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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? Y
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? 3.1., 3.2., 3.4.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.3.
E. Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this technique is to provide a more feasible and inexpensive method for accurately studying lens biomechanics. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Caroline Dong: This method can help answer key questions in the ocular biomechanics field about how the lens changes with the loss of accommodation and the onset of presbyopia.
1.2. Caroline Dong: The main advantage of this technique is that it accurately monitors the ability of the lens to accommodate at a low material cost and a high procedural robustness.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee as well as the Human Research Ethics Committee at the University of Maryland.
Protocol: (read by voice talent at JoVE)
2. Eye Sample Dissection and Lens Mounting
2.1. After obtaining the eye sample [1-WIDE-TXT], firmly grasp the side of the eye [2-CU] and use a razor blade to make a small incision along the side 3 mm away from the cornea deep enough to reach the vitreous [3-ECU].
2.1.1. Talent entering lab with eye sample (TEXT: i.e. obtain samples from slaughterhouse/tissue bank)

2.1.2. Few seconds eye being grasped
2.1.3. Few seconds excess tissue being removed

2.2. Using sterilized scissors, carefully continue the incision around the circumference of the eye [1-CU-TXT], using the forceps to remove the posterior eye tissue once it has been excised [2-ECU].
2.2.1. Few seconds incision being continued (TEXT: Caution: Avoid puncturing lens) 
2.2.2. Few seconds sclera being removed

2.3. Isolate the lens, zonules, and the attached vitreous [1-CU], using forceps as necessary to disconnect the zonules and the ciliary body from the ciliary muscles while maintaining connection with the lens [2-ECU].
2.3.1. Few seconds lens being isolated

2.3.2. Few seconds zonules and/or ciliary body being disconnected
2.4. Then remove the excess vitreous so the lens can lay flat on the Manual Lens Stretcher [1-CU-TXT].

2.4.1. Few seconds vitreous being removed (TEXT: Disinfect dissection instruments in 15% bleach for 30 min)
2.5. “Take care to keep the lens, zonules, and a minimal amount of vitreous intact while removing the excess vitreous.” [1-MED-interview style]
2.5.1. Caroline Dong, speaking the above, interview style (looking just off-camera)
2.6. To assemble the stretcher, insert 10-mm shoe bottoms [1-MED] and their corresponding shoe tops into the bottom plate of the stretcher [2-CU] such that a 5-mm gap remains between the back wall of the shoe indent and the shoe itself [3-ECU].
2.6.1. Few seconds Talent inserting shoe bottoms into plate
2.6.2. Few seconds shoe tops being inserted (Author Comment: Step 2.6.2 was not filmed independently as the top shoes were inserted after the lens) (Editor: The author did not indicate if this VO needed to be removed as well. I’ve left it for now, but there is a chance that that the author may want the VO for “…and their corresponding shoe tops into the bottom plate of the stretcher” removed Correction: The author informed me that the scene was filmed and can be used, along with the VO – but that this shot was filmed after the lens had been placed onto the bottom shoes, so it was just a clarification.)
2.6.3.  Shot of 5-mm gap between back wall of shoe indent and shoe itself

2.7. Using curved forceps, place the extracted lens face up in the middle of the bottom plate so that the shoes are supporting the lens over the central hole [1-ECU].

2.7.1. Few seconds lens being placed into middle plate
2.8. Snap the corresponding top of the shoes into place, clipping only the zonules and the vitreous [1-CU].
2.8.1. Shoe tops being snapped into place and/or zonules being clipped
2.9. Then insert the plates into the plate case [1-MED] and the stopper screw into the hole located on the side of the bottom plate [2-ECU] and insert the plate case into the base [3-CU].

2.9.1. Few seconds Talent inserting plates into plate case

2.9.2. Few seconds screw being inserted into hole

2.9.3. Few seconds plate case being inserted into base

3. Lens Measurement and Data Analysis

3.1. To measure the lens, place an imaging system directly above the apparatus at the appropriate distance for obtaining images [1-WIDE-TXT] and place a ruler in the field of view for the accurate sizing and scaling of the images in post-processing [2-MED].
3.1.1. Few seconds Talent putting imaging system in place (TEXT: e.g. here a 12-megapixel, autofocusing smartphone is used)

3.1.2. Few seconds Talent placing ruler in field of view
3.2. Next, firmly yet smoothly, rotate the wrench in the clockwise direction to stretch the lens [1-LM] and obtain images of the lens [2-MED].
3.2.1. *To be provided by Authors: movie of lens being stretched
3.2.2. Few seconds Talent obtaining images

3.3. “To ensure sample-to-sample consistency, it is essential to rotate the wrench smoothly while stretching the lens.” [1-MED-interivew style]
3.3.1. Caroline Dong, speaking the above interview style (looking just off-camera)
3.4. When all of the images have been acquired, rotate the wrench in the counter-clockwise direction to restore the sample to its resting state [1-LM] and obtain images of the final resting state of the lens [2-MED].
3.4.1. *To be provided by Authors: movie of lens being unstretched

3.4.2. Few seconds Talent obtaining images
3.5. To analyze the data, upload the images to the appropriate image analysis software [1-MED-over the shoulder-TXT] and use the “Point” to select at least 40 points around the circumference of the lens [2-SCREEN].
3.5.1. Talent at computer, uploading data, with monitor visible in frame (TEXT: e.g. ImageJ is used here) 

3.5.2.  *To be provided by Authors: Few seconds Point being used to select points around lens circumference
3.6. Under the “Analyze” menu, select “Measure” to yield the location of each selected point [1-SCREEN] and fit the location points with MATLAB (Pronounce: mat-lab) to yield a radius and chi-square of the fit [2-SCREEN].
3.6.1. *To be provided by Authors: Analyze and Measure being selected/location(s) being obtained
3.6.2. *To be provided by Authors: Few seconds location points being fit/radius and chi-square of fit data being obtained

3.7. Then use the photographed ruler to convert the pixel radius and error into metrics and perform paired two tailed t-test analyses to compare an individual lens before and after stretching [1-SCREEN].
3.7.1. *To be provided by Authors: Few seconds radius being converted to metrics, then few seconds two tailed t-test being performed 

4. Results: Representative Lens Radius Analysis Before and After Manual Lens Stretcher Stretching
4.1. In this representative analysis of 10 porcine eye samples [1-LM], the lenses demonstrated an over 4% increase from their original radii, validating this lens stretching protocol with both literature consistency and accuracy [2-LM]. 
4.1.1. Figure 4A: no animation
4.1.2. Figure 4A: please add/indicate red data bars
4.2. When human lenses were tested, a dramatic decrease in the elasticity of the lens was observed in correlation with the age of the donor [1-LM], as expected from previous lens elasticity studies [2-LM].

4.2.1. Figure 4B: please add brackets and asterisk over 21 lens donor age data bars

4.2.2. Figure 4B: please add brackets and “n.s.” text over 60 lens donor age data bars
5. Conclusion (said by authors on camera):
5.1. Caroline Dong: Once mastered, this lens stretching technique can be completed in less than 10 minutes if it is performed properly.

5.2. Caroline Dong: When stretching the lens, it’s important to remember to provide a continuous wrenching force until the stopper screw has been reached to minimize the variability between samples. 
5.3. Caroline Dong: Using this manual lens stretching technique, we can monitor the lens stiffness of patients with a variety of disease pathologies, including patients with diabetes, cataracts or presbyopia.
5.4. Caroline Dong: After its development, this technique paved the way for researchers in the field of ocular biomechanics to explore the properties of the lens during the loss of accommodation and/or onset phases of presbyopia.
5.5. Caroline Dong: After watching this video, you should have a good understanding of how to use a manual lens stretcher to obtain valuable biomechanical insight about the lens.
5.6. Caroline Dong: Don't forget that working with biological tissue can be extremely hazardous and that precautions, such as wearing the proper laboratory attire and bleach sterilizing all of the instruments prior to use, 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:

0123_ Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

0123_ 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.  

3.2_Lens_Stretching.mp4 –manual lens stretching and relaxing a porcine lens
3.2.2_Stretched_Lens.ai –  image of manually stretched lens within the lens stretcher
3.3.2_Unstretched_Lens.ai – imaged of a relaxed lens within the manual lens stretcher, post tension
3.4.2_ImageJ_Point_Selection – ImageJ point selection around the circumference of the lens
3.5.2_MATLAB_Analysis – MATLAB analysis of the diameter and error of the imported circumference 
3.6.1_Statistical_Analysis – MATLAB statistical testing 
4.1.1_Figure_4a_JOVE.ai – graphical representation of porcine lens’ radii at a stretched and relaxed state
4.2.1_Figure_4b_JOVE.ai - graphical representation of a 21 and 60-year-old human lens radius at a stretched and relaxed state

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 in the email accompanying the finalized script.
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