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32 SUMMARY:
33  Presented here is a protocol for the recording of muscle velocity recovery cycles (MVRCs), a
34  new method of examining muscle membrane properties. MVRCs enable in vivo assessment of
35 muscle membrane potential and alterations in muscle ion channel function in relation to
36 pathology, and it enables the demonstration of muscle depolarization in neurogenic muscles.
37
38 ABSTRACT:
39  Although conventional nerve conduction studies (NCS) and electromyography (EMG) are
40  suitable for the diagnosis of neuromuscular disorders, they provide limited information about
41  muscle fiber membrane properties and underlying disease mechanisms. Muscle velocity
42  recovery cycles (MVRGCs) illustrate how the velocity of a muscle action potential depends on the
43  time after a preceding action potential. MVRCs are closely related to changes in membrane
44  potential that follow an action potential, thereby providing information about muscle fiber
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membrane properties. MVRCs may be recorded quickly and easily by direct stimulation and
recording from multi-fiber bundles in vivo. MVRCs have been helpful in understanding disease
mechanisms in several neuromuscular disorders. Studies in patients with channelopathies have
demonstrated the different effects of specific ion channel mutations on muscle excitability.
MVRCs have been previously tested in patients with neurogenic muscles. In this prior study,
muscle relative refraction period (MRRP) was prolonged, and early supernormality (ESN) and
late supernormality (LSN) were reduced in patients compared to healthy controls. Thereby,
MVRCs can provide in vivo evidence of membrane depolarization in intact human muscle fibers
that underlie their reduced excitability. The protocol presented here describes how to record
MVRCs and analyze the recordings. MVRCs can serve as a fast, simple, and useful method for
revealing disease mechanisms across a broad range of neuromuscular disorders.

INTRODUCTION:

Nerve conduction studies (NCS) and electromyography (EMG) are the conventional
electrophysiological methods used for the diagnosis of neuromuscular disorders. NCS enables
detection of axonal loss and demyelination in the nerves?, while EMG can differentiate whether
myopathy or neurogenic changes are present in the muscle due to nerve damage. However,
NCS or EMG provide limited information about muscle fiber membrane properties and
underlying disease mechanisms. This information can be achieved using intracellular electrodes
in isolated muscles from muscle biopsies®“. However, it is of clinical importance to use
methodologies using recordings from intact muscles in patients.

The velocity of a second muscle fiber action potential changes as a function of the delay after
the first®, and this velocity recovery function (or recovery cycle) has been shown to change in
dystrophic or denervated muscles. The yield of such recordings from single muscle fibers was,
however, too low to be of use as a clinical tool®. However, Z’Graggen and Bostock later found
that multi-fiber recordings, obtained by direct stimulation and recording from the same bundle
of muscle fibers, provide a fast and simple method of obtaining such recordings in vivo’. A
sequence of paired pulse electrical stimuli with varying interstimulus intervals (ISls) is used in
this method’-*1.

The evaluated MVRC parameters include the following: 1) muscle relative refractory period
(MRRP), which is the duration after a muscle action potential until the next action potential can
be elicited; 2) early supernormality (ESN); and 3) late supernormality (LSN). ESN and LSN are the
periods after the refractory period in which the action potentials are conducted along the
muscle membrane faster than normal. Post-depolarization and potassium accumulation in the
muscle are hypothesized as the main causes for the two periods of supernormality.

The wide applicability of MVRCs to muscle disorders has been shown in detecting membrane
depolarization in ischemia’'%'2 and renal failure'3, as well as providing information about
muscle membrane abnormalities in critical illness myopathy!* and inclusion body myositis®.
Frequency ramp and intermittent 15 Hz and 20 Hz simulation protocols have since been
introduced. MVRCs, together with these additional protocols, have demonstrated the different
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effects on muscle membrane excitability related to loss-of-function or gain-of-function
mutations in various muscle ion channels in the inherited muscle ion channelopathies (i.e.,
sodium channel myotonia, paramyotonia congenita'®, myotonic dystrophy'’, Andersen-Tawil
syndrome?8, and myotonia congenita’®?°),

In a recent study, the applicability of MVRCs to neurogenic muscles was shown for the first
time. The term “neurogenic muscle” refers to the secondary changes in skeletal muscles that
develop as denervation and reinnervation after any injury to the anterior horn cells or motor
axons. Denervation is characterized in EMG as spontaneous activity (i.e., fibrillations [fibs] and
positive sharp waves [psws]), while large motor unit potentials with prolonged duration and
increased amplitude present reinnervation?!. EMG changes are evident in denervated muscles,
but the underlying cellular changes in muscle fiber membrane potentials have only been
demonstrated in experimental studies on isolated muscle tissue?. MVRCs provide further
insight into in vivo human muscle membrane properties regarding the denervation process.

This paper describes the methodology of MVRCs in detail. It also summarizes the changes in
neurogenic muscles in a subgroup of patients from a previously reported study?? and healthy
control subjects that enables determination of whether the method is appropriate for a
planned study.

The recordings are performing using a recording protocol that is part of a software program.
Other equipment used is an isolated linear bipolar constant current stimulator, 50 Hz noise
eliminator, isolated electromyography amplifier, and analogue-to-digital converter.
PROTOCOL:

All subjects must provide written consent prior to examination, and the protocol must be
approved by the appropriate local ethical review board. All methods described here were
approved by the Regional Scientific Ethical Committee and Danish Data Protection Agency.

1. Preparation of the subject

1.1. Assess subjects' medical histories to ensure that they do not have any previous nervous
system disorders other than the disease group that will be investigated.

1.2. Inform the subject in detail about the examinations and request to obtain written consent.

1.2.1. Inform the subject about the insertion of two needles in a leg muscle and that the muscle
fibers will be stimulated with weak current.

1.2.2. Explain that the sensation may feel slightly unpleasant.

1.2.3. Inform the subject that the stimulation can be turned off immediately at any moment
during the recording in case of any discomfort.
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1.3. Clean the subject’s lower leg with alcohol.

1.4. Insert the stimulating monopolar needle electrode (25 mm x 26 G) over the anterior tibial
muscle and adhesive surface electrode as the anode 1 cm distal to the monopolar needle
(Figure 1).

1.5. Place a ground electrode distal to the anode.

1.6. Insert the recording concentric needle electrode (25 mm x 30 G) about 2cm proximal to the
stimulating monopolar needle electrode along the muscle fibers (Figure 1).

1.7. Connect the recording concentric needle and ground electrodes to the preamplifier.
1.8. Ask the subject to remain silent and avoid movement during the examination.

1.9. Zero the output of the stimulator and connect the stimulating electrodes to the stimulator
(Figure 1).

1.10. Maintain the skin temperature between 32—36 °C using a warming lamp.
2. Recording of the MVRCs

2.1. Start the semi-automated recording software using the muscle excitability recording
protocol and turn on the stimulator. Stimulations will start at 2.5 mA with 1 Hz.

2.2. Increase the stimulus intensity manually by hitting the Insert key until a response is
recorded (max = 10 mA).

2.3.1. Adjust the stimulating and recording needles if necessary, until recording an acceptable
response with a stimulus intensity of less than 10 mA. The shape of the muscle action potential

should be triphasic, if possible, and stable. Avoid large twitches of the whole muscle.

2.3.2. Invert the muscle action potential by hitting the minus key (-) if the potential appears
upside down.

NOTE: A magenta horizontal line appears on the screen indicating the width of the action
potential.

2.4. Adjust the position and length of the magenta line by dragging the line with the mouse. The
green horizontal line represents the baseline.

2.5. Click OK to start recording the MVRCs.
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2.6. Select a stimulus response relationship from the main options.

2.7. Increase stimulus intensity by hitting the Insert key to a max of 10 mA or tolerable.
2.8. Click OK to start descending the stimulus response curve.

2.9. Click OK when the test stimulus reaches zero.

2.10. Set the stimulus intensity to level for stable latency.

2.11. Click OK to return to the main menu.

2.12. Select the option 1/2/5 conditioning stims for RC.

2.13. Select a protocol from recovery cycle options (e.g., start quick recovery cycle [skip
alternate delays]), which is the default.

NOTE: The recording continues automatically for 34 steps with decreasing inter-stimulus
intervals (ISIs).

2.14. Make sure that muscle action potential is stable during the recording and that the needle
has not moved. The screen changes automatically to main options when the 34 steps have

completed.

2.16. Click on Finish recording | Close file | OK, unless a ramp-up frequency or 20 Hz s
recordings is being performed.

2.17. Finish the recording and save the data by clicking on the Close file and save data button.
3. MVRC analyses

3.1. Start the analyzing software program to perform the analysis offline.

3.2. Select the recording that will be analysed and click on the OK button.

3.3. Click on Load parameters from the Files menu.

3.4. Select MANAL9 option for the analysis. If this is not present on the list, click on Browse to
find this file. Click OK to continue.

3.5. When a description of MAnal9 muscle excitability analysis appears, click OK to continue.

3.6.1. Invert the muscle action potential by typing MM-1 if the potential appears upside down.
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3.6.2. Right-click the mouse to make the magenta line visible. Set the window to the base of
the peak response and with a width corresponding roughly to the width of the action potential
at that height. Drag with the mouse to adjust the window. The window determines the
latencies within which the height and latency are measured, as indicated by the pale blue lines,
and green line indicates the baseline. Click OK to continue.

3.7. Click OK to remeasure the latencies and peaks. This will be done automatically.

NOTE: In the display of the remeasured latencies, the latencies are measured to shorter delays
than original ones. This is because the responses to conditioning stimuli alone were subtracted
from responses to the conditioning plus the test. This ensures that conditioning stimuli do not
interfere with latency measurements. As is indicated in the prompt box, single bad points can
be eliminated by positioning the cursor (vertical red line) over the point and hitting the ~ key.
The bad point is replaced with mean of values on either side in same channel. If there are no
bad points, set DE (display end) to just after the last latency required.

3.8. Click OK to create an RMC file.

3.9. Ignore most of the options appearing in the “Create RCC or RMC” form, since these are
concerned with measurements of C-fiber rather than MVRCs. Click Save and Exit to continue.
After saving the RMC file, the prompt box provides different options

3.11. If frequency ramp and/or repetitive stimulation data have been recorded, follow the
instructions to analyse these. Otherwise, select Go straight to create MEM file option to create
a MEM file. Click OK to continue.

3.12. Click Save and Exit to continue.
3.13. Click OK to add the RMC data to MEM file.

3.14. Click Add from Input RMC file to add this data to the MEM file, then change the directory
to save the composite MEM file. Then, click Save and Exit to save it.

3.15. Click OK to save the remeasured QZD file to allow differentiation from the original QZD
file using a # sign.

REPRESENTATIVE RESULTS:

The following results were obtained in a subgroup of patients from a recent study??, in which
there were fibs/psws in all sites showing profuse denervation activity. The results showed that
changes in muscle fibers after denervation were assessed in vivo using the MVRC technique
described in this protocol. MVRCs showed changes consistent with depolarization of the resting
membrane potential in the neurogenic muscle fibers.
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Fourteen patients were compared with 29 healthy subjects. Subject demographics are shown in
Table 1. Figure 2 illustrates recordings from a healthy subject and patient. Figure 3 and Table 2
illustrate comparison of patients' MVRCs with healthy subjects. MRRP was prolonged, and ESN
and LSN were reduced in patients compared to healthy controls (Table 2, Figure 3).

FIGURE AND TABLE LEGENDS:

Figure 1: Picture of MVRCs set-up. (A) Isolated linear bipolar constant-current stimulator, (B)
50 Hz noise eliminator, (C) isolated EMG amplifier, and (D) analogue-to-digital converter.

Figure 2: Examples of MVRC recordings. Recordings after one conditioning stimulus (red), two
conditioning stimuli (green), and five conditioning stimuli (blue) from a (A) healthy subject and
(B) patient with L5 radiculopathy.

Figure 3: MVRCs with one, two, and five conditioning stimuli. (A) MVRCs in 14 patients (grey
lines) compared to mean value of 29 healthy controls (filled black squares). Graphical
representation of percentage change in latency is plotted against ISIs from 2—1,000 ms
(logarithmic scale). (B,C): Same as (A), but with two and five conditioning stimuli.

Table 1: Demographics and clinical characteristics. Values are listed as means * standard
deviation. This table has been modified from Witt et al.?2.

Table 2: Comparison of MVRC parameters between healthy controls and patients. MRRP =
muscle relative refractive period; ESN (%) = latency reduction of muscle action potential after
one conditioning stimulus as percentage of unconditioned stimulus at ISI of <15 ms. ESN (ms),
ISI corresponding to ESN (%). 5ESN = peak early supernormality after five conditioning stimuli.
LSN (%) = latency reduction of muscle action potential after one conditioning stimulus as
percentage of unconditioned stimulus at ISI between 100-150 ms. XLSN (%) = latency reduction
of muscle action potential after two conditioning stimuli as percentage of one conditioning
stimulus at ISI between 100-150 ms. 5XLSN (%) = latency reduction of muscle action potential
after five conditioning stimuli as percentage of one conditioning stimulus at ISI between 100—
150 ms. Values are listed as means + standard deviation.

DISCUSSION:

MVRC s, as programmed in the recording software, is a highly automated procedure, but care is
needed to obtain reliable results. In the recording stage, while adjusting the needles, it is
important to avoid stimulating the end-plate zone or nerve. This usually leads to large twitches
of the whole muscle, which increases the risk of displacement of the stimulation and/or
recording needle during recording MVRCs. To date, the method has been applied to several
muscles that have better described end-plate zone; however, the endplates may be scattered
(i.e., in the anterior tibial muscle). Therefore, particular attention is required.
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In order to avoid stimulation of the endplate or nerve instead of muscle fibers, care should be
taken when observing the muscle for twitches. The stimulating monopolar needle should be
moved, as well as the recording concentric needle, to locate a site that does not cause twitches.
Additionally, subjects should be asked whether or not they feel pain. MVRC recordings do not
cause any unpleasantness, unless the end-plate zone or the nerve is stimulated instead of
muscle fibers.

A limitation of the MVRCs method is performing the recording in only one site and examination
of only a few muscle fibers, which does not necessarily represent the whole muscle. This
limitation is particularly important in disorders where the pathology is not diffuse. A previous
study found surprisingly no difference between patients with amyotrophic lateral sclerosis and
healthy controls despite denervated muscles. This was probably because denervation activity
was not recorded at the site where MVRCs were recorded?3. It also cannot be excluded that the
needle could have been adjusted to a healthier spot with a more optimal response.

Another limitation of MVRCs is that one may have a tendency to spot the healthy muscle fibers
while adjusting the recording needle to obtain a stable response for measurements. One way to
overcome this limitation may be to do the recordings from polyphasic potentials. However, this
may pose problems for determining an accurate latency if there are undifferentiated peaks.
Additionally, although we intend to stimulate and record from the same bundle of muscle
fibers, these may not be exactly the same. The stimulated bundle may contain different fibers
during ongoing experiment?4,

MVRCs provide information that cannot be obtained by the conventional electrophysiological
methods. Thus, there is no other method in current use that can be compared to MVRCs. The
earlier report®, using single fiber needle electrodes to record at two sites from the same muscle
fiber, was much more difficult. Good recordings were only obtained from 43 out of 118 muscle
fiber studies, and this method has not been adopted in research labs or clinics. Another similar
but unautomated approach used eight different ISls from 20 ms to 2 ms?°. The authors
reported that a recording took 20—60 min, whereas this method records MVRCs with 34 ISIs in
about 10 min. The analysis is also fast and highly automated.

In conclusion, MVRCs is a method that may provide invaluable information to understand the
underlying mechanisms of neuromuscular disorders. For patients in which a mutation in an ion
channel gene has been identified, this method also provides data on the effects of those
specific mutations on muscle membrane excitability in vivo. This, together with in vitro
expression studies, enables a more accurate understanding of muscle pathophysiology in these
patients. This method has the potential to provide insight into the role of those channels in
normal muscle physiology, thus improving the understanding of muscle disease in general.
Further studies with other patient groups and larger groups are necessary. Studies recording
MVRCs in different muscles are also warranted.
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Figure

Click here to access/download;Figure;Figure3_new.tif
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Table

Table 1: Demographics and clinical characteristics

Click here to access/download;Table;Table1.xlsx 2

Healthy controls Patients
(n=29) (n=14)
Age (years) 55.7 £ 14.9 58.9 £ 16.3
Gender (M/F) 14/15 9/5
Disease duration (months) - 3.4 +2.7
MRC score - 3.0+ 1.1
Peronal neuropathy (9)

Etiology - L5 root afflication
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Table

Click here to access/download;Table;Table2.xlsx 2

Table 2: Comparison of MVRC parameters between healthy controls and patien

Healthy Controls Patients
(n=29) (n=14) p-value for t-test
MRRP (ms) 35+0.4 7.6+3.1 p=6.87"°
ESN (%) 11.3+2.1 7.6+2.3 p=55"
ESN (ms) 7.8+1.3 12.7+2.5 p=167"
SESN (%) 13.742.5 1.0+0.6 p=937"°
LSN (%) 41+14 28+17 p =0.017
XLSN (%) 2.9+0.7 1.0+ 16 p=1.87"°
5XLSN (%) 8.0+1.4 28%16 p=22"
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Name of Material/Equipment
50 Hz Noise Eliminator
Analogue-to-Digital Converter
Analysing software program
Disposable concentric needle electrode, 25 mm x 30G
Disposable monopolar needle electrode, 25 mm x 26G
Isolated EMG amplifier
Isolated linear bipolar constant-current stimulator

Software and recording protocol
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Company Catalog Number
Digitimer Ltd
National Instruments
Digitimer Ltd (copyright Institute of Neurology, University College, London)
Natus
Natus
Digitimer Ltd
Digitimer Ltd

Digitimer Ltd (copyright Institute of Neurology, University College, London)



Comments/Description
Humbug
NI-6221
QtracP, MANAL9
Dantec DCN
TECA elite
D440
DS5
QtracW software, M3REC3 recording protocol
written by Hugh Bostock, Istitute of Neurology,
London, UK)



Rebuttal Letter

Click here to access/download;Rebuttal Letter;Editorial
comments_07.11.docx

Editorial comments:
Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues. The JoVE editor will not copy-edit your
manuscript and any errors in the submitted revision may be present in the published
version.

2. Please make the title concise and do not include any hyphens, colons, etc.
Comment: We have shortened the title: "Muscle velocity recovery cycles (MVRCs) to
examine muscle membrane properties"

3. Please format the manuscript as paragraph Indentation: 0 for both left and right and
special: none, Line spacings: single. Please include a single line space between each
step, substep, and note in the protocol section. Please use Calibri 12 points

This has been done

4. Please provide an email address for each author.

Comment: Email addresses have been inserted at the first page

5. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its
applications in complete sentences between 10-50 words: “Here, we present a protocol
to...”

Comment: The short abstract/summary has been rephrased (50 words).

Citation: Here, we present a protocol to describe the recording of Muscle Velocity
Recovery Cycles (MVRCs), a new method of examining muscle membrane properties.
MVRCs enable in vivo assessment of muscle membrane potential and alterations of
muscle ion channel function in pathology, and the demonstration of muscle
depolarization in neurogenic muscles.

6. Please define all abbreviations during the first-time use.

Comment:” This has been done.

Citation: "We have tested MVRCs in patients with neurogenic muscles. Muscle relative
refraction period (MRRP) was prolonged and early supernormality (ESN) and late
supernormality (LSN) were.... " Page 2

7. For in-text formatting, corresponding reference numbers should appear as numbered
superscripts after the appropriate statement(s). Please number the citations in the
references.

Comment: Reference list has been updated according to the citation style.

8. Please remove all commercial language from your manuscript and use generic terms
instead. All commercial products should be sufficiently referenced in the Table of
Materials and Reagents.

For example D440 preamplifier, QtracS, M3REC3 protocol, DS5 bipolar stimulator,
HumBug 50 Hz noise eliminator, D440 amplifier, analog-to-digital (A/D) board NI-6221,
Dantec, QtracP analysis program, etc.

Comment: This has been corrected throughout the manuscript and the Table of
Materials and Reagents has been revised.

9. JoVE's policy states that the video narrative is objective and not biased towards a
particular product featured in the video. The goal of this policy is to focus on the
science rather than to present a technique as an advertisement for a specific item. To
this end, we ask that you please remove "QtrecS" within your text. Please refer to the
term using generic language.

I+
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Comment: This has been done throughout the manuscript.
QtracP is corrected to: "Analysing software program"
QtracS is corrected to "Recording software program"
M3REC is corrected to "Recording protocol"

10. Unfortunately, there are a few sections of the manuscript that show significant
overlap with previously published work. Though there may be a limited number of ways
to describe a technique, please use the original language throughout the manuscript.
Please see lines: 75-78, 98-101, 124-125, 130-131, 145-146, 151-152, 294-297

Comment: These lines have been rephrased.

11. Please ensure that all text in the protocol section is written in the imperative tense
as if telling someone how to do the technique (e.g., “"Do this,” “Ensure that,” etc.). The
actions should be described in the imperative tense in complete sentences wherever
possible. Avoid usage of phrases such as “could be,” “should be,” and “would be”
throughout the Protocol. Any text that cannot be written in the imperative tense may be
added as a “"Note.”

Comment: This has been done.

Citation: 3.2 has been rephrased: "Avoid..."

12. The protocol needs click-by-click instructions for each software program used.
Describe how the user interacts with the software. Please include all button clicks, the
knob turns, etc.

Comment: This has been done.

13. The Protocol should be made up almost entirely of discrete steps without large
paragraphs of text between sections. Please ensure that individual steps of the protocol
should only contain 2-3 actions per step.

Comment: We have rephrased the sections and divided into more steps when
necessary.

Citation: Step 2.3 and 3.6 are subdivided into two steps

14. Please add more details to your protocol steps. Please ensure you answer the “how”
question, i.e., how is the step performed?
Comment: This has been done

15. Please move the equipment details to the table of Materials.
Comment: This has been done.

16. Please do not repeat/duplicate the protocol steps.
Comment: We have tried to avoid repeating the protocol steps.

17. 1: Please include age and sex-specific bias if any for patient recruitment. Please
include a table showing clinical details.

Comment: Clinical details of healthy controls and patients are displayed in Table 1.
Patients were included prospectively to avoid exclusion bias.

18. 1.2: where will the insertion happen.
Comment: Insertion site has been added to section 1.2.
Citation: " 2 needles in a leg muscle and..”

19. 1.6-1.9: How is this done?
Comment: We believe for people in the field of neurophysiology, these sections are
clear.



20. 2.3: How do you ensure this?

Comment: More information has been added to this section.

Citation: “2.3.1. Adjust the stimulating and recording needles if necessary, until
recording an acceptable response with a stimulus intensity of less than 10 mA. The
shape of the muscle action potential should be triphasic, if possible, and stable. Avoid
large twitches of the whole muscle. ™

21. 2.6, 2.10: How is this done?
Comment: More information has been added to this section. We believe how these
procedures will be done is clear for neurophysiologists.

22. 3.5: What is being checked here?

Comment: This part is information and then clicking on OK to continue rather than
checking something. This has been clarified.

Citation: “A description of MAnal9 muscle excitability analysis appears. Click OK to
continue.”

23. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable
content. Please highlight 2.75 pages or less of the Protocol (including headings and
spacing) that identifies the essential steps of the protocol for the video, i.e., the steps
that should be visualized to tell the most cohesive story of the Protocol.

Comment: The protocol is 5 pages and the highlighted part has been shortened to 2.75
pages.

24. Please ensure that the results are described with respect to your experiment, you
performed an experiment, how did it help you to conclude what you wanted to and how
is it in line with the title.

Comment: This had already been considered.

25. Please obtain explicit copyright permission to reuse any figures from a previous
publication. Explicit permission can be expressed in the form of a letter from the editor
or a link to the editorial policy that allows re-prints. Please upload this information as a
.doc or .docx file to your Editorial Manager account. The Figure must be cited
appropriately in Figure Legend, i.e. “This figure has been modified from [citation].”
Comment: All figures and tables displayed in this paper are original

26. Please remove the embedded Tables from the manuscript. All tables should be
uploaded separately to your Editorial Manager account in the form of a .xls or .xlsx file.
Each table must be accompanied by a title and a description after the Representative
Results of the manuscript text.

Comment: Tablel and 2 have been moved to separate .xls files and titles have been
provided.

27. Please number the citations in the order of it being referenced in the manuscript.
A new reference list has been conducted.

28. Figure 1B: Please remove the commercial term.
Figure 1.B has been revised.

29. Please upload high-resolution figures.
Figure 2 and 3 are uploaded in high-resolution

30. Please sort the Materials table in alphabetical order.
The Material table has been revised.



31. Since some of the authors are from the UK, please sign the UK ALA and upload it to
your editorial manager account.
The UK ALA is completed and uploaded.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The authors described a protocol for recording Muscle Velocity Recovery Cycles
(MVRCs) as a new method of examining muscle membrane properties using direct
muscle stimulation. The authors tested this method in patients with neurogenic
muscles, they found that MRRP was prolonged and ESN and LSN were reduced in
patients compared to the healthy controls. The authors concluded that MVRCs provided
in vivo evidence of membrane depolarization in intact human muscle fibres that could
underlie their reduced excitability. The authors claimed that this simple method can
improve the understanding of the mechanisms underlying various neuromuscular
disorders including muscle channelopathies. I have no major comment as the data are
novel and believable.

Comment: We thank the Reviewer for the positive comments.

Reviewer #2:

Manuscript Summary:

This submission is quite important to detail the methodology of MVRC recording using
the Qtrac protocol. The method has a few pitfalls, and it would helpful for future
researchers to be able to refer to this, and to access any previous studies in the area.

Major Concerns:
Nil major

Minor Concerns:

* Replication of the ms in parts 1 and 2 of the methodology that appears highlighted on
this version

Comment: These parts have been repeated and highlighted as a requirement of the
journal.

* 3.8. As is indicated.
Comment: This has been corrected.

* Table 1 affliction (rather than affection)
Comment: L5 root affection has been changed to affliction.

* Discussion: 'One way to overcome this limitation may be to do the recordings from
polyphasic potentials, although this may pose problems for determining an accurate
latency if there are undifferentiated peaks.

Comment: We agree with the reviewer. This has been added to the discussion.
Citation: “One way to overcome this limitation may be to do the recordings from
polyphasic potentials. However, this may pose problems for determining an accurate
latency if there are undifferentiated peaks.”

* Will there be any abbreviations listed? It would be helpful to know the meaning of all
those such as 5XLSN etc..

Comment: We thank the Reviewer for reminding this. An abbreviation list has been
added.



* Reference should be made on past studies on demographic data like age (1) and (2)
selection of muscles. These would be relevant to any study in future and are important
considerations.

References (important):
1. Lee ], Boland-Freitas R, Ng K. Sarcolemmal excitability changes in normal human
aging. Muscle Nerve. 2018 ;57:981-988.

2. Lee ], Boland-Freitas R, Ng K. Physiological differences in sarcolemmal excitability
between muscles. Muscle Nerve. 2019 Oct;60(4):433-436. doi: 10.1002/mus.26645.

References (optional):

3. Lee ], Boland-Freitas R, Liang C, Ng K. Sarcolemmal depolarization in sporadic
inclusion body myositis assessed with muscle velocity recovery cycles. Clin
Neurophysiol. 2019 Aug 31. pii: S1388-2457(19)31205-2. doi:
10.1016/j.clinph.2019.08.019.

Comment: We agree with the Reviewer about the importance of these references.
These references have been added.

Reviewer #3:

Manuscript Summary:

The events after the passage of an impulse (nerve or muscle) reflects ion channel
mechanisms. This can be detected in routine neurophysiological studies and is a daily
concern in Single Fiber EMG and also often seen in microneurography. In muscle fiber
this was first described 1966, but has, except for the above, not attracted attention. In
this manuscript a multi-fiber test is described to measure the velocity changes after a
conditioning stimulus. Buchthal in the 1950ties tried the 2 needle technique for
measuring velocity in muscle fibers, but could not prove that the same muscle was both
stimulated and recorded from. So further studies did not follow.

Major Concerns:

In this technique a number of pitfalls are present, some of which are detailed by
Marrero et al 2026 (should be mentioned) in a double electrode study of other
parameters. Such problems are:

The bundle of fibers stimulated, may not be exactly the same as those recorded. The
stimulated bundle may contain different fibers during ongoing experiment.
Comment: We agree with the Reviewer about this pitfall. This has been added to the
discussion.

Citation: Additionally, although we intend to stimulate and record from the same bundle
of muscle fibers, these may not be exactly the same. The stimulated bundle may
contain different fibers during ongoing experiment.

Initiation of the depolarization may occur after different delays depending on muscle
fiber characteristics and probably distance to stimulator. Latency is more than velocity
in the muscle fiber.

Comment: We agree with the Reviewer. This limitation has been eliminated by applying
test alone and conditioning+test stimuli in MVRCs method.

In tibial anterior muscle, end-plates may be scattered, not easily defined from surface
anatomy. Test to ascertain direct stimulation is crucial, not discussed

A number of technical details are missing

Comment: We agree with the Reviewer. This has been discussed.



Citation: “Up to date, the method has been applied to a few muscles that have better
described end-plate zone, however the end-plates may be scattered for instance in
anterior tibial muscle, therefore particular attention is required. *

Minor Concerns:

In the manuscript, over all clearly written and easy to follow. A few questions may need
to be commented:

Title and line 23. Novel and new. The new is the application for routine in EMG. The
phenomenon itself is well known and taken into account in daily routine SFEMG,
Repetitive nerve stimulation and in interpretation of certain EMG phenomena (double
discharges).

Comment: Novel has been removed from the title.

line 47. Abbreviations not yet explained
Comment: An abbreviation list has been added and we have explained the
abbreviations in "Long abstract"

Line 71. Same muscle fibers. How can you be sure
Comment: We agree with the reviewer that we can not be exactly sure about this. As
also indicated above, this has been added as a challenge of the method.

Line 134. Reference...Do the authors mean anode?
Comment: We mean the anode by reference. This has been changed.

Line 168- Acceptable response. What is that, particularly in abnormal states.
Comment: More information has been added like requirement of triphasic potential, if
possible and a stable response.

Line 169 invert funny signals. This is worrisome and underlines the recording problem.
Even summated MUPs have main peak in negative direction. May indicate a cannula
recording. Should not be accepted, or explained in detail with examples.

Comment: This is simply due to the amplifier settings and not a recording problem or a
cannula recording.

Line 171 magenta and green line cannot be understood in text.
Comment: This has been indicated to show in the video. We do not expect this to be
understood in the text.

Stimulation frequency not given for each run is not given
Comment: This has been added in Section 2.1

Discussion, section 1. Line 4 "important to avoid stimulating". How is this controlled
Comment: This has been described in the following sentences.

Section 3, last sentence. "polyphasic potentials". Is one or several data obtained from
such a recording? The earliest part is probably the fastest conducting fibers (normal?).
Late and early components behave differently (MVCR dependent on CV in individual
fibers). Latency measured to earliest? Amplitude measured to that?

Comment: For this study, polyphasic potentials have not been analysed.
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value-adding publishing activities including peer review co-ordination, copy-editing,
formatting, (if relevant) pagination and online enrichment.

Policies for sharing publishing journal articles differ for subscription and gold open access
articles:

Subscription Articles: If you are an author, please share a link to your article rather than
the full-text. Millions of researchers have access to the formal publications on
ScienceDirect, and so links will help your users to find, access, cite, and use the best
available version.

Theses and dissertations which contain embedded PJAs as part of the formal submission



can be posted publicly by the awarding institution with DOI links back to the formal
publications on ScienceDirect.

If you are affiliated with a library that subscribes to ScienceDirect you have additional
private sharing rights for others' research accessed under that agreement. This includes use
for classroom teaching and internal training at the institution (including use in course packs
and courseware programs), and inclusion of the article for grant funding purposes.

Gold Open Access Articles: May be shared according to the author-selected end-user
license and should contain a CrossMark logo, the end user license, and a DOI link to the
formal publication on ScienceDirect.

Please refer to Elsevier's posting policy for further information.

18. For book authors the following clauses are applicable in addition to the

above: Authors are permitted to place a brief summary of their work online only. You are
not allowed to download and post the published electronic version of your chapter, nor may
you scan the printed edition to create an electronic version. Posting to a repository:
Authors are permitted to post a summary of their chapter only in their institution's
repository.

19. Thesis/Dissertation: If your license is for use in a thesis/dissertation your thesis may
be submitted to your institution in either print or electronic form. Should your thesis be
published commercially, please reapply for permission. These requirements include
permission for the Library and Archives of Canada to supply single copies, on demand, of
the complete thesis and include permission for Proquest/UMI to supply single copies, on
demand, of the complete thesis. Should your thesis be published commercially, please
reapply for permission. Theses and dissertations which contain embedded PJAs as part of
the formal submission can be posted publicly by the awarding institution with DOI links
back to the formal publications on ScienceDirect.

Elsevier Open Access Terms and Conditions

You can publish open access with Elsevier in hundreds of open access journals or in nearly
2000 established subscription journals that support open access publishing. Permitted third
party re-use of these open access articles is defined by the author's choice of Creative
Commons user license. See our open access license policy for more information.

Terms & Conditions applicable to all Open Access articles published with Elsevier:
Any reuse of the article must not represent the author as endorsing the adaptation of the
article nor should the article be modified in such a way as to damage the author's honour or
reputation. If any changes have been made, such changes must be clearly indicated.

The author(s) must be appropriately credited and we ask that you include the end user


http://www.crossref.org/crossmark/index.html
http://www.elsevier.com/about/open-access/open-access-policies/article-posting-policy
http://www.elsevier.com/about/open-access/open-access-policies/oa-license-policy

license and a DOI link to the formal publication on ScienceDirect.

If any part of the material to be used (for example, figures) has appeared in our publication
with credit or acknowledgement to another source it is the responsibility of the user to
ensure their reuse complies with the terms and conditions determined by the rights holder.

Additional Terms & Conditions applicable to each Creative Commons user license:

CC BY: The CC-BY license allows users to copy, to create extracts, abstracts and new
works from the Article, to alter and revise the Article and to make commercial use of the
Article (including reuse and/or resale of the Article by commercial entities), provided the
user gives appropriate credit (with a link to the formal publication through the relevant
DOI), provides a link to the license, indicates if changes were made and the licensor is not
represented as endorsing the use made of the work. The full details of the license are
available at http://creativecommons.org/licenses/by/4.0.

CC BY NC SA: The CC BY-NC-SA license allows users to copy, to create extracts,
abstracts and new works from the Acrticle, to alter and revise the Article, provided this is
not done for commercial purposes, and that the user gives appropriate credit (with a link to
the formal publication through the relevant DOI), provides a link to the license, indicates if
changes were made and the licensor is not represented as endorsing the use made of the
work. Further, any new works must be made available on the same conditions. The full
details of the license are available at http://creativecommons.org/licenses/by-nc-sa/4.0.

CC BY NC ND: The CC BY-NC-ND license allows users to copy and distribute the
Article, provided this is not done for commercial purposes and further does not permit
distribution of the Article if it is changed or edited in any way, and provided the user gives
appropriate credit (with a link to the formal publication through the relevant DOI),
provides a link to the license, and that the licensor is not represented as endorsing the use
made of the work. The full details of the license are available at
http://creativecommons.org/licenses/by-nc-nd/4.0. Any commercial reuse of Open Access
articles published with a CC BY NC SA or CC BY NC ND license requires permission
from Elsevier and will be subject to a fee.

Commercial reuse includes:

Associating advertising with the full text of the Article
Charging fees for document delivery or access

Article aggregation

Systematic distribution via e-mail lists or share buttons

Posting or linking by commercial companies for use by customers of those companies.
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Title of Article: |

Muscle Velocity Recovery Cycles (MVRCs) to examine muscle membrane properties

Author(s}):

Agnes Witt, Hugh Bostock, Werner Z'Graggen, Stella Veronica Tan, Alexander Gramm Kristensen,
Rikke Segaard Kristensen, Lotte Hardbo Larsen, Zennia Zeppelin, Hatice Tankisi

ltem 1: The Author elects to have the
http://www.jove.com/publish) via:

QStandard Access

Item 2: Please select one of the following items:

Materials be made available (as described at

D Open Access

QThe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: "Agreement" means this Article and
Video License Agreement; "Article" means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; "Author”
means the author who is a signatory to this Agreement;
"Collective Work" means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
"CRC License" means the Creative Commons Attribution 3.0
Agreement (also known as CC-BY), the terms and conditions
of which can be found at:
http://creativecommons.org/licenses/by/3.0/us/legalcode
; "CRC NonCommercial License" means the Creative
Commons Attribution-NonCommercial 3.0 Agreement (also
known as CC-BY-NC), the terms and conditions of which can
be found at: http://creativecommons.org/licenses/by-
nc/3.0/legalcode; "Derivative Work" means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; "Institution” means the
institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; "JOVE" means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; "Materials" means the Article
and / or the Video; "Parties" means the Author and JoVE;
"Video" means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its

affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion
of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto} license {(a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Coliective Works and {c} to license others to do
any or all of the above. The foregoing rights may be
exercised in all media and formats, whether now known or
hereafter devised, and include the right to make such
modifications as are technically necessary to exercise the
rights in other media and formats. If the "Open Access" box
has been checked in Item 1 above, JoVE and the Author
hereby grant to the public all such rights in the Article as
provided in, but subject to all limitations and requirements
set forth in, the CRC License. If the "Standard Access" box
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has been checked in item 1 above, JoVE and the Author
hereby grant to the public all such rights in the Article as
provided in, but subject to all limitations and requirements
set forth in, the CRC NonCommercial License.

4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the
non-exclusive right to use all or part of the Article for the
non-commercial purpose of giving lectures, presentations
or teaching classes, and to post a copy of the Article on the
Institution's website or the Author's personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JOVE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video - Standard Access. This
Section 5 applies if the "Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, subject to Section 7
below, JOVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video - Open Access. This
Section 6 applies only if the "Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed {including without
limitation in print, digital and electronic form) throughout
the world, {b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with

ARTICLE AND VIDEO LICENSE AGREEMENT - UK

such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author's name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JOVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author's
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
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discretion andwithout giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author's institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney's
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees ta indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney's fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author's or the Author's institution's
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contaminationdue to
the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
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decontamination procedures shall be solely the
responsibility of the Author and shali be undertaken at the
Author's expense. All indemnifications provided herein
shall include JoVE's attorney's fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JOVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14, Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:

Hatice Tankisi
Department:

Department of Clinical Neurophysiology
Institution: Aarhus University Hospital, Denmark
Title: MD. PhD :

’ C
P ]

Signature: \/\ . l A ( 3 Date: 07.11.2019

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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