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We would like to thank the reviewers and the editorial for their insightful comments and their interest in our work. 
First, we would like to summarize the major changes made for the paper revision: 
- In the protocol section, the levels of subtitles have been modified to have a more appropriate format following the editorial instructions. Now sublevels 4 are sparingly used.
- Segmentation procedure in 2.2.2 is now more deeply explained.
- A new paragraph has been added in the introduction section to give a clearer vision of the proposed method in the context of the state-of-the-art.
- The introductory paragraph of step 3 of the protocol section has been modified to improve the explanation of “Visualization” and “Registration” modes.
- Possible applications of our method are discussed in a new paragraph in the discussion section.
- Software improvements in the repository provided for the 3D Slicer Module “AR Health: Model Position”. A new button has been added for restarting the process without having to restart 3D Slicer.
- Figures 2 and 3 have been updated, highlighting different elements in the image. 

In the following pages of the document, you will find a separate answer to each reviewer’s comments.


Editorial comments:

We would like to thank the Editorial for their insightful review of the manuscript and for their comments.

General:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
2. Please limit the use of personal pronouns (you, your
3. Please include email addresses for all authors in the manuscript.

Answer:
1. We apologize for any spelling or grammar issues. The paper has been reviewed again and corrected.
2. The use of personal pronouns has been reduced or avoided. Examples can be found in steps 2.2.1, 3.1.4, 3.2.3, 3.2.5, 4.2, 5.1.2, 5.2, 5.2.9.2, 5.3.10, 5.3.12.1.1., 6. All these steps are referenced to the first version of the manuscript.
3. Email addresses for all authors have been included in “Authors and Affiliations” section.

Protocol:
1. Please include an ethics statement before the numbered protocol steps, indicating that the protocol follows the guidelines of your institution’s human research ethics committee.
2. If possible, please limit substeps to no more than 4 levels (e.g., 1.1.1.1), with a 4th level used sparingly.
3. For each protocol step, please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into separate steps or substeps.

Answer:
1. The following ethics statement has been included before the numbered protocol steps: “This study was performed in accordance with the principles of the 1964 Declaration of Helsinki as revised in 2013. The anonymized patient data and pictures included in this paper are used after written informed consent was obtained from the participant and/or their legal representative, where he/she approved the use of this data for dissemination activities including scientific publications.” 
2. Most of the level 4 steps have been removed to higher-level steps.
3. The manuscript steps and substeps have been modified to a more appropriated format following the instructions given by the Editorial. 
· Step 3.1.2 has been split, adding step 3.1.3, to avoid explaining too many actions in the same substep.
· Step 3.2.5 and its substeps have been modified to level 3 substeps in order to avoid level 4 steps. “How” question has been answered specifically in some substeps.
· Steps and substeps from 4.1. have been extended to steps 4.1 and 4.2.
· Substeps in steps 5.3 have been adapted to avoid level 4 steps.

Table of Materials:
1. Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol.

Answer:
1. The Table of Materials has been modified by adding new materials that were not previously included.


Reviewers’ comments

Reviewer #1
Manuscript Summary:
The authors describe a method for presenting segmented medical images in an augmented reality smartphone app with virtual content registered to a 3D printed model. Registration is performed by manually adjusting a virtual model to a Vuforia marker 3D model.
Major Concerns:
None.
Minor Concerns:
Item 2.2.2 summarizes the segmentation details with a link to the Slicer documentation on segmentation. Although this is an acceptable description, I would prefer to see 2-4 sentences on the specific effects the authors used to segment the distal leg sarcoma images. Or even one summary summarizing the effects used: "To segment the desired patient geometry, we used the threshold, etc... effects."

Answer:
We would like to thank Reviewer #1 for his time on reading and commenting on our paper. Now we will proceed to answer the reviewer’s minor concerns:

[bookmark: _Hlk19526910]Regarding the segmentation step in item 2.2.2, we agree with the reviewer that summarizing the segmentation procedure with a link to Slicer documentation tutorial may not be enough to show a user how to segment properly the proposed patient case. Therefore, a new substep 2.2.2.1 has been added explaining briefly which tools were used from the Slicer Segmentation module to finally obtain the given 3D models of the patient. The added step is the following: “2.2.2.1 To segment the bone (tibia and fibula in this case), the “Threshold” tool was used to set up a minimum and a maximum HU value from the CT image which correspond to bone tissue. By using this tool, other elements with HU outside these threshold values are removed, such as soft tissue. Then, “Scissors” tool was used to remove some undesired areas such as the bed or other anatomical structures from the segmented mask. The sarcoma region was segmented manually using “Draw” and “Erase” tools since the tumor is difficult to contour with automatic tools”.

Reviewer #2
Manuscript Summary:
This article proposes a method to display AR scene based on markers on a smartphone. A step-by-step methodology was described to realize this work. 3D slicer was used to segment and reconstruct the anatomical 3D models of patients from CT or MR images. An AR Health module was also developed to design the location relationship between marker and visual 3D models through two modes of Visualization and Registration. Meshmixer was used to modify the combination of both models. Then, the physical models required were 3D printed for the final AR application. An AR smartphone app in Unity engine was designed and deployed on Android or iOS devices. Finally, a real clinical case of a patient suffering from a distal leg sarcoma was to describe the propose methodology.
This manuscript is well organized. 
My major concerns are as follows:
1. The proposed method is not clear. Compared with other work about AR using smartphone, the differences and similarities among the proposed method and other AR methods should be described more clearly. Using markers to display AR scene has been proposed in previous articles.

2. The accuracy of AR in the proposed method is not described. The author could show an in-situ superposition of 3D images on patients. Actually, it is very different to install the marker on bones and on deformed tissues. Tissue deformation affects registration accuracy. So, please give examples of some suitable clinical applications.

3. In AR Health module, both Visualization and Registration modes obtain the location of the marker and the 3D models by translating and rotating them. It is hoped that the differences between the two operations can be further explained.

4. The proposed method seems to be a combination of several software and the existing methods. For some diseases, medical image segmentation is difficult, especially for inexperienced doctors. Also, the process described in this manuscript is complicated. Authors may describe each process simply and express them in pictures.

5. I have tried the AR Health module, which can only be executed once and needs further optimization. For examples, it cannot return to remove or add models after “Finish and Center”, and the registration process cannot be performed after the visualization process.

Answer:
We would like to thank Reviewer #2 for his time on reading and commenting insightfully our paper. In the following paragraphs we answer all reviewer’s major concerns:

1. The purpose of this paper is not to present a new method for showing AR scenes with data coming from medical images but to offer inexperienced users a complete protocol on how to use AR technology for that purpose. We include several references showing how this technology has been used previously in the biomedical field, providing context to the reader about the interest of these solutions. We have considered that a JOVE video and a full step-by-step protocol will help novel users to try AR since our method is based on inexpensive tools. Markers-based AR has been proposed before and has shown its potential, particularly in one of our previous papers. With this protocol, we want to encourage more users to try this technology thanks to its simplicity. The novelty of our work is that we facilitate image-to-world registration, which has been previously considered a limiting factor. We have added a paragraph in the introduction section of the paper to better answer the reviewer’s concerns.
 
2. We have previously evaluated the accuracy of the proposed protocol on a phantom in reference19, where we used HoloLens as the AR device. The protocol described in the paper is not intended to introduce any accuracy measure, but the reader can check our reference to better understand the limitations of the protocol. The limitations regarding the use of a marker attached to the bone were also identified in our previous paper. The referee is correct when pointing out that a marker attached to soft tissue would limit the utility of the protocol. We have added a paragraph in the discussion section with more clinical examples of the use of the proposed methodology: “In general, one of the most interesting clinical applications of AR and 3DP is to improve patient to physician communication by giving the patient a different perspective of her case, improving the explanation of a specific medical condition or treatment. Other possible application includes surgical guidance for target localization, where 3D printed patient-specific tools (with a reference AR marker attached) can be placed on rigid structures, such as bone, and used as a reference for the navigation. This application can be especially useful for orthopedic and maxillofacial surgical procedures in which bone tissue surface is easily accessed in the surgical field.”

3. In order to describe the differences between Visualization and Registration methods, we have improved the description of the 3D Slicer module. In addition, the differences between both methods have been further explained in protocol sections.

4. Segmentation might be a difficult task for some diseases, even more, if the region of interest includes other tissue than bone.  To answer the reviewer’s concerns, we have added an explanation in section 2.2.2.1 of how to perform the segmentation step. We think that the whole protocol is now easier to follow and, although it may seem complex at some points, the document will be a good step-by-step guide for the reader when combined with the final video.

5. We apologize for the problems experienced when testing the version of the code available during the review. The 3D Slicer module has been updated and new functionalities have been added. One of the main improvements is the addition of a new button which allows the user to restart the process without the need of restarting 3D slicer when the button is pressed. 




Minor Concerns:
1. Previous research proposed an AR method using a mobile device. You can refer to this article.
Z. Fan, et al.: 3D Interactive Surgical Visualization System using Mobile Spatial Information Acquisition and Autostereoscopic Display, Journal of Biomedical Informatics, Vol.71, pp.154-164, 2017.
2. You can mark some important components in figures for better understanding. For example, you can mark "3D CT model" and "3D printed marker reference".
3. A flowchart of the proposed method can be added for better understanding.

Answer:
The following paragraphs include our responses to the reviewer’s minor concerns:

1. We would like to thank the reviewer for identifying that reference, that has been included in the introduction section of our paper (reference number 10). 

2. Considering the reviewer comment, Figures 2 and 3 have been modified by remarking the different elements in the image.

3. A flowchart could help in understanding the method. However, we believe that the final video will serve as a flowchart and adding and extra figure illustrating the steps of the protocol will extend the paper length, so we did not include a flowchart.
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