Editorial comments:
1. (3) Email address for each author has been provided on Page 1 of the main narrative draft in lines 17-18.
2. (4) Short Abstract has been rephrased to include “Here, we present a protocol to …” in lines 27-28.
3. (5) The introduction has been revised to include all of the following:
a. This has been included in line 82 – 85.
b. This has been included in line 59 – 69.
c. This has been included in line 59 – 69.
d. This has been included in lines 69 – 71. 
e. This has been included in lines 85 – 86.
4. (11) The step 1.1.2 (now 3.1.2) refers to the training process that was involved in the protocol, which was done without markers attached to the rats.
5. (12) (13) The protocol scripts are not special codes, but basic mathematical scripts that can be created in Excel or MATLAB and can be done by a beginner. 
6. (16) All figures were original. No figures were reused from a previous publication.
Reviewers' comments:

Please note that novelty is not a requirement for publication and reviewer comments questioning the novelty of the article can be disregarded.

Reviewer #1:
3D Kinematic Gait Analysis for Pre-Clinical Studies in Rodents - JoVE59612
Manuscript Summary:
The aim of the paper is to provide a methodology for 3D kinematic gait analysis. The authors claim that 3D kinematic is more powerful than other existing methods to evaluate locomotor deficits in rodent, but it needs complex algorithms for data analysis. The paper combines protocol for limb motion recording as well as data analysis with a new built-in software. It describes the animal training and preparation, then the motion capture system and the calibration procedure, and finally motion tracking and analysis by means of the software. The description of the successive steps is adequate and all steps seem to be listed in the procedure. However, it is quite difficult to evaluate the use of the software without having it. The title and abstract are appropriate. To my opinion, this paper is suitable for publication. However, the study could be more persuasive if the authors consider the following remarks.

We thank Reviewer 1 for his/her valuable comments and are glad that he/she thinks that this work is suitable for publication. We address below concerns raised. 

Minor Concerns:
Markers. The authors should provide more details about markers. They look like half-spheres on Fig. 3. Is the shape important? Which diameter is recommended? References are not clear on the Table, I did not find such marker on the Simi's website. For pre/post analysis, it is recommended to tattoo the anatomic landmarks position with permanent ink in order to position the markers at the same place on the successive recording sessions (precise joint localization can be done under light anesthesia).
We thank the reviewer for pointing out this detail. The material section in Table 1 has been edited to provide more details on markers used in this work. In Fig. 3, the markers used are plastic hemispheres (0.5 cm diameter) that are covered with retroreflective tape. This is now included in the protocol (Lines 200-201). We agree with the Reviewer that use of tattoos can be more reliable, but in our hands, this has proven to be a rather ineffective procedure (especially after a spinal cord injury, where rats seem to chew on the tattooed area and cause severe skin scabbing).  

Cameras. The position is unclear. Are really camera below the treadmill or slightly above (I assume it is above)? Are cameras at the same height? With my own system, the light emitted by cameras often generates reflections on the plexiglass cage. Do the authors have the same problem and if applicable, how do they process? Sampling rate should be mentioned.
All cameras are slightly above the treadmill. Cameras are not at the same height, and they are not required to be at the same height. As long as the cameras are not moved post-calibration, the software will be able to provide accurate 3D data. The light emitted by cameras does generate reflections on the plexiglass cage. However, these reflections and obscurity of markers are overcome with cleaning of the plexiglass with alcohol and adjustments of camera and room lights. The sampling rate of the camera was 120 frames per second and has been included in the protocol (lines 128-129 and 215-216).

What is the area covered by cameras? Is it possible to study rats walking on a beam, on a runway on even on a ladder? "The system can be expanded to behaviors including reaching and grasping function". Is the system sensitive enough for grasping? Can very tiny movements be detected with accuracy? Although video shows a rat walking on a treadmill, the title suggests that the protocol is applicable in rodents. Do the authors have tested the protocol in mice?
The area covered by the cameras depends on how cameras are positioned and can be adjusted to various experimental setups. It is possible to study rats walking on a beam, on a runway and a ladder. This system has been used in humans and is capable of covering a large area. However, the limitation is the marker size and camera resolution. If the field is large (>~3meters) and the markers very small, the cameras do not adequately detect the retroreflective markers. 
We are currently using the same software and the set-up has been modified for reaching and grasping function, with indications that the system is sensitive enough for grasping where small movements can be detected with accuracy. This methodology and its findings will be presented in a future manuscript. However, we have not tested this protocol in mice with great detail, but have preliminary evidence that the change in the setup is minor, limited to change in marker size and camera zoom levels.  

Software. What are the benefits of the new software with respect to others, such as Vicon? Can the present software normalize step duration, to provide statistical analysis?
[bookmark: _Hlk7604618]Note that a bigger advantage of the presented software in comparison to systems such as the VICON is the ability to collect high resolution video data of the subject. As such, complex sets of calculations (such as angular motions, stick lines connecting multiple joints, etc) can be superimposed onto the recorded video. Marker placement and the generated 3D data can be verified with actual movements of a rat in motion. In contrast, with the VICON system, only the markers are captured and any re-analysis must be done on the stick diagrams (skeletal framework) instead of the actual subject. Consequently, verification of marker placement on actual subject movement is lacking. 
These advantages also stand out in comparison to other commercially available systems such as the  CatWalk, which is based on footprint analysis and fails to capture crucial segmental and joint kinematics. 
This is now better clarified in the text (Lines 555-561).
Reviewer #2: 
Major Concerns: 
This manuscript explains about the 3D motion capture system for rodent gait analysis. The paper is generally well written. However, I do not see any innovativeness of the present study. The methodologies used here such as marker tracking, calibration and 3d visualization are all already-existing, and have been incorporated in conventional commercial and non-commercial motion capture systems. Motion capture system for human gait analyses can surely be used for smaller animals like rodents! What is the efficacy of the present protocol compared to the conventional systems that are also "simple, user-friendly, largely automated, efficient and reproducible" and "objective"? This should be better explained in the manuscript.
[bookmark: _Hlk7604121]We do not disagree with this Reviewer that 3D motion capture systems for rodents already exists. We however would like to emphasize that the methods employed in collecting data with use of most 3D motion capture systems are not adequately explained in the literature. The details of the data collection and analysis procedures, limitations and techniques involved to most effectively use the system are not spelled out either.  As an example, we spent 3-4 months finessing the technique presented and the presented protocol can help decrease time and resources that other labs can expend in attempting to figure out how the system functions even though it is commercially available. Our intention of this protocol’s paper therefore is to provide details of methods so that many more pre-clinical researchers will use 3D motion capture in their labs for more objective assessments of rodent locomotor behavior (beyond the use of subjective assessment scales).  See Lines 555 to 561 in Discussion.
Moreover, this protocol is a preamble to publishing an ‘automatic data report’ for rat locomotion that will contain more than 40 outcome measures within few seconds after a video is tracked. Today, such reports are possible with Human motion analysis systems, but are currently lacking in pre-clinical studies. Refer to the lines 606-609.  
General advantages of this system over other systems are laid out in Lines 507-513; and Lines 551-576.
Reviewer #3:
C1: The authors summarize different approaches to analyze the locomotion in humans and rodents which is very interesting and important. Nevertheless, it is very advisable to improve the gap between the bench and the clinical situation.  In order to avoid this break, further data and analysis about this "jump" are mandatory during the research article.
We agree with the Reviewer that motion analysis systems used in human and preclinical studies need to be matched. We think that this paper is the first step towards this goal. Once this protocol is approved in the form of a manuscript, it is our hope that researchers will use this to generate data and compare/contrast with what is reported in the human literature. 
C2: Why did you choose this time? In this reviewer opinion´s is a very little time. Did you acclimatize the rats in the room before the experiment?
In our hands, this time is adequate to get rats to begin to step on the treadmill. Our previous works support our existing experiments (Shah et al. 2012, Shah et al 2013)
C3: What time did you choose morning or afternoon? Please, justify this selection.
We trained our rats in the mornings when they are relatively more active. We now mention this in the protocol (Line 189). 	
C4: Please, justify why one minute will ensure proper calibration.
We thank the Reviewer for pointing this out. The protocol has been edited to justify the one minute of calibration (Line 128-129).
C5: Do the authors mean during the whole experiment, during a single run, etc. Please specify.
We thank the Reviewer for pointing this out. The protocol has been edited to clarify the statement (Lines 141-142).
C6: Nowadays several methods and techniques are feasible in detecting deficiencies in quadrupedal locomotion. Nevertheless, the technique described here is a powerful tool to do that. Please, describe in deep details the advantages of your technique.
We thank the Reviewer for this comment and agree with him/her that this technique is powerful. The benefits of this software include being able to perform complex sets of calculations that can be visualized on the recorded video in the form of a stick diagram. This software is capable of displaying the rat and allows users to retrack the markers. In other systems, users are stuck with the marker placement and unable to correct any errors in marker placement. In addition, this system allows users to better visualize the overall walking behavior by having the image of the rodent superimposed or juxtaposed to the generated data. This software is also very versatile, where it could be used for multiple experimental setups (example: beam, overground walking, reaching-grasping behavior, etc.).
C7: A brief description of several parameters is not enough to point out this technique as a useful 3d technique. It will very useful if the authors summarize and quantify al the data in a matrix. It has been done in several research articles.
We thank the Reviewer for this point. However, we believe that a matrix of all the data is beyond the scope of this manuscript. The main goal is the protocol itself. However, in support of the Reviewer’s comment, we are currently working on creating an ‘automatic data report’ for rat locomotion that will contain more than 40 outcome measures within few seconds after a video is tracked. This protocol serves as the preamble to publishing this template of data analysis in rats. Please see Figure 1 below, which is a snapshot of a very small portion of the template, created exclusively for this Reviewer. 
C8: In this reviewer´s opinion will be much more useful if the authors elaborate a separate section about future lines of 3D kinematic research.
We thank the Reviewer for this comment. We highlight in Lines 606-611 in the Discussions section that we are attempting to establish a template where researchers can generate detailed rodent locomotor data (figure 1) within a few clicks. In addition, we are also finessing this system to collect high throughput 3D kinematic data during common skilled forelimb behaviors such as reaching and grasping. 
C9: How? please include more details on the article.
We thank the Reviewer for this point. More details have been included in the figure legends. Please refer to lines 429 – 430.
C10: The lack of standardization is one of the biggest problems in kinematic analysis. Since you achieve a 3D reproducible technique please go in further details about how you will help to standardize this technique.
Calibration is the fundamental part of this technique which assures reproducibility between adjacent trials, within and between subjects. Thus, this technique is made very objective and greatly reduces subjective bias. We now include this important point raised by the Reviewer in the Discussion section in Lines 555-561. 
C11: This is a very important point. In this reviewer´s opinion not enough details are provided in this article. More details about the handling are needed.
[bookmark: _GoBack]We thank the Reviewer for raising this important point. However, details of further elaboration of this point are beyond the scope of this protocol’s paper. It is well known that various environmental and inherent variables contribute to differences in rodent motor behavior. We refer the interested reader to this article (Fouad et al, 2013, Frontiers in Integrative Neuroscience) in the literature, now mentioned in lines 595 in the discussion. 
C12: This is a very interesting research article and it will be very useful to homogenize the research in different pathologies and animal models. 
Nevertheless, it will not completely be done unless the authors include a short section about the translation between the animal model and clinical situation. This gap has been present in the kinematic research as well as in different areas, and it need to be jumped. Hundreds of articles in animal models have been published every year (for instance in stroke). Nonetheless, no new treatment have come up. This gap is one of the main problems, so link the article, technique and result with human kinematic research is essential if we want to overcome this limitation.
We resonate with this Reviewer’s concern on bridging the translational gap between human kinematic studies and preclinical studies in rodents. The protocol presented here promises to serve as a sensitive tool in detecting deficits after an injury as well as intervention.  We are hopeful that the outcomes that this system generates will prove useful to a variety of pre-clinical researchers to assess the effectiveness of their interventions. Indeed, we ourselves have begun to use the range of outcomes that the system yields for our studies and are expanding its use for upper extremity function too. These collective efforts will prove as effective steps in bridging the gap that we face today in the field. Moreover, it is critical to point out that the lack in translation to the clinic from bench side is not only because of lack of sensitive assessment measures but a variety of other variables (example: species differences, insurance policies, the dosage of intervention, etc.). And when these are collectively dealt with in the field, we will eventually witness major and obvious progress in bridging the perceived gaps. 










Figure 1: Sample Report. Screen capture of the sample report created from template within the software (in response to Point 7 raised by Reviewer 3).
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