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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
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=21189008

3. Filming location: Will the filming need to take place in multiple 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. No

Current Protocol Length
Number of Steps: 26
Number of Shots: 52

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


INTRODUCTION:

What is the scope of your research? What questions are you trying to answer? 
1.1. Sen Liu: Our research integrates AI and 3D printing to make knee replacement surgery more precise, personalized, and less dependent on surgeons’ experience.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Suggested B roll: 2.12.1


What technologies are currently used to advance research in your field?
1.2. Sen Liu: Current advances in knee arthroplasty research include AI-driven virtual surgical planning and 3D-printed patient-specific cutting guides for precise, personalized bone resections.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


CONCLUSION:


What advantage does your protocol offer compared to other techniques?
1.3. Sen Liu: Our protocol enables the translation of digital surgical plans into patient-specific cutting guides, achieving sub-millimeter resection accuracy while reducing operative time, even in complex cases.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

How will your findings advance research in your field?
1.4. Sen Liu: This work establishes a validated digital workflow that enables future advances, including augmented reality navigation, in joint replacement surgery.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

What questions will future research focus on?
1.5. Sen Liu: Future work will focus on refining AI for soft-tissue prediction and reducing costs to make this technology more widely accessible.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



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


Ethics Title Card
This research has been approved by the Research Ethics Committee at the First Hospital of Hebei Medical University



Protocol  

2. AI-Assisted Preoperative Planning and Instrument Fabrication for Knee Arthroplasty
Demonstrator: Click here to enter name of demonstrator(s) 	Comment by Pallavi  Sharma: Authors: Please provide the demonstrator’s name

2.1. To begin, select patients with anteromedial compartment osteoarthritis or medial femoral condyle osteonecrosis [1]. Confirm that the anterior cruciate ligament is intact, the medial collateral ligament is competent, and the lateral compartment cartilage shows Outerbridge grade two or less [2].
2.1.1. WIDE: Talent reviewing a patient list and imaging, selecting eligible patients.
2.1.2. Talent pointing to MRI/radiology images showing intact ligaments and appropriate cartilage status.
AND
TEXT ON PLAIN BACKGROUND:
Exclude 
Patients With Inflammatory Arthritis
Varus Deformity Varus Deformity >15
Flexion Contracture >15°
Knee Flexion <90°
Video Editor: Please play both shots side by side in a split screen 
2.2. Acquire a thin-slice CT scan extending from fifteen centimeters proximal to the femoral condyles to fifteen centimeters distal to the tibial plateau [1]. Obtain full-length, weight-bearing radiographs plus dedicated knee views for comprehensive preoperative evaluation [2].
2.2.1. Talent at looking at a CT scan of the region proximal to the femoral condyles and distal to the tibial plateau.
2.2.2. Shot of full-length weight-bearing radiographs with knee views.
2.3. For CT data segmentation, launch the Mimics software version 2.1 and import the CT DICOM (die-com) data of the femur, patella, tibia, and fibula [1]. Use the Threshold command to adjust the standardized threshold range for bone with a minimum value of one hundred seventy‑five and filter out non‑bone voxels [2].
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=21189008
2.3.1. SCREEN: Mimic software is being launched then the CT DICOM data of the femur, patella, tibia and fibula are being imported.
2.3.2. SCREEN: Show the Threshold tool being adjusted to bone range values.
2.4. Then use the Region Grow command to extract bones into separate regions [1]. Next, use the Edit Masks tool to add and fill any unselected skeletal areas [2]. Convert the masks into mesh data [3].
2.4.1. SCREEN: Region grow command is being selected.
2.4.2. SCREEN: The mask editing interface is being used, and unselected skeletal areas are completed.
2.4.3. SCREEN: The masks are being converted to mesh/three‑dimensional grid.
2.5. Export the STL bone models for all relevant structures and save them as backup files [1].
2.5.1. SCREEN: The STL bone model is being exported, and the files are being saved.
2.6. Now, launch the Creo (Kree-Oh) Parametric software and import the STL model data of the femur, patella, tibia, and fibula [1]. Analyse the femoral anatomy by identifying key landmarks such as the condylar line, distal femoral surface, posterior condylar surface, mechanical axis, and anatomical axis [2].
2.6.1. SCREEN: Creo is being launched and STL files are being imported.
2.6.2. SCREEN: The condylar line, distal femoral surface, posterior condylar surface, mechanical axis, and anatomical axis are being identified. 
2.7. Determine the patient‑specific femoral angles, including femoral varus and femoral external rotation, based on the three‑dimensional anatomy [1]. Then determine the patient‑specific tibial angles, including tibial varus, tibial retroversion, and tibial external rotation [2].
2.7.1. SCREEN: The patient‑specific femoral angles are being defined.
2.7.2. SCREEN: The tibial angular parameters are being measured.
2.8. Based on the bone morphology, select the appropriate prosthesis components [1]. Verify implant alignment and gap balance to achieve zero-degree flexion and ninety-degree extension gaps within a tolerance of approximately 1 millimeter [2]. 
2.8.1. SCREEN: Show prosthesis component selection and placement on the 3D model.
AND
TEXT ON PLAIN BACKGROUND: 
Femoral Component (size 1-6) : positioned 2-3 mm from the femoral cortical edge
Tibial Component (size 1-6) : avoiding edge overhang or prosthesis conflict
Polyethylene Insert (size 9-13 mm)
Video Editor: Please play both shots side by side in a split screen
2.8.2. SCREEN: Show alignment verification interface and gap measurements.
2.9. Then generate a preoperative planning report summarizing component sizing, alignment parameters, and virtual simulation results [1].
2.9.1. SCREEN: Preoperative planning report is being generated.
2.10. For the design of patient-specific instrument, use AI algorithms to automatically generate cutting guide designs from the finalized three‑dimensional plan [1]. Manually validate and edit the AI‑generated design by adjusting contact surface offsets and pinning trajectories if needed [2].
2.10.1. SCREEN: The AI algorithms are being used and cutting guide designs are being generated.
2.10.2. SCREEN: The manual edits are being applied to the guide design.
2.11. Then design a tibial cutting guide that incorporates three fixation pinpoints [1]. Also design a femoral guide I (one) for distal resection and femoral guide II (two) for posterior cuts and peg‑hole drilling [2].
2.11.1. SCREEN: Show the tibial guide with three pin locations.
2.11.2. SCREEN: Show the femoral guides on screen.
2.12. Fabricate all guides using medical‑grade polyamide twelve via additive manufacturing using selective laser sintering technology [1-TXT].
2.12.1. Talent at the 3D printer bed preparing the build. 
2.13. Next, unpack and depowder the printed guides [1]. Perform shot blasting to achieve a smooth surface finish [2]. Verify dimensional accuracy against the digital model [3].
2.13.1. Talent removing parts from the build chamber.
2.13.2. Talent operating shot blast cabinet with guides.
2.13.3. Talent measuring guides with calipers and comparing to software.
2.14. Clean the guides with ultrasonic cleaning in deionized water [1]. Then dry the guides and pack them for terminal sterilization via autoclaving at 132 degrees Celsius for four minutes [2].
2.14.1. Talent placing the guides in an ultrasonic cleaner.
2.14.2. Talent loading packaged guides into the autoclave.

3. Patient Preparation, Bone Resection, and Intraoperative Validation in AI-Guided Knee Arthroplasty
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Verify patient identity and procedure with the patient and medical records in the preoperative holding area and confirm signed informed consent [1]. Position the anesthetized patient supine on an operating table [2]. Then place a nonsterile tourniquet high on the proximal thigh [3].  
3.1.1. Talent at bedside checking wrist band and consent form.
3.1.2. Shot of the anesthetized patient being positioned on a operating table. 
3.1.3. Talent placing a nonsterile tourniquet high on the proximal thigh. 
3.2. Secure a lateral post at the level of the tourniquet to stabilize the femur during flexion [1]. Pad and secure the contralateral leg [2]. Then prep and drape the operative leg in the standard sterile fashion [3] and cover the foot and ankle with a sterile stockinette [4].
3.2.1. Talent placing a lateral post at the tourniquet level to stabilize the femur. 
3.2.2. Talent padding and securing the contralateral leg. 
3.2.3. Shot of the operative leg being draped. 
3.2.4. Shot of the foot and ankle being covered with a sterile stockinette. 
3.3. Perform a medial parapatellar arthrotomy while preserving the medial meniscotibial ligament [1]. Remove osteophytes using rongeurs and osteotomes [2] and perform tibial and femoral bone resections with an oscillating saw according to the preoperative plan [3].
3.3.1. Talent making a skin incision and performing medial parapatellar arthrotomy.
3.3.2. Talent removing osteophytes using rongeurs and osteotomes. 
3.3.3. Talent performing tibial and femoral cuts with an oscillating saw.
3.4. Position and fix the tibial cutting guide using two-millimeter Kirschner wires aligned with the guide pin holes [1-TXT]. Then make a vertical tibial cut with a posteriorly inclined oscillating saw blade [2].
3.4.1. Talent holding and inserting K‑wires through the guide. 
3.4.2. Talent make a vertical tibial cut.
3.5. Perform the horizontal tibial cut according to the planned posterior slope [1].
3.5.1. Talent completing the horizontal cut.
3.6. Now position and fix the femoral guide I [1] and execute the distal femoral resection [2].
3.6.1. Talent placing femoral guide I in place. 
3.6.2. Talent cutting distal femur.
3.7. Position and fix the femoral guide II [1], then make the posterior chamfer cuts [2], and drill the fixation peg holes [3].
3.7.1. Shot of the femoral guide II being positioned and fixed. 
3.7.2. Talent making the posterior chamfer cuts. 
3.7.3. Shot of fixation peg holes being drilled. 
3.8. Trial the prosthesis components [1] and assess implant positioning, joint stability, and ligament balance through the range of motion [2].
3.8.1. Talent placing trial components in place. 
3.8.2. Talent moving the knee for assessment.
3.9. To perform intraoperative verification and validation, protect the medial collateral ligament with a Hohmann retractor throughout the procedure [1].
3.9.1. Talent placing a Hohmann retractor on the medial collateral ligament.
3.10. Using digital calipers, verify each osteotomy surface by comparing it with the preoperative three‑dimensional‑printed bone model [1].
3.10.1. Talent measuring cut surfaces against 3D model.
3.11. Measure flexion and extension gaps under physiological loading, ensuring differences less than one millimeter [1]. Then assess patellar tracking dynamically through the full flexion‑extension arc [2].
3.11.1. Talent measuring gaps with tensioning devices.
3.11.2. Talent moving the knee while observing patella motion.
3.12. Document the final implant position using intraoperative radiographs and confirm absence of cortical overhang and restoration of the joint line [1].
3.12.1. Shot of radiograph images confirming final alignment.
3.12.2. 

Results

4. Results 

4.1. Preoperative imaging assessments confirmed the diagnosis of anteromedial osteoarthritis in the left knee [1].
4.1.1. LAB MEDIA: Figure 4. Video editor: Sequentially highlight the X-ray images in panels A through E 
4.2. The AI-powered preoperative plan using CT-derived anatomical data enabled complete surgical simulation with a fixed-bearing unicompartmental knee prosthesis in 120 minutes [1].
4.2.1. LAB MEDIA: Figure 5. Video editor: Highlight all panels A through J 
4.3. Target and actual postoperative parameters, including angles, thickness, and implant sizes, showed sub-3 millimeter and sub-3 degree deviations, confirming precise surgical execution [1].
4.3.1. LAB MEDIA: Table 1. Video editor: Highlight the columns corresponding to target values first then the Measurement value columns
4.4. Intraoperative images confirmed that bone resections using patient-specific instrumentation matched the preoperative plan in both coronal and sagittal alignments [1].
4.4.1. LAB MEDIA: Figure 6. Video editor: Highlight panels images E to H 
4.5. Final weight-bearing radiographs showed successful tibiofemoral component positioning and restored mechanical limb alignment with less than 1 degree deviation [1].
4.5.1. LAB MEDIA: Figure 7. Video editor: Please highlight the areas pointed at by the red and yellow arrows
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