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1st Editorial Decision 27-Jan-2022

Dear Mr Mesquita,

Re: JP-RP-2021-282765 "Effects of reciprocal inhibition and whole-body relaxation on persistent inward currents estimated
by two different methods" by Ricardo N. O. Mesquita, Janet L Taylor, Gabriel S. Trajano, Jakob Skarabot, Ales Holobar,
Basilio A. M. Gongalves, and Anthony Blazevich

Thank you for submitting your manuscript to The Journal of Physiology. It has been assessed by a Reviewing Editor and by
2 expert Referees and | am pleased to tell you that it is considered to be acceptable for publication following satisfactory
revision.

Please advise your co-authors of this decision as soon as possible.

The reports are copied at the end of this email. Please address all of the points and incorporate all requested revisions, or
explain in your Response to Referees why a change has not been made.

NEW POLICY: In order to improve the transparency of its peer review process The Journal of Physiology publishes online
as supporting information the peer review history of all articles accepted for publication. Readers will have access to
decision letters, including all Editors' comments and referee reports, for each version of the manuscript and any author
responses to peer review comments. Referees can decide whether or not they wish to be named on the peer review history
document.

Authors are asked to use The Journal's premium BioRender (https://biorender.com/) account to create/redrawn their
Abstract Figures. Information on how to access The Journal's premium BioRender account is here:
https://physoc.onlinelibrary.wiley.com/journal/14697793/biorender-access and authors are expected to use this service. This
will enable Authors to download high-resolution versions of their figures.

I hope you will find the comments helpful and have no difficulty returning your revisions within 4 weeks.

Your revised manuscript should be submitted online using the links in Author Tasks Link Not Available.

Any image files uploaded with the previous version are retained on the system. Please ensure you replace or remove all
files that have been revised.

REVISION CHECKLIST:

- Article file, including any tables and figure legends, must be in an editable format (eg Word)

- Abstract figure file (see above)

- Statistical Summary Document

- Upload each figure as a separate high quality file

- Upload a full Response to Referees, including a response to any Senior and Reviewing Editor Comments;

- Upload a copy of the manuscript with the changes highlighted.

You may also upload:

- A potential 'Cover Art' file for consideration as the Issue's cover image;

- Appropriate Supporting Information (Video, audio or data set https:/jp.msubmit.net/cgi-bin/main.plex?
form_type=display_requirements#supp).

To create your 'Response to Referees' copy all the reports, including any comments from the Senior and Reviewing Editors,
into a Word, or similar, file and respond to each point in colour or CAPITALS and upload this when you submit your revision.
I look forward to receiving your revised submission.

If you have any queries please reply to this email and staff will be happy to assist.

Yours sincerely,



Richard Carson
Senior Editor
The Journal of Physiology

REQUIRED ITEMS:

- Author photo and profile. First (or joint first) authors are asked to provide a short biography (no more than 100 words for
one author or 150 words in total for joint first authors) and a portrait photograph. These should be uploaded and clearly
labelled with the revised version of the manuscript. See Information for Authors for further details.

- You must start the Methods section with a paragraph headed Ethical Approval. If experiments were conducted on humans
confirmation that informed consent was obtained, preferably in writing, that the studies conformed to the standards set by
the latest revision of the Declaration of Helsinki, and that the procedures were approved by a properly constituted ethics
committee, which should be named, must be included in the article file. If the research study was registered (clause 35 of
the Declaration of Helsinki) the registration database should be indicated, otherwise the lack of registration should be noted
as an exception (e.g. The study conformed to the standards set by the Declaration of Helsinki, except for registration in a
database.). For further information see: https://physoc.onlinelibrary.wiley.com/hub/human-experiments

- Please upload separate high-quality figure files via the submission form.
- Please ensure that any tables are in Word format and are, wherever possible, embedded in the article file itself.

- A Statistical Summary Document, summarising the statistics presented in the manuscript, is required upon revision. It must
be on the Journal's template, which can be downloaded from the link in the Statistical Summary Document section here:
https:/jp.msubmit.net/cgi-bin/main.plex?form_type=display_requirements#statistics

- Please include an Abstract Figure. The Abstract Figure is a piece of artwork designed to give readers an immediate
understanding of the research and should summarise the main conclusions. If possible, the image should be easily
'readable’ from left to right or top to bottom. It should show the physiological relevance of the manuscript so readers can
assess the importance and content of its findings. Abstract Figures should not merely recapitulate other figures in the
manuscript. Please try to keep the diagram as simple as possible and without superfluous information that may distract from
the main conclusion(s). Abstract Figures must be provided by authors no later than the revised manuscript stage and should
be uploaded as a separate file during online submission labelled as File Type 'Abstract Figure'. Please ensure that you
include the figure legend in the main article file. All Abstract Figures should be created using BioRender. Authors should use
The Journal's premium BioRender account to export high-resolution images. Details on how to use and access the premium
account are included as part of this email.

EDITOR COMMENTS
Reviewing Editor:

The rationale for statistical approaches, the redecomposition of the HD-sEMG signals, the estimation of probability density
functions, and the definition of stress score should be described in the Methods, as pointed out by the two reviewers.

Please clarify or improve the statistical methods and experimental design. The sex differences needs to be re-analyzed. The
direct relationship between the whole body relaxation and the monoamine level need to be discussed or supported by
evidence such as fMRI. The manuscript also needs to be further refined to make it clearer and more concise.

Senior Editor:

There are many positive aspects to this submissions, and the referees and editors share the view that - if appropriately
presented, the study has the potential to make an important contribution to the literature. As you will note from the detailed
comments and comprehensives reviews, there are however several ways in which the presentation of the study might be
enhanced. In the event that you opt to revise the submission, | would ask that all are addressed thoroughly.

REFEREE COMMENTS
Referee #1:

In this manuscript, Mesquita and colleagues show that estimates of PICs in the human plantar flexors can be affected by low
frequency stimulation to the common peroneal nerve and by turning down the lights and playing soothing music (what they
refer to as whole body relaxation). In general, the paper provides incremental data to support the idea that PICs can be
modulated with inhibition or reduced arousal. However, it could benefit from a focus on brevity and consistency in statistical


https://jp.msubmit.net/cgi-bin/main.plex?form_type=display_requirements#authorprofile
https://jp.msubmit.net/cgi-bin/main.plex?form_type=display_requirements#methods
https://jp.msubmit.net/cgi-bin/main.plex?form_type=display_requirements#figures

design and reporting across variables. The methods, though extremely detailed, could be clearer and more concise.
Oftentimes, the text is over-complicated and difficult to follow (see below for specifics).

If you are interested in biological sex comparisons, please use female/male, not women/men (gender)

Abstract in general: The hypothesis and importance of inhibition on PICs is unclear from the abstract. Since this is the
Journal of Physiology, perhaps the authors could state the reason why this is an advance in our physiological understanding
of PICs. In addition, it is misleading when the authors state "To test this, we estimated PICs (n=21, 10 women) 9 using one
technique requiring voluntary muscle contractions and another which evokes 10 involuntary contractions" because it
suggests that VibStim is a validated method for estimating PICs. Instead, the authors should make it clear that they are both
testing the effects of WBR on PICs, and comparing this to RI, which has been shown to modulate PICs, and that they are
trying VibStim as a new/alternative approach for estimating PICs. In essence, they are testing whether VIbStim is affected
similarly to delF. The abstract also states that there were 10 women but PICs were only estimated in 5 and 7 women in the
actual experiments. Did 3 of the subjects not produce usable data or were some of the 5 not in the 7 from the other
condition? If not, why include 10 here?

Purpose of the investigation: What is the main purpose of this investigation? It is not totally clear what the main motivation of
this study was. In one part they are testing two interventions (Rl and WBR), in another, they are testing two methods (delF
and VibStim), though the main purpose is not entirely clear.

Comparing delF to VibStim: speculation about the reasons why VibStim showed less effective in the examining is provided
by the authors, but it seems to be a stretch if the level of PICs estimated in a control condition have no relationship. That is,
since there is inter-individual variance in delF, why not try to account for variance in VibStim variables to determine if there is
a significant relationship across individuals? For example, the authors state "a comparison of this technique with the well-
established paired MU technique has yet to be conducted." If this is a major objective, some sort of relationship between the
measures should be examined.

Paired MU analysis: the authors only use test units that were derecruited before the control unit. Did the occurrence of units
exhibiting this behavior change in either of the intervention groups? If so, the authors may be critically biasing their
estimates of hysteresis. For instance, were there more test units that were derecruited after the control units in control, but
not during Rl or WBR? What was the incidence of test units that were excluded because of this behaviour?

Did the authors include all MUs or only the units with matched pairs in their analysis of recruitment, derecruitment, and peak
discharge characteristics? If only the matched pairs were considered, this would hinder the authors' ability to observe any
units that were newly recruited as a result of the intervention. If all units were used, this should be more clearly stated. What
percentage of units were identified in control that were not identified in the interventions? For proper sex-comparisons, it
would probably be better if all units were compared across the control conditions since paired analysis cannot be used
between groups anyways.

RI stimulation condition: Was there an effect of the stimulation (in the RI condition) on the torque traces? For example, was
there 1Hz reductions in torque? Please show an example of each condition so that the reader can gain an appreciation of
the differences. How well did subjects adjust if there were in fact perturbations in torque? This is quite a low frequency for a
20 second task. Did the derecruitment of MUs correlate with the Rl pulses? This may obscure the findings. Were units de-
recruited and recruited again with some pulses? What was the duration of Rl in each pulse? What was the duration of
IPSPs? They would likely fluctuate depending on effort.

Rl as a form of inhibition: Quantification of Rl is mentioned in the methods but not quantified or reported on. Was there a
difference between males and females in terms of amplitude or duration of inhibition? Did the amplitude of the RI correlate
with the reductions in delF?

Can the authors please provide a more detailed description of the "redecomposition” used? This is not a standard approach,
so it would be helpful for readers to understand it fully.

Figure 1B: are the MUs and torque aligned and displayed with the same x-scale? Can the authors please provide an
explanation of why many low threshold units that are recruited at <1-2% MVC are derecruited ~3-5 s before the end of the
ramp? This is particularly evident in the lowest threshold unit that is recruited just before torque onset, but derecruited 2-3s
before returning to rest, at about 7-8% of MVC.

Statistics: Can the authors please provide rationale for varying statistical approaches and software used between the
interventions? For example, it is unclear why vibstim stats were not performed in the same way as paired-MU analysis.
Since there is multiple trials, this would be a likely candidate for a random effect in a mixed effects model. Again, there were
multiple trials in which HR and stress were recorded. Why not take advantage of the variability across trials in a mixed
effects model for all comparisons?

Sex comparisons: The sex comparisons are problematic and concerning, especially given the conclusion on lines 24-25. In
table 2, it appears that the number of male/female participants is imbalanced (particularly for RI), which could impact the
analysis and interpretation of the sex differences. Is it correct that, for Rl, only 5 females had available test units, and that
delF could only be calculated for 5 females but 10 males? The t-test of the number of motor units between sexes was not



different, but the authors did not run a t-test for the number of test units. In hindsight, a t-test is probably not appropriate for
this comparison. Since there were many trials, the proper test would be a mixed effects model to determine if motor unit
yield (and test units in a separate comparison) differed between the sexes. Since only matched units were chosen, this could
bias the number of units. For example, the males may have more units that wer enot matched across all trials, but when
matched were not different than females. It is necessary that limitation related to the sex-comparisons herein are discussed.
More specific comments:

The human study by Vandenberk & Kalmar does not provide direct evidence that Rl affects estimates of PICs. Rather, they
explored the relationship between RI (estimated using PSTH and CUSUM) and ePIC, but did not examine the effect of Rl on
ePIC directly.

P5, Line 6: "net excitatory input" - please consider net synaptic input, which may include an inhibitory component

P5, Line 16-17: With advances in algorithms/software and computing power, the time-consuming aspect is becoming less.
One would probably not consider this a major limitation anymore.

P6, Line 26: What does it mean when it says "in RI" - is this referring to the Rl condition?

P6, Line 29: Is it the reduced muscle activity and stress or simply reduced "arousal" that causes the effect?

P7, Line 5: Since the data are taken from a larger study, the current manuscript seems a little like patch work. The rationale
for such comparisons and the balancing of subjects (or lack thereof) is weak. If there were conditions where the authors
show increases PICs, they would be better packaged with these results to ensure fluidity of the story.

P7, Line 9: Did all subjects complete both studies?

P8, Line 10: What were the other two conditions? On lines 9-11 of P9, this becomes clear, but the order of the conditions is
unclear.

P10, Lines 25-26: was 50 or 60 Hz used?

P11, Line 8: why were only 2/3 of the ramps used for analysis? Exactly how were they chosen? Was it completely
subjective? Does the same story emerge if all 3 ramps were analysed?

P11, Lines 12-13: How many times did this redecomposition occur?

L11, Lines 26: What is a non-physiological turning point? It would make sense if the firing did not correspond to torque, but if
there is a brief increase in torque before a sharp decrease at the end of a ramp, the firing would bend upwards, and this is
physiological.

P12, Lines 18-19: Can the authors please provide rationale for averaging values form different behaviours (i.e. ramps)? The
ramp behaviour is likely different from trial to trial, which would introduce variability. Why not include this as a factor in the
mixed models?

P13, Lines 8-9: During tendon vibration, how was "steady pressure" quantified? If there was no objective measure of
pressure, can the authors be certain that the vibration did not impact the sensory feedback of the experienced researcher?
How can the authors be sure the pressure was consistent? Was there a loadcell on the tip of the vibrator?

P13, Line 13: Did subjects forcefully hold the straps? Would this increase 'remote’ muscle activity and potentially enhance
PIC magnitude?

P13: It is unclear why motor units were not also identified during the vibstim. This is not a critical point to address, but it may
be of interest to the authors to explore.

P14, Line 4: 8Hz cut-off?

Table 1 is aesthetically pleasing, but would it be better if the authors reported values to give an indication of the magnitudes
and which were significant - perhaps using estimated marginal means

P21, Line 8: This comparison is almost certainly underpowered - that is a large difference, a p-value of 0.064 and only 5
females.

What were the estimated marginal mean values for male vs female comparisons (grouped by fixed effect of sex)?

P23, Lines 11-12: How can the authors legitimately conclude that there is not a difference between the number of units, but
there are now 67 vs 154 units in females vs males, respectively. That is over 2x the amount of units.



P36: It is difficult to understand the physiological effects of WBR if resting HR did not change. One would expect a reduced
heart rate if subjects were more relaxed.

Figure 5A: "RI -" should likely be "RI - Control"

P38, Lines 16-17: If the authors were to correlate delF values with measures of vibstim across subjects, they might be able
to address this.

P39, Line 4: Channels underlying PICs deactivate slowly, unless there is a powerful inhibition. Without record of the
stimulation-induced Rl effects, it is unclear whether this stimulation was powerful enough to have affected PICs.

P40, Line 24-26: This claim is vastly underpowered. In addition, Greig Inglis and David Gabriel recently showed that females
have higher firing rates than males at low intensities, so it is surprising that the current data shows no sex-related effect at
all. In terms of firing rates. Again, it would be easier to understand if the peak firing rates for males and females were
reported. In fact, the one place that the rates are reported (Lines 11-12 on P23), female firing rates are about 1 pps higher
overall.

P41, Lines 22: the authors state "a reduction in non-linearities of motoneuron firing (i.e., lower levels of acceleration and/or
saturation of firing, with more symmetrical firing patterns), which could have increased descending voluntary drive, recruiting
and derecruiting motoneurons at lower forces..." - were these non-linearities quantified?

P41, Line 24: "given the compressed thresholds" it is important to acknowledge that this is the compression of recruitment
thresholds only of "decomposed" motor units. This does not necessarily mean the thresholds were actually compressed
across the entire MU pool.

P42, Line 14: since delta F is the "standard" - what is the correlation between delF and VibStim measures?
P44, Line 29: Why is it 16/18 not 16/21 here?

P45, Line 6-7: Please report the details of these data (i.e., EMG depression due to Rl stim). What was the amplitude and
duration of suppression?

THe effect of inhibition of the PIC is well documented in animal studies. This inhibitory effect is likely to be a fundamental
underpinning of normal motor control, as without it, PICs are so powerful they would routinely generate sustained and
uncontrolled outputs. So the potential impact is clear.

As for impact, there is only 1 other paper that effectively studies the interaction of inhibition and PICs; this present proposal
uses up to date methods and a systematic approach that is uniquely valuable. The results have the potential for numerous
citations.

Referee #2:

This is an original research as well as methodological study involving complicated experimental process and large amount of
experimental work. The study focuses on comparison of two methods for estimation of PICs in humans. One method is the
well-established paired motor unit (MU) technique and the other the ongoing tendon vibration overlaid by short bursts of
neuromuscular electrical stimulation (VibStim). The MU method estimates PICs by calculating the delta frequency (AF) of
MU firing, while the VibStim method estimates PICs by examining the plantar flexor torque. PICs induced by these two
methods are estimated under two different conditions, the reciprocal inhibition (RI) and whole-body relaxation (WBR), both
assumed to reduce PICs during motoneuron firing in humans.

The experimental results showed that AF was significantly decreased by both Rl and WBR whereas the torques were
reduced by WBR but unchanged in RI. Therefore, the paired motor unit (MU) technique can be used potentially to estimate
PICs by non-pharmacological neuromodulatory interventions such as WBR. However, it remains unclear if VibStim can be
used as a proxy for PIC estimation.

This study could be helpful for us to understand the mechanisms underlying PIC depression in human motoneurons.
Especially, non-pharmacological interventions (electrical stimulation or relaxation) might be used to attenuate unwanted PIC-
induced muscle contractions triggered by motoneuron hyperexcitability.

Major concerns:

1. The major concern on this study is the method of whole-body relaxation (WBR) that the authors used as one intervention
to reduce monoamine release of the experimental subjects. Although both arousal state (stress, in particular) and the level
of voluntary activity influence the noradrenergic and serotonergic systems, the basis for using WBR as a tool to reduce
monoamine release and thus PIC strength remains unclear. In sleep state the activity of neurons in both the pontine and
medullary groups are shown to be generally unresponsive to a variety of physiological challenges or stressors in animal
models. In WBR state, however, the human subjects are maintained in wakening state and are allowed to participate in the



designed experiments. Reduction of their monoaminergic system release is unmeasurable during WBR. Therefore the
reliability of the experimental results might be uncertain. Although the authors have briefly discussed WBR in Discussion,
the physiological basis for WBR is still not clear. It would be good if the authors could clarify this major issue and give a
stronger, more detailed physiological background to support their usage of WBR in human study.

2. Following the above discussion, the experimental data showed that all VibStim variables remained unaltered in Rl and
that in VibStim, the Tvib and Tsus torque were reduced by WBR but other torque and EMG variables remained unchanged.
The inconsistent effect in VibStim suggested that WBR might not be used as a proxy for PIC estimation.

Minor concerns

1. Kernel density estimation (density curves) of the data is represented in Figure 2&4. This process of estimating the
probability density function should be briefly described in Methods and the significance of the data should be explained in
either text or legends.

2. There is no definition of stress score in the Methods, and this should be described. Furthermore, the rationale of the
definition and calculation of the scores for this study should be explained.

3. PICs are mediated by dihydropyridine (DHP) sensitive L-type calcium currents including HVA and LVA or riluzole (or TTX)
sensitive slow-inactivated sodium currents. It would be good if the authors could have some discussion about the
component of PICs depressed by Rl and WBR in this study.

4. Page 38, line 19-20: "Estimates of PICs (AF) are reduced by reciprocal inhibition and whole-body" might be stated as
"Estimated PICs (AF) are reduced by reciprocal inhibition and whole-body relaxation”

This study could be helpful for us to understand the mechanisms underlying PIC depression in human motoneurons.
Especially, non-pharmacological interventions (electrical stimulation or relaxation) might be used to attenuate unwanted PIC-
induced muscle contractions triggered by motoneuron hyperexcitability.

Confidential Review 20-Dec-2021




1st Authors' Response to Referees 22-Mar-2022




Dear editors and reviewers,

Thank you for taking the time to review our manuscript and providing us with
feedback. We have considered your feedback and made changes accordingly and
believe the manuscript has been improved as a result. Please find below a point-by-
point explanation of how we have addressed each of your comments, which we hope
you will find satisfactory. Changes are highlighted in blue (additions) or red
(deletions). In this document, sometimes deletions were omitted for clarity, but both
additions and deletions are highlighted in the revised manuscript. In the responses,

the page numbers refer to the manuscript version with highlighted changes.

EDITOR COMMENTS
Reviewing Editor:

The rationale for statistical approaches, the redecomposition of the HD-sEMG signals, the
estimation of probability density functions, and the definition of stress score should be

described in the Methods, as pointed out by the two reviewers.

Please clarify or improve the statistical methods and experimental design. The sex
differences needs to be re-analyzed. The direct relationship between the whole body
relaxation and the monoamine level need to be discussed or supported by evidence such as

fMRI. The manuscript also needs to be further refined to make it clearer and more concise.

Response

We thank you for the opportunity to revise the manuscript. The rationale for
statistical approaches, the redecomposition of the HD-sEMG signals, the estimation of
probability density functions and the definition of stress score have been clarified.
Further statistical analyses were also conducted, based on Reviewer 1’s feedback, and
further clarification has been provided. This included the reported sex differences on
the number of units. Moreover, speculative interpretations in regard to differential
modulation of MU parameters between males and females have been removed from

the Discussion. Instead, a note of caution is now explicit in the Discussion, reminding



the reader that there was a low number of participants in our statistical analyses of
sex differences. Thus, we cannot draw robust conclusions about the (lack of) sex
effects. We have also added a new paragraph in the Discussion to discuss the possible
relationship between the whole-body relaxation and the modulation of monoamine
level, which includes supporting fMRI evidence and a reminder that a reduction in
monoaminergic inputs is speculative. We made a strong effort to reduce the length of
the manuscript (see deletions throughout, in the document with highlighted changes)
and improve clarity, although additional information was then asked for by the

reviewers. Regardless, the manuscript is slightly shorter overall.

Senior Editor:

There are many positive aspects to this submissions, and the referees and editors share the
view that - if appropriately presented, the study has the potential to make an important
contribution to the literature. As you will note from the detailed comments and
comprehensives reviews, there are however several ways in which the presentation of the
study might be enhanced. In the event that you opt to revise the submission, I would ask that

all are addressed thoroughly.

Response

We believe that our study has been improved based on these comprehensive reviews,
and we are grateful for the opportunity to revise the manuscript. We have carefully

addressed all the comments made by both reviewers.
REFEREE COMMENTS
Referee #1:

In this manuscript, Mesquita and colleagues show that estimates of PICs in the human
plantar flexors can be affected by low frequency stimulation to the common peroneal nerve

and by turning down the lights and playing soothing music (what they refer to as whole body



relaxation). In general, the paper provides incremental data to support the idea that PICs can
be modulated with inhibition or reduced arousal. However, it could benefit from a focus on
brevity and consistency in statistical design and reporting across variables. The methods,
though extremely detailed, could be clearer and more concise. Oftentimes, the text is over-

complicated and difficult to follow (see below for specifics).

Response

We would like to thank the reviewer for taking the time to consider our manuscript.
We have conducted additional statistical analyses and clarified the statistical design
based on the reviewer’s feedback. Changes were also made to the methods to make

them clearer and more concise.

If you are interested in biological sex comparisons, please use female/male, not women/men

(gender)

Response

We were happy to change the terminology to females/males throughout the

manuscript.

Abstract in general: The hypothesis and importance of inhibition on PICs is unclear from the
abstract. Since this is the Journal of Physiology, perhaps the authors could state the reason
why this is an advance in our physiological understanding of PICs. In addition, it is misleading
when the authors state "To test this, we estimated PICs (n=21, 10 women) 9 using one
technique requiring voluntary muscle contractions and another which evokes 10
involuntary contractions" because it suggests that VibStim is a validated method for
estimating PICs. Instead, the authors should make it clear that they are both testing the
effects of WBR on PICs, and comparing this to RI, which has been shown to modulate PICs,
and that they are trying VibStim as a new/alternative approach for estimating PICs. In
essence, they are testing whether VIbStim is affected similarly to delF. The abstract also

states that there were 10 women but PICs were only estimated in 5 and 7 women in the



actual experiments. Did 3 of the subjects not produce usable data or were some of the 5 not

in the 7 from the other condition? If not, why include 10 here?

Response

We would like to thank the reviewer for raising these important points. We made
changes accordingly. First, we now highlight that our findings corroborate the
hypothesis that local, focused inhibitory circuits are important to attenuate

PIC-induced effects on motoneuron output during voluntary motor. Second, we now

explicitly mention that the paired MU technique is well-established for PIC estimation,
while VibStim evokes involuntary contractions that could result from PIC activation.
Finally, we specify in each result how many participants (and how many female
participants) were considered in the analysis. Out of the 21 participants initially
recruited, readers can see the reasons why some were excluded in VibStim
experiments (initial sentences before presenting VibStim results in the results
section), and the breakdown of number of participants with MUs with usable
polynomials for further analysis and the number of participants with test units that
were included for delta F calculations in Table 2. In the Abstract, further re-wording
was done to resolve word count issues. For example, in the last sentence, the
statement mentioning that it is unclear whether VibStim can be used as a proxy for PIC

estimation was removed, but this information is highlighted in the key points section.

Persistent inward currents (PICs) are crucial for initiation, acceleration, and
maintenance of motoneuron firing. As PICs are highly sensitive to synaptic
inhibition and facilitated by serotonin and noradrenaline, we hypothesised that
both reciprocal inhibition (RI) induced by antagonist nerve stimulation and
whole-body relaxation (WBR) would reduce PICs in humans. To test this, we
estimated PICs using the well-established paired motor unit (MU) technique. High-
density surface electromyograms were recorded from gastrocnemius medialis
during voluntary, isometric 20-s ramp, plantarflexor contractions and decomposed
into MU discharges to calculate delta frequency (AF). Moreover, another technique

(VibStim), which evokes involuntary contractions proposed to result from PIC



activation, was used. Plantarflexor torque and soleus activity were recorded during
33-s Achilles tendon vibration and simultaneous 20-Hz bouts of neuromuscular
electrical stimulation (NMES) of triceps surae. AF was decreased by RI (n=15, 5
females) and WBR (n=15, 7 females). In VibStim, torque during vibration at the end
of NMES and sustained post-vibration torque were reduced by WBR (n=19, 10
females), while other variables remained unchanged. All VibStim variables
remained unaltered in RI (n=20, 10 females). Analysis of multiple human MUs in this
study demonstrates the ability of local, focused inhibition to attenuate the effects of
PICs on motoneuron output during voluntary motor control. Moreover, it shows the
potential to reduce PICs through non-pharmacological, neuromodulatory
interventions such as WBR. The absence of a consistent effect in VibStim might be
explained by a floor effect resulting from low-magnitude involuntary torque

combined with the negative effects of the interventions.

Purpose of the investigation: What is the main purpose of this investigation? It is not totally
clear what the main motivation of this study was. In one part they are testing two
interventions (RI and WBR), in another, they are testing two methods (delF and VibStim),

though the main purpose is not entirely clear.

Response

We agree with the reviewer that the aim of this study was two-fold. It improves our
understanding of mechanisms of PIC depression in human motoneurons and our
understanding of strengths and limitations of methodological approaches to
(hypothetically) estimate PICs. As a result, it should be of interest to a wide audience
(e.g., people interested in the physiological mechanisms of PIC modulation, people
interested in modulating PICs in clinical settings, and people interested in the
methodological approaches to estimate PICs). Accordingly, in paragraph 2 of the
Introduction we state that PICs are modulated by inhibition and neuromodulatory
inputs. Then in paragraphs 3 and 4 we introduce the paired MU technique and

VibStim. For clarity and based on the reviewer’s feedback, we have now added the



following in the beginning of paragraph 5, before stating the aims (Page 6, Lines 19-
22):

Besides a better understanding of the capabilities and limitations of methods to
non-invasively estimate PICs in humans, investigation of the effects of different
interventions with these two methods was expected to provide insight into the
effects of PICs on motoneuron firing in different contexts. Thus, the aim of the
present study was to examine the effects of both reciprocal inhibition and whole-
body relaxation on 1) the contribution of PIC activity to MU firing in plantar flexor
motoneurons, estimated using the paired MU technique, and 2) the magnitude of
ongoing, involuntary plantar flexion torque and muscle activity assessed during
and immediately after simultaneous tendon vibration and NMES application

(VibStim), which is assumed to be proportional to PIC activation.

Comparing delF to VibStim: speculation about the reasons why VibStim showed less effective
in the examining is provided by the authors, but it seems to be a stretch if the level of PICs
estimated in a control condition have no relationship. That is, since there is inter-individual
variance in delF, why not try to account for variance in VibStim variables to determine if
there is a significant relationship across individuals? For example, the authors state "a
comparison of this technique with the well-established paired MU technique has yet to be
conducted.” If this is a major objective, some sort of relationship between the measures

should be examined.

Response

This is a very interesting suggestion. We have conducted additional statistical analysis
according to the reviewer’s feedback. We have examined both Pearson’s and
Spearman’s rank-order correlations between AF scores and VibStim variables,
quantified in control trials. This is an exploratory analysis that tries to answer the
question “Did those individuals with a greater AF scores also exhibit greater VibStim

responses?”. We did not find any significant correlations and we have now added this



information in the Results (Exploratory Analyses section) and Discussion. You can see

below the results of both parametric and non-parametric correlations.

Correlations

DeltaF Twih EMGvib Tsustl.5 EMGsustl.5 Tsust3 EMGsust3 Wil
DeltaF FPearson Correlation 1 086 -1149 140 -132 165 -.143 220
Sig. (2-tailed) 751 662 605 625 BT 5898 413

Correlations

DeltaF Tvib EMGvib Tsust0.5 EMGsustD.s  Tsustd3  EMGsust3 Wwu
Spearman's tho  DeltaF Correlation Coefficient 1.000 ATE -1580 162 -178 ey =191 A74
Sig. (2-tailed) . 513 579 549 506 M 478 520

Results (Page 35, Lines 10-12):

Across individuals there was no significant relationship between averaged control
AF scores and averaged control VibStim variables from either condition (Pearson’s

correlations all p > 0.41; Spearman'’s correlations all p > 0.47).
Discussion (Page 43, Lines 13-15):

It might be expected that participants with greater AF scores would also have
greater VibStim responses, but no significant correlations to support this were
found, nor were changes in VibStim variables positively correlated with changes in
AF. Thus, we cannot rule out the possibility that the variables quantified in VibStim

are not sensitive estimates of PIC activity.

Paired MU analysis: the authors only use test units that were derecruited before the control
unit. Did the occurrence of units exhibiting this behavior change in either of the intervention
groups? If so, the authors may be critically biasing their estimates of hysteresis. For instance,
were there more test units that were derecruited after the control units in control, but not
during RI or WBR? What was the incidence of test units that were excluded because of this

behaviour?



Response

This is an interesting point. However, it is important to note that if the test unit is
derecruited after control unit derecruitment, then it would not be possible to compute
a AF score. The paired MU analysis cannot be used when the control unit is no longer
firing. For this study, we are confident that quantifying these occurrences would not
improve the manuscript. We are not truly certain about the physiological significance
of such a variable (e.g., differential modulation of PIC contribution across the
motoneuron pool?), its reliability, or how to quantify it (e.g., incidence of occurrence?
Average duration of firing post control unit derecruitment?). Nonetheless, it is a very
interesting idea which has not been previously explored in the literature and

something we will consider in the future.

Did the authors include all MUs or only the units with matched pairs in their analysis of
recruitment, derecruitment, and peak discharge characteristics? If only the matched pairs
were considered, this would hinder the authors' ability to observe any units that were newly
recruited as a result of the intervention. If all units were used, this should be more clearly
stated. What percentage of units were identified in control that were not identified in the
interventions? For proper sex-comparisons, it would probably be better if all units were
compared across the control conditions since paired analysis cannot be used between

groups anyways.

Response

The legend of Table 2 stated that the MUs included in the analysis were those that were
tracked from control to experimental trials. We have now clarified that this included
all motor units that could be tracked between trials and not only those in appropriate

motor unit pairs for delta F calculation (Page 23, Line 3):

MUs included for analysis: number of MUs with a polynomial fit that could be
tracked from control to experimental trials, regardless of whether they were

included in AF calculations. Test units: number of test units used for analysis and



that could be tracked from control to experimental trials. Pairs: number of pairs

that could be tracked from control to experimental trials.

We have now made this more explicit in the Statistical Analysis section of the methods

(Page 19, Lines 2-3):

Only MUs that could be tracked between control and experimental trials were

included in statistical analyses.

The vast majority of MUs were tracked. Nonetheless, as we mention in the Discussion
(Page 41, Lines 13-15), it is important to remember that decomposition algorithms of
HD-sEMG signals allow the identification of a portion of the total population of active
MUs and are biased towards MUs with the largest surface action potentials (i.e., larger
and more superficial units) (Farina et al., 2010). Thus, the known limitations of surface
EMG decomposition hinder our ability to examine whether there were newly
recruited MUs in our intervention with a sufficiently high level of confidence. Finally,
it was not the aim of this study to examine whether there were newly recruited MUs,
as we were mainly interested in quantifying changes in the contribution of PICs to

motoneuron firing.

The reviewer was wondering what % of MUs was able to be tracked between
conditions. This information has now been added in the results section (Page 21,
Lines 17-18):

95.8% and 99.0% of MUs were tracked between control and experimental trials in

RI and WBR, respectively.

Given the very high proportion of tracked MUs, we don’t think that reporting an
additional, separate analysis with all MUs for sex-comparisons would improve the

manuscript.



RI stimulation condition: Was there an effect of the stimulation (in the RI condition) on the
torque traces? For example, was there 1Hz reductions in torque? Please show an example of
each condition so that the reader can gain an appreciation of the differences. How well did
subjects adjust if there were in fact perturbations in torque? This is quite a low frequency for
a 20 second task. Did the derecruitment of MUs correlate with the RI pulses? This may
obscure the findings. Were units de-recruited and recruited again with some pulses? What
was the duration of RI in each pulse? What was the duration of IPSPs? They would likely

fluctuate depending on effort.

Response

The stimulation events were not imported during MU data analysis. Moreover, the
1-Hz stimulation was manually initiated (~10 s before the start of the trial) and thus
it is not possible to identify the exact stimulation timings in the ramps. So, we cannot

complete a formal analysis to answer the questions asked by the reviewer.

A very small reduction (almost imperceptible) in torque was sometimes observed in
the RI ramps, likely induced by the stimulation. However, the magnitude of the drop
in force was minimal, not always present throughout the ramp, and only detectible in
some participants. Below is an example of 6 out of 12 MUs from one participant in
control and RI trials. Although not unequivocal, occasional very small fluctuations in
force can be seen in the RI trial that could result from the electrical stimulation. In
some other participants these small fluctuations can occasionally be seen with a

similar amplitude and not consistently throughout the ramp.



Control Reciprocal inhibition

Some of the MUs (grey, blue, yellow, and black, in this example) exhibit occasional
drops in the average firing frequency in the RI trial. However, this is not seen in all
MUs or with a consistent 1-Hz frequency in any participant. A formal analysis to see if
these occasional drops in average firing frequency consistently occurred after a
stimulus cannot be performed for the reason mentioned above. Moreover, we cannot
exclude that the presence of a stimulus artefact may have contributed to these

apparent drops in firing rate.




Given the already long paper and our inability to formally quantify these findings we
would prefer not to add speculations about this them to the manuscript at this stage.

Nonetheless, we have added the following in the Methods (Page 17, Lines 2-4):

The imposition of electrical stimuli did not detectibly affect the participant’s ability

to follow the on-screen force trace, in the ramp contractions.

Rl as a form of inhibition: Quantification of Rl is mentioned in the methods but not quantified
or reported on. Was there a difference between males and females in terms of amplitude or

duration of inhibition? Did the amplitude of the RI correlate with the reductions in delF?

Response

We believe that the reviewer might have missed the following in the “Exploratory

Analyses” section in Results (Page 35, Lines 17-27):

The averaged rectified soleus EMG during repetitive stimulation of the CPN served
as a proxy for the magnitude of reciprocal inhibition, and a 19.2 + 13.9% decrease
in soleus EMG was observed during stimulation. Data were excluded from 3
participants due to stimulation artefact. 15 out of 18 participants exhibited a
reduction in soleus EMG which was greater than 14% (range: -14.0 - -54.8%), with
the remaining 3 participants exhibiting changes of -2.1, 3.7 and 3.9%. The duration

of EMG suppression in these 15 participants was 6 * 5 ms.

The magnitude of soleus EMG depression was not correlated with the change in AF
or the change in the dependent variables from VibStim in RI. However, a significant
negative correlation (r = -0.610, p = 0.007) was observed between the pre-stimulus

EMG and EMG depression after stimulation.

The reviewer also asked whether the magnitude inhibition in our supplementary
experiment was different between males and females. We have now conducted an
independent t-test to examine this and the reduction in soleus EMG was not different
(p = 0.778) between females (-18.2 + 8.3 %) and males (-20.4 * 19.3 %). We believe

that adding this information in the manuscript would not be relevant, especially



because there was an unexpected significant correlation between the pre-stimulus
EMG and EMG depression after stimulation. As a result, the inter-individual variability
observed in the magnitude of inhibition in our supplementary experiment is partly
driven by the baseline amplitude of surface EMG (as we mentioned in the discussion:

Page 46, Lines 7-12).

Can the authors please provide a more detailed description of the "redecomposition” used?

This is not a standard approach, so it would be helpful for readers to understand it fully.

Response

A more detailed description has been provided (Page 11, Lines 16-22):

If fewer than 10 MUs were identified after the 2-step automatic tracking, the HD-
SEMG signals from one ramp were redecomposed. In order to fully exploit the
frequency bandwidth of the processed HD-sEMG signals, the notch and high-pass
differential filters were not applied in the second decomposition run. Newly
identified MUs from the second decomposition run were added to those from the
first decomposition run. Filters of the new MUs were manually refined in DEMUSE

tool and applied to the other trials, one by one, for tracking purposes.

Figure 1B: are the MUs and torque aligned and displayed with the same x-scale? Can the
authors please provide an explanation of why many low threshold units that are recruited at
<1-2% MVC are derecruited ~3-5 s before the end of the ramp? This is particularly evident
in the lowest threshold unit that is recruited just before torque onset, but derecruited 2-3s

before returning to rest, at about 7-8% of MVC.

Response

It is indeed an interesting observation, and we already briefly discuss this in our
discussion (Page 41, Line 20-24). The highlighted changes below were done to make

this idea clearer:



In fact, in the current study, GM EMG amplitudes in the descending phase of the ramp
were unexpectedly small and the MUs of some participants had high derecruitment
thresholds, which might indicate a greater contribution from synergistic muscles to

torque in the descending phase.

We agree that if the modulation of MU firing has a reasonably linear relationship with
the change in force, one could wonder whether the EMG and torque data are well
synchronised and displayed on the same x-axis scale. We asked ourselves the same
question in the early stages of our analysis. As an example, below you can see a
“superposition” of all EMG channels, the requested path, and the force trace of one
ramp from two participants. Note that the x-axis is represented in number of frames

at a sampling frequency of 2000 Hz:

T T T T T T T T




The start of the force does coincide with onset of muscle activity, which suggests that
force signals and EMG were well synchronised and displayed on the same x-axis. In the
participant on the left, there is very little EMG activity towards the end of the ramp. In

the participant on the right, this phenomenon is not as evident.

Below, matching moment to moment modulations also provide evidence that force
and EMG signals were well synchronised. The ramp below was not used for analysis

but the quick change of force at the end of the ramp (participant quickly relaxed and

contracted the muscle) occurs with an associated modulation of MU firing.
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We thus concluded that low-EMG amplitudes with relatively high derecruitment
thresholds (as pointed out by the reviewer) in some participants were likely a
consequence of a greater contribution of synergistic muscles towards the end of the
ramp. This phenomenon has been recently documented in plantar flexors and might
occur because the three muscles composing triceps surae share minimal common

drive (Hug et al., 2021).

Statistics: Can the authors please provide rationale for varying statistical approaches and
software used between the interventions? For example, it is unclear why vibstim stats were
not performed in the same way as paired-MU analysis. Since there is multiple trials, this
would be a likely candidate for a random effect in a mixed effects model. Again, there were
multiple trials in which HR and stress were recorded. Why not take advantage of the

variability across trials in a mixed effects model for all comparisons?

Response

We would like to clarify that different statistical approaches and software were used

for the results emanating from the different techniques, but statistical approaches



were consistent between interventions, as described in the statistical analysis section.
Different software were used for different statistical tests and this was simply due to
the personal preference of the first author who conducted the statistical analysis. We
would also like to clarify that HR was not measured during ramp contractions, as

mentioned in Page 18, Lines 13-15:

ECG data were not recorded during the paired MU technique trials, as pilot testing
demonstrated that ECG electrode connection increased the background noise in

HD-sEMG signals.

The main reason to use repeated measures nested linear mixed-effects models to
examine the effect of each intervention on MU variables was the nested data structure
in each trial (i.e., each participant had a different number of observations [motor
units] and the number of observations was different between participants). We
acknowledge that data from both VibStim trials could have also been used in a mixed-
effects model. Nonetheless, the data within each VibStim trial was not nested (i.e., only
one value per participant per trial), and thus the analysis of the dependent variables
with a mixed ANOVA is appropriate and sufficiently robust. All ANOVA assumptions

were carefully examined.

Sex comparisons: The sex comparisons are problematic and concerning, especially given the
conclusion on lines 24-25. In table 2, it appears that the number of male/female participants
is imbalanced (particularly for RI), which could impact the analysis and interpretation of the
sex differences. Is it correct that, for RI, only 5 females had available test units, and that delF
could only be calculated for 5 females but 10 males? The t-test of the number of motor units
between sexes was not different, but the authors did not run a t-test for the number of test
units. In hindsight, a t-test is probably not appropriate for this comparison. Since there were
many trials, the proper test would be a mixed effects model to determine if motor unit yield
(and test units in a separate comparison) differed between the sexes. Since only matched

units were chosen, this could bias the number of units. For example, the males may have



more units that wer enot matched across all trials, but when matched were not different than

females. It is necessary that limitation related to the sex-comparisons herein are discussed.

Response

We made several changes related to the sex comparisons, which have improved the
manuscript. Rather than examining differences in the number of decomposed MUs
between males and females, we have now tested for differences in the number of MUs
that were used in further statistical analyses (i.e., excluding the small portion of MUs
that were initially identified but excluded due to poor polynomial fitting or because
they were not tracked between conditions) as well as in the number of test units (as
suggested by the reviewer). Importantly, the structure of the data related to the
number of units is not nested/hierarchical. This happens because average scores
were used in the statistical analysis of secondary MU parameters (as explained in a
response to a comment below), and pairs from two trials were merged to generate a
single AF score per test unit (as explained in detail in our methods). It is then suitable
to conduct separate independent t-tests to examine whether there were differences
in the number of units between males and females. Our new statistical analyses did
not reveal significant differences, as it is mentioned in the results section

(Pages 21-22, Lines 20-4):

For participants with MUs included in statistical analysis, there was no significant
difference in the number of MUs per participant between females and males in RI
(p = 0.223; females: 9.6 + 7.0, males: 14.0 + 7.3) or WBR (p = 0.221; females: 9.0 *
3.8, males: 12.3 *+ 6.0). There was also no difference in the number of test units in

RI (p = 0.350; females: 6.6 *+ 6.1, males: 9.7 + 5.7) or WBR (p = 0.152; females: 5.0 *
3.4, males: 8.3 * 4.7).There-was-he-evidence-of-a-statistically-significant-difference
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Although significant differences were not observed, we do agree with the reviewer
that strong conclusions related to this exploratory examination should be avoided.
Thus, in the Discussion we now advocate caution regarding findings related to (the
lack of) effects of sex and have eliminated speculation related to differential

modulation of MU parameters between males and females.
(Pages 40-41, Lines 30-5):

Finally, our findings suggest that the contribution of PICs to motoneuron firing
and its modulation in our interventions were not different between males and
females. However, these findings and the differential modulation of MU firing

properties between sexes should be confirmed by future studies with a greater

conioi oine To-thebestefowdarowledge thisis the first study to-examine an-cffect
e D

(Pages 41-42, Lines 27-9):




Finally, and as mentioned in the response to a previous comment, a very high
percentage of units in our study were tracked between control and intervention trials.

Thus, additional analysis including non-tracked MUs is not warranted.

More specific comments:

The human study by Vandenberk & Kalmar does not provide direct evidence that RI affects
estimates of PICs. Rather, they explored the relationship between RI (estimated using PSTH
and CUSUM) and ePIC, but did not examine the effect of RI on ePIC directly.

Response

We would like to thank the reviewer for pointing this out. We agree that the study by
Vandenberk & Kalmar (2014) did not directly examine the effect of RI on PICs of
human spinal motoneurons and this could be clearer in our manuscript. Evidence by
Vandenberk & Kalmar (2014) is correlational, given that a decrease in estimated RI
was associated with an increase in AF, across different joint angles. We believe that

the changes below clarify this, emphasising the novelty of our findings.
Introduction, Page 4, Lines 20-24:

In fact, PIC activity can be markedly reduced by inhibitory ionotropic synaptic input
such as disynaptic Ia reciprocal inhibition (RI), with robust evidence in animal
models (Kuo et al., 2003; Hyngstrom et al., 2007) and preliminary observations in
humans (Trajano et al., 2014; Vandenberk & Kalmar, 2014).



Introduction, Page 6, Lines 7-10:

Additionally, the magnitude of involuntary force and muscle activity is muscle
length dependent (Trajano et al, 2014), consistent with the effect of reciprocal
inhibition observed in vivo using voltage clamp (Hyngstrom et al., 2007) and paired

M teeimiones anpen borme oo J00LAL,

Discussion, Page 38, Lines 6-10:

Previous studies show a decrease in PIC activity during inhibitory input using
intracellular recordings in animal models erin-arelatively small number-of huiman
MUs, and we now demonstrate this effect with the extraction and analysis of

multiple human MUs from HD-sEMG signals.

Discussion, Page 38-39, Lines 28-6:

The sensitivity of PICs to inhibition has also been documented in intramuscular
recordings of human MUs during lareciprecal-inhibition-(Vandenberk- & Kalmar;
2014)-and cutaneous inhibition (Revill & Fuglevand, 2017). The current study is the
first in human MUs to directly suggest that la reciprocal inhibition reduces the
contribution of PICs to MU firing. This effect is consistent with the preliminary
correlational evidence of Vandenberk & Kalmar (2014), showing that a decrease in
reciprocal inhibition was associated with an increase in AF in a smaller sample of

MUs identified using intramuscular recordings.

P5, Line 6: "net excitatory input” - please consider net synaptic input, which may include an

inhibitory component



Response

We agree with the reviewer’s suggestion. This has been changed throughout the

manuscript.

P5, Line 16-17: With advances in algorithms/software and computing power, the time-
consuming aspect is becoming less. One would probably not consider this a major limitation

anymore.

Response

While we agree that the time-consuming aspect is becoming less, we intended to tell
the reader that EMG decomposition and MU analysis are not a “black box”, requiring
procedures which are more time-consuming and complex than other types of analysis
(e.g., quantification of VibStim variables). We did some re-wording, using the adverb

“relatively”, to make this idea clearer (Page 5, Lines 14-17):

These approaches exploit the 1-to-1 ratio between the firing rate of a motoneuron
and MU action potentials in the muscle, providing a unique window into the central
nervous system, but require computational procedures that are relatively

time-consuming and complex.

P6, Line 26: What does it mean when it says "in RI" - is this referring to the RI condition?

Response

Thatis correct. We understand that the use of this acronym could have been confusing.
Thus, RI and WBR are no longer defined in the Introduction. They are defined in the
Methods section instead when describing the conditions. Now, throughout the
manuscript we use reciprocal inhibition when we refer to the physiological
mechanism and whole-body relaxation when we refer to the state of being relaxed, and
RI and WBR when we refer to the conditions in our study. We would like to thank the

reviewer for pointing this out.



P6, Line 29: Is it the reduced muscle activity and stress or simply reduced "arousal” that

causes the effect?

Response

That is a good question and we do think that a reduction of arousal could also
contribute, as previously mentioned in the Introduction. The idea of a reduction in

arousal has been added to this sentence (Pages 6-7, Lines 29-4):

It was hypothesised that PIC strength estimated by both techniques would decrease
both with reciprocal inhibition, given that PICs are strongly reduced by inhibitory
inputs, and in whole-body relaxation, speculatively as a result of a decreased
serotonergic and noradrenergic release onto motoneurons associated with the

reduced muscle activity, global stress levels, and arousal.

P7, Line 5: Since the data are taken from a larger study, the current manuscript seems a little
like patch work. The rationale for such comparisons and the balancing of subjects (or lack
thereof) is weak. If there were conditions where the authors show increases PICs, they would

be better packaged with these results to ensure fluidity of the story.

Response

Given the complexity and extension of experiments, including only the conditions in
which a reduction in PIC activity were hypothesised improves the readability of the
manuscript. It also allows more space to discuss the physiological insights about PIC
depression in human motoneurons, which is highly relevant for the Journal of
Physiology readership. We already have 17 pages of Results and 12 pages of Methods
(including figures). Including the conditions in which we hypothesised increases in
PIC activity would double the length of the results and result in ~2 additional pages of
methods. Moreover, both the Reviewing Editor and Reviewer 1 have expressed that
the paper could benefit from being more concise and including two additional

conditions would have the opposite effect.



Nonetheless, if the editors think it is appropriate, we would be happy to submit both

manuscripts simultaneously, as companion papers.

P7, Line 9: Did all subjects complete both studies?

Response

We think that the reviewer is asking whether all participants completed all
experimental interventions. All 21 participants (with the exception of one participant,
as mentioned in the results) completed all interventions. However, as described, not
all participants provided usable motor units and some technical problems reduced n

for some VibStim variables.

P8, Line 10: What were the other two conditions? On lines 9-11 of P9, this becomes clear, but

the order of the conditions is unclear.

Response

Page 8 (Lines 15-17) stated that the order of the conditions was randomised. We have

adjusted the wording to make this clearer:

On experimental days, VibStim and paired MU techniques were performed under

four experimental conditions. Twe-experimental conditions-teok place-on-each-day
in-arandomisedorder-The four conditions were performed in a randomised order

over two experimental days with two conditions per day.

P10, Lines 25-26: was 50 or 60 Hz used?

Response

The notch filter in the software tool used (DEMUSE tool) adapts the notch filter
automatically to 50 Hz or 60 Hz line interference and its higher harmonics. We have

changed the text to “50 Hz” to match the line interference in Australia.



P11, Line 8: why were only 2/3 of the ramps used for analysis? Exactly how were they
chosen? Was it completely subjective? Does the same story emerge if all 3 ramps were

analysed?

Response

The ability to successfully follow a force trace during ramp contractions requires
familiarisation and varies between individuals and between trials. By choosing 2 out
of 3, we were able to include the two best attempts and improve the quality of the data.
The two ramps in each block were manually selected based on criteria that are already
described in Page 11 (Lines 14-16). These were determined by visual inspection, and

this detail was added to the sentence:

The ramps for further analysis were selected by visual inspection. Selection was
based on the number of MUs identified, smoothness and adherence to the torque

template, and MU firing profiles.

Moreover, it is important to note that high levels of reliability for AF and Vibstim
variables have been previously reported between consecutive trials (Trajano et al.,,

2014, 2020).

P11, Lines 12-13: How many times did this redecomposition occur?

Response

Redecomposition of the EMG signals was conducted if less than 10 reliable MUs were
identified after a quick manual editing of the spike trains. This process was conducted
in 10 participants in RI and in 12 participants in WBR. The redecomposition process

itself was conducted once per participant, which included 50 decomposition runs.

L11, Lines 26: What is a non-physiological turning point? It would make sense if the firing
did not correspond to torque, but if there is a brief increase in torque before a sharp decrease

at the end of a ramp, the firing would bend upwards, and this is physiological.



Response

Thank you for pointing this out. We agree with the reviewer that the expression “non-
physiological turning point” could be misleading. We made some changes accordingly

(Page 12, Lines 8-13):

All polynomials were visually inspected and if edge effects were observed at MU
recruitment or derecruitment with a 5t%-order polynomial (i.e., a clear mismatch
between the change in the smoothed and instantaneous firing rate), then a 4t-
order polynomial was used. If edge effects were observed for both 5th- and 4th-order

polynomials, the MU from that specific trial was not included in further analyses.

We would like to point out that this is the first PIC study, to our knowledge, in which a
visual inspection of the smoothed firing rates was conducted. Including polynomials
with edge effects could have affected correlation coefficients between MU firings and
could have affected AF values if these edge effects were observed in the control unit.

Therefore, we believe this is a strength of our study.

P12, Lines 18-19: Can the authors please provide rationale for averaging values form
different behaviours (i.e. ramps)? The ramp behaviour is likely different from trial to trial,

which would introduce variability. Why not include this as a factor in the mixed models?

Response

Generally speaking, there is a true value that we try to approximate when we measure
a certain variable. We acknowledge that different approaches of data management
before statistical analysis can be used to achieve this goal. In this case, given that only
2 trials per participant were measured, we felt that it was a better compromise to
generate averages of our secondary variables in the paired MU technique trials (i.e,,
recruitment threshold, derecruitment threshold and peak smoothed firing rate) to
reduce the variability of the measure. Given the low number of trials, the mixed model
may not be able to achieve robust estimates of variance, if the number of trials was

included as a factor. Perhaps more importantly, our main variable (AF) was not



subject to a simple arithmetic mean between the two trials. Rather, a novel two-ramp,
multi-control, repeated measures approach was used to compute the AF scores that
were then used in the statistical analysis (merged pairs from both trials were used, as

described in detail in Pages 12-13, Lines 28-11).

P13, Lines 8-9: During tendon vibration, how was "steady pressure" quantified? If there was
no objective measure of pressure, can the authors be certain that the vibration did not impact
the sensory feedback of the experienced researcher? How can the authors be sure the

pressure was consistent? Was there a loadcell on the tip of the vibrator?

Response

There was no loadcell on the tip of the vibrator, so we could not quantify the pressure
of the vibrator on the skin. The following paragraph has now been added to the end of

the section “Can PIC activity be estimated using VibStim?” (Page 45, Lines 19-24):

Finally, a limitation of this study is that, although the Achilles tendon vibration was
applied by an experienced researcher, pressure on the skin during the trials was
not quantified. In extensive piloting and past use of the technique we have not
observed a consistent, detectible effect of small pressure variations, although we
acknowledge that this may have increased trial-to-trial response variability. Thus,

objective measures of skin pressure would improve future studies using VibStim.

P13, Line 13: Did subjects forcefully hold the straps? Would this increase 'remote’ muscle

activity and potentially enhance PIC magnitude?

Response

During the trials, participants were asked to hold the shoulder straps of the chair, but
not forcefully. Our pilot testing revealed that asking participants to hold the straps
provided greater standardisation between trials vs. not holding the straps. Not

holding the straps often resulted in varying magnitude of muscle activity of the upper



arms, which could variably influence PIC magnitude due to “remote” muscle activity,

as suggested by the reviewer.

P13: It is unclear why motor units were not also identified during the vibstim. This is not a

critical point to address, but it may be of interest to the authors to explore.

Response

We agree with the reviewer that future studies could usefully explore this possibility.
It would come with certain methodological challenges, such as possible difficulties in
decomposing EMG with NMES and vibration artefacts, and the fact that the stimulating
electrodes already cover a big portion of the gastrocnemii. Nonetheless, this is

something we would like to explore in the future.

P14, Line 4: 8Hz cut-off?

Response

Thank you. This was a typo and it has been amended.

Table 1 is aesthetically pleasing, but would it be better if the authors reported values to give
an indication of the magnitudes and which were significant - perhaps using estimated

marginal means

Response

According to the journals’ guidelines, the same information should not be presented in
both tabular and graphical forms. We already present estimated marginal means in
other figures. We believe that the simple and aesthetically pleasing characteristics of
this table will help the reader to quickly understand what the main results of the

present study were.



P21, Line 8: This comparison is almost certainly underpowered - that is a large difference, a

p-value of 0.064 and only 5 females.

Response

As mentioned in a previous comment, the outputs of this specific analysis have been
eliminated from our manuscript. Moreover, a note of caution is now explicit in the

Discussion regarding the examination of effects of sex in our study.

What were the estimated marginal mean values for male vs female comparisons (grouped

by fixed effect of sex)?

Response

We are not sure to which comparison the reviewer is referring. Perhaps to the
comparison from the previous comment? This analysis is no longer in the manuscript,
and it was replaced by other exploratory analysis (independent t-tests) to examine

differences in the number of units between males and females.

P23, Lines 11-12: How can the authors legitimately conclude that there is not a difference
between the number of units, but there are now 67 vs 154 units in females vs males,

respectively. That is over 2x the amount of units.

Response

We used an independent t-test to test whether there was statistical evidence that the
associated means of the number of units in males and females who were included in
statistical analyses were significantly different. There was no evidence that they were
significantly different. Equal variances were assumed (Levene’s test). The generated ¢
value of this test does not simply take into consideration the sum of all values from
each group (i.e., 67 vs 154); that would have been especially problematic here given
the different number of male and female participants. The final £ value (and associated

p-value) also depends on the means of each group, sample size of each group, standard



deviation of each group, and pooled standard deviation. We did not have evidence to
reject the null hypothesis, but we did add a note of caution in the Discussion that
future studies should confirm our results related to the (lack of) effect of sex, due to

the low number of participants in each group.

P36: Itis difficult to understand the physiological effects of WBR if resting HR did not change.

One would expect a reduced heart rate if subjects were more relaxed.

Response

Interestingly, as we mention in Results, there was a significant decrease in HR in
females (p < 0.001) but not in males (p = 0.339). HR in females was also significantly
higher than males. Accordingly, the decrease in self-rated stress was also greater in
females. It is possible that the voluntary or evoked contractions impair the ability to
observe a relaxation-induced decrease in HR in all participants. Importantly,
self-rated stress was markedly lower in WBR trials, which gives us confidence that we

were successful in inducing relaxation. Below you can see individual data of changes

in HR.
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Figure 5A: "RI -" should likely be "RI - Control"

Response

In the submitted manuscript it says “RI - Control” in the figure. We wonder if there
was some visualisation issue with the figure when the reviewer viewed the document?

We have now uploaded a separate high-quality file for each figure.

P38, Lines 16-17: If the authors were to correlate delF values with measures of vibstim

across subjects, they might be able to address this.

Response

This has been addressed in a previous comment.

P39, Line 4: Channels underlying PICs deactivate slowly, unless there is a powerful
inhibition. Without record of the stimulation-induced RI effects, it is unclear whether this

stimulation was powerful enough to have affected PICs.

Response

An evident EMG suppression immediately after each stimulus (supplementary
experiment), lower AF scores (main experiment), and the known powerful effects of
brief inhibitory inputs on PIC activity (previous studies) allow us to suggest that: (1)
disynaptic reciprocal inhibition was induced in plantar flexor motoneurons with the
common peroneal nerve stimulation, (2) there was a lower contribution of PICs to

motoneuron firing, and (3) the former likely caused the latter.

P40, Line 24-26: This claim is vastly underpowered. In addition, Greig Inglis and David
Gabriel recently showed that females have higher firing rates than males at low intensities,
so it is surprising that the current data shows no sex-related effect at all. In terms of firing

rates. Again, it would be easier to understand if the peak firing rates for males and females



were reported. In fact, the one place that the rates are reported (Lines 11-12 on P23), female

firing rates are about 1 pps higher overall.

Response

This claim has been eliminated, as mentioned in a previous comment.

P41, Lines 22: the authors state "a reduction in non-linearities of motoneuron firing (i.e.,
lower levels of acceleration and/or saturation of firing, with more symmetrical firing
patterns), which could have increased descending voluntary drive, recruiting and

derecruiting motoneurons at lower forces..." - were these non-linearities quantified?

Response

This interpretation has been eliminated, as mentioned in a previous comment.

P41, Line 24: "given the compressed thresholds" it is important to acknowledge that this is
the compression of recruitment thresholds only of "decomposed"” motor units. This does not

necessarily mean the thresholds were actually compressed across the entire MU pool.

Response

This interpretation has been eliminated, as mentioned in a previous comment.

P42, Line 14: since delta F is the "standard" - what is the correlation between delF and

VibStim measures?

Response

This has been addressed in a previous comment.



P44, Line 29: Why is it 16/18 not 16/21 here?

Response

As mentioned in a previous response, the reviewer might have missed some
information from the section “Exploratory analyses”, in the Results. It is stated that

data were excluded from 3 participants due to stimulation artefact.

P45, Line 6-7: Please report the details of these data (i.e., EMG depression due to RI stim).

What was the amplitude and duration of suppression?

Response

The amplitude of suppression is already reported in the section “Exploratory
analyses”, in the results. We have now added the average duration of suppression
(Page 35, Lines 22-23): The duration of EMG suppression in these 15 participants was 6

+ 5 ms.

THe effect of inhibition of the PIC is well documented in animal studies. This inhibitory effect
is likely to be a fundamental underpinning of normal motor control, as without it, PICs are
so powerful they would routinely generate sustained and uncontrolled outputs. So the

potential impact is clear.

As for impact, there is only 1 other paper that effectively studies the interaction of inhibition
and PICs; this present proposal uses up to date methods and a systematic approach that is

uniquely valuable. The results have the potential for numerous citations.

Response

We would like to thank the reviewer for this positive feedback. We agree that the
results of this study provide novel physiological insights, suggesting important

implications in motor control.
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Referee #2:

This is an original research as well as methodological study involving complicated
experimental process and large amount of experimental work. The study focuses on
comparison of two methods for estimation of PICs in humans. One method is the well-
established paired motor unit (MU) technique and the other the ongoing tendon vibration
overlaid by short bursts of neuromuscular electrical stimulation (VibStim). The MU method
estimates PICs by calculating the delta frequency (AF) of MU firing, while the VibStim method

estimates PICs by examining the plantar flexor torque. PICs induced by these two methods



are estimated under two different conditions, the reciprocal inhibition (RI) and whole-body

relaxation (WBR), both assumed to reduce PICs during motoneuron firing in humans.

The experimental results showed that AF was significantly decreased by both RI and WBR
whereas the torques were reduced by WBR but unchanged in RI. Therefore, the paired motor
unit (MU) technique can be used potentially to estimate PICs by non-pharmacological
neuromodulatory interventions such as WBR. However, it remains unclear if VibStim can be

used as a proxy for PIC estimation.

This study could be helpful for us to understand the mechanisms underlying PIC depression
in human motoneurons. Especially, non-pharmacological interventions (electrical
stimulation or relaxation) might be used to attenuate unwanted PIC-induced muscle

contractions triggered by motoneuron hyperexcitability.

Response

We would like to thank the reviewer for taking the time to consider our manuscript.

Major concerns:

1. The major concern on this study is the method of whole-body relaxation (WBR) that the
authors used as one intervention to reduce monoamine release of the experimental subjects.
Although both arousal state (stress, in particular) and the level of voluntary activity influence
the noradrenergic and serotonergic systems, the basis for using WBR as a tool to reduce
monoamine release and thus PIC strength remains unclear. In sleep state the activity of
neurons in both the pontine and medullary groups are shown to be generally unresponsive
to a variety of physiological challenges or stressors in animal models. In WBR state, however,
the human subjects are maintained in wakening state and are allowed to participate in the
designed experiments. Reduction of their monoaminergic system release is unmeasurable
during WBR. Therefore the reliability of the experimental results might be uncertain.
Although the authors have briefly discussed WBR in Discussion, the physiological basis for

WBR is still not clear. It would be good if the authors could clarify this major issue and give



a stronger, more detailed physiological background to support their usage of WBR in human

study.

2. Following the above discussion, the experimental data showed that all VibStim variables
remained unaltered in RI and that in VibStim, the Tvib and Tsus torque were reduced by
WBR but other torque and EMG variables remained unchanged. The inconsistent effect in

VibStim suggested that WBR might not be used as a proxy for PIC estimation.

Response

We agree with the reviewer that direct measurements of monoaminergic activity are
not possible in human studies. Thus, we have made this clearer in our Discussion,
explaining to the reader that although we have indirect evidence from previous
studies and indirect empirical evidence in this study to support a possible reduction
of monoaminergic drive during WBR, this remains speculative. A stronger, more
detailed physiological background was now added to the discussion (Pages 46-47,
Lines 17-8). Thank you for making this suggestion which, in our view, improved our

manuscript.

A spectrum of arousal states exists when awake, with sleepiness and inattention at
one end, and stress-induced hypervigilance and panic at the other (Aston-Jones &
Bloom, 1981; Ross & Bockstaele, 2021). Activity in locus coeruleus (LC)
noradrenergic neurons correlates with arousal state and stress, as directly shown
in monkeys (e.g., Rajkowski et al., 1997) and indirectly in humans using magnetic
resonance imaging (e.g., Sturm et al, 1999; Naegeli et al., 2018). Modulation of
diffusely projecting LC neuronal activity evokes diverse noradrenergic responses,
including changes in pupil diameter (Joshi et al., 2016) and heart rate (Gurtu et al.,
1984; Ter Horst et al, 1991). Importantly, the dendrites and soma of spinal
motoneurons also receive LC input (Proudfit & Clark, 1991). In the present study,
the parallel decreases in self-rated stress and heart rate, lower AF values, and
reduction in two VibStim variables suggest that WBR moderately shifted arousal
state, likely decreasing LC activity with a consequent decrease in noradrenergic

release onto the motoneurons. Previously, lower peripheral levels of noradrenaline



have been shown following passive, seated relaxation (Teixeira et al., 2005),
although future studies are needed to better understand other correlates of LC
activity during relaxation such as pupil diameter (Joshi et al., 2016) and brain
activity using functional magnetic resonance imaging (Turker et al., 2021). Given
that spinal motoneurons also receive diffuse serotonergic innervation from the
raphe nuclei (Skagerberg & Bjorklund, 1985), with serotonin release being
triggered by motor activity (Veasey et al., 1995; Wei et al., 2014; Noga et al., 2017),
it is also possible that a decrease in activity of other, non-tested muscles during
WBR led to an additional decrease in serotonin release. Nonetheless, a reduction in

monoaminergic release during WBR remains speculative. RegardingWBR,—the

aaaaa
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Minor concerns

1. Kernel density estimation (density curves) of the data is represented in Figure 2&4. This
process of estimating the probability density function should be briefly described in Methods

and the significance of the data should be explained in either text or legends.

Response

We would like to thank the reviewer for these suggestions, and we have added
additional descriptions in the methods (statistical analysis) and in the legends of the

figures.

Methods (Page 19, Lines 10-13):

For visualisation purposes, kernel density estimations (density curves) of the MU
variables were plotted (gghalves package; Tiedemann, 2020) to depict data
distribution. These density curves are a smooth empirical probability density

function, and each data point has an equivalent influence on the final distribution.



Figure 2 (Page 26, Lines 4-6):

Kernel density estimation (density curves) of the data is represented on the right
by half-violin plots (blue for control and orange for whole-body relaxation). The
peak, valleys, and tails of the density curves can be visually compared to see where

control and reciprocal inhibition trials were similar or different.

Figure 4 (Page 31, Lines 4-6):

Kernel density estimation (density curves) of the data is represented on the right
by half-violin plots (blue for control and orange for whole-body relaxation). The
peak, valleys, and tails of the density curves can be visually compared to see where

control and whole-body relaxation trials were similar or different.

2. There is no definition of stress score in the Methods, and this should be described.
Furthermore, the rationale of the definition and calculation of the scores for this study

should be explained.

Response

We think that the expression “stress score” was misleading. When we mentioned
“stress score”, we were actually referring to self-rated stress measured with Likert
scales. The expression “stress scores” has been replaced by “self-rated stress”
throughout the manuscript, including in the methods (Page 18, Lines 2-6), alongside

some re-wording:

Self-rated stress during the trials was measured immediately after each trial.
Participants answered the question “Please indicate how relaxed or stressed you
felt during the trial”. Participants indicated their answer on a seven-point Likert
scale, where 1 = Very relaxed, 2 = Relaxed, 3 = Somewhat relaxed, 4 = Neither
relaxed or stressed, 5 = Somewhat stressed, 6 = Stressed and 7 = Very stressed.

Researchers were blinded to the participants’ answers.



3. PICs are mediated by dihydropyridine (DHP) sensitive L-type calcium currents including
HVA and LVA or riluzole (or TTX) sensitive slow-inactivated sodium currents. It would be
good if the authors could have some discussion about the component of PICs depressed by

RI and WBR in this study.

Response

This is an interesting point. However, we cannot differentiate the relative
contributions of the activity from different type of PIC channels during the voluntary,
ramp contractions in this study. Thus, we prefer not to add further speculation in this
already long paper. As expressed by Binder et al. (2020), the relative contribution of
persistent sodium currents vs. persistent calcium currents to the total PIC expressed

in motoneurons is likely to vary between behavioural states.

4. Page 38, line 19-20: "Estimates of PICs (AF) are reduced by reciprocal inhibition and
whole-body" might be stated as "Estimated PICs (AF) are reduced by reciprocal inhibition

and whole-body relaxation”

Response

We agree with this suggestion, and we have changed the title of the section

accordingly.

This study could be helpful for us to understand the mechanisms underlying PIC depression
in human motoneurons. Especially, non-pharmacological interventions (electrical
stimulation or relaxation) might be used to attenuate unwanted PIC-induced muscle

contractions triggered by motoneuron hyperexcitability.

Response

Thank you for this final, positive feedback. We agree that the findings of this study

have important translational implications. We are confident it will motivate future



examinations of the effectiveness of certain therapeutical strategies to attenuate

motoneuron hyperexcitability.
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points on the reliability of their experimental results. Also, the authors have well addressed
all the issues about my minor concerns. [ have no more concerns on this revised
manuscript.

Response: We would like to thank the editors and the reviewers for their comments.
We look forward to seeing our article published in the Journal of Physiology and
disseminate our research findings with the scientific community. We have added the
reference number of the ethics approval, as requested.
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