Answers to Reviewers’ comments
Reviewer #1


This manuscript describes the protocol allowing investigators to functionally isolate a single motor axon in a ventral rootlet, and then to stimulate the motor axon in order to activate the innervated muscle fibers and to record the contractile force developped by the motor unit at tendon in rats. This protocol allows to investigate, in each experiment, a substantial fraction of the motor units from a single hindlimb muscle. This protocol is used in order to study the diversity of the motor units (there are several types of motor units that differ according to their contractile properties) and to investigate the motor units plasticity under various physical constraints or under pathological conditions. The authors are the best international experts of this technique. The paper precisely describes the protocol step by step.
I have a few suggestions for the authors:
Thank you for the valuable corrections and suggestions which may help to improve this paper and help us in our research work in the future.

Below we have explained the respective corrections and additions introduced in the paper on the basis of your comments.

Summary (line 22) : This method allows to record... (instead of "to register"...)
Corrected

Abstract
It is stated that "A crucial element of the method is the application of electrical stimuli delivered to a motor axon isolated from the ventral root, or a single stimulus or trains of pulses at constant or variable inter-pulse intervals." Why opposing single stimulus and trains with electrical stimuli ? Indeed, all of them are electrical stimuli! Please rephrase.
The phrase was rewritten


Introduction
- It would be good to acknowledge in the Introduction that this protocol has been extensively used in cats in the 70's and 80's.
Acknowledged, lines 93-94

- I think that the principle of the method (extensive denervation of the hindlimb muscles but the investigated one, in order to prepare thin ventral rootlets, each one containing a single "functional" motor axon) would be better located in the Introduction than in the Discussion (lines 314-317).
The respective phrase was added to Introduction (lines 48-51)

-line 50 : ".. more than 50 MUs of the three physiological types ...." (instead of "...which represent three their..")
Corrected

Protocol:
1.3 Anesthesia: please add the route through which the supplemental doses of anaesthetic is delivered (IP , IV). If IV route, please precise which vein is used and whether a permanent catheter is placed in the vein?
IP, indicated, line 114

2.1 Why shaving the right hindlimb since only the left one is going to be dissected?
This is necessary to insert the ground electrode (later described 3.2.3), changes in lines 119-121

2.2.5 I guess that the authors mean that they are cutting the dorsal and ventral roots close to their entry into the spinal cord? (not very clear as it stands).
We are cutting low caudal segments of the spinal cord and all ventral/dorsal root at the same level. For clarity we have added “and”, line 142

2.2.5 (line 139) "... to stop bleeding." (instead of "... to block bleeding").
Corrected

2.3.6 Are the gluteal muscles also denervated? Is the femoral nerve (on the ventral side) cut?
The gluteal muscles are not denervated and the femoral nerve is intact. 

3.2. Placement of electrodes for motor unit action potentials recording and ventral rootlets stimulation
Corrected, lines 224 and 241-243


4.3 (line 256) "...the strongest MUs in rat medial gastrocnemius have about 70 times larger higher twitch force than the weakest ones..." (larger instead of higher).
Corrected

4.3 (line 257) I guess that there is a summation of MUAPS that might also help to determine whether there are several MUs or just a single one. This might be added ?
Yes, it is true that shape of action potentials are indicators of number of MUs activated, and we have mentioned: “When more than one MU is contracting in the studied muscle and increasing level of the force as well as increasing amplitude or changing shape of the action potential are visible…” . Nevertheless, some MUs have their muscle fibers located in some distance to the recording electrode and are not visible in electromyogram, in such a case changing the stimulus amplitude we can see changes in the force but not in MUAP. This possibility was explained in the text, lines 268-271. 


5.3 (line 286): "... to keep constant the passive muscle force." (instead of "... to keep constant stretch the muscle."
Corrected

Discussion:
Line 329 "... to calculate basic twitch parameters ..." (instead of "... to calculate basing twitch parameters...").
Corrected
Reviewer #2

Major comments:

In the current work, the authors describe an elegant approach to allow physiological and electrophysiological assessment of individual motor units in the hindlimb of the rat. While the authors provide a nice high-level view of the technique, it is not clear that sufficient detail is provided so that readers would truly understand how to perform this technique. For a publication such as JoVE, this seems to defeat the purpose of publication. Can the level of detail and instruction be increased? Several steps seem rather vague and nonspecific. The authors point out that a considerable part of the setup is custom-made. Thus instructions (or references) should be provided for all critical steps. It seems pointless to provide instructions that do not provide sufficient detail to perform a technique. If this is not possible, maybe there is no benefit of such a publication?
Thank you for the valuable corrections and suggestions which may help to improve this paper and help us in our research work in the future. As suggested by Reviewer, we have added some detailed information concerning custom-made elements of setup (frame for the skin over laminectomy – line 187 and size of the metal frame  - line 189, plate with the pool for the hindlimb – lines 200-201, force transducer – line 212, plate for the ventral roots – line 235, stimulating electrode – 241-lines 242, the amplifier – lines 225-226, and thickness of the metal plate used to install the experimental setup – line 362). Note that all these elements will be visible on video recording being a part of this article. 
Below we have explained the remaining respective corrections and additions introduced in the paper on the basis of your comments.
Minor comments:
Abstract:
Second sentence of abstract: "or a single stimulus.." should this be "as a single stimulus.."?
Corrected, error indicated also by Reviewer #1. 

Introduction:
The phrase "The rate medial gastrocnemius is composed of more than 50 Mus…" is vague. Can the authors provide a range than that saying more than 50 or an estimate? More than could imply 50-1000? What is meant by this statement?
Corrected, error indicated also by Reviewer #1. 
Reviewer #3:

Manuscript Summary:


This manuscript describes the procedures needed to stimulate single motor axons and to record the evoked force and electromyographic responses in rat hindlimb muscles. These procedures are important to document and will be useful for many other investigators.
Thank you for the valuable corrections and suggestions which may help to improve this paper and help us in our research work in the future. 

Below we have explained the respective corrections and additions introduced in the paper on the basis of your comments.


Major Concerns:

None

Minor Concerns:

1. (ln 31) "ventral root, or a single stimulus" Change to "ventral root, using a single stimulus"
Phrase corrected, error indicated also by Reviewer #1.

2. (ln 115) It is unclear why both hindlimbs are prepped. Please explain.
This is necessary to insert the ground electrode (later described 3.2.3), changes in lines 119-121

3. (ln 132) Explain how the laminectomy is performed.
Explained with more details, lines 137-138

4. (ln 173) Explain why the incision is made on the anterior side of the limb
Explained, lines 178-179

5. (ln 181) Describe and perhaps include a figure of the custom-made frame
Described, line 187, more details will be visible on video recording

6. (ln 194) "Place the rat on the custom-made metal plate with a pool" Describe this custom-made plate. Does the plate have a pool (as is implied) or is the pool made by from the skin of the hindlimb? Please make this clearer.
Corrected, the plate and pool are described with some more details, lines 200-201 

7. (ln 204) Describe the characteristics of the force transducer (e.g. sensitivity).
Described, line 212

8. (ln 217) "Connect the electrode" change to "Connect the electrodes"
Corrected 

9. (ln 217) Describe the amplifier
The amplifier is described with more details, lines 225-226  

10. (ln 223) "Grasp the exposed skin flap of the right hind limb" The exposure of a skin flap on the right limb was not described. Why does the reference need to be placed in the contralateral limb?
Phrase was corrected, line 232; the electrode helps to decrease the noise level

11. (ln 226) "custom-made insulated metal plate" Please describe in detail this plate.
The size of the plate is indicated (line 235)

12. (ln 232) "Place a silver wire stimulating electrode" Describe the approximate dimension of the stimulating electrode.
The electrode is described, lines 241-242

13. (ln 233) "with a reference electrode inserted in the saline (added to the pool) as a negative pole" Why do you use anodal stimulation? This is quite unconventional.
The description was corrected, lines 241-243

14. (ln 239) "Stimulating with electrical pulses" Describe the characteristics of the stimulus pulses.
The stimuli were described, line 249

15. (ln 244) "split L5 or L4 ventral roots" Describe this process. For example, to you grasp the cut end of the ventral rootlet with both forceps and peel the rootlet apart?
Described as suggested, lines 255-256

16. (ln 268) You should indicate here that the process is then repeated to isolate additional motor units
The respective phrase was added, lines 281-282

17. (ln 285) "the passive force is progressively decreasing" Change to "the passive force may decrease".
Corrected

18. (ln 286) "it is necessary to increase the muscle length to keep constant stretch of the muscle" Change to "it is necessary to increase the muscle length to keep the passive tension constant"
Corrected 

19. (ln 293 and 299) "Over the force track, motor unit action potential is shown" Change to "The upper trace shows the motor unit action potential"
Corrected

20. Is the delay between stimulus delivery and onset of the motor unit action potential (Figure 1) due to conduction time from ventral root to muscle? Please explain.
Respective explanation was added, lines 308-309

21. (ln 318 and 321) Change "register" to "record"
Corrected 

22. (ln 320) "and another necessary force and action potential recordings." It is not clear what this phrase refers to.
Yes, this phrase was not clear, we have deleted it. 

23. (ln 344) "a considerable part of the experimental setup is custom-made" Therefore, it is important that these items be describe and/or shown as figures.
We have described with more details some crucial custom-made elements of our setup (frame for the skin over laminectomy – line 187 and size of the metal frame  - line 189, plate with the pool for the hindlimb – lines 200-201, force transducer – line 212, plate for the ventral roots – line 235, stimulating electrode – 241-lines 242, the amplifier – lines 225-226 and thickness of the metal plate used to install the experimental setup – line 362). Note that all these elements will be visible on video recording being a part of this article. 
24. (ln 346) "for all columns" Not clear what columns refers to.

Corrected, line 361
