All Reviewer comments have been copied directly including any original line numbers and are shown in italics, while responses and revisions have been indented in plain text with line numbers referencing the edited version of the re-submission. We believe the comments of the Editors and Reviewers have made this a much stronger submission.

Editorial Comments:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Response: Thank you, the authors have reviewed the manuscript for such errors and have corrected them as appropriate. 
2. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
Response: All instances of personal pronouns have been removed from the manuscript and replaced with more general and directed text. 
3. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. 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.
For example: Phantom Camera Control, FEBioStudio
Response: All software names (e.g. Phantom Camera Control, FEBioStudio, ImageJ, etc.) have been removed, as requested. 
4. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets or dashes.
Response: The authors acknowledge their previous use of introductory paragraphs to each section and have removed these and added a summarizing paragraph of data coordination as part of the introduction instead. The protocol is now numbered entirely as described in the JoVE Instructions for Authors with each step labeled with the full step number. 
5. 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.
Response: An ethics statement was included just before the numbered protocol steps, as requested. 
Revision, Lines 103-104: “Procedures outlined in this protocol were approved by the University of Utah Institutional Review Board.”
6. 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.” However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc.
Response: Thank you for identifying this lack of clarity, the protocol section has been reviewed to ensure that all steps are written in the imperative tense. 
7. Please note that your protocol will be used to generate the script for the video and must contain everything that you would like shown in the video. Please add more details to your protocol steps. 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. Please add more specific details (e.g., button clicks for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.
Response: We have added additional detail as appropriate throughout; however, it is difficult to include information such as button clicks without mentioning specific software by name. 
8. Line 98: Please specify the concentration of the anesthetic used.
Response: Thank you for identifying this lack of clarity, the concentration has been included.
Revision, Line 120: “Anesthetize the soft tissue at the injection site with 2-5 ml of 1% lidocaine.”
9. Line 103: Please specify the amount of contrast agent injected.
Response: The amount of contrast agent has been specified. 
Revision, Line 125: “Inject a small amount of the contrast agent (<5 ml) and…”
10. Line 109-110: Please mention how the traction is applied.
Response: The manual process of applying traction has been clarified.
Revision, Lines 127-130: “When additional resistance to the injection is observed, have a study team member manually apply traction to the hip by pulling on the participant’s ankle while they resist by pulling on the headboard of the table.”
11. Line 131-138/216-221: Please ensure that the Protocol section consists of numbered steps. We cannot have non-numbered paragraphs/steps/headings/subheadings.
Response: Thank you for this clarification, all non-numbered paragraphs or statements have either been incorporated into numbered protocol steps or moved to the discussion. 
12. Line 155-160: The Protocol should contain only action items that direct the reader to do something. Please move the discussion about the protocol to the Discussion.
Response: Thank you for identifying this inconsistency. Any discussion about the protocol has been moved outside of the specific protocol steps. 
Revision, Lines 170-188: “2.1.3	Position the x-ray emitters to be pointed towards the image intensifiers. Ensure the distance between the emitter source and face of the image intensifiers is approximately 100-110 cm. Note, the recommended distance between emitter source and face of the image intensifiers will vary based on system specification and the collimator in the x-ray emitter.
2.1.4	Connect the center of the face of the image intensifier and corresponding x-ray emitter of each fluoroscope pair using strings or measuring tapes. Verify the strings (or tapes) cross at the desired location (i.e., in the expected location of the hip joint). 
2.1.5	Affix the plate with three lasers to the emitter and the mirror to the image intensifier. Turn on the lasers and refine the alignment of each emitter and image intensifier based on the reflection of the lasers back to the laser source.”
13. Line 196-198: Please mention how the height is measured.
Response: Additional detail has been provided for the measurement of greater trochanter height.
Revision, Lines 232-236: “To do this, palpate the thigh to find the bony prominence of the greater trochanter and locate the most superior point, as is possible. Since the superior greater trochanter is approximately at the same height as the hip joint, measure the height from the floor to this point and compare to the height estimation used to setup the dual fluoroscopy system.”
14. Please include a one-line space between each protocol step and then highlight up to 3 pages 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. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
Response: Space has been added between all protocol steps using standard formatting tools. Additionally, the relevant portions of the protocol have been highlighted in yellow. 
15. Figure 4: Please define the terms used in the figure in the figure description (RSHO, STRN, etc.)
Response: Thank you for identifying this oversight on our part. All acronyms associated with the marker positions are now defined in the figure legend.
Revision, Lines 685-694: “Marker labels prefaced with an R or L indicate markers on the right or left side of the body; marker labels suffixed with S, L, R, I, A, or P indicate marker locations on a marker plate, specifically superior, left, right, inferior, anterior or posterior, respectively; *SHO, shoulder; CLAV, center of clavicles; STRN, bottom of sternum; BACK_*, markers of plate placed on the lower back; *ILC, iliac crest; *ASI, anterior superior iliac spine; *PSI, posterior superior iliac spine; GRT_TRO, greater trochanter; *THI_*, markers of the respective plates placed on the thigh; *KNE_M, medial femoral condyle (knee); *KNE_L, lateral femoral condyle (knee); *TIB_*, markers of the respective plates placed on the shank (tibia); *ANK_M, medial malleolus (ankle); *ANK_L, lateral malleolus; *5TH, fifth metatarsophalangeal joint; *TOE, first metatarsophalangeal joint; *HEE, calcaneus (heel).”
16. For in-text formatting, corresponding reference numbers should appear as numbered superscripts after the appropriate statement(s) before the punctuations.
Response: The author’s apologize for this editorial error and have corrected this throughout the manuscript. 

Reviewer's Comments
Reviewer: 1
Manuscript Summary:
Overall, it was a well written manuscript. I do have one main suggestion as it was a bit confusing to me to figure out how each system was integrated into the overall protocol. For example, it wasn't clear if the optical marker tracking system simply synchronized temporally or temporo-spatially with the data from the dual fluoroscopy system until the very end of the protocol, or it took a lot of back and forth for me to figure how the markerless tracking was used with the fluoroscopy camera system (these two sections were quite far apart in the protocol section of the manuscript). An outline of each methodology at the beginning of the protocol section would be helpful to familiarize the reader to how each piece will fit into the experiment before a step by step description of the protocol for each piece of information (e.g. CT scans were used to develop bone models which were fit to dual fluoroscopy system images oriented in the volume using a markerless tracking system, the cube was used as a common reference to synchronize both optical and fluoroscopy systems).
Response: The authors thank the Reviewer for their review and critique of our protocol and appreciate the complexity of the procedure. We believe this summary paragraph provides important reference for future readers to prevent confusion about the coordination of the data systems. 
Revision, Lines 82-97: “Due to the desire to capture whole-body kinematics with optical marker tracking simultaneously with dual fluoroscopy images, the data collection protocol requires coordination between several sources of data. Calibration of the dual fluoroscopy system utilizes plexiglass structures implanted with metallic beads that can be directly identified and tracked as markers, while dynamic bone motion is tracked using markerless tracking which utilizes only the CT-based radiographic density of the bones to define orientation. Dynamic motion is then tracked simultaneously using dual fluoroscopy and motion capture data that is spatially and temporally synced. The systems are synced spatially during calibration through concurrent imaging of a cube with both reflective markers and implanted metal beads and generation of a common coordinate system. The systems are synced temporally for each activity or capture through the use of a split electronic trigger which sends a signal to end recording of the dual fluoroscopy cameras and interrupts a constant 5V input to the motion capture system.”
Major Concerns:
None
Minor Concerns:
Line 382: Can you provide a more detailed description to the markerless tracking process for orienting the fluoroscope images? For example, from the "Markerless Tracking" section, it was initially unclear to me what exactly the markerless tracking was being utilized for.
Response: Thank you. The authors have included a summarizing paragraph describing the different aspects of data collection and analysis, including markerless tracking, as suggested by the Reviewer. We believe that this provides improved clarity about markerless tracking and the role it has in this protocol. 
Line 385: It would be clearer if the specific cameras being used for this process was identified since there are 3 in this setup: flouro, video, or mocap? Speaking of this, I don't recall if the video cameras were used for anything in particular?
Response: The authors acknlowedge the confusion associated with the various cameras used herein and have clarified the type of camera throughout the protocol. We have also provided clarification about the use of the video camera, as it is not used for any quantitative analysis described.  
Revision, Lines 353-354: “Note, the video camera is not specifically used for any quantification of motion, only for visual record of the motion capture.”
Line 384: Can you reiterate during what step images of the cube were collected?
Response: Thank you for this suggestion, this information will surely help the reader follow the protocol. Some additional detail has also been added for the step. 
Revision, Lines 448-455: “5.1.1	Identify 12 beads of the cube within each of the images from the dual fluoroscopy cameras (collected in Step 2.2.6). Based on the calibrated distances between each of the beads of the cube and the measurements of the location of the cube within the dual fluoroscopy system, the spatial orientation of each fluoroscope is determined through minimization of the sum-of-squares projection error between the projected and known bead locations.”
Line 399-409: Orienting the bone models was done manually and then optimized via an algorithm? Is there any objective measure for the quality of fit? Even small errors during this step could have significant results when analyzing arthrokinematics.
Response: A cross-correlation coefficient is calculated for each alignment, whether the solution was derived manually or through optimization. The coefficient is relative to the overlapping non-zero voxels of the images, but is still sensitive to image noise and contrast, so it is difficult to give an objective value which should be obtained, but we also provide additional methods to evaluate the quality of the bone alignment. 
Revision, Lines 473-477: “5.2.4	Once the DRR of the bone looks to be well aligned in both views, save the solution by clicking the Manual button in the Solutions panel. Every time a solution is saved, the orientation parameters and the normalized cross-correlation coefficient are plotted for reference. The normalized cross-correlation coefficient is calculated based on all pixels with non-zero values for both the fluoroscope and bone DRRs.”
Revision, Lines 495-498: “5.2.8	Review and refine each frame of the trial, using both Manual and DHS based solutions. Use the plot of parameters to ensure that the correlation coefficient is sufficiently high and that the orientation of the bone does not have sudden jumps in any parameter.”
Lines 450-465: The description of the coordinate systems (e.g. left) don't mesh with the labels in Figure 5 (e.g. medial-lateral).
Response: The authors thank the Reviewer for identifying this topic of potential confusion for clarification, as it was unclear as written and shown. The text has been revised to include both sets of terminology for reference. 
Revision, Lines 538-547: “6.2.3.1	Define the femur origin as the sphere-fit center of the femoral head. 
6.2.3.2	Define the femur z-axis (inferior-superior axis) between the center of the knee and the origin, pointing superiorly. 
6.2.3.3	Define the femur x-axis (medial-lateral axis) as the long axis of a cylinder fit to the femoral condyles, pointing to the left. To isolate the region of the condyles to be represented with a cylinder, fit a plane to the epicondyle surfaces and isolate the posterior portion of the femoral condyles. 
6.2.3.4	Define the femur y-axis (anterior-posterior) as the cross-product of the defined z- and x-axes, pointing posteriorly. Correct the orientation of the x-axis to create an orthogonal coordinate system.”
Revision, Lines 551-560: “6.2.4.1	Define the pelvis origin as the center of the two ASIS landmarks.
6.2.4.2	Define the pelvis y-axis (anterior-posterior axis) between the center of the two PSIS landmarks and the origin, pointing anteriorly. 
6.2.4.3	Define the pelvis x-axis (medial-lateral axis) between the origin and the right ASIS landmark, pointing to the right.
6.2.4.4	Define the pelvis z-axis (inferior-superior axis) as the cross-product of the defined x- and y-axes, pointing superiorly. Correct the orientation of the x-axis to create an orthogonal coordinate system.”
Line 469-471: You measure joint translation using the center of a sphere. Are the results in Figure 8 generated using the center of the sphere or the modeled surface of the femoral head?
Response: Yes, this is a relevant point that requires clarification. We found the measurement of distance between joint centers to be the most straight forward method to calculate translations, however surface-to-surface distance data also provides unique information that can be used to visualize and interpret joint translation.
Revision, Lines 563-567: “6.2.6	Calculate joint translations by transforming the distance between the sphere fit centers of the femoral head and lunate surface of the acetabulum into the pelvis coordinate system. This provides a single vector to represent joint translation for each image frame.”
Revision, Lines 571-574: “6.3.2	Apply the surface distance data field to measure distances between the femur and pelvis surfaces during each dynamic activity (Figure 8). This data provides quantification of the relative distance between joint surfaces, but requires interpretation to quantify joint translation.”
Figure 6: The dark graphic surrounding the fluoroscope images is distracting.
Response: The authors acknowledge that the darkness of the image may make it difficult to visualize the dual fluoroscopy images. While we have removed the natural black background for the fluoroscopy images, we have kept the black background of the tracking images, as this is difficult to remove to the bones leaving the boundaries of the fluoroscopy images. We hope the Reviewer will find the revised Figure 6 to be more clear.
Line 485: Can you expand a bit on "then used to correct the x-axis"? I'm assuming this is just the translation of the axis to intersect the origin?
Response: This correction is to ensure that the coordinate system of each bone is orthogonal, as this is not guaranteed with the separate definition of the first two axes. This has been clarified for the coordinate system definition of both the femur and the pelvis. 
Revision, Lines 545-547: “6.2.3.4	Define the femur y-axis (anterior-posterior) as the cross-product of the defined z- and x-axes, pointing posteriorly. Correct the orientation of the x-axis to create an orthogonal coordinate system.”
Revision, Lines 558-560: “6.2.4.4.	Define the pelvis z-axis (inferior-superior axis) as the cross-product of the defined x- and y-axes, pointing superiorly. Correct the orientation of the x-axis to create an orthogonal coordinate system.”
Line 507: Is Camomilla et al. 2006 the correct reference?
Response: Thank you for catching this incorrect reference. The appropriate reference is now included. 
Reviewer: 2
Manuscript Summary:
This manuscript describes with full details a protocol with dual fluoroscopy coupled with optical motion capture to analyse hip kinematics. Representative results are presented which illustrate the clinical relevance of having access to the bone kinematics in pathological cases as well as the technical relevance to allow validation of kinematics and kinetics computations.
Response: The authors thank the Reviewer for their review of our protocol and appreciate the provided feedback. 
Minor Concerns:
Introduction: "… subcutaneous fat and muscle, that moves relative to the underlying bone, resulting in soft-tissue artifact". References, e.g. (Camomilla et al., 2017; Leardini et al., 2005; Peters et al., 2010), may be added here.
Response: Thank you, the authors note that these relevant references were not previously included and have added them as suggested.
Introduction: "…the hip joint center is difficult to both identify and track dynamically WITH AN OPTICAL MOTION CAPTURE, …"
Response: The authors thank the Reviewer for identifying this lack of clarity and have revised the sentence based on this recommendation.
Revision, Lines 66-69: “First, the joint is relatively deep within the body, such that the location of the hip joint center is difficult to both identify and track dynamically using skin-based optical motion capture, with errors on the same order of magnitude as the radius of the femoral head10, 11.”
Introduction: "… both single and dual fluoroscopy systems have been developed". References, e.g. (Kessler et al., 2019; Lin et al., 2016; Miranda et al., 2013), may be added here. Note that the proposed references are the ones with couple optical motion capture and with natural joints. The authors may mention they are the only ones studying the hip.
Response: Thank you for identifying another opportunity to add reference to the ongoing work in this field by other groups towards the investigation of other joint systems. We have revised as suggested and added appropriate references. 
Revision, Lines 74-78: “To address the lack of accurate kinematics in combination with subject-specific bone morphology, both single and dual fluoroscopy systems have been developed for analyzing other natural joint systems15–17. However, this technology has only recently been applied to the native hip joint, likely due to the difficulty in acquiring high-quality images through the soft-tissue surrounding the hip.”
Introduction: "optical marker tracking simultaneously with dual fluoroscopy images, which enables us to identify positions of body segments that fall outside the combined field of view of the dual fluoroscopy system, express kinematic results, relative to gait-normalized events, AND CHARACTERIZE THE SOFT TISSUE DEFORMATION AROUND PELVIS AND FEMUR".
Response: This is an excellent point that deserves explicit attention, thank you for the suggested revision.
Revision, Lines 99-102: “This coordinated protocol enables the quantification of the position of body segments that fall outside the combined field of view of the dual fluoroscopy system, expression of kinematic results relative to gait-normalized events, and characterization of the soft tissue deformation around the femur and pelvis.”
Discussion:" Soft-tissues cannot be directly tracked…". In this paragraph, even if they have not directly worked on this, the authors could also mention the possibility to qualify soft tissue deformation (and, eventually, soft tissue stiffness (Dumas and Jacquelin, 2017)) at the level of the thigh in the perspective of analysing wobbling mass effects (Challis and Pain, 2008) during weight-bearing activities.
Response: The authors agree that this is relevant research to our discussion and have modified the discussion to include this line of research. 
Revision, Lines 727-735: “Optical motion capture utilizes the motion of markers on the skin to estimate body segment positions, while radiation-based dual fluoroscopy allows for direct measurement of only the bone positions. While significant effort has been dedicated to quantifying the dynamics of soft-tissue relative to bone motion36, 37, it is inherently difficult to measure the motion patterns of the large mass of soft-tissue between the outer layer of skin and the bones. However, for thinner tissues in direct contact with the bones, such as the cartilage and labrum of the hip, the combination of dual fluoroscopy and CT arthrogram imaging provides the ability to dynamically evaluate their spatial relationship.”
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