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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N__ (If you can record images/videos using your own camera/software, then mark 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) N. 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? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _______    3.2, 4.2, 5.2, 6.4, 7.1, 8.4_____________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___8, 8.5_____________________

E.  Will the filming need to take place in multiple locations? (Y/N) __N__ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews)  
A. Experimental Goal (read by voice talent at JoVE): 
The overall goal of this protocol is to fabricate a soft unit to be integrated in a multi-module manipulator for use in minimally invasive surgery. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Matteo Cianchetti: This method can help answer key questions in the soft robotics field, by showing how to optimize the fabrication of a soft manipulator with high dexterity and stiffening capability. 
1.2. Matteo Cianchetti: The main advantage of this technique is that the fabrication is fast and low cost. In addition, the final product can be replicated to produce a multi-module architecture, improving the performance of the manipulator.    

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Matteo Cianchetti: Generally, individuals new to this method will struggle because silicone modules with complex shapes usually require a multi-phase fabrication procedure whose optimization is often time consuming.
1.4. Matteo Cianchetti: Visual demonstration of this method is critical as the external sheath fabrication steps are difficult to learn, because they are based on a commercial braided sheath which is completely modified for the final purpose.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
1.5. ** Matteo Cianchetti: Demonstrating the procedure will be Giada Gerboni, a PhD student, and Margherita Brancadoro, research assistant, from my laboratory. 

1.5.1. Interview style: Author saying the above 

1.5.2. 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. Silicone Preparation

2.1. Add 12 grams of part A and 12 grams of part B in the same petri dish and mix them together to prepare the silicone.[2.1.1 - MED/CU]
2.1.1. *Film as written
2.2. Then, place the mixed silicone in a degasser under 1 bar of vacuum pressure. [2.2.1 - MED] Keep the material under vacuum until all of the bubbles have been removed from the silicone material. This typically takes about 10 minutes. [2.2.2 - CU]
2.2.1. *Film as written

2.2.2. Close-up of sample being degassed.
2.3. Once the materials are completely free from the presence of bubbles, release the vacuum and remove the silicone which is now ready to use. [2.3.1 - MED]
2.3.1. *Film as written is 2.2.3
3. Fabrication of the Siliconic Module

3.1. Assemble the mold by first inserting the stiffening cylinder and the top of the chambers into cap A and then closing the shells around it. [3.1.1 - CU - TXT]
3.1.1. *Film as written (TEXT: See Figure 2 for diagram of module parts)
3.2. Pour the silicone inside the assembled mold up to the edge of the shells. [3.2.1 - CU]
3.2.1. *Film as written
3.3. Set the oven to a temperature of 60°C and place the filled up mold into the oven. Leave the silicone curing for about 30 minutes. [3.3.1 - MED] [3.3.2 - CU]
3.3.1. *Film as written
3.3.2. *Film as written

3.4. Remove the external shells and caps A from the cured silicone [3.4.1 - CU].  Next, insert the silicone modules from the bases of the chambers and the stiffening cylinder inside cap B.  [3.4.2 - CU]. Close the shells again around the module, sliding them 10 mm upward in order to have a gap of 10 mm between the top surface of the module and the edges of the shells. [3.4.3 - CU] [2 takes of 3.4a for “cap A” and “caps A”]
3.4.1. [added] * Film as written

3.4.2. *Film as written

3.4.3. *Film as written

3.5. Pour additional silicone inside the rearranged mold up to the edge of the shells on the top side. [3.5.1 - CU] Cure the freshly poured silicon in an oven at 60 °C for about 30 minutes [3.5.2 - CU]. Remove the external shells, cap B and all of the chambers except the stiffening cylinder. [3.5.3 - MED][3.5.4 – MED]
3.5.1. *Film as written

3.5.2. Talent set the oven temperature to 60°C, put the sample into the oven, let it cure for 30 min.

3.5.3. Talent removes the sample from the oven and takes off the shells and cap B

3.5.4. Talent removes the sample from the oven and then takes off the external shells, cap B and the chambers from the silicone module
4. Insertion of the Tubes

4.1. Cut 3 mm diameter siliconic tubes to a length of about 30 cm.[4.1.1 - CU]
4.1.1. *Film as written
4.2. Put siliconic glue around the outside of one end of each tube for the first 10 mm. [4.2.1 - CU] Then, insert the tubes inside the 2 mm dedicated channels in the siliconic unit. [4.2.2 - CU]
4.2.1. *Film as written
4.2.2. *Film as written
4.3. Allow the glue to cure for 12 minutes at room temperature. [4.3.1 - MED]
4.3.1. Talent sets item aside to cure and sets starts the timer
5. Fabrication of the Crimped Braided Sheath

5.1. Cut 70 cm of an expandable braided sheath and then insert a 3 cm diameter 25 cm long metallic cylinder inside the sheath. [5.1.1 - CU]
5.1.1. *Film as written
5.2. Next, push down and force the sheath onto the cylinder in order to create crimps. [5.2.1 - CU]
5.2.1. *Film as written
5.3. Mechanically fix the sheath in place with a clamp and heat it with a heating gun at 350 °C for 2 to 3 minutes in order to obtain a permanent deformation.  [5.3.1 - CU] Let the sheath cool down to room temperature and then remove the internal cylinder. [5.3.2 - CU]
5.3.1. *Film as written
5.3.2. Talent removes internal cylinder.
6. Integration of the External Sheath 

6.1. Pass the tubes from the siliconic unit through the holes of cap C.  [6.1.1 - CU] Then, pour 3 grams of the degassed silicone into cap C and slide the bottom side of the module previously fabricated into cap C.[6.1.2 - CU]
6.1.1. *Film as written Talent passes the tubes into the hole in the cap C. The talent pours the previously prepared silicone (as in the step 2) into the cap C. The talent slides down the silicone module to touch the freshly poured silicone.
6.1.2. *Film as written

6.2. Slide the crimped sheath around the module and push the first crimps inside cap C and dip them into the freshly poured silicone. [6.2.1 - CU]
6.2.1. *Film as written
6.3. Set the oven to a temperature of 60 °C and place the sample in for about 20 minutes. [6.3.1 - MED]
6.3.1. Talent places mold sample in the oven and sets a timer for 20 minutes.
6.4. Once the silicone is cured, repeat the same process on the other side using cap D to fix the sheath at the top side. [6.4.1 - CU]. Once the silicone is also cured at the top side, remove both cap C and cap D from the bottom and the top of the module respectively. Finally, remove the stiffening cylinder from the entire siliconic unit. [6.4.2 - CU]
6.4.1. *Film as written The talent shows the other side of the module and then pour the previously prepared silicone (as in the step 2) into the cap D. The talent slides the module down (along the stiffening cylinder) to touch the freshly poured silicone and push the first crimps inside cap C. the talent placed the sample in the oven and set a time for 20 minutes.
6.4.2. *Film as written The talent removed the cap C, the cap D and the stiffening cylinder from the unit.
7. Fabrication of the Granular Jamming Membrane

7.1. Pour some grams of liquid latex into a plastic glass and immerse the cylinder for the membrane  inside the liquid latex until the surface is completely covered. Then, remove it from the latex [7.1.1 - CU] and let the membrane dry under the hood for 20 minutes.
7.1.1. *Film as written (the label in the video is 7.2.1)
7.1.2. [added] The talent starts the timer  (the label  in the video is 7.2.1.B)
7.2. Remove it from the latex and let the membrane dry under a hood for 20 minutes. [7.2.1 - MED]
7.2.1. *Film as written

7.3. Then, form a second layer by again immersing it in the latex and letting it dry for an additional 20 minutes. [7.3.1 - CU]
7.3.1. *Film as written
7.4. Once dry, remove the membrane from the mold. [7.4.1 - CU]
7.4.1. *Film as written
8. Insertion of the Granular Jamming Membrane

8.1. Cut a 2 mm diameter tube to a length of 30 cm.  [8.1.1 - CU] Then, take a 10 mm by 10 mm piece of nylon tissue and close one end of the tube with this tissue using superglue. [8.1.2 - CU]
8.1.1. *Film as written
8.1.2. *Film as written
8.2. Next, weigh around 4 grams of granulated coffee and fill the membrane as much as possible with the powder. [8.2.1 - MED]
8.2.1. *Film as written
8.3. Insert the filtered end of the tube inside the filled membrane and fix it around the tube using a plastic film. [8.3.1 - CU]
8.4. Apply a vacuum on the other side of the tube to stiffen the membrane [8.4.1 - MED] and then insert the membrane inside the empty central channel of the siliconic module. [8.4.2 - CU]
8.4.1. *Film as written

8.4.2. [combined with 8.4.1] *Film as written

8.5. Next, glue the ends of the stiffening membrane to the silicone module. [8.5.1 – CU] [8.5.2- CU]
8.5.1. *Film as written
8.5.2. [moved to 8.6.1] *Film as written

8.6. Close the ring around the bottom side of the module. Pour some fresh silicone into the ring in order to level the surface and let the silicone dry under a hood. [8.6.1 - MED] Finally, remove the rings and repeat the procedure for the top side of the module. [8.6.2 - MED/CU]
8.6.1. [moved from 8.5.2] *Film as written
8.6.2. Talent removes the ring and then begins to repeat the procedure on the top side.

8.6.3. Talent removes the ring from the top side and shows the finalized prototype.
9.  Results: Three-Chamber Siliconic System Provides Omnidirectional Bending and Elongation
9.1. When all three chambers are simultaneously actuated with the same pressure, the module elongates. [9.1.1 - LM] Starting from the length of 50 mm at 0 bar, the module reaches 83.3 mm with 0.65 bar of pressure, which corresponds to an elongation of 33.3 mm, which is about 66%. [9.1.2 - LM]
9.1.1. 1 module.wma (Video) Show from time 0:36-end

9.1.2. Figure 5
9.2. Using only 1 or 2 of the chambers will cause the setup to bend…  [9.2.1 - LM] The module is able to bend up to 120° in the case of 1-chamber bending, and up to 80° for 2-chamber bending. [9.2.2 - LM] In both cases, a significant bending starts when the chambers are inflated by about 0.3 bar. [9.2.3 - LM]
9.2.1. 1 module.wma (Video) Show from time 0:11-0:22

9.2.2. Figure 4 (Video Editor: Highlight the blue line and corresponding image with the first half of the 2nd sentence and the pink line and corresponding image with the 2nd half of the 2nd sentence.)

9.2.3. Figure 4 (Video Editor: Highlight the 0.3 bar column on the graph when mentioned.)

9.3. The module is able to generate forces from 24.1 N, when one chamber is actuated, [9.3.1 - LM] up to 47.1 N, when three chambers are inflated. [9.3.2 - LM]
9.3.1. Figure 6 (Video Editor: Highlight the red line)

9.3.2. Figure 6 (Video Editor: Highlight the black line) 
10. Conclusion (said by authors on camera)
10.1. Matteo Cianchetti: Once mastered, this technique can be done in 4 hours if it is performed properly. 
10.2. (combined with 10.1) Matteo Cianchetti: This technique paves the way for researchers in the field of soft robotics to explore the combination between fluidic actuation and variable stiffness technologies in soft structures. 
10.3. Matteo Cianchetti: After watching this video, you should have a good understanding of how to manage the molding of soft materials and how to integrate flexible fluidic actuators with a variable stiffness mechanism.
10.4. Matteo Cianchetti: Don't forget that working with silicone and latex can be extremely hazardous and precautions such as working under a fume hood and wearing gloves should always be taken while performing this procedure.    
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.  

In addition, we report a movie where the motion performance of the module are shown: 
https://www.wetransfer.com/downloads/26a15726ef620d449d1a50351209d7cd20150526123721/9f2aae260019d0beff14742e1147187220150526123722/cd7379
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.
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