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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.1, 2.2, 2.3, 2.5,  2.6, 3.1
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Discussed in 2.7
E.  Will the filming need to take place in multiple locations? No
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 scanning light scattering profiler is to quantitatively evaluate the intensity and directionality of scattered light as it passed through an intraocular lens. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dr. Ilko Ilev: This method can help answer key questions in the intraocular lens field, such as if a particular lens design or material is more susceptible to inducing unintended light scatter. 
1.2. Dr. Bennett Walker: The main advantage of this technique is that it is quantitative and can detect directionality of light scatter.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  N/A
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Ilko Ilev: Demonstrating the procedure will be Ms. Claudine Krawczyk, a technician 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.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total) N/A
Protocol (read by voice talent at JoVE):

2. Scanning Light Scattering Profiler (SLSP) Measurement Platform Preparation
2.1. The experimental setup is assembled on a bench top. [1-WIDE] At its core is a goniophotometer designed around this programmable 360 degree rotation and linear translation stage. [2-CU/MED] The stage rests on a platform that enables translation and tilt adjustments. [3-MED] 

2.1.1. Talent at bench, in front of the apparatus

2.1.2. CU or MED over the shoulder shot of the translation stage 
2.1.3. Talent adjusting the stage on the platform to demonstrate possibilities. This might be over the shoulder or CU
2.2. A photodiode mounted at the end of the stage's extendable arm is the goniophotometer sensor. [1-CU]  It is supported on a mount that can be adjusted by at least 45 degrees to measure different planes of scatter. [2-CU-TXT]

2.2.1. View of the rotation/translation stage with talent pointing out photodiode

2.2.2. View of the photodiode as talent demonstrates potential to adjust sensor angle [TEXT: This is the sensor rotation angle.]

2.3. Construct a platform to hold the intraocular lens above the goniophotometer. [1-MED] Use three or four 18 inch long, half-inch diameter, cylindrical posts and post stands to support an 18 inch by 18 inch breadboard. [2-CU] The breadboard serves as the base for a three-axis translation stage that is suspended below it. [3-CU] 

2.3.1. Talent calling attention to the platform

2.3.2. Example of post and post stand construction, including the breadboard

2.3.3. The translation stage suspended below the breadboard. Please provide as much context for the viewers to understand how everything fits together

2.4. Next, obtain the intraocular lens for the experiment. [1-MED] This multifocal optical lens will serve for this demonstration. Note the structures intraocular lenses have to hold them in place. [2-CU] Use these structures and a clamp to attach the lens to the platform [3-MED]  Here the lens is attached and ready for use in the protocol. [4-CU] 

2.4.1. Talent getting intraocular lens and inspecting it 

2.4.2. Detail of intraocular lens as held by the talent in previous shot

2.4.3. Talent working to mount the intraocular lens

2.4.4. Detail of intraocular lens in position

2.5. Use a narrow-linewidth laser source for the goniophotometer light source. [1-MED-TEXT] Choose a 10 times, infinity corrected, objective lens to focus the beam into a single-mode delivery optical fiber. [2-CU] Position the fiber at the focal point of the objective lens to collimate the light source. [3-CU-TXT] 

2.5.1. Talent either arranging or pointing out the light source [TEXT: This laser has a 543 nm central wavelength]

2.5.2. Detail of the laser and lens arrangement

2.5.3. Detail of the lens and fiber arrangement [TEXT: The output light should have a Gaussian beam profile.]

2.6. Next, position an iris aperture in front of the light source to adjust the diameter of the Gaussian beam. [1-MED] The aperture diameter should be representative of a human eye, 1 to 6 millimeters. [2-CU] Align the light source so the intraocular lens is directly in front of it and the lens' plane of focus is perpendicular to the beam. [3-MED] 

2.6.1. Talent placing an aperture in front of the light source

2.6.2. Detail of the aperture showing its diameter

2.6.3. Talent adjusting the light source
2.7. Bennett Walker: The most important step is ensuring that the intraocular lens is appropriately aligned with the light source. The intraocular lens should be adjusted so that the light does not change directions after it passes through its center. 

2.7.1. Interview style: Talent saying the above
2.8. Bennett Walker:  Intraocular alignment can be done using a pinhole aperture behind the intraocular lens to identify the directionality of the light source before passing through the intraocular lens. The lens position can be adjusted with the platform stage.   

2.8.1. Interview style: Talent saying the above 

2.9. Now position the motorized stage so its axis of rotation is directly underneath the intraocular lens. [1-MED] This ensures the intraocular lens is at the center of the goniophotometer trajectory. [2-CU] Use the linear translation arm to adjust the photodiode to intraocular lens distance to balance signal and resolution needs. [3-MED] In this case the distance chosen is 6.75 centimeters. [3-CU]

2.9.1. Talent positioning the stage beneath the intraocular lens

2.9.2. Stage in place beneath the lens

2.9.3. Talent adjusting the position of the photodiode 

2.9.4. The region between the intraocular lens and the photodiode sensor as talent confirms distance between them
3. Scanning Light Scattering Profiler Experimentation
3.1. Before gathering data, ensure the apparatus is configured for the experiment. [1-WIDE] Check that the angle of incidence of the light on the intraocular lens is zero degrees. [2-MED] Next, turn attention to the iris and be sure the aperture is consistent with a typical iris diameter. [3-MED] Also check that the distance from the intraocular lens to the photodiode, as well as the photodiode angle are correct. [4-MED]

3.1.1. Talent at apparatus, preparing to check angle of incidence

3.1.2. Talent in the process of checking the angle of incidence of light on the intraocular lens

3.1.3. Talent checking/adjusting the aperture of the iris

3.1.4. Talent measuring the distance between the lens and photodiode

3.2. At this point, finalize the automation of the data collection. [1-MED] During the experiment, the rotation stage will sweep the photodiode 360 degrees around the intraocular lens to allow collection of data at different angles. The angle step size is an input to the automation program.  [2-CU]

3.2.1. Talent at computer 

3.2.2. The rotation/translation stage as it goes through 360º [TEXT: Demonstration. See supplementary materials for an example program.] (Video editor: This can be sped up if necessary.)

3.3. Before performing the experiment, block light to the apparatus by enclosing it with a container with non-reflective internal coating. [1-WIDE] Be sure to provide an opening for the light source. [2-CU] When ready, perform the experiment with all unnecessary lights off. [3-WIDE-TXT]

3.3.1. Talent working to enclose the apparatus

3.3.2. Detail of the opening in enclosure. Ideally the light source would also be in the frame
3.3.3. Talent starting/monitoring experiment. If possible, suggest a low light environment. [TEXT: Turn off room lights for the experiment.]
4. Results: How Beam Profile Diameter and Angle of Incidence Affect Observed Light Scatter from Intraocular Lenses 
4.1. There is a direct correlation between the beam diameter and the intensity of the scattered light as a function of rotation angle. Two iris apertures are represented in this data for a monofocal lens. [1-LM] The black curve is for an iris diameter of 1 millimeter. [2-LM] The red curve is for an iris aperture of 4.64 millimeters. [3-LM] Qualitatively, the difference is clear. The data allow for a quantitative study of the change in signal intensity. [4-LM]

4.1.1. LAB MEDIA: “Fig 3.jpg”  (Video editor: This goes with two sentences. During the first sentence, please highlight the vertical axis when “intensity of the scattered light” is voiced, and the horizontal axis when “rotational angle” is voiced. Please note that there may be .tiff versions of all figures in this section.)

4.1.2. LAB MEDIA: “Fig 3.jpg”  (Video editor: Please point to the black curve)

4.1.3. LAB MEDIA: “Fig 3.jpg”  (Video editor: Please point to the red curve)

4.1.4. LAB MEDIA: “Fig 3.jpg”  

4.2. The light scatter intensity is also affected by the angle of incidence. In this plot, data for four different angles of incidence are provided for a monofocal lens. [1-LM] As the angle of incidence increases to approach the grazing angle, the scattering intensity increases, as expected since most light is reflected off the lens. [2-LM]

4.2.1. LAB MEDIA: “Fig 5a.jpg”  (Video editor: It may be useful to add the label “Monofocal” to this image whenever it appears in the video.)

4.2.2. LAB MEDIA: “Fig 5a.jpg” (Video editor: Please point to the four different traces from bottom to top to illustrate the increase of the angle of incidence.)

4.3. Compare the data from a monofocal lens with those of a multifocal lens. The data correspond to the same angles of incidence. [1-LM] Note the broadening of the multifocal peaks as the angle of incidence increases. [2-LM] The most intense peak at the 80 degree incidence angle is at the boundary between front and back scattered light. This could be identified as glare. [3-LM]

4.3.1. LAB MEDIA: “Fig 5a.jpg”, “Fig 5b.jpg” (Video editor: Please add the second image to the right of the first. Add the label “Monofocal” to the left diagram and “Multifocal” to the right.)

4.3.2. LAB MEDIA: “Fig 5a.jpg”, “Fig 5b.jpg”

4.3.3. LAB MEDIA: “Fig 5a.jpg”, “Fig 5b.jpg” (Video editor: Please highlight the peaks in the red curve on the right plot.)
5. Conclusion (said by authors on camera)
5.1. Ilko Ilev: Though this method can provide insight into intraocular lenses, it can also be applied to other systems, such as contact lenses and any other optical component.
5.2. Bennett Walker: Once mastered, this technique can be done in 30 minutes to 3 hours if it is performed properly.
5.3. Bennett Walker: While attempting this procedure, it’s important to remember to ensure the  intraocular lens is aligned properly.
5.4. Bennett Walker: Following this procedure, other methods like changing the angle of incidence and beam profile can be performed in order to answer additional questions like how low light situations may impact the amount of perceived light scatter.
5.5. Bennett Walker: After its development, this technique paved the way for researchers in the field of intraocular lens development to explore possible intraocular lens designs that are more likely to produce undesired scattered light in patients that have had cataract surgery.
5.6. Bennett Walker: After watching this video, you should have a good understanding of how to replicate the goniophotometer concept for the quantitative evaluation of light scattered after passing through intraocular lenses.
5.7. Bennett Walker: Don't forget that working with lasers can be extremely hazardous and precautions such as wearing safety glasses 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:

2.1 –  goniophotometer concept_Figure1.tif -  SLSP principle and identification of referenced angles

3.2 –  software movie file -  Movie file of software used to automate goniophotometer

4.1 –  beam profile_Figure3.tif -  correlation between light scatter intensity and beam diameter 

4.2 –  angle of incidence_Figure5.tif -  SLSP principle and identification of referenced angles 

4.3 –  multifocal IOL_Figure4.tif -  Observed light scatter of multifocal IOLs 

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.

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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