Submission ID #: 51191

Editor Name: William Hoston

Videographer name:

Film Date: 
Authors and Affiliations:  Jianying Li, Preetanjali Thakur, Alex S. L. Fok
Minnesota Dental Research Centre for Biomaterials and Biomechanics, School of Dentistry, University of Minnesota, Minneapolis, MN 
Title: Shrinkage of dental composite in simulated cavity measured with Digital Image Correlation 
Corresponding Author: Alex S. L. Fok (alexfok@umn.edu)
Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N_____ If yes, please list make and model of your microscope: ______________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_2.2, 3.2, 3.3, 3.4, 4.3, 4.4_________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The single most difficult aspect of this procedure is the creation of the speckle pattern on the observation surface. The fine charcoal powder needs to be thinly and evenly sprinkled onto the surface.______________________________
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of this procedure is to use Digital Image Correlation to reveal the shrinkage strain distribution in a model tooth cavity restored with resin composite when it is cured. (Intro)

This is accomplished by first creating a model tooth with a filled cavity and a surface that will allow the needed observations. (P1)
(Video editor: Please use the left image of slide 2 in “Schematic Overview revised.pptx”)
The second step is to create a speckled pattern on the specimen surface under observation so that its deformation can be captured by imaging. (P2)
(Video editor: Please use the right image of slide 2 in “Schematic Overview revised.pptx”)
Next, capture images of the speckled surface before and after curing of the resin composite, along with images for calibration. (P3)
(Video editor: Please use the top image of slide 3 and the left image of slide 4 in “Schematic Overview revised.pptx.”  Alternatively, images from shots 4.4.3 and 4.6.3 might be useful.)
The final step is to determine the deformation of the tooth model specimen by comparing the images taken before and after curing using the principles of image correlation. (P4)
(Video editor: Please use slide 5 in “Schematic Overview revised.pptx”)
Ultimately, results can be obtained that show the areas of strain concentrations where debonding of the resin composite from the tooth surface could occur. (P5)
(Video editor: Please use slide 6 in “Schematic Overview revised.pptx”)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
(Video editor:  See the file “Schematic Overview revised.ppt” on the upload site.)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Preetanjali Thakur: The main advantage of this technique over existing methods, like the use of strain gages, is that it can provide visual images of the strain distribution over the entire surface of observation.   

1.2. Author name Alex Fok: This method can help answer key questions in the development of resin composites for dental restorations, such as the level of shrinkage stress induced by the polymerization process.  
1.3. **Author name Alex Fok: Demonstrating the procedure will be Ian Huxford, a Junior Scientist  from my laboratory.   
1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Model Cavity Preparation
2.1. As the first step, create tooth models.  For silica glass tooth models, begin with a long cylindrical glass rod, 10 mm in diameter.  Use a low-speed diamond saw to cut the rod into 10 mm long cylinders. 

2.1.1. WIDE: Talent at diamond saw

2.1.2. MED: Talent getting glass rod and positioning it on saw

2.1.3. CU: Rod being cut into 10 mm long cylinders

2.2. Once the cylinders are the correct length, as shown here, adapt the saw to cut a 3 mm wide, 2 mm deep groove across one end of each to form a mesial-occlusal-distal cavity.  Next, on the cylinder ends with the cavity, polish a flat surface perpendicular to the cavity length.  This observation surface will allow focusing and image calibration of the restoration.

2.2.1. CU or ECU: 10 mm long cylinder shown so that an end is clearly visible. Ideally something to provide a size scale would also be present. Please make this and the next shot as similar as possible.  (Video editor: This shot should be shown until “..as shown here” Then, please transition between this and the next shot to suggest the passage of time and display the next shot during the remainder of the first sentence.)

2.2.2. CU: Cylinder with groove on top

2.2.3. MED: Talent polishing cylinder

2.2.4. CU: Cylinder with groove on top and observation surface
3. Cavity Filling with Resin Composite and Surface Painting
3.1. The next step is to fill the cavities.  After cleaning a cavity, (TEXT: Use an etchant to remove impurities in the cavity) prepare a brush and ceramic primer.  Use the brush to apply a thin layer of Ceramic Primer to silanize all the glass cavity surfaces and allow bonding with the resin composites.  (TEXT: Ceramic Primer)

3.1.1. WIDE: Talent at bench, preparing to fill cavities

3.1.2. MED: Talent with cavity in position, readying brush and primer for next step

3.1.3. CU: Tooth model with brush applying primer to all surfaces

3.2. After about 1 minute, apply a thin layer of adhesive appropriate to the resin composite (TEXT: Use LS Adhesive system for LS; Adper Single Bond Plus for Z100 and Z250).  Use a curing light and follow the manufacturer's instructions to cure the adhesive, about 10-20 seconds.

3.2.1. CU: Tooth model during application of adhesive

3.2.2. MED: Talent using curing light on tooth model

3.3. Proceed by covering all of the glass surfaces except the observation surface with black tape.  This will prevent the curing light reaching the resin composites from unrealistic paths. The cavity is now ready to be filled.  

3.3.1. MED: Talent working with model to cover it with tape

3.3.2. CU: Model as it is being covered with tape

3.3.3. CU: Model covered with tape on display

For shots 3.4.1 - 3.5.4 and 4.2 - 4.5.2 you will see a change in lighting. This is due to the composite resin being light sensitive. The samples that we test are only handled underneath orange light to prevent unwanted curing. If the samples have to be transferred underneath regular white light, which contains the blue wavelength region to which the resin is sensitive, they are always kept in a small black box.
3.4. Bulk fill each cavity with resin composite.  Scrape off any excess so that all surfaces are flat. For the next steps, obtain white paint that can be sprayed on, and fine charcoal powder.

3.4.1. MED: Talent filling cavity with resin

3.4.2. CU: Model immediately after filling, then excess being scraped off

3.4.3. MED: Talent at bench, putting paint and powder in place near the model being worked on

3.5. Begin with the paint. Spray a thin layer of white paint onto the observation surface, which now includes some resin composite.  Immediately sprinkle some of the charcoal powder onto the paint to create high-contrast speckles that can be tracked in software. The charcoal should be thinly and evenly spaced on the observation surface.  (TEXT: The model should be used immediately)

3.5.1. MED: Talent picking up paint and preparing to use it on model observation surface

3.5.2. CU: Model as/just after thin layer of paint is added

3.5.3. CU: Model as charcoal powder is sprinkled on

3.5.4. CU: Model after charcoal has been applied properly 
4. Sample Mounting, Curing, and Photographing
4.1. The experiment will be conducted using a prefabricated platform with a specimen holder and a large horizontal beam.  A CCD camera and light are mounted on the beam so as to face the position of a sample holder that can be attached to one end. 

4.1.1. WIDE: Talent with the platform (camera and light mounted, sample holder in position) 

4.1.2. CU: The beam with the camera, light, and sample holder, then talent pointing out sample holder

4.2. To begin mounting the specimen, prepare the holder.  Place the model cavity specimen in the holder.  Then tighten the screw to secure it.  

4.2.1. MED: Talent taking sample holder from platform

4.2.2. MED: Talent placing sample in holder

4.2.3. CU:  Sample in holder as sample is secured

4.3. Next, mount the holder on the end of the horizontal beam.  The specimen observation surface should face the camera lens.  Turn on the light and position it to reduce glare from the resin surface.

4.3.1. MED: Talent placing holder at end of the beam

4.3.2. CU: Model, in holder, on beam, with observation surface facing the camera

4.3.3. MED: Talent turning on light and adjusting its position

4.4. Now, use a stand with adjustable clamps to position a curing light over the tooth model.  (TEXT: The curing light should be off) The curing lamp tip should be about 1 mm above the sample. After everything is in place, use the CCD camera to take a reference image of the specimen prior to curing.  

4.4.1. MED: Talent moving a curing light into place

4.4.2. CU: Curing lamp as talent completes its placement

4.4.3. MED: Talent taking image of specimen

4.5. Then, turn on the lamp to cure the resin composite for 20 seconds.  After turning off the lamp, wait five minutes and take another image of the specimen.  For calibration, obtain a calibration block.

4.5.1. MED: Talent turning on lamp (Video editor: Please transition to the next shot to indicate passage of time)

4.5.2. MED: Talent taking second image of specimen

4.5.3. MED: Talent picking up calibration block

4.6. The block has features of known size and spacing.  Remove the specimen and place this block at the same position as the observation surface.   Take a picture of the block.

4.6.1. CU: Calibration block in hands of talent, showing features

4.6.2. MED: Talent removing the specimen and placing the calibration block

4.6.3. MED: Talent taking picture of the calibration block
5. Image Analysis with Digital Image Correlation Software  
5.1. Analysis of the specimen will be done in digital image correlation software.  Load the before and after curing images and register them using the calibration data.  Next, define an area of interest on the image of the observation surface. 

5.1.1. WIDE: Talent at computer 

5.1.2. SCREEN: Loaded image(s) that have been put into register

5.1.3. SCREEN: Area of interest being defined
5.2. Define the size of the square subset windows for each of two iterations. Use a larger size, 64 by 64 pixels, for the first iteration.  Choose a smaller size, 32 by 32 pixels, for the second iteration. 

5.2.1. MED: Talent working at computer.  Please have relevant image on screen if screen shown

5.2.2. TEXT on four lines: [headline] Subset window settings [line 1] First iteration: use larger window size–64x64 [line 2] Second iteration: use smaller window size, 32x32 ​

5.3. Define the overlap between neighboring subset windows as 50%. Correlate the image taken after curing with the reference image taken before curing to calculate the displacement and strain distributions.

5.3.1. TEXT (continued from 5.2.2): [line 3] Neighboring window overlap: 50%  (Video editor: Please add this line during the first sentence.)

5.3.2. MED over the shoulder: Talent starting correlation of images.  If possible, please wait for output of calculation on screen
6. Results: Comparison of Resins Using Measured Strain Distributions in Simulated Cavities
6.1. This is a typical plot of the displacement vectors of a cured restoration made with Z250.  The plot is representative of all resins used.  The arrows indicate the direction of a displacement and the colors indicate magnitude, as shown on the right. 

6.1.1. LAB MEDIA: “Figure 3.tif”

6.2. The resin composite has withdrawn to the bottom of the cavity, with the largest downward displacement in the top center portion.  At the same time, the resin composite has contracted horizontally towards the vertical midline, which has zero displacement. 


6.2.1. LAB MEDIA: “Figure 3.tif”  (Video editor: Please point out the red arrows in the image during “...with the largest downward displacement in the top center portion.” )

6.3. Here horizontal tensile strain concentrations, denoted by red, are along the two vertical “tooth-restoration” surfaces. Higher horizontal contraction strain, denoted by bluer colors, is seen adjacent to the vertical side walls and at the top of the restoration.

6.3.1. LAB MEDIA: “Figure 4A.tif”  (Video editor: Please point out the red regions on the left and right of the bounded region in the figure during the first sentence.  Change to pointing out the blue regions during the second sentence.)

6.4. This depiction of vertical contraction strain shows that it increases gradually with the depth of the cavity, while vertical tensile strain is seen on the bottom surface.  

6.4.1. LAB MEDIA: “Figure 4B.tif”

6.5. When the two strain components are summed, referred to as the mean in-plane total direct strain, a relatively uniform distribution of contraction strain is seen within the restoration area. 

6.5.1. LAB MEDIA: “Figure 4C.tif”

6.6. Measurement of the mean in-plane total direct strain of the three resin composites along the same horizontal line across the samples produced these curves.  The composite LS produced the lowest in-plane total contraction strain, followed by Z250, and then Z100.  The three materials showed similar tensile strain concentrations of about 1% at the interfaces. 

6.6.1. LAB MEDIA: “Figure 6.tif”  (Video editor: Please point to the inset in the lower left [yellow bow with red arrow] during “...along the same horizontal line across the samples...”  Point out the blue curve at around -1 during “...composite LS produced...strain”  Then, point out the red curve at about -2 during “..followed by Z250”  Finally, point out the green curve at about -2.5 during “..and then Z100.”  For the last sentence, point out the regions around (2, -1) and (5,1) where the three curves have approximately the same values.)

7. Conclusion (said by authors on camera)
7.1. Author name Preetanjali Thakur: While attempting this procedure, it’s important to remember to prepare the observation surface with a nice speckled pattern and calibrate its dimensions.

7.2. Author name Alex Fok: After watching this video, you should have a good understanding of how to use Digital Image Correlation to reveal the shrinkage strain distribution in a tooth restored with resin composite when it is cured.
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, 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.

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, as well as an introduction to your videographer, closer to your filming date.
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