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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) ____No_____ 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)___Y_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ____Editing the surface map of the X-ray CT data. 
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to create anatomical models of pre-clinical X-ray CT data sets using 3D plastic printing technology. (Intro)  This is accomplished by first placing a mouse into an image station and scanning in X-ray Computed Tomography (CT) mode. (P1, have the mouse go into the upper middle machine) Next, the data is reconstructed and formatted for input into a commercial 3D printing device. (P2, the upper right image comes out of the upper middle machine and goes into the lower right machine)  
In the final step, the printer extrudes a complex physical model of skeletal or soft tissue data in plastic. (P3, the lower left image emerges from the lower right machine) Ultimately, 3D printing technology is used to take the data off the computer screen, and place it in the palm of one’s hand. (P4, if it shows the researcher holding the printed object, use shot 5.5.2. Otherwise, add fig 2 to the P3 image?)
[image: image1.png]



B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Author name _Sarah Chapman________: The main advantage of this technique over existing methods, like plastic injection molding, is that 3D printing enables the creation of extremely complex models that would otherwise not be possible to produce.   Take 4 #3
1.2. Author name __J. Scott_______: This technique allows one to take the 3D X-ray CT data off of the computer screen, and put it in the palm of your hand.  Take 3 #5
1.3. Author name __Wathen______: Though this method can used to print data of skeletal structures, it can also be applied to soft tissue systems, such as the lungs. Take 2 #3
1.4. Author name __Diener_____: Generally, individuals new to this method will struggle because the surface map must be created and edited using multiple pieces of software. Take 2 #3
1.5.  Author name __Doney______: I first had the idea for this method, when I was working with X-ray CT data sets in the laboratory, and I became aware of 3D printing technology. Take 3 #3
1.5.1   CV of Replicator
Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Image Acquisition and Data Processing
2.1. All In Vivo and Ex Vivo Imaging performed for this protocol demonstration was acquired using the Albira Computed Tomography system. Images were reconstructed using the Filtered Back Projection algorithm via Albira Suite 5.0 Reconstructor using “Best” parameters. 
2.1.1.  – 2.1.8.  BROLL: show the Albira Computed Tomography system. Broll to cover above narration.  (Or, if this system happens to be offsite.. we could begin narration on tittle screen and use a still photo instead) Both rat and skull shot
2.2. For the in vivo images seen in this protocol, one male Lobund-Wistar rat of ten months of age was scanned while fully anesthetized using Isofluorane.   For ex vivo imaging, a New Zealand White Rabbit skull sample, preserved in 10% formalin, was scanned.  
2.2.1.  LAB MEDIA: picture of a rat (could use the one from the schematic) 
2.2.2. LAB MEDIA:  the CT image appears to the right of the rat (could also use the one from the schematic)
2.2.3. LAB MEDIA: picture of the White Rabbit skull sample
2.2.4. LAB MEDIA:  a CT image of the rabbit skull appears to the right of the sample picture.
2.3. These combined acquisition and reconstruction settings produce a final image with 0.125 millimeter isotropic voxels, which is considered sufficient for whole animal analysis and 3D printing of anatomical structures. 
2.3.1. MED over the shoulder: show the researcher viewing the final image with 0.125 millimeter isotropic voxels.  I.e. scrolling through the slices in viewing software. 
2.4. Note that the skeletal features from the CT scans can be printed from the raw data without performing segmentation.  However, segmentation of soft tissues is required prior to processing this data for 3D printing.  Here, an example with lung tissue can be seen.  
2.4.1. SCREEN CAPTURE: show as segmentation of the soft tissues is performed. 
2.5. Next, the Data must be converted from MicroPET into DICOM (pronounced: ‘die- com’) format using PMOD analysis software.  The DICOM data contains volumetric density values for each voxel.  
2.5.1. SCREEN: show researcher working at a computer converting to DICOM using PMOD analysis software. (Videographer’s note: “screen shot  also in 2.3.1 takes 2 & 3”)
2.6. Then, in order to prepare the DICOM data for printing, the data must be processed as a contiguous surface instead of a volume.  ImageJ (pronounced ‘Image Jay’) v1.43u software can be used to obtain surface renderings for further processing. 
2.6.1. SCREEN CAPTURE: showing preparing the DICOM data for printing, creating surface renderings (Computer screen recording will be provided by authors.)
2.7. Finally, two programs, Meshlab v1.3.1 and Netfabb Studio Basic 4.9, can be used concurrently to remove any excess mesh, join together disconnected meshes, repair holes, and then smooth the final mesh. 
2.7.1. SCREEN CAPTURE: showing Meshlab v1.3.1 and Netfabb Studio Basic 4.9 use; to remove any excess mesh. (Computer screen recording will be provided by authors.)
2.8. The primary differences between these two programs are the tool sets made available to the user, and some aspects of the interface navigation control. They are both 3D mesh editing software programs, and using them together provides the easiest approach to editing the model.  Be sure to save the file type as STL when using Meshlab. 
2.8.1. SCREEN CAPTURE: again show  Meshlab v1.3.1 and Netfabb Studio Basic 4.9 use; show an example of the tool sets, and the interface navigation control. 
3.  Makerbot Printing  
3.1. To Print the CT model using the Makerbot, begin by opening the STL file that was generated in previous steps in ReplicatorG software.  ReplicatorG is a Makerbot Industries program used to communicate with the printer.   In the lower right hand corner of the software menu, click on the ‘Scale’ option, and then select ‘Fill the Build Space.’    (beigin by filming this..)
3.1.1. MED over the shoulder: researcher sitting at a computer, opens the STL file using ReplicatorG software.  
3.1.2. SCREEN CAPTURE: showing the above steps (Computer screen recording will be provided by authors.)
3.2. Next, Select ‘Rotate,’ then click Lay ‘Flat,’ then click on ‘Center’. For models with fine detail, also select the fill build platform option to scale up the model. Then, from the same menu, click ‘Move’ and then select ‘Put on Platform.’ Once the proper orientation has been achieved, select Generate GCODE from the top menu bar. A window with printing options will now appear on screen. 
3.2.1. SCREEN CAPTURE: showing the above steps (Computer screen recording will be provided by authors.)
3.3. Now select the extruder that will provide the filament to print the object, being either Left or Right. Also check off Use Raft/Support.  From the drop down menu entitled Use support material, be sure to select the Full Support option. 
3.3.1. SCREEN CAPTURE: showing the above steps (Computer screen recording will be provided by authors.)
3.4. Next select Generate GCODE. A pop-up box showing the progress of the GCODE will now appear. Once the GCODE has been completed, select ‘Build to file’ for use with SD card, and Save. Drag file generated at this stage onto an SD memory card for transfer. 
3.4.1. SCREEN CAPTURE: showing the above steps (Computer screen recording will be provided by authors.)
3.5. Place this SD card into the Makerbot, then use the Makerbot keypad to select ‘Print from SD, and select the desired file name.  At this point, the Makerbot will automatically begin to warm-up to print the object. 
3.5.1. MED: researcher places the SD card in the makerbot.
3.5.2. MED over the shoulder: researcher uses the keypad to select ‘Print from SD, and selects the file name (take 2) (Videographer’s note: includes SD insertion, Take 1 has windows logo)
3.5.3. MED: show the makerbot warming up
3.5.4. Added shot: CU LLD screen (or CCD screen?)
3.6. Here, we can see a time lapse video of the Makerbot printing the 3D model from a CT dataset.
3.6.1. LAB MEDIA: per authors: ‘Please note that the authors will be making a 30 second time lapse movie of the printing process to add to the final video.’   (Note: 30 seconds might be a bit too long here, video editor may truncate this or speed up the video) 
4. Shapeways Printing
4.1. To perform printing using the online Shapeways service, start by creating a free account on the Shapeways website. Then, the previously generated STL file can be directly uploaded: (TEXT on screen: http://www.shapeways.com/upload/.)  Select a Title for the uploaded file, then select a Unit of Measure from the dropdown menu that appears.  
4.1.1. MED over the shoulder: Researcher on the Shapeways website. He/she Selects a Title for the uploaded file, then selects a Unit of Measure.
4.2. Now, select Upload Model. Once the file is uploaded the website will take a few minutes to process the file to assure it can be printed.  The model will be available for printing in the “my models” page after about ten minutes.
4.2.1. SCREEN CAPTURE:: researcher selects upload model…. Then website takes a few minutes to process….
4.2.2. SCREEN CAPTURE:: researcher selects the model from the my models page.
4.3. In the example seen here, The “white strong flexible” selection was used to print skeletal structures, and the “purple strong flexible” selection was used to print the lung tissue.
4.3.1. SCREEN CAPTURE: of the above, selection of “white strong flexible” then, “purple strong flexible”  (Computer screen recording of all steps will be provided by authors.)
5. ProJet HD 3000 Printing 
(Videographer’s note: “To be handled by the authors” Does this mean that the videographer didn’t shot any shots in this section?)
5.1. The STL file may also be printed out using a commercial high-resolution three-dimensional printer such as the ProJet HD 3000.  (TEXT in bottom corner of screen: Innovation Park, Notre Dame, IN, USA).
5.1.1. MED: show the ProJet HD 3000.
5.2. To use this system, the STL file needs to first be loaded into the 3D Systems proprietary format to layout the job on the platform. This requires changing the orientation of the model around to minimize both the use of wax support and print time. 
5.2.1. MED: researcher sits at a computer workstation. 

5.2.2. MED over the shoulder: researcher changes the orientation of the model around.
5.3. Save this file, and send it electronically to the printer, and Load a platform of aluminum into the printer.  The ProJet HD 3000 will then begin to print the 3D object, as seen here.
5.3.1. MED: researcher loads a platform of aluminum into the printer.
5.3.2. LAB MEDIA: of printing: Time lapse movie will be compiled and provided by the authors.
5.4. Once it is printed, remove the model from the platform and place it into an oven at approximately 73(C.   This will melt the support wax from the model. 
5.4.1. MED: researcher places the model into an oven, and shuts the door.  
5.5. Finally, carefully remove the object from the oven while it is still hot and wipe it down with a Kimwipe.  This will remove any remaining wax from the surface of the object.
5.5.1. MED: researcher removes the model from the oven.
5.5.2. CU: researcher wipes down the model with a kimwipe. 
6. Results: 3D Printed Models 
6.1. Here we can see the final products for three methods of printing of the same in vivo rat CT data set.  All three models consist of a cropped skeletal structure and removable lungs which were printed independently and pieced together.  
6.1.1. LAB MEDIA: Figure 1
6.2. The model seen here (left) is the result of the ProJet HD 3000 high-resolution printer, created using translucent acrylic plastic.  While this object (center) was produced using a third party company, Shapeways Inc., in which the skeletal structure was printed using nylon 12 white plastic while the respiratory structures were fabricated in purple.  These models were printed to scale, measuring approximately 11 cm in length.  
6.2.1. LAB MEDIA:  show just the left panel of FIG 1  (authors will provide separate files) 
6.2.2. LAB MEDIA: show just the center panel of FIG 1
6.3. This object (right) was made using the MakerBotDue to resolution limits of the MakerBot, this model was scaled up resulting in an object of 21 cm in length.
6.3.1. LAB MEDIA: show just the right panel of FIG 1
6.4. Here we see the final products of each method of printing for the ex vivo rabbit skull CT data set.  (TEXT ON SCREEN: below left panel: ProJet HD 3000, below center panel: Shapeways.  Right panel:  MakerBot.) All three objects were printed to scale and measure approximately 8.5 cm in length. 
6.4.1. LAB MEDIA:  Figure 2
6.5. And here we see the final products for two methods of printing of a full in vivo CT data set of the rat.  Both models consist of a complete skeletal structure, minus the tail, and removable lungs.  (TEXT ON SCREEN: under left panel:  ProJet HD 3000, under right panel: Shapeways.) These two models were printed to actual scale. Note that due to the intricate detail required, the full skeleton could not be printed with the MakerBot Replicator. 
6.5.1. LAB MEDIA:  Figure 3
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 
7. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
7.1. Author name _Leevy: After watching this video, you should have a good understanding of how to create anatomical models using 3D printing technology from X-ray CT data.  
Provided Media

We will follow up with appropriate screen captures and time lapse movies.
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.
( 2011, Journal of Visualized Experiments


