MEP amplitude at alpha and beta frequencies. This correlation survives
the exclusion of pre-TMS EMG background contraction, They aimed to show that a specific
range of phases (correlating with MEP amplitude), was consistent across the participants, and
eventually that phase and power in the alpha range interact, with only high power alpha
showing significant correlation with MEPs amplitude.

While this is an interesting paper and topic, the manuscript presents more than one
methodological concern and | would appreciate if the authors clarify some choices

1) It is not clear what the task of the participants was. Moreover, it would be more transparent
(and in general easier for the reader) if the authors (briefly) described the experiment within
which the sessions described in the present manuscript were recorded (other than just pointing
the reader to the references).

We thank the reviewer for this valuable suggestion which we gladly implanted in the revised
version of the manuscript. We now describe the experiment in which this data was recorded in
more detail in order to provide the broader context of the experimental session here analyzed.
We also explicitly stated now that measurements were done with participants being at rest
and thus without the execution of a specific task. Based on a comment by another reviewer,
we moved this paragraph to the beginning of the Methods section to further increase clarity
of this general aspect of study design and experimental context.

2) line 114 pg 6: | believe that relying on SD to exclude trials is a sub-optimal approach. From
Jones 2019, "sample mean and variance are easily distorted by extreme values, meaning that
more distant outliers may ‘mask’ lesser ones"” (Jones 2019, https://doi.org/10.3758/s13414-
019-01726-3). Other more robust measures, such as "Sn", that can be applied also to skewed
distributions (see the reference which offers also a MATLAB function for this purpose).
Moreover, is there a reason for excluding the lowest pre-TMS contractions, assuming that the
authors are looking for neurophysiological relationships while participants are at rest?

2a) line 119: again, assuming that the authors are looking for a relationship while participants
are at rest, it is reasonable that trials showing extreme pre-TMS contractions were excluded.
However, | do not see the reason of excluding high amplitude MEPs. | understand removing
trials in which no MEP is detected, because it might add noise to the data (maybe in that trial
the coil has been moved from the hot spot, maybe it was not properly tilted and tangentially
held for example), not knowing if the peak-to-peak measures are actually come from very
small MEPs or not. Ideally the best solution would be to use a more robust correlation metric
such as the spearman correlation without excluding data (at least for the power analyses). |
would like the authors to explain the rationale behind their choice.

We believe that in general a proper outlier detection is important to ensure robust estimation
of any effect of interest. If we do not remove statistical outliers according to standard and
accepted outlier analysis criteria, our findings are likely inappropriately affected by


https://doi.org/10.3758/s13414-019-01726-3
https://doi.org/10.3758/s13414-019-01726-3

individual values. We therefore originally decided to conduct an outlier analysis following
standard statistical criteria, excluding outlier values for both high power as well as MEPs
since both measurements are used in the calculated correlation.

Regarding the outlier criteria for pre-TMS contractions, we indeed excluded trials with pre-
TMS contractions that were 3.5 times higher than the standard deviation from the average of
all pre-pulse EMG peak-to-peak values for a time window of 100ms prior to TMS. There were
no exclusions of trials based on low pre-TMS contractions. However, we did exclude trials
with MEP amplitudes lower than 0.05mV, as those do not represent an elicited MEP. We
clarified this in the manuscript.

Indeed, there might be different ways to deal with outlier criteria. One thing the reviewer
suggests instead of using the standard deviation, to rather rely on Spearman correlation
without outlier removal. While this is possible for the power-MEP correlation, we are not
aware of a circular correlation that can also perform non-parametric correlation measures
such as the Spearman correlation. The only option would be to use permutations to estimate
the circular correlation as expected by chance. But this is already the approach we had taken
in the current manuscript. (We calculate the correlation both for the observed data as well as
permuted values of this approach and then use cluster statistics to investigate whether the
chance permutation is higher than the observed correlation).

To still ensure that none of our results are due to specific outlier criteria, we re-run the
analysis in two different ways (as suggested by the reviewer):

- Perform no outlier correction for high power or high MEP and perform a Spearman
correlation (for the phase correlation still a circular correlation was used).
- Perform the outlier correction with an Sn approach.

Overall, our general results remained, with some notable additions and differences we now
also report in the revised manuscript. Please see the table below.

For the FFT alpha power, the previously trend-significant effect reached significance in the
Sn outlier approach (p = 0.028). This also was the case for the alpha Hilbert analyses in
which previously the cluster was not significant, but now reached significance (p=0.04).

Original No outliers removal | Sn outlier approach
+ Spearman

FFT phase p =0.028 p =0.029 p = 0.003

FFT power No cluster found No cluster found p =0.028

Hilbert alpha phase | p =0.002 p =0.003 p =0.003

Hilbert alpha power | p>0.1 p > 0.05 p=0.04

Hilbert beta phase p <0.001 p =0.002 p =0.003

Hilbert beta power p>0.1 p>0.1 P>0.1

As the reviewer pointed out, the Sn outlier approach might be the most appropriate for outlier
detection. Therefore, we now report all results using this approach. Besides the change of the
alpha power effect, we also saw a change in the consistency of the phase estimation across
subjects. Both for the ““no outlier removal’ and ““Sn outlier removal’ approach this effect did
not reach significance. We therefore decided to report this transparently stating that this
effect depends on the outlier criteria chosen, but further do not dedicate a figure to it.



Changes in the manuscript are:

- The title changed and now reads: “Phase and power modulations on the amplitude of
TMS-induced motor evoked potentials”.

- All results reflecting the phase consistency have been removed. The results section
regarding the manuscript now reads: “The phase consistency of the averaged
individual dominant alpha frequency phase related to the 50% highest TMS-induced
MEP amplitudes was analyzed for the five central EEG channels ipsilateral to the
stimulation site. We did not find any phase consistency over participants (p > 0.1). We
would like to note that using a different outlier criterion (standard deviations instead of
a distance measure) did lead to significant phase consistency. However, as this was not
consistent across outlier criteria we do not believe this to be a robust effect.

- We now report on the significant alpha power effect in the discussion and the abstract.

3) line 130, pg 7: it is not entirely clear to me why the logarithm of the power has been
chosen as a measure of EEG frequency amplitude. One could have chosen the amplitude, the
power, or other transformations. This choice implies that the relationship between log(power
EEG fregs) vs MEP amplitude is linear. Elaborate on this point please.

Again, if no linear relationship is reasonably assumed, a spearman correlation should be
considered: indeed, given the assumed monotonic relationship between EEG power and MEP
amplitudes, should provide a positive/negative correlation even if the the relationship is not
linear.

The log transform is the most commonly accepted EEG power transform to ensure transform
of the skewed data to a more normal distribution (see e.g. (Gasser, Bacher, & Mocks, 1982;
Smulders, Ten Oever, Donkers, Quaedflieg, & van de Ven, 2018)). We did show a significant
effect based on the suggested Sn outlier approach, which was absent (or uncorrected trend-
significant) using the Spearman correlation. This suggest that the relation is indeed linear
between the log distribution of the alpha power and the MEP power.

4) line 145 pg 8: the authors have chosen to average 5 channels around C3. This should be
consistent throughout the analyses: either they chose the average of the channels or each
channel should be analysed separately (or they can be taken into consideration in a cluster
based statistics which includes also the position of the channels, see fieldtrip website).
Specifically I am referring to line 159 about the consistency across participants, where the
channels have been treated separately and corrected by Bonferroni. Elaborate on this issue
please if there is a rationale behind this choice, otherwise adopt only one criterion.

We agree with the reviewer. We first went and redid the analyses across all five channels. The
phase consistency was significant and consistent (Z=3.37, p=0.03). However, as we report in
comment to point #2, the phase consistency did not survive the application of a different
outlier criterion and we were therefore decided not to conclusively report on this effect. We
mention that we don’t find strong evidence for phase consistency in the results section.

5) In general however, given the EEG volume conduction problems, there is no sufficient
evidence in my opinion that effects found arise from central sources. Since the authors have
chosen to average 5 "central” electrodes, they should compare the effects not only against a



permutation, but also against other 5 occipito-parietal sensors on the same side of the
stimulation. Indeed, as acknowledged by authors, a prominent alpha rhythm is present also in
more posterior brain sites. Even for Beta analyses, such a comparison would provide a better
evidence that the correlation effects do not arise caused by occipito-parietal.

We have repeated the analyses for 5 occipito-parietal sensors (O1, P3, P7, Pz, T7). For the
FFT analyses we found no effect (for phase p > 0.05; for power no cluster was found). For
the alpha Hilbert we also did not find any significant effect for phase or power in alpha or
beta (cluster p-value > 0.05). We have included this analysis in the main manuscript. All
results have been updated to add this information. In addition, we report in the discussion on
this finding by stating: ““...we did not find alpha phase effects for more posterior and occipital
channels, which are the core generators of posterior alpha. It is therefore unlikely that
posterior alpha is driving the effect.”

6) line 147: why was the median used for the permuted data and the average for the actual
data?

The mean refers to the mean of the five channels. This was performed for both the actual and
the permuted data. The median refers to the median of the 1000 permutations we performed
which we use to contrast the actual data to. For each of these permutations the mean of the
five channels was still used. We clarified this now in the manuscript. It now reads:
“Correlation values at each of these channels were averaged for the initial analysis. We
created a null distribution repeating the analysis using permuted labels. This null distribution
reflects the expected average correlation based on chance. To statistically compare our
observed values with the chance values, we compared the median of the permuted labels with
the observed correlation values for power and phase separately at all frequency bins of 0.5Hz
between 2Hz and 30Hz™.

7) line 150 pg 8: this is just a check of whether the authors have used the error 1 threshold
correctly, given that fieldtrip might be misleading concerning this issue:

https://www.fieldtriptoolbox.org/fag/why should i use the cfg.correcttail option when usi

ng statistics montecarlo/

(the authors might specify in the manuscript the cfg.correcttail used, so that the solution
adopted is more transparent)

We regret not being fully transparent and for this oversight. Indeed, fieldtrip by default
corrects the alpha of the values and not the probabilities and we used this default. While for
the phase correlations this does not change anything (as these correlations can only be
positive so a-priori only positive clusters are expected), for the power correlations this does
have an influence. For consistency across the phase and power effects, we now report all the
corrected p-values which changes the power p-values throughout the manuscript. We also
state this in the manuscript. It reads: “For the phase analysis we report the one-sided p-value
as circular correlations can only be positive. For the power analysis we report the corrected p-
values.” We thank the reviewer for this attentive comment.


https://www.fieldtriptoolbox.org/faq/why_should_i_use_the_cfg.correcttail_option_when_using_statistics_montecarlo/
https://www.fieldtriptoolbox.org/faq/why_should_i_use_the_cfg.correcttail_option_when_using_statistics_montecarlo/

8) line 189 pg 9: the authors state that CP1 has the strongest correlation. Is this comparison
tested statistically?

Good point. We did not test this statistically and thus removed this description from the text.

9) line 196: again, | do not see the reason for treating the channels separately when they have
been averaged for the previous power/phase-MEP analyses.

We agree and changed this accordingly.

10) line 323: beta power is relatively low with respect to what? in this case the hilbert should
be performed again separately for high and low power data? (the alpha as well, given the
obtained results between power and phase)

The beta power was low in our study in comparison with other studies in which participants
were actively required to perform a motor task. This is also demonstrated by the FFT that
does not show a clear beta peak (see Fig. 1A). To make it clearer that the EEG beta power
measured here is rather low, because there was no motor task involved, we updated the text
to: ““In our study, TMS was applied during self-controlled muscle relaxation. Elevated levels
of EEG beta activity over the motor and somatosensory cortex are usually linked to motor
performance. However, the power of the ongoing resting EEG beta activity measured here is
relatively low (Fig. 1A), because participants are not performing any active motor task.”

As the reviewer suggested, we repeated the analyses for low and high alpha/beta power for
the Hilbert analyses (averaged of the cluster closed to TMS pulse onset). We did not find a
significant difference between low and high power trials (p>0.1). This is now reported in the
manuscript.

11) can the authors interpret the time-course of the correlation between the hilbert of the beta
phases and MEP amplitude? for example, a significant correlation has been found more than
one second before TMS pulse; is it something the authors expected? Also the sudden jumping
of the correlations looks peculiar, especially considering the very short significant period just
before the TMS pulse (in contrast to the alpha hilbert, which shows a longer period of
correlation before the TMS).

We do not have a clear interpretation for this effect. As indicated in the manuscript the beta
Hilbert analyses was a post-hoc analyses we only performed after we also performed the
alpha Hilbert analyses. Our a-priori analyses focused on the FFT. But after some review
rounds we also decided to post-hoc include the beta Hilbert transform, which in contrast to
the FFT analyses does show an effect. We agree that the finding in the beta is rather peculiar
and difficult to explain. It is possible that this is related to some form of cross-frequency
coupling by which the beta power is coupled to lower frequency phase. This has been
reported in the literature (Axmacher et al., 2010; Canolty et al., 2006). Unfortunately, at this
moment this is rather speculative and we do not have a satisfying answer to why this is the
case.

12) Figure 1A: it is not clear what the inset is, please explain more in detail. Moreover, the
inset cannot be apporciated given the resolution of the figure (see comment 13)



The inset refers to the ERPs related to different phase bins to provide a visualization of the
different alpha phases we estimated ensuring that the phases are not biased. We have
changed the figure legend to make this clearer.

13) Figure 1B: it looks like the image is lacking the error bar for the permuted data (grey).
(the image on the PDF is very blurry, likely not authors' fault)

We ensure that the error bars are there. However, they are very similar across participants
(correlations by chance are close to zero, and circular-linear correlations by chance are very
similar when trial amounts are comparable).

14) Please in figure 1 F and H indicate the 5 target sensors position

We have added the sensor positions to the figure.



Reviewer #2: In their manuscript (MS), Schilberg and colleagues employ single pulse
Transcranial Magnetic Stimulation (TMS) over the primary motor cortex (M1), together with
simultaneous Electroencephalography (EEG) and Electromyography (EMG) to show that the
amplitude of motor evoked potentials (MEPS) correlates with the phase of the ongoing EEG
activity in the alpha and beta frequency band.

The present MS is not very novel per se, as the state-dependency of MEPs and TEPs (but also
the occurrence of phosphines when stimulation V1 see for example Romei J Neurosc 2010) is
a topic of debate since early nineties (Kiers Clin Neurophys 1993) and has been tackled by
many different authors in the last 30 years (some of them cited in the MS, ref from 8 to 23).
Nevertheless, this study is methodologically solid and it reports few new results that might be
useful for the scientific community.

I have just few major and minor concerns that, in my opinion, need to be addressed in order to
guarantee a better interpretation of the results. | have detailed my comments below:

MAJORS

1) The authors focus on alpha and beta rhythms because “alpha and beta frequency range have
been linked to sensorimotor processing (8-11)”. They also report previous works showing
“...diverse associations of corticospinal excitability with preceding oscillation frequency
power and phase.... Reported findings include both the existence and absence of relationships
between MEP amplitude and alpha or beta frequency power (12-18), phase (19-22) and
phase-power interaction (23)”. Many of the reported works refer to mu-band that, however, is
by definition “multispectral” (Tihonen 1998). This means that it includes frequencies in the
alpha (8-12Hz) and beta (12.5-30Hz), which may overlap and interact. In line with this, the
authors correctly analysed separately alpha and beta. | think that it would be interesting to see
whether there is any statistical interactions between alpha and beta, both in power and in
phase (e.g. multivariate regression analysis?).

Thank you for this excellent suggestion. Indeed, we extracted alpha (8-12 Hz) and beta (15-25
Hz) phase correlation from the FFT and performed a repeated measures anova with factors
frequency (alpha versus beta) and permutation (original data versus permutation data). The
interaction showed a trend (F(1,26) = 3.917 = 0.059). This suggests that the effect of alpha is
stronger, but that this cannot be fully corroborated with the statistic. Consistent with analyses
in the main script, alpha showed a significant effect (t(1,26) = 3.57, p = 0.001), and beta did
not show any effect (p>0.1). For power we did not find an interaction (F(1,26)=1.45, p
=0.239). We report this analysis in the updated manuscript.

The absence of an interaction is not strange considering that beta phase likely does have an
influence on the MEP size. In our FFT analyses this did not come out, but for the Hilbert
analysis, the phase correlation in beta did show an effect. We also repeated the interaction
analysis for the Hilbert transform across time, but did not find any effects here.

2) When analyzing the inter-individual phase consistency related to high MEP amplitude the
authors found significant results only in CP1 and not in the other considered channels (after
corrections). Even if the number of EEG contact is limited, perhaps, moving from the voltage
space to the source space (MNI could be ok, if the MRI of single subjects are not available)
could lead to more solid results.



In our response to a comment from reviewer 1 with regard to the outlier analysis criteria, we
repeated the analyses using an alternative outlier criterium which revealed that our finding of
phase consistency measure was not as robust as the previous statistics seemed to suggest.
While the effect seemed quite strong, especially on CP1 (even correcting for multiple
comparisons using Bonferonni), using a different outlier criterion removed the effect
completely. This surprised us and we decided the best way forward is to report on this.

The manuscript now reads: “The phase consistency of the averaged individual
dominant alpha frequency phase related to the 50% highest TMS-induced MEP amplitudes
was analyzed for the five central EEG channels ipsilateral to the stimulation site. We did not
find any phase consistency over participants (p > 0.1). We would like to note that using a
different outlier criterion (standard deviations instead of a distance measure) did lead to
significant phase consistency. However, as this was not consistent across outlier criteria we do
not believe this to be a robust effect.”

Considering we don’t find a robust effect, it also seems unnecessary to repeat the
analysis in source space.

3) When considering the inter-individual phase consistency related to high MEP amplitude
the authors focused on the 50% amplitude of the MEP. Please justify this a priori selection.

In order to look at phase consistency across participants we need a means to estimate the
phase at which the MEP is strongest (as a circular-linear correlation does not provide you
the mean angle). The approach that seemed most appropriate was to split the data to extract
a phase angle. The most straightforward approach would be a median split, this is why the
50% was chosen. From these top 50% MEP it was possible to estimate a phase angle and to
subsequently look at phase consistency.

4) In Figure 1F and H the topographies are not very clear. Perhaps | would saturate the
colour-scale and/or | would set to zero the non-significant values.

We have changed the color scheme to make it clearer. As we analyzed the data with a-priori
channels we cannot differentiate values from being significant or not as this has only been
quantified across the topography. We now highlight the five channels that we analyzed.

5) - This is optional - Fecchio et al. (Plos One, 2017) showed that the EEG responses to TMS
(TEPs) are different in presence/absence of MEP. Since the authors collect the EEG during
TMS, It would very be interesting to test whether not only the MEPs, but also the TEPs are
modulated by the phase of the ongoing activity.

We would love to perform these analyses, however during data collection we did not optimize
recordings to be able to look at the TEPs. Unfortunately, in the early TEP components which
are commonly analyzed in relation to MEPs we have a lot of artifacts that make it impossible
to look at those components.



MINORS

1) LINE 104 ”The EEG and EMG data analyzed for this study is part of a larger TMS study
that has been analyzedand published separately (24). The data was collected during a single
control session of that largerstudy, which included one block of repetitive sham TMS, but no
other form of real TMS in addition to the experimental single TMS pulses included in the
analysis.” This sentence is reported in the analysis section, | would report that in the
procedure. | would also clearly indicate a the beginning of the Methods that these data have
been collected in the context of a previous study.

We thank the reviewer for his comment. We moved the paragraph on the context of this
experimental session as part of a larger study to the beginning of the Methods section and we
added a brief description on the larger study setup for clarification.

2) Please report the protocol number for the Ethical approval and indicate whether (I hope so)
the participants signed any informed consent.

We added the protocol number for the approval of the Ethics Committee at Maastricht
University. The signing of the informed consent is mentioned in the participant description of
the Methods section.
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