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Questionnaire responses:
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? YES
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? YES. If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.1-2.12
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.3 - 2.5
E.  Will the filming need to take place in multiple locations? No.


1. Introduction

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this protocol is to present the direct pulp capping procedure in mice. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Reuben Kim: This method can help answer key questions in the field of pulp biology and regeneration, such as how pulp heals and forms reparative dentin when direct pulp capping materials are placed on the exposed pulp. 
1.2. Sol Kim: The main advantage of this technique is that the actual direct pulp capping procedure performed in human can also be done in mice in exactly the same manner.   
1.3. Minju Song: The implications of this technique extend toward improving material properties to save tooth that is otherwise doomed to be more invasive treatment such as root canal therapy.  
Authors, the goal of this section is just to introduce yourselves to the camera, so I have given the three of you one statement apiece.

E.  Ethics title card:
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at University of California, Los Angeles


Protocol (read by voice talent at JoVE):

2. Pulp-Capping Procedure
2.1. After properly anesthetizing the mouse for the procedure, [1.WID] position the mouth holder in it’s mouth [2.ECU] and secure the other end to the table such that the head is facing upward. [3.CU]
2.1.1. Establishing shot, talent getting mouse ready to secure mouth
2.1.2. Detail of securing mouth
2.1.3. Finishing securing of mouse
2.2. Using good lighting and a stereoscope, [1.MED] observe the first maxillary molar. [2.SCOPE]
2.2.1. Talent focusing the scope and adjusting lighting
2.2.2. Maxillary molar coming into focus
2.3. Then, using the ¼-round bur in a high-speed handpiece at 200,000 RPM, [1.MED] remove the central region of the tooth’s enamel until the pulp is visible through the transparent dentin.  Be careful to not penetrate into the pulp. [2.SCOPE]
2.3.1. Setting up the drill, attaching bur bit
2.3.2. Drilling out enamel
2.4. Next, using a #15 endodontic K-file, [1.MED] perforate through the dentin and expose the pulp.  Do not push any debris into the pulp. This can be avoided by rotating the K-file quarterly and then pulling the K-file out. [2.SCOPE]
2.4.1. Switches from drill to K-file
2.4.2. Perforating dentin, exposing pulp as described
2.5. Now, prepare the MTA and using an explorer [1.MED-TEXT] pack it into the exposed region using the back side of the paper point and gentle tapping. [2.SCOPE]
2.5.1. Preparing explorer with MTA, preparing to use, TEXT: Mineral trioxide aggregate (MTA)
2.5.2. Packing in MTA Videographer note: DNU tk1, tk2, tk4, tk5
2.6. Next, using a syringe-loaded with 35% phosphoric acid etchant, [1.MED] cover the tooth with the etchant avoiding the gingival tissues and let the etchant work for 15 seconds. [2.SCOPE]
2.6.1. Syringe being loaded and/or prepared to use by putting it in position
2.6.2. Applying the acid
2.7. After 15 seconds, suck the etchant off the tooth [1.MED/CU] and use a water-moistened cotton applicator to wipe off any remaining etchant. Suck and wipe until all the etchant is removed. [2.SCOPE]
2.7.1. Setting up the vacuum, use a CU if a specific setting is being dialed in which is important to show
2.7.2. Sucking up and wiping off tooth to remove acid
2.8. Then, using a compressed air duster, gently dry the tooth. [SCOPE]
2.8.1. Blowing air on tooth Videographer note: DNS; lab doesn’t use compressed air.
2.9. Follow by applying the dental adhesives using the backside of the paper point.  [1.CU] Make the adhesive layer thin by blowing it with compressed air for a few seconds.  Then, cure the adhesive for 20 seconds with the appropriate light. [2.SCOPE]
2.9.1. Packing adhesive onto the paper point
2.9.2. Applying adhesive and drying with air, then applying light
2.10. Now, place small amounts of composite onto the tooth using the tip of the explorer to flow the composite into the tooth grooves. Once applied, cure the composite for 30 seconds. [1.MED?]  [2.SCOPE?] [3.SCOPE]
2.10.1. Preparing explorer with composite Videographer note: tk 1, didn’t check composite, tk 2 and 3 filmed all 30 s of curing the composite, editor can skip through Nicola – so looks like 2.10.1 and 2.10.2 may also be combined; IDK if that would be MED or SCOPE in that case. Either way, please include the TXT: Carprofen can now be administered and the mouse revived
2.10.2. Applying composite and then light
2.10.3. Checking dried composite with explorer
2.11. Now, administer carprofen and place the mouse on a heating pad at low power to keep it warm [1.MED-TXT] until it wakes up.  Then, return it to the vivarium. [2.MED]
2.11.1. Injecting kaprofen, then moving mouse to heating pad, TEXT: 5 mg / kg
2.11.2. Mouse on heating pad wakes up and is moved to home cage
3. Harvesting Tissue and µCT Scanning
3.1. After euthanizing the mouse, carefully remove the maxilla out of the [1.WID] base of the skull and put it into a 50-mL tube. [2.CU]
3.1.1. Establishing talent working out the maxilla
3.1.2. Placing maxilla into tube
3.2. After euthanizing the mouse and removing the entire maxilla, place the jaw into 4% paraformaldehyde in PBS, at pH 7.4. [1.MED] Keep the tissue at 4 °C overnight, and, on the following morning [2.WID] transfer it to 70% ethanol for storage until it can be processed. [3.MED]
3.2.1. Loading tube with PFA
3.2.2. Removing tooth from 4 ºC to bench, talent looks “next day”
3.2.3. at bench, moving tissue from PFA to ethanol
3.3. To take a micro-CT scan of the maxilla, first secure it in gauze soaked with 70% ethanol [1.MED] and pack it into a 15-mL cell culture tube. [2.CU]
3.3.1. Wrapping tooth in wet gauze
3.3.2. Packing gauze/tooth into 15-mL
3.4. Then, mount the tube onto the micro-CT scanning stage. [CU]
3.4.1. Film as written
3.5. Next, set the X-ray source [1.MED] to deliver a 145 microAmp current, with 55 peak kiloVolts, for 200 milliseconds. [2.CU]
3.5.1. Talent starts programming X-ray
3.5.2. Inputting the defined parameters
3.6. Using a 0.5‑mm Aluminum filter, acquire images with 20-micron resolution. [CU]
3.6.1. Inputting the filter, resolution and starting scans
3.7. After the scans are completed, start decalcifying the maxilla with 5% EDTA and 4% sucrose in PBS at a pH of 7.4. [1.MED]  Let this reaction go for 2 weeks at 4 ºC. [2.WID]
3.7.1. Transferring the maxilla from stage/tube to new tube and adding EDTA/sucrose solution
3.7.2. Loading tooth back into fridge
4. Tissue Processing and Staining
4.1. After embedding the maxilla, make 5-micron thick slices. [1.WID-TXT] The pulp-capping areas usually coincide with the distopalatal root, which can be used as a landmark.  [2.CU/ECU]
4.1.1. Establish talent working with sectioning device – if not feasible, then show talent unpacking a block from storage, TEXT: See the text protocol for embedding details.
4.1.2. CU: Detail of sectioning a block and collecting sections on slide – if not feasible, then, ECU: show the sliced block with probe pointing out the distopalatal root
4.2. Determine the precise area of interest [1.MED] by examining the histology under the light microscope and comparing the results to the micro-CT scans. [2.SCOPE]
4.2.1. Talent unpacking some slides with maxilla slices at scope
4.2.2. View of slices under bright light
4.3. For H&E staining, remove the paraffin and rehydrate the slides [1.MED] with two baths in xylene, for a few minutes each. [2.MED]
4.3.1. Loading slides into first xylene bath
4.3.2. Transferring slides from xylene bath to xylene bath
4.4. Then pass them through a series of serially-diluted ethanol. Each bath should be applied for just one minute. [1.MED-TXT] [2.MED-TXT]
4.4.1. Series of ethanol baths being poured, five in total
4.4.2. Slides transferred from xylene to first 100% EtOH bath TEXT: 100% EtOH x2, 95% EtOH x2, and 70% EtOH x1
4.5. Follow the rehydration with a rinse [1.WID] and then apply the Hematoxyline solution for 2.5 minutes. [2.MED]
4.5.1. Removing slides from last EtOH bath and rinsing
4.5.2. Placing slides into a Hematoxyline bath, starting timer
4.6. Remove the dye with a rinse [1.MED] and then put the slides in 95% ethanol for 1 minute. [2.WID]
4.6.1. Rinsing slides 
4.6.2. Transferring slides from tap water spigot to ethanol bath
4.7. Next, stain the slides with Eosin solution for 1 minute [1.MED] and, then, rinse them off. [2.WID]
4.7.1. Moving slides from ethanol to eosin bath
4.7.2. Moving slides from eosin to rinsing
4.8. Reverse the hydration steps to dehydrate the stained tissues starting with ethanol. [MED-TXT] 
4.8.1. Loading baths with ethanol solution, slides in the 70% bath, TEXT: 70% EtOH x1, 95% EtOH x2, 100% EtOH x3, 1 min / bath
4.9. Then treat them with xylene. The slides can then be mounted and imaged. [MED-TXT]
4.9.1. Moving slides from 100% EtOH bath to xylene bath, starting timer, 3 xylene baths ready, TEXT: Xylene x3, 3 - 5 min / bath
5. Results: Reparative Dentin in Capped Maxillary Teeth 
5.1. Using the described procedures pulp capping was performed on 8-week old mice. 6 weeks later, their maxilla were harvested and examined. Curiously, H-and-E staining revealed dentin formation throughout the pulp chamber and the root canals.
5.1.1. Fig 4E , add “100 µm” below the bar, at the word “revealed” add the text “Dentin” in the location it appears in 4F
5.2. Comparatively, the uncapped molar, did not show the same dentin formation.
5.2.1. Fig. 4B, add the text “Dentin” in the location it appears in 4C
5.3. [bookmark: _GoBack]In the capped molar, there were characteristics of both dentin-like and bone-like formation, as both dentinal tubules … and osteocytes were found in the reparative dentin, suggesting that injured pulp may be mineralized by both residing odontoblasts and immigrated osteoblasts.
5.3.1. Fig 4F, at “tubules” add the red arrowheads, at “osteocytes” add the black arrowheads, TEXT: OB = odontoblast layers; RD = reparative dentin
5.4. Use of DMP1-imunohistochemical staining further confirmed [1.LM] increased activities of cells forming reparative dentin. [2.LM]
5.4.1. Figure 5A – add text “Uncapped” below
5.4.2. Figure 5B – add text “Capped” below
Authors, some of the text in your manuscript’s discussion about Figure 5 refers to arrowheads that aren’t present in the figure.  Also, in the Fig 5 legend there may be an error as it appears to be that A is from the capped tooth, since there is staining there.  I assume I’m wrong about this, but I’m suspicious.

6. Conclusion (said by authors on camera)
6.1. Minju: Just like real dental clinic practices, having an assistant is extremely helpful. For example, with an assistant, this technique can be done in just 10 minutes, once mastered.
6.2. Reuben: Importantly, while attempting this procedure, remember to use the endo file and not burs, when exposing the pulp.   Also, be careful when handling the MTA.
6.3. Sol: Don’t forget that working with fixatives like paraformaldehyde can be extremely hazardous.  Precautions, such as wearing personal protective equipment, should always be taken. 

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

Please upload the panels used in the results section as separated images in layered formats.  Thanks.  Then list those file names here.


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
 2016, Journal of Visualized Experiments
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