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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?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  YES
[bookmark: _Hlk204179977][bookmark: _Hlk201650592]Videographer: Please record the computer screen for the shots labeled as SCREEN


3. Filming location: Will the filming need to take place in multiple locations?   SINGLE LOCATION

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. YES  



Current Protocol Length
Number of Steps: 22
Number of Shots: 44 (11 SC) 

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


INTRODUCTION:


1.1. Ajay Krishnan: Our study assesses outcomes of fully navigated 3D CT-assisted MIS TLIF in lumbar degenerative diseases.
1.1.1. [bookmark: _Hlk194676695]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.3.1

What are the current experimental challenges?
1.2. Ajay Krishnan: Switching from conventional real time to X R, negating errors and achieving seamless navigation workflow integrating imaging, decompression, and fixation in a single procedure.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.5.1

CONCLUSION:


What research gap are you addressing with your protocol?
1.3. Ajay Krishnan: Our protocol addresses the lack of fully integrated navigation workflows covering entire MIS TLIF steps beyond just pedicle screws.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.2.1

What advantage does your protocol offer compared to other techniques?
1.4. Ajay Krishnan: It provides continuous, uninterrupted navigation from skin incision, port guidance,  imaging to fixation, unlike partial or stepwise navigation techniques.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.5.1

What questions will future research focus on?
1.5. Ajay Krishnan: Future research will focus on validating integrated navigation in larger cohorts, multilevel surgeries and different spinal pathologies.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.2.1


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



Testimonial Questions (OPTIONAL): 

Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives.


How do you think publishing with JoVE will enhance the visibility and impact of your research?
1.6. Dr. Ajay Krishnan, Consultant Spine Surgeon: (authors will present their testimonial statements live)
Can you share a specific success story or benefit you’ve experienced—or expect to experience—after using or publishing with JoVE? (This could include increased collaborations, citations, funding opportunities, streamlined lab procedures, reduced training time, cost savings in the lab, or improved lab productivity.)
1.7. Dr. Bharat Dave, Founder and Director of Stavya Spine Hospital and Research Institute: (authors will present their testimonial statements live)







Ethics Title Card

This research has been approved by the Institutional Ethics Committee at the Stavya Spine Hospital & Research Institute


Protocol  

2. Operating Room Setup and Imaging
Demonstrator: Ajay Krishnan 

2.1. To begin, place the patient under general anesthesia and position them prone on a padded, radiolucent spinal table [1]. Secure the patient with chest and pelvic bolsters and non-constrictive cross-body straps to prevent movement [2]. Confirm that there are no pressure points or abdominal compression [3].
2.1.1. WIDE: Talent adjusting the bed/table on which the patient is positioned prone.
2.1.2. Talent securing the patient with chest and pelvic bolsters and fastening non-constrictive cross-body straps.
2.1.3. Close-up of the talent checking for pressure points.

2.2. Prepare and drape the surgical field using standard aseptic technique [1].
2.2.1. Talent draping the surgical field on the patient.

2.3. Set up the 3D computed tomography imaging system, navigation workstation, and high-definition optical visualization system [1]. Adjust the loupe magnification to 2.5 times or the exoscope or microscope magnification to 5 to 10 times [2-TXT].
2.3.1. Talent switching on pointing to the 3D computed tomography imaging system and navigation workstation.
2.3.2. Close-up of the loupe being adjusted to 2.5 times magnification. TXT: Register the navigation instruments with the system

2.4. Register the navigation instruments with the system to ensure accurate tracking [1].
2.4.1. Talent working at the navigation system. USE and ADD ABOVE AS TEXT as we failed to record. NOTE: Not filmed, VO moved as on screen text

2.5. Attach the dynamic reference frame proximally at the lower thoracic region using non-absorbable suture material [1] and check for rigid anchorage of the frame [2].
2.5.1. Talent attaching the dynamic reference frame to the patient’s skin at the lower thoracic region using suture material.
2.5.2. Close-up of the talent examining the rigid anchorage.

2.6. Acquire a baseline computed tomography spin using the standard lumbar protocol with 120 kilovolts peak, 200 milliampere seconds, a 512 by 512 matrix, and 1 millimeter slice thickness [1].
2.6.1. SCREEN: Show the computed tomography system interface during acquisition of the baseline scan with the lumbar protocol settings. Videographer: Please record the computer screen for the shots labeled as SCREEN

2.7. Register the acquired 3D image dataset to the navigation system [1]. Use 1 to 2 anatomical points to interpolate and verify that the error is less than or equal to 1 millimeter before proceeding [2].
2.7.1. SCREEN: Show the 3D image dataset being registered to the navigation system.
2.7.2. SCREEN: Show the interpolation using 1 to 2 anatomical points and verification that the error is within 1 millimeter.


3. Navigated Surgical Steps

3.1. Using navigation guidance and the pedicle access kit needle overlay on the screen, mark paramedian skin incisions 4 to 6 centimeters lateral to the midline at the surgical level [1].
3.1.1. SCREEN: Show the navigation overlay with the pedicle access kit needle marking the paramedian skin incision site 4 to 6 centimeters from the midline.

3.2. Target the junction of the facet and transverse process with as lateral an entry projection as possible [1]. Using a number 22 scalpel blade, incise the skin and underlying fascia longitudinally to a length of approximately 4 centimeters [2]. Under navigation, advance a 13-gauge, 15- millimeter pedicle access kit needle to the junction of the facet and transverse process [3].
3.2.1. Talent pointing at the junction of the facet and transverse process on the exposed anatomy.
3.2.2. Talent making a 4 centimeter longitudinal incision through skin and fascia with a number 22 scalpel blade.
3.2.3. SCREEN: Show the navigation display while the pedicle access kit needle is advanced to the junction of the facet and transverse process.

3.3. Enter the center of the index pedicle in both axial and sagittal planes while ensuring a safe trajectory and enhancing convergence [1]. Continuously check intraoperative navigation screens to confirm that the needle tip remains within the cortical bone [2]. 
3.3.1. SCREEN: Show the navigation system confirming the safe trajectory of the needle through axial and sagittal planes.
3.3.2. Talent looking at the intraoperative navigation screen.

3.4. In cases of smaller pedicles, accept a lateral entry with medial convergence and an extra-pedicular trajectory [1]. Remove the stylet [2] and railroad a 1 millimeter nitinol steel guide wire through the sheath of the pedicle access kit needle into the vertebral body, confirming placement with tactile feedback and resistance of cancellous bone [3].
3.4.1. SCREEN: Display planning of lateral entry and medial convergence in the case of smaller pedicles.
3.4.2. Talent removing the stylet.
3.4.3. Talent railroading the nitinol steel guide wire through the needle sheath.

3.5. Once secured, remove the pedicle access kit needle sheath [1]. Place and secure four guide pins bilaterally into the pedicles of the segment, then bend and tether them to the drapes using Allis forceps to keep them away from the central operative field [2]. 
3.5.1. Talent removing the pedicle access kit needle sheath from the entry site.
3.5.2. Talent placing four guide pins bilaterally into the pedicles, bending them, and securing them with Allis forceps.

3.6. For decompression, make a separate medial fascial incision through the same skin incision under navigation guidance to determine the site, usually 2 to 3 centimeters from the spinous process [1]. Place a guide wire onto the index facet for lateral recess stenosis unilateral decompression cases [2-TXT]. Sequentially dilate the paraspinal muscle layers with 12, 16, and 20-millimeter dilators over the guide wire [3] and dock a 22-millimeter tubular quadrant retractor over the dilators onto the facet [4].
3.6.1. Talent making a separate medial fascial incision under navigation guidance through the same skin incision.
3.6.2. SCREEN: Show navigation overlay targeting the index facet for lateral recess stenosis. TXT: Target the spino-laminar line for over-the-top decompression
3.6.3. Talent inserting sequential dilators—12 millimeter, 16 millimeter, and 20 millimeter—through the paraspinal muscle layers.
3.6.4. Talent docking the 22 millimeter tubular quadrant retractor onto the facet.

3.7. Now, secure the quadrant retractor to the table-mounted arm before achieving targeted neural decompression under magnification and illumination [1-TXT].
3.7.1. Talent attaching and securing the quadrant retractor to the table-mounted arm. TXT: Prepare the interbody bed and pack the morselised bone graft

3.8. Then adjust the retractor to align with the facet and lamina according to the pathology and surgical target for either lateral recess stenosis decompression or over-the-top decompression [1]. Position the microscope, exoscope, or loupe magnification into the operative field [2]. 
3.8.1. SCREEN: adjusting the retractor to align with the facet and lamina.
3.8.2. SCREEN: positioning and focusing the microscope, exoscope, or loupe magnification onto the surgical site.
3.9. Using a sized cage on a navigated cage holder-impactor, place the selected poly-ether-ether-ketone or titanium interbody cage into the prepared interbody space under navigation with a safe trajectory [1]. Confirm that the cage is positioned in the centero-ventral location between both endplates [2].
3.9.1. SCREEN: Show the navigation overlay as the interbody cage is advanced into the prepared space with the navigated cage holder-impactor.
3.9.2. SCREEN:  Display the final position of the cage in the centero-ventral location between both endplates. NOTE: Not filmed, VO moved as on screen text


3.10. Remove the tubular retractor assembly from the surgical site [1]. Then, using navigation guidance, place cannulated pedicle screws bilaterally over the guide wires based on appropriate sizing [2].
3.10.1. Talent removing the tubular retractor assembly from the operative field.
3.10.2. SCREEN: Show navigation overlay as cannulated pedicle screws are placed bilaterally over the guide wires.

3.11. Confirm tactile feedback for proper screw purchase [1] and remove the guide wire as the screws cross the pedicle [2]. Using a calibrated rod caliper, determine the required rod length intraoperatively by aligning it between the screw tulip heads through percutaneous extensions [3].
3.11.1. Talent confirming tactile feedback while advancing the pedicle screws.
3.11.2. Talent withdrawing the guide wire once the screw passes the pedicle.
3.11.3. Talent measuring rod length with a calibrated rod caliper aligned between screw tulip heads.

3.12. Next, introduce the pre-contoured lordotic measured rod percutaneously using a rod inserter tool [1]. Verify proper engagement of the rod within each screw tulip using a rod position checker [2].
3.12.1. Talent inserting the lordotic rod percutaneously with a rod inserter tool.
3.12.2. Talent  showing rod position checker confirming proper engagement of the rod within each screw tulip.

3.13. Perform sequential tightening of the set screws with a torque-limiting driver under compression mode at 8 newton meters [1]. Acquire a final 3D computed tomography spin to confirm hardware position, proper screw and cage placement and congruent implant alignment with the spinal midline [2-TXT].
3.13.1. Talent tightening the set screws sequentially using a torque-limiting driver.
3.13.2. SCREEN: show the final 3D computed tomography image displaying correct screw and cage placement and alignment with the spinal midline. TXT: Confirm the absence of medial or inferior breach

3.14. Irrigate the wound and achieve meticulous hemostasis [1]. Place a sub-fascial number 10 French drain at the medial intermuscular site [2]. 
3.14.1. Talent irrigating the wound while ensuring meticulous hemostasis.
3.14.2. Talent placing a number 10 French sub-fascial drain at the medial intermuscular site.

3.15. Finally, close the fascia with continuous 1-0 (1-oh) absorbable sutures [1], the subcutaneous tissue with interrupted 2-0 (2-oh) absorbable sutures and the subcuticular layer with 3-0 (3-oh) fast-absorbing sutures [2-TXT]. 
3.15.1. Talent placing the 1-0 sutures near the fascia.
3.15.2. Talent closing the subcutaneous tissue, and subcuticular layer with sutures in the described sequence. TXT: Routinely check the navigation reference frame for movement and recalibrate 

Results
4. Results 
4.1. In this series, 44 patients underwent fully navigated minimally invasive transforaminal lumbar interbody fusion [1].
4.1.1. LAB MEDIA: Table 1. Video editor: Highlight the cell “Total Patients – 44.”

4.2. Most surgeries were performed at L4-L5 level, accounting for 72.72% [1].
4.2.1. LAB MEDIA: Table 2. Video editor: Highlight the row showing “L4–L5” with percentage “72.72.”

4.3. The Oswestry Disability Index improved from around 38.68 preoperatively to [1] around 12.5 at final follow-up [2] and the Numeric Rating Scale for back and leg pain improved from around 8.68 and 8.65 [3] to 0.79 and 0.81, respectively [4].
4.3.1. LAB MEDIA: Table 3. Video editor: Highlight the row “ODI” showing values “38.68 ± 5.08” 
4.3.2. LAB MEDIA: Table 3. Video editor: Highlight the row “ODI” showing values “38.68 ± 5.08” and “12.3 ± 5.33.”
4.3.3. LAB MEDIA: Table 3. Video editor: Highlight the row “Pre-operative NRS – Back Pain” and “Pre-operative NRS – Leg Pain” 
4.3.4. LAB MEDIA: Table 3. Video editor: Highlight the row “Post-operative NRS – Back Pain” and “Post-operative NRS – Leg Pain” 

4.4. The average operative time was around 124.14 minutes, with a mean blood loss of around 100.45 milliliters [1].
4.4.1. LAB MEDIA: Table 2. Video editor: Highlight the rows showing “Operative time – 124.14 ± 23.39 min” and “Blood loss – 100.45 ± 39.5 mL.”

4.5. Screw accuracy was high, with 6.81% Gertzbein Grade 1 breaches [1] and 3.4% Modified Park Grade 1 facet violations [2].
4.5.1. LAB MEDIA: Table 4. Video editor: Highlight the row “Gertzbein Grade 1 (minor breach) – 4 (3.97%).”
4.5.2. LAB MEDIA: Table 4. Video editor: Highlight the row “Modified Park Grade 1 facet violations – 3.4%.”
5.   Radiolucent
Pronunciation link: https://www.merriam‑webster.com/dictionary/radiolucent
IPA: /ˌreɪdiəˈluːsənt/
Phonetic Spelling: ray-dee-LOO-sent
6.   Thoracic
Pronunciation link: https://www.merriam‑webster.com/dictionary/thoracic
IPA: /θəˈræsɪk/
Phonetic Spelling: thuh-RAS-ik
7.   Magnification
Pronunciation link: https://www.merriam‑webster.com/dictionary/magnification
IPA: /ˌmæɡnɪfɪˈkeɪʃən/
Phonetic Spelling: mag-nuh-fi-KAY-shun
8.   Exoscope
Pronunciation link: https://www.howtopronounce.com/exoscope
IPA: /ˈɛksoʊˌskoʊp/
Phonetic Spelling: EK-soh-skope
9.   Interpolation
Pronunciation link: https://www.merriam‑webster.com/dictionary/interpolation
IPA: /ɪnˌtɜːrpəˈleɪʃən/
Phonetic Spelling: in-ter-puh-LAY-shun
10.   Trajectory
Pronunciation link: https://www.merriam‑webster.com/dictionary/trajectory
IPA: /trəˈdʒɛktəri/
Phonetic Spelling: truh-JEK-tuh-ree
11.   Percutaneously
Pronunciation link: https://www.merriam‑webster.com/dictionary/percutaneous
IPA: /ˌpɜːrkjuːˈteɪniəs/
Phonetic Spelling: per-kyoo-TAY-nee-uhs
12.   Nitinol
Pronunciation link: https://www.howtopronounce.com/nitinol
IPA: /ˈnɪtɪnɒl/
Phonetic Spelling: NIT-in-ol
13.   Polyetheretherketone (PEEK)
Pronunciation link: https://www.howtopronounce.com/polyetheretherketone How To Pronounce+1
IPA: /ˌpɑliˌiːθərˈiːθərkitoʊn/ (or /pəˌliˌiːθərˈiːθərkɪtoʊn/)
Phonetic Spelling: pah-lee-ee-thur-ee-thur-KEE-tone
14.   Torque‑limiting
Pronunciation link: https://www.pronouncekiwi.com/Torque%20limiter pronouncekiwi.com
IPA: /ˈtɔrk ˌlɪmɪtɪŋ/
Phonetic Spelling: tork LIM-it-ing
15.   Congruent
Pronunciation link: https://www.merriam‑webster.com/dictionary/congruent
IPA: /ˈkɑːŋɡruənt/
Phonetic Spelling: KONG-groo-ent
16.   Hemostasis
Pronunciation link: https://www.merriam‑webster.com/dictionary/hemostasis
IPA: /ˌhiːmoʊˈsteɪsɪs/
Phonetic Spelling: hee-moh-STAY-sis
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