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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?  no

As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

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: 10/30/2026

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


Current Protocol Length

Number of Steps:  17
Number of Shots:  32

Interviews 


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.
0. Cristina Bucchi: This protocol presents a fabrication protocol for a vertically stacked tooth-on-a-chip device replicating the dentin–pulp complex microenvironment.
0. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


Describe the research gap or limitation in existing methods and how this protocol addresses them.
0. Cristina Bucchi: Current tooth-on-a-chip models lack standardized fabrication protocols, hindering reproducibility. This protocol provides a comprehensive, step-by-step methodology to address this issue.
1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Describe the research contexts or systems in which this protocol can be applied.
0. Cristina Bucchi: This protocol applies to dental biomaterials testing, endodontic research, pulp biology studies, and drug development using physiologically relevant microfluidic platforms.
2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


CONCLUSION:
What does this protocol allow researchers to study or measure?
1. 
0. 
0. 
0. 

0. Mauricio Zamorano: This protocol monitors pulp stem cell responses by quantifying secreted products in the outlet medium without device disassembly.
3. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


Describe the most important consideration or challenge when performing this protocol.
0. Mauricio Zamorano: The most critical challenge is preventing leakage between the PDMS layers and at the dentin–PDMS interface, requiring precise plasma activation and intimate contact between dentin and the surrounding PDMS layer.
4. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



How can future studies build on this work? Describe the questions or research directions that can be investigated next.
0. Mauricio Zamorano: Future studies can incorporate flow conditions, immune cells, or bacterial challenges to evaluate pulp cells' responses under physiological or pathological conditions.
5. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


Ethics Title Card
This research has been approved by the Ethics Committee of Universidad de La Frontera
1. 

Protocol  

1. Preparation and Degassing of the PDMS Mixture
Demonstrators: Mauricio Zamorado, Talent: Cristina Bucchi. 
1.1. To begin, fabricate the polydimethylsiloxane or PDMS (P-D-M-S) mold by photolithography and section the dentin disc from a caries-free extracted tooth [1].
1.1.1. Establishing shot of the talent with the PDMS mold and the dentin section placed in front.
1.2. Mix the polydimethylsiloxane or PDMS (P-D-M-S) base and curing agent at a 10 to 1 weight ratio [1]. Using a glass rod, stir the mixture in the plastic beaker for approximately 5 minutes, maintaining slow, continuous circular motions [2].
1.2.1. Talent adding the polydimethylsiloxane base and the curing agent into a plastic beaker.
1.2.2. Talent stirring the polydimethylsiloxane mixture with a glass rod in slow, continuous circular motions.
1.3. Place the PDMS mixture in a vacuum desiccator connected to a vacuum pump. Degas the mixture at approximately 700 millimeters of mercury for 5 minutes [1]. Briefly release the vacuum to allow surface bubbles to burst. Reapply the vacuum. Repeat this cycle until no visible bubbles remain [2].
1.3.1. Talent places the polydimethylsiloxane mixture into the vacuum desiccator and applies a vacuum.
1.3.2. Talent briefly releases the vacuum from the desiccator and reappplies it.
1.4. Dispense approximately 8 grams of the PDMS mixture around the dentin disc to fabricate the dentin embedding layer [1]. Adjust the height of the PDMS to the dentin disc thickness, ensuring it does not cover the dentin surface [2].
1.4.1. Talent dispensing approximately 8 grams of the polydimethylsiloxane mixture around the dentin disc.
1.4.2. Talent adjusting the height of the polydimethylsiloxane to match the dentin disc thickness.
1.5. Then, dispense approximately 0.26 grams of the PDMS mixture into each mold unit to fabricate each microchannel layer [1]. 
1.5.1. Talent dispensing approximately 0.26 grams of the polydimethylsiloxane mixture into each mold unit.


2. Fabrication and Bonding of PDMS Layers
2.1. Gently tap the mold or apply vibration to facilitate filling of the microstructures and allow the PDMS to settle into the smallest features [1]. Cover the mold with a lid or a flat cover, ensuring it does not contact the PDMS surface  [2]. Place the molds in an oven at 50 degrees Celsius and cure the PDMS for 4 hours [3].
2.1.1. Talent gently tapping the mold or applying vibration.
2.1.2. Talent placing a lid or a flat cover over the mold without touching the polydimethylsiloxane surface.
2.1.3. Talent placing the molds into the oven.
2.2. Gently peel the cured PDMS layers from the mold, taking care not to damage the microstructures [1]. 
2.2.1. Talent carefully peels the cured polydimethylsiloxane layers from the mold.
2.3. Using a 1-millimeter biopsy punch, create perforations at the designated inlet and outlet locations with the microchannel side facing upward during punching [1].
2.3.1. Talent creating perforations at the designated inlet and outlet locations using a 1 millimeter biopsy punch. 
2.4. Create two perforations in the top layer corresponding to the upper microchannel [1].
2.4.1. Talent creates two perforations in the top polydimethylsiloxane layer corresponding to the upper microchannel.
2.5. Clean the PDMS layers using isopropyl alcohol or ethanol [1]. Use sterile adhesive tape to remove dust particles. Ensure all bonding surfaces are free of contaminants before assembly [2].
2.5.1. Talent cleaning the polydimethylsiloxane layers with isopropyl alcohol or ethanol.
2.5.2. Talent removing the residual dust particles from the polydimethylsiloxane layers using sterile adhesive tape.
2.6. Position the top and middle PDMS layers for the plasma treatment [1]. Activate the surfaces using a handheld corona plasma treater operating at approximately 25 watts, with ambient air as the working gas while [2] maintaining a working distance of about 1 millimeter between the plasma source and the PDMS surface [3].
2.6.1. Talent positioning the top and middle polydimethylsiloxane layers for the plasma treatment.
2.6.2. Talent activating the polydimethylsiloxane surfaces using the handheld corona plasma treater.
2.6.3. Close-up of the handheld corona plasma treater maintained approximately 1 millimeter above the polydimethylsiloxane surface.
2.7. Activate the plasma treatment device and allow it to stabilize for 5 seconds [1]. Verify the generation of a uniform plasma beam before the treatment [2].
2.7.1. Talent activating the plasma treatment device.
2.7.2. Close-up of the uniform plasma beam generated by the device.
2.8. Treat the top and middle PDMS layers for 10 seconds each with a back-and-forth motion at 5 millimeters per second [1]. Apply an additional 1-second plasma treatment to the top layer just before bonding [2].
2.8.1. Talent treating the top and middle polydimethylsiloxane layer with the handheld corona plasma treater.
2.8.2. Talent applying the additional 1-second plasma treatment to the top polydimethylsiloxane layer.
2.9. Align the upper microchannel with the dentin disc immediately after the plasma treatment [1]. Bond the top and middle layers together [2]. Place the bonded assembly in an oven at 75 degrees Celsius for 5 minutes to consolidate the bond [3].
2.9.1. Talent aligning the upper microchannel with the dentin disc.
2.9.2. Talent bonding the top and middle polydimethylsiloxane layers together.
2.9.3. Talent placing the bonded assembly into the oven.

3. Fabrication of Lower Microchannel Ports
3.1. Use a 1-millimeter biopsy punch to create two aligned perforations through the bonded top and middle PDMS layers for the lower microchannel [1]. Place the bonded assembly on a firm cutting mat before punching and apply steady downward pressure in a single motion [2].
3.1.1. Talent creating two perforations through the bonded top and middle polydimethylsiloxane layers using a 1 millimeter biopsy punch.
3.1.2. Talent placing the bonded assembly on a firm cutting mat and applying steady downward pressure 
3.2. Using lint-free sterile gauze moistened with isopropyl alcohol, remove the debris from the perforation sites [1]. Check the perforations and nearby bonded areas in good lighting. Confirm there are no delaminations, tears, or incomplete perforations before proceeding [2].
3.2.1. Talent removing the debris from the perforation sites using lint-free sterile gauze moistened with isopropyl alcohol.
3.2.2. Close-up of the perforations and the surrounding bonded areas under adequate lighting.
3.3. Once the bottom PDMS layer is treated, align the inlet and outlet ports of the lower microchannel with the perforations in the top and middle layers [1]. Bond the bottom layer to complete the device assembly [3].
3.3.1. Talent aligning the inlet and outlet ports of the lower microchannel with the perforations in the bonded top and middle layers.
3.3.2. Talent bonding the bottom polydimethylsiloxane layer to complete the device assembly.

Video editor: Use a title card to show the following information  
· Leak test the microfluidic device
· Culture dental pulp stem cells
· Evaluate cell viability through confocal microscopy



Results

4. Results 
4.1. After 24 hours of culture, adherent cells covered 54.35% of the dentin surface within the microchannel [1], whereas the dentin surface covered by PDMS remained free of cell attachment [2].
4.1.1. LAB MEDIA: Figure 2A. Video editor: Highlight the area with black asterisks
4.1.2. LAB MEDIA: Figure 2A. Video editor: Highlight the area with white astericks.
4.2. Cell viability was characterized by a predominance of viable cells with green fluorescence and fibroblastic morphology [1], with only occasional non-viable cells stained red [2].
4.2.1. LAB MEDIA: Figure 2B. Video editor: Highlight the green fluorescent elongated cells.
4.2.2. LAB MEDIA: Figure 2B. Video editor: Highlight the occasional red fluorescent cells.
4.3. A fixed mold incorporating a predefined recess was evaluated to position the dentin disc within the middle PDMS layer [1]. Manual cutting of the cured PDMS layer resulted in interfacial gaps between the disc margins and the PDMS edges, causing leakage in approximately 50% of the fabricated devices [2].
4.3.1. LAB MEDIA: Figure 3A. 
4.3.2. LAB MEDIA: Figure 3A. Video editor: Highlight the manually cut square recess indicated by the white arrows.
4.4. Application of a sealing material at the disc–PDMS interface spread onto the dentin surface and prevented cell adhesion in the covered regions [1].
4.4.1. LAB MEDIA: Figure 3B. Video editor: Highlight the light-colored regions marked by the white and black asterisks where cells are absent.
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