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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  13
Number of Shots:  30

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) at Jikei University 
Authors: Please check the above statement.



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Surgical Procedure
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, gather the internal fixation materials [1]. Using a 25 gauge needle, administer the anesthetic solution subcutaneously into the dorsum of the male Sprague Dawley rat [2].
2.1.1. WIDE: Talent walking into the room with a tray of internal fixation materials.
2.1.2. Talent administering the anesthetic mixture subcutaneously into the dorsum using a 25-gauge needle. 
TXT: Anesthesia: Medetomidine - 0.15 mg/kg
Midazolam - 2 mg/kg
Butorphanol - 2.5 mg/kg

2.2. Assess the adequate surgical plane of anesthesia every 15 minutes by confirming the loss of the pedal withdrawal reflex [1], maintaining pink mucous membranes [2] and monitoring the respiratory rate [3].
2.2.1. Close-up of the talent pinching the rat’s paw with forceps. 
2.2.2. Close-up of the rat’s oral cavity as the talent lifts the lip to visually confirm pink mucous membranes.
2.2.3. Close-up of the rat’s thoracic region showing visible chest rise and fall. 

2.3. Place the animal in the prone position [1]. Disinfect the entire tail using a three-round alternating scrub protocol with 70 percent ethanol, povidone-iodine scrub, and 70 percent ethanol [2].
2.3.1. Talent positioning the animal prone on the surgical surface.
2.3.2. Close-up of the talent scrubbing the entire tail using gauze soaked in 70 percent ethanol, followed by povidone-iodine scrub, and finishing with 70 percent ethanol.

2.4. Identify the target vertebrae by performing manual palpation starting from the sacrum distally [1]. Identify the first mobile joint as the sacrum first caudal vertebra junction [2] and designate the immediately distal segment as the second caudal vertebra to define the second to third caudal vertebra target site [3].
2.4.1. Close-up of the talent palpating the tail starting from the sacrum and moving distally
2.4.2. Close-up of the first mobile joint at the sacrum to Co1 junction.
2.4.3. Close-up of the talent marking the Co2 to Co3 target region on the tail.

2.5. Make a longitudinal incision of approximately 2 centimeters on the dorsal aspect spanning from the second to the third caudal vertebrae [1]. Expose the posterior surface of each vertebra [2].
2.5.1. Talent making a longitudinal incision on the dorsal aspect of the tail between the second and third caudal vertebrae.
2.5.2. Shot of exposing the posterior surface of each vertebra.

2.6. Use blunt dissection [1], identify the dorsal caudal vein and avoid damage [2]. Use bipolar electrocautery to manage minor bleeders [3].
2.6.1. Talent identifying the dorsal caudal vein during exposure.
2.6.2. Close-up of the talent performing blunt dissection.
2.6.3. Close-up of bipolar electrocautery being applied to control minor bleeding. Authors: Please check whether this is the correct practical sequence?

2.7. Using a scalpel, incise the annulus fibrosus between the second and third caudal or C2 (C-two) and C3 (C-three) vertebrae [1]. Using a curette and small forceps, remove the annulus fibrosus and nucleus pulposus via curettage under high power surgical magnification of at least 3.5 times [2].
2.7.1. Close-up of the scalpel incising the annulus fibrosus.
2.7.2. Close-up of the annulus fibrosus and nucleus pulposus being removed using a curette and small forceps.

2.8. Confirm complete removal by observing punctate bleeding [1] and absence of residual soft tissue [2].
2.8.1. SCOPE: View of the intervertebral space showing punctate bleeding
2.8.2. SCOPE: View of a clean endplate surface without residual tissue.

2.9. Prevent unacceptable endplate damage by ensuring that deep erosions do not involve more than 25 percent of the total area [1] and do not penetrate into the cancellous bone greater than 0.5 millimeters [2]. 
2.9.1. SCOPE: View of the endplate surface highlighting excessive erosion 
2.9.2. SCOPE: View of the endplate surface highlighting deep penetration into the cancellous bone.

2.10. Insert a titanium cage with a 2 by 2 millimeter cross-section and 2 millimeter height deep into the intervertebral space until a physical stop is reached [1]. Confirm full-surface contact with both endplates visually to create a firm interference fit [2].
2.10.1. Close-up of the talent inserting the titanium cage into the intervertebral space. 
2.10.2. Close-up showing the cage fully seated between the endplates.

3. Fixation and Wound Closure
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Use an electric handheld router operating at 7800 rotations per minute equipped with a 2 millimeter spherical file-type burr to flatten the bone surface around the designated hole sites in the C2 and C3 vertebrae [1].
3.1.1. Close-up of the talent flattening the bone surface around the designated hole sites using the electric handheld router.

3.2. Using a hand drill equipped with a 1.2 millimeter diameter drill bit, drill bone holes individually at intervals corresponding to the screw holes of the plastic internal fixation plate [1]. Pre load two 6 millimeter stainless-steel screws into the holes of the plastic plate [2].
3.2.1. Close-up of the hand drill creating holes in the vertebrae aligned with the plate configuration.
3.2.2. Close-up of the talent positioning and inserting the screws into the plate prior to fixation. 

3.3. Insert the screws at a 90 degree angle to a standardized depth of 5 millimeters with a 12 millimeter center to center spacing [1]. Using 4-0 nylon sutures, close the skin incision [2]. Disinfect the tail again with 70 percent ethanol to complete the procedure [3]. After post-operative management and euthanasia, perform radiographic and histological analysis [4].
3.3.1. Close-up of the screws being inserted perpendicular into the vertebrae with consistent spacing between them.
3.3.2. Close-up of the talent suturing the skin incision with 4-0 nylon sutures. 
3.3.3. Close-up of the tail being wiped with gauze soaked in 70 percent ethanol.
3.3.4. SCREEN: Display reconstructed images of the caudal vertebrae.
Authors: Please create screen capture videos of the shots labeled as SCREEN,
create a screenshot summary, and upload the files to your project page as soon as possible:  https://review.jove.com/account/file-uploader?src=21554398
Videographer: Please film the computer screen as a back up

3.3.5. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 195.
· Please note that the video cannot include voiceover without an accompanying visual.

4. Results 

4.1. Body weight steadily increased from 221.8 grams [1] to 346.8 grams up to 12 weeks postoperatively [2], indicating physiological homeostasis and indirectly supporting the absence of severe chronic distress [3].
4.1.1. LAB MEDIA: Table 1. Video editor: Highlight the value 221.8 g at surgery.
4.1.2.  LAB MEDIA: Table 1. Video editor: Highlight the value 346.8 g at 12 w. Authors: In the highlighted document, the results section reports the value as 452.1 g. Please verify which value is correct.
4.2. Wound healing was achieved 4 weeks postoperatively [1], with spontaneous suture extrusion [2] and no signs of infection observed for 12 weeks [3].
4.2.1. LAB MEDIA: Figure 3B.
4.2.2. LAB MEDIA: Figure 3C.
4.2.3. LAB MEDIA: Figure 3D. 

4.3. Sequential radiological assessment using micro-computed tomography confirmed no cage loosening or migration between 1 and 12 weeks postoperatively [1].
4.3.1. LAB MEDIA: Figure 4A–4F. Video editor: Show the series of images labeled A to F and emphasize the block in the middle across all panels

4.4. Digital radiography at 12 weeks demonstrated no evidence of screw loosening or migration [1].
4.4.1. LAB MEDIA: Figure 4G, 4H. Video editor: Show panels G and H, and point to the thin, bright, straight rod-like shapes on both sides of the central block.

4.5. At 4 weeks, new bone formation extended from the extra-cage vertebral endplates into the intervertebral space [1].
4.4.1. LAB MEDIA: Figure 4D. Video editor: Emphasize the arrow and the short thin black line the arrow is pointing at.

4.6. By 12 weeks, the cranial and caudal vertebral bodies were completely bridged by new bone, both inside and outside the cage [1].
4.5.1. LAB MEDIA: Figure 4E, 4F. Video editor: Emphasize the arrows and the solid white area in the middle block.

4.7. Bright-field microscopy demonstrated complete bony bridging connecting the cranial and caudal sides of the cage at 12 weeks postoperatively [1].
4.7.1. LAB MEDIA: Figure 5A. Video editor: Emphasize the light purple area that is in between the top and bottom black block.

4.8. Fluorescence microscopy revealed extensive labeling in the caudal region [1] and minimal labeling in the cranial region [2].
4.8.1. LAB MEDIA: Figure 5B. Video editor: In the space between top and bottom black blocks, circle and highlight the right half (green glowing area above the label caudal)
4.8.2. LAB MEDIA: Figure 5B. Video editor: In the space between top and bottom black blocks, circle and highlight the left half area (with little green glow above the label cranial). Authors: Please check the accuracy of the shots.

4.9. Bone Volume fraction within the cage reached 73.9 percent in the cranial region [1] and 70.5 percent in the caudal region, indicating extensive osseous filling [2].
4.9.1. LAB MEDIA: Table 2. Video editor: Highlight the value 73.8916% in the row cranial under BV/TV.
4.9.2. LAB MEDIA: Table 2. Video editor: Highlight the value 70.4598% in the row caudal under BV/TV.

4.10. Lamellar Bone Volume constituted 32.5 percent of the bone volume in the cranial region [1] and 12.3 percent in the caudal region [2].
4.10.1. LAB MEDIA: Figure 5C–E. Video editor: In figure 5C, emphasize the white dotted box D labeled as cranial and emphasize the figure 5D.
4.10.2. LAB MEDIA: Figure 5C–E. Video editor: In figure 5C, emphasize the white dotted box E labeled as caudal and emphasize the figure 5E.
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