Dear editorial board,
Thank you for recruiting additional reviewers. All the comments were addressed and gave us a better understanding of the reader’s experience. They helped us rewrite key sections of the manuscript to convey our message in a clearer, more concise manner. We hope that you, as well as the reviewers, will be pleased by the evolution of our manuscript.
Please find below our responses to the editorial and reviewers’ comments.
Yours Sincerely,
Miruna Verdes


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 manuscript was proofread, and a few errors were corrected. Also, a short paragraph was modified to improve its readability. 
“Multiple ES experiments aiming to shed light on underlying mechanisms have been carried out in vitro. EF exposure is reported through parameters describing the magnitude of the generated voltage gradient and the stimulus delivery device. However, to accomplish their purpose, the target system (i.e. group of cells) input signal must also be investigated.”
was changed to:
“Multiple ES experiments have been carried out in vitro over the years. Most of these only characterize the ES through the voltage drop between the electrodes divided by the distance between them – a rough approximation of the electric field magnitude. However, the electric field itself only influences charged particles, not cells directly. Also, when multiple materials are interposed between the device and the cells, the rough approximation may not hold.”

2. Please ensure that the references are numbered in order of appearance. See line 83.
References were checked and reordered.

____________________________________
Reviewers' comments:
We thank both reviewers for taking the time to read, understand and react honestly to our manuscript. We found their comments and questions very useful, as they helped identify key messages that were not clearly enough presented in our manuscript. Both sets of questions and comments contributed to our improvement of this manuscript. 

Reviewer #3: 
Manuscript Summary:
Overall this is a good manuscript and serves a much needed issue in the field.

1) cellular micro environment's structure and physical properties play a determining role in the actual experimental testing conditions. Hypothesis is very general and already been showed before. It would be good if the authors could be a bit more specific to shed light on the strength of the work presented.
We thought that for the discussion of this point it is relevant to bring the statement back to the context: “However, the advancements in in vitro experiments are difficult to reproduce directly in clinical settings. Mainly, that is because the ES devices used in vitro differ significantly from the ones suitable for patient use. Translating the in vitro results into in vivo procedures is therefore not straightforward. We hypothesize that the cellular microenvironment’s structure and physical properties play a determining role in the actual experimental testing conditions and that measures of charge distribution can be used to bridge the gap between in vitro and in vivo.”
In other words, the path from the electrodes to the cell, including microenvironment structure and its electrical properties (conductivity, permittivity) are not reported, investigated or accounted for in most electrical stimulation in vitro/in vivo studies although they differ significantly. Our hypothesis is that this is (at least partially) why in vitro results are not fully reproduced in vivo, thus the gap between in vitro and in vivo that hinders progress. Our solution to this problem is to encourage the use of charge distribution measures rather than simply reporting the electric field strength – which does not directly impact the cell.
To better express this, we made the following modifications to the abstract segment:
“However, the advancements in in vitro experiments are difficult to reproduce directly in clinical settings. Mainly, that is because the ES devices used in vitro differ significantly from the ones suitable for patient use, and the path from the electrodes to the targeted cells is different. Translating the in vitro results into in vivo procedures is therefore not straightforward. We emphasize that the cellular microenvironment’s structure and physical properties combined play a determining role in the actual experimental testing conditions and suggest that measures of charge distribution can be used to bridge the gap between in vitro and in vivo.”

2) Why the in vitro and in vivo scenarios are not similar? 
In vivo and in vitro devices are similar in principle: an electric field accelerates and redistributes charged particles within and around the targeted cells. However, the electrodes and the interface between the electrodes and the cells often differ. This means that for the same potential difference applied on the electrodes a different stimulus is actually applied to the cells in vitro versus the ones in vivo. For instance, the most widespread in vitro experimental setup uses Ag/AgCl electrodes in culture medium, while dressings with soft metal electrodes embedded in hydrogel are attached to intact and damaged skin in the treatment of chronic ulcers in vivo. The translation between the in vitro study and in vivo therapy is not straightforward, and a voltage drop enhancing keratinocyte proliferation in vitro might actually be damaging in vivo. 
The above changes to the abstract should also clarify this.
I believe the hypothesis would be more insightful if they were both collagen fibers in vitro and in vivo.
In the present study, we focus on a segment of the interface between the electrodes and the cells: the extracellular matrix. We explore how different fibre types (collagen vs. PEDOT:PSS silk fibroin) transduce the electrical stimulus at different orientations to the electric field. 
The study of the influence of different electrode materials or shapes, or electrochemical reactions between the electrodes and culture medium/hydrogels is however beyond the scope of the model presented. The electrodes are not included in the model, but replaced with boundary conditions for the electric potential. These boundary conditions are chosen so that a rough approximation for the magnitude of the electric field (ΔV/d) is 100 V/m, a frequently reported stimulation parameter.
This means that the feature that makes the RNCd model representative of an in vivo microenvironment is the structure of the fibers, characteristic for collagen fibers. 
While we are aware that collagen scaffolds are also used for in vitro experiments, we consider collagen fibers to be representative for in vivo microenvironments. On the one hand, they make up the majority of the fibrous extracellular matrix. On the other hand, other fibre types are often used as replacements as they solve sourcing issues and mechanical limitations imposed by collagen (Collagen fibers available for scaffolds are either extracted from animal tissues and pose an interspecies disease transmission risk, or have low yield (cell synthesized collagen in vitro) and pose stability issues (artificial synthesis)1.). Our results show that those other fibers are not a perfect replacement for the collagen fibers – regardless to whether the collagen fibers are in vivo or in vitro. We believe this result to also be insightful, especially for scientists developing and optimizing fibrous scaffolds. 
The following highlighted modifications were made in the results section to clarify the components included in the model:
“Minimization of computational cost was accomplished by reducing the ES device geometry to a model unit volume representing the microenvironment. While an ES device and scaffold’s width and length can easily be at the order of a few centimeters, the containing fibers’ diameter is usually lower than a micron. Here, we use a scaffold cut comparable to the fiber diameter to reduce the computational cost induced by the aspect ratio and highlight the effect of the scaffold’s fibrous nature on the electric microenvironment. The rest of the ES device is replaced with electric potential boundary conditions chosen so that a rough approximation for the magnitude of the electric field is 100 V/m, a frequently reported stimulation parameter.”
As such, the comparison between complete in vitro and in vivo ES devices is outside the scope of this manuscript.

3) Comments:
* Starting line 133 it talks about silico modeling and the benefits of it, but it doesn't reason why its such a good model or references any papers for it.
In the paragraph ending at line 133: “The unknown can be exposed by observing the difference between what is expected to happen based on the current knowledge and what happens. In silico experiments based on mathematical modelling allow splitting the process into known and unknown subprocesses. This way, phenomena not accounted for in the model come to light when in silico predictions are compared to in vitro and in vivo experiments.”. This highlights the reason why in silico models are necessary and how they complement in vivo/in vitro models. In other words, simulations using in silico models show us how much of the real process we can account for with what is known. By comparing simulation results with real world measurements we can uncover the existence of other phenomena taking place.

* Figure 2 is very informative even though its description is quite lengthy, maybe a different format would be more useful?
The legend of Figure 2 has been modified to improve readability and its length was decreased by 100 words. The figure itself was also reworked to better reflect the legend: two additional panels have been added to cover the Equation of continuity and the Charge conservation law. 
The text introducing the figure was also modified to clarify why this figure is relevant in the context of our model:
“To combine all components, all interface signals must be compatible.  The common denominators in those units are charge and current density – Figure 2. The current protocol was used to study how scaffold dependent parameters can be used to modulate these two signals, independent of the EF. Results show that. Results show that variations to those metrics can be produced by modifying the scaffold and highlight the necessity of accounting for the ECM electrical properties when pursuing an understanding of the ES process in vivo.”
became 
“Charge and current density – Figure 2 – can act as interface signals between models of the ES device and the biological sample, or between different components of the ES device. The proposed FEM based protocol uses the equations described in Figure 2 and was used to study how scaffold dependent parameters can be used to modulate those two signals, independent of the EF generated by a direct coupling setup. Results stress that it is necessary to account for scaffold or ECM electrical properties when investigating how ES impacts target cells.”

* Formatting in table 1, I believe there are some subscripts that are missing V0 instated of Vo. It might also be useful to have a separate column for units as well as using the proper symbols I stated of theta.
Table 1 is formatted as it is within the software – units between square parentheses after the parameter expression, and no option to use symbols or subscripts as or within parameter names.  

* Figure 6 and 7 are introduced in line 637, but I have not seen figures 3-5 introduced beforehand which are key to understand the different variants to the model and parameters used. I also think that the steps for compose could be introduced in a form of a schematic instated of the pages of different steps.
The reference to figures 6 and 7 at line 637 (end of first paragraph in representative results section) was removed. That paragraph is meant to restate the purpose of the proposed model, not to demonstrate its effectiveness, thus the reference to the figures was redundant and potentially confusing to the reader. 
The protocol can indeed be summarized in a flow chart. However, as JOVE is a methods-based journal, the focus of the paper is the protocol and all steps (e.g., button clicks, software commands, any user inputs, etc.) must be included.

4) The authors are missing important refs in their introductory work. They are strongly encouraged to refer to a wider range of publications to reflect on the advances of the field accurately. These two refs are very relevant and out to be cited:

Lynch KJ, Skalli O, Sabri F. Growing neural PC-12 cell on crosslinked silica aerogels increases neurite extension in the presence of an electric field. Journal of functional biomaterials. 2018 Jun;9(2):30.
This paper reports the effect of electrical stimulation (ES) with a capacitive coupling setup on nueral cells seeded on top of the collagen coat of either an aerogel scaffold (PCSA) or tissue culture polystyrene (TCPS). We added this reference in the introduction under in vitro studies of ES impact on cellular development.

Hadley J, Hirschman J, Morshed BI, Sabri F. RF coupling of interdigitated electrode array on aerogels for in vivo nerve guidance applications. MRS Advances. 2019 Apr;4(21):1237-44.
This paper presents an interesting device able to wirelessly induce current in a gold secondary coil with interdigitated electrodes. The secondary coil can be placed inside the body, to be in direct contact with damaged neural cells, while the primary coil and the power source can be kept outside – thus eliminates the need to implant additional components. This coil is coated on a porous biostable aerogel surface because increased rate of axon growth was reported on such materials and they are suitable materials for nerve conduits. The secondary coil has two interdigitated electrodes connected to its ends – if a current is induced within the coil, there is a potential difference between the electrodes. 
It is mentioned that the damaged nerve is potentially fixed between those electrodes, on the aerogel substrate, although this topic has not been investigated or thoroughly discussed within this paper. That is understandable, as the purpose of the article is to show that a wireless energy transfer to the inside of the body is feasible, and not to investigate how that energy is further used by cells.
Our introduction references the following: 
· in vivo and in vitro studies of ES impact on cellular/tissue development
· clinical trial results of ES using devices available for clinical use
· fibrous scaffold studies that report the structure of scaffolds, their effects on cells in the presence of electric fields
· studies on the structure and properties of extracellular matrix
Although the design of electrical stimulation devices is a related subject to our paper, we focus on the set of devices that make use of fibrous scaffolds and have the electrodes in direct contact with the medium the cells are in. That is why the broader range of existent ES devices is but briefly introduced in our paper by general features, not referencing any specific devices or aiming to make comparisons between different designs. For that, the reader can access referenced reviews with a wider grasp of the topic3,4. 
As we did not reference any other specific ES devices and the suggested paper does not fit any of the other topics mentioned above, we cannot reference Hadley J, Hirschman J, Morshed BI, Sabri F. RF coupling of interdigitated electrode array on aerogels for in vivo nerve guidance applications. MRS Advances. 2019 Apr;4(21):1237-44. in our introduction. However, we will keep this publication in mind for our future work, and we did modify the following passage to avoid giving the reader the impression that the power source must always be implanted along with the electrodes: 
“Devices used in vivo for longer treatments need to be wearable, thus the electrodes and most times the energy source are either implanted or attached to the skin as wound dressings or electroactive patches. The generated voltage gradient displaces charged particles in the treatment area.”


Reviewer #4: 
The paper reports on finite element modelling to describe the cellular microenvironment and the changes generated by exposure to electric fields. In particular, it is shown the electric field coupling with geometric structure to determine charge distribution. Further, time dependent inputs on charge movement is shown. Two case studies are presented.

This work is in an area of increasing activity and interest and the development of models related to cellular electric microenvironment is relevant.

The description of the protocol seem correct and the results consistent. With respect to the possible impact of the result, it would be interesting to see discussion/comment on the following issues, in order to work to be more significant for the scientific community in the field:

-many woks on electric field microenvironment is based on dipolar variations (such as piezoelectricity in bone tissue engineering). See, for example de works of C. Ribeiro et al or S. Ribeiro et al describing both materials and bioreactors. This electrical microenvironment has been proven to be relevant in cell differentiation, growth and maturation. Can the authors account for those electrical microenvironment? How can be achieved?

This model does not account for piezoelectric effects. The aspect of piezoelectricity should be covered in models that couple mechanical and electromagnetic interactions. Ours focuses solely on electric interactions (the electric field changes slow enough so that the induced magnetic field is negligible). 

-the most relevant effect on cell fate, related to scaffolds is mechanotransduction. There are relevant models for that. It seems more relevant and correct to properly couple mechanotransduction models with the electrical ones, for a proper description of the microenvironment. Can the authors comment/address this issues?
While we agree that mechanical forces are also an important set of physical cues that the microenvironment provides the cell (as can be observed in figure 1), electromagnetic interactions are of a different nature (as they only occur between charged particles). We believe that each model of a stimulation mechanism has to first be experimentally validated separately, before coupling with others of different nature and/or with models of cellular response to stimulation. Otherwise, there is no way to quantify the contribution of each.  

To better expose this point we changed the following paragraph in the discussion section:
“Other physical phenomena that could be coupled in later versions of the model are fluid flow (used in bioreactors and inherent in vivo), non-uniform ohmic heating and observed resulting morphological deformations of composites with aligned fibers5. Signals such as mechanical stress and transferred heat can then be added to the cellular input set.”
to:
“As the end goal of tissue engineering is to create bioreactors that not only mimic one or two aspects of in vivo environments, but replicate and control all cellular developmental cues6, electromagnetic and mechanical in silico models as well as models of heat transfer between bioreactor components will need to be combined. In a subsequent modelling phase, coupling phenomena between those interactions such as ohmic heating, electrolytic fluid flow, morphological scaffold deformations in response to electrical stimulation5 and piezoelectricity7 can also be added.  However, models should be merged only after each one has been experimentally validated. This way, we can gain a better understanding of each component’s influence in the cellular microenvironment, and how stimuli can be optimized. “

Thus, event when the work is potentially interesting, those relevant issues must be improved.
We hope you find our revised manuscript improved. 
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