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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  NO  

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  YES
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: https://review.jove.com/account/file-uploader?src=20973373

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here:MM/DD/YYYY

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare


Current Protocol Length

Number of Steps:  13 
Number of Shots:  34 

Introduction 

INTRODUCTION:

What is the scope of your research? What questions are you trying to answer? 
1.1. Sune Mulder van Staden: The research scope is to highlight pitfalls in guided surgery.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

What are the most recent developments in your field of research?
1.2. Sune Mulder van Staden : The use of the dynamic navigation dental implant placement method and the recommended shorter surgical instruments for more posterior regions are recent developments.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:2.9

CONCLUSION:


What research gap are you addressing with your protocol?
1.3. Sune Mulder van Staden: This protocol provide the clinician and the dental technician with the detailed steps to design a digital surgical guide.
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:3.1

What questions will future research focus on?
1.4. Sune Mulder van Staden: Future research will focus on the continuous improvement of 3D printing materials and their ability to perform as intended during procedures.
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 



Protocol  
2. Implant Planning and Surgical Guide Design Using AI-Integrated Software
Demonstrator: Riaan Mulder , Trevor Bath

2.1. To begin, open the dental implant planning and surgical guide design software [1]. Select the patient’s DICOM data from the cone‑beam computed tomography scan and import it [2]. To use the AI Assistant, click Provide Data to AI Assistant [3].
2.1.1. WIDE: Talent launches the dental implant planning and surgical guide design software. 
AUTHORS: Please note that JoVE requires the opening shot to be a wide, non-screen capture. This shot was added specifically to meet that requirement
2.1.2. SCREEN: Show the File > Import menu; click Select DICOM / CBCT; 
2.1.3. SCREEN: Show the dialog for AI Assistant; cursor moves to and clicks Provide Data to AI Assistant.
2.2. When the New Plan window appears, select the jaw where the implants should be placed [1]. Add notes in the Comment section for multidisciplinary team members if needed [2].
2.2.1. SCREEN: Show New Plan window with jaw selection dropdown; select jaw.
2.2.2. SCREEN: open the Comment section and type in additional notes.
2.3. The Import Model Scan window will appear [1]. Select Alignment options, including using the AI Assistant to align data based on available teeth [2]. Proceed to align regions on the digital model to the DICOM scan [3].
2.3.1. SCREEN: Show Import Model Scan window opening.
2.3.2. SCREEN: Display alignment option then check AI‑Assistant alignment.
2.3.3. SCREEN: Align regions on the digital model to the DICOM Scan.
2.4. Start with the Patient coordinate system and identify corresponding anatomical landmarks in both the DICOM and surface scan data of the model or intra‑oral scan [1]. Use either point‑to‑point alignment or surface‑based alignment to refine the alignment match [2-TXT]. Confirm alignment accuracy in axial, sagittal, and coronal planes [3].
2.4.1. SCREEN: Anatomical landmarks corresponding to Patient Coordinate system is being identified in both DICOM and surface scan. 
2.4.2. SCREEN: Point to point alignment or surface based alignment is being used to refine alignment match. TXT: Use a minimum of 3 regions for alignment
2.4.3. SCREEN: Switch between axial, sagittal, coronal views to check alignment.
2.5. Move the images to match the colored outline for further definition of the alignment and STL registrations [1].
2.5.1. SCREEN: The images are being moved to match the colored outline. 
2.6. Next, click the green plus icon [1]. When a window appears, click the tooth number. The software will add the crown onto the digital model [2].
2.6.1. SCREEN: Move cursor to green plus sign; click.
2.6.2. SCREEN: Click on a tooth number to see a virtual crown appearing.
2.7. For prosthetic planning, use the surface scan to create a virtual crown or restoration or superstructure based on adjacent and opposing teeth [1]. Use the virtual prosthetic restoration to guide implant placement and position based on the virtual crown [2].  Ensure that the implants are positioned for optimal prosthetic support and screw access [3].
2.7.1. SCREEN: Surface scan is being used to create a virtual crown.
2.7.2. SCREEN: The virtual prosthetic restoration is being used to guide implant placement and position based on virtual crown.
2.7.3. SCREEN: The implant position is being changed for prosthetic support and screw access. 
2.8. Commence implant planning with surgeon input by selecting the icon labeled 4 [1]. In the Implant Planning module, choose the Implant system and size from the library [2].
2.8.1. SCREEN: Cursor selects icon number 4 for Implant Planning.
2.8.2. SCREEN: Open library and select implant system and size.
2.9. Based on prosthetically driven crown position, use 3‑D and cross‑sectional views to determine implant placement [1].Adjust implant position, angulation, and depth according to prosthetic plan, anatomical features, and specifications of the chosen implant brand or model [2].
2.9.1. SCREEN: Toggle between 3‑D view; adjust implant in cross‑sectional view.
2.9.2. SCREEN: Show adjusted implant position, angulation and depth. 
AUTHORS: Please show adjustment for 1 parameter and then the adjusted views for the others. Please keep video length to 25 seconds for this shot
2.10. Next, navigate to the Guide Design module [1]. Select the type of guide from the available options [2]. Then move the red dot on each tooth to the middle of the tooth [3].
2.10.1. SCREEN: Switch to Guide Design module.
2.10.2. SCREEN: Show guide type options and select appropriate type.
2.10.3. SCREEN: Cursor drags red dot to centre of tooth for multiple teeth.
2.11. Define the guide’s boundaries and extension by viewing the digital model from the side [1]. Use the scroll wheel to increase or decrease extension over the occlusal aspects of teeth [2]. Ensure the guide extends to the lowest part of the sleeve holder [3].
2.11.1. SCREEN: The guide’s boundaries and extension are being defined. 
2.11.2. SCREEN: The extension over the occlusal aspects of the teeth are being increased or decreased. 
2.11.3. SCREEN: The guide is being extended to the lowest part of the sleeve holder. 
2.12. Based on material tolerances, set the offset and wall thickness for the guide to be printed [1]. Insert inspection windows in desired tooth areas to view fit of the guide on the teeth [2]. Also insert sleeves for the implant placement handpiece where implants will be placed [3]. Then add the text labels [4].
2.12.1. SCREEN: Input the offset and wall thickness values. 
2.12.2. SCREEN: Add inspection window shapes around selected teeth.
2.12.3. SCREEN: Insert sleeves for implant placement handpiece.
2.12.4. SCREEN: Text labels are being added. 
2.13. Based on implant system and diameter, define specific drill sleeves by selecting Define Drill Sleeves [1]. Then identify the positions of guide fixation pins [2]. Lastly, generate the drill protocol for the surgical team with recommended drill sequence and depths for each implant [3].
2.13.1. SCREEN: Click Define Drill Sleeves and pick drill sleeves matching implant diameter.
2.13.2. SCREEN: The positions of the guide fixation pins are being identified. 
2.13.3. SCREEN: Click Generate Protocol; view sequence and depth settings.


Results
3. Results 

3.1. Two digitally designed surgical guides were manufactured. The first surgical guide was manufactured for placement of three guide fixation pins at FDI (F-D-I) tooth positions 12, 21, and 23 [1]. The second guide was designed for implant placement and supported by two teeth, the maxillary tuberosities, and three guide fixation pins [2].
3.1.1. LAB MEDIA: Figure 1. Video editor: Please highlight A and then B
3.1.2. LAB MEDIA: Figure 2. 
3.2. Dental implants placed at FDI tooth positions 13, 22, and 25 achieved primary stability above 35 Newton centimeters [1]. The implant at FDI tooth position 15 was removed due to failure to achieve 35 Newton centimeters torque and showed visible surface and thread damage [2].
3.2.1. LAB MEDIA: Figure 3. 
3.2.2. LAB MEDIA: Figure 4. 
3.3. Clinical observation revealed that the osteotomy site for FDI tooth position 15 was positioned more palatally than planned [1]. The FDI tooth position 15 implant was conventionally placed using an analogue pilot-guided surgical guide and reached a torque value of 35 Newton centimeters [2]. After implant placement and flap repositioning, the remaining two teeth were extracted, and primary closure of the soft tissue was achieved [3].
3.3.1. LAB MEDIA: Figure 5. Video editor: Sequentially Show A and then B.
3.3.2. LAB MEDIA: Figure 6A. 
3.3.3. LAB MEDIA: Figure 6B. 
3.4. When the guide and implant were assessed under static conditions, no contact occurred between the implant and fixation pin [1]. Physical compression on the posterior of the surgical guide at labels 2, 3, and 4 resulted in contact between the implant and fixation pin [2].
3.4.1. LAB MEDIA: Figure 7A. 
3.4.2. LAB MEDIA: Figure 8. Video editor: Highlight the labeled lines 2, 3, and 4 
3.5. The final radiograph showed correct implant placement, and the clinical image displayed a successful prosthetic and functional outcome [1].
3.5.1. LAB MEDIA: Figure 9. Video editor: Please highlight A and then B
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