Submission ID #: 53088
Editor Name: Michael Linnes
Videographer name:  Matt Lenz
Film Date: 7-1-15
Authors and Affiliations:  Cynthia Cheng1, Chadd W Lee2, and Constantine Daskalakis3
1Department of Family and Community Medicine, Thomas Jefferson University, Philadelphia, PA 2Sidney Kimmel Medical College, Thomas Jefferson University, Philadelphia, PA 3Department of Pharmacology and Experimental Therapeutics, Division of Biostatistics, Thomas Jefferson University

Philadelphia, PA

Title: A Reproducible Computerized Method for Quantitation of Capillary Density using Nailfold Capillaroscopy 

Corresponding Author:  
* Cynthia Cheng, MD PhD
Department of Family and Community Medicine

Thomas Jefferson University

Philadelphia, PA

Cynthia.Cheng@jefferson.edu
Co-authors: 
chadd.lee@jefferson.edu
Constantine.Daskalakis@jefferson.edu
Questionnaire:
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____no _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__yes___ 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 steps using the step numbers listed in this document. ___2.7, 2.8, 3.1, 3.2, 3.5 _

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.___2.5 – the most difficult aspect of this procedure is properly placing the ROI. To ensure success, it is imperative that the ROI is placed so that the capillary loops are located at the top of the cropped image. 
E.  Will the filming need to take place in multiple locations? (Y/N) ___ 
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 quantify the number of capillaries per square millimeter in the area of skin directly below the nail cuticle. (Intro)
 
This is accomplished by first taking a monochrome picture of the fingernail bed below the cuticle. (P1: Shot 2.1.1 - Video of talent taking a picture of a subject's fingernail bed.)
 
The second step is to import the image into a computer imaging program.  (P2: Shot 2.3.1 - Video clip of talent importing the images into a computer program.)
 
Next, the images are manipulated in order to better visualize the capillaries. (P3: Start by showing Figure 2a, then fade into Figure 2b. Next, blow up the region in the green square so it looks like Figure 2c and finally fade into Figure 2d.)
 
The final step is to identify and count all of the capillaries within one square millimeter.  (P4: Replace Figure 2d with Figure 3 and emphasize the red lettering on the image somehow or add arrows pointing to their location.)
 
Ultimately, image manipulation is used to show the quantity and morphology of an individual’s capillaries. (P5: Show Figure 1 (top right) on the left side and Figure 1 (bottom right) on the right side.)
B.  Interview: (Said by you on camera. Don’t forget to smile!)   
1.1. Chadd Lee: This method can help answer key questions in the cardiovascular field, such as how hypertension, diabetes, and other diseases affect the microcirculation.  
Protocol (read by voice talent at JoVE):  
2. Image Enhancement Process

2.1. Using a monochrome digital camera, obtain capillary images as previously described.  [2.1.1 - MED - TXT]
2.1.1. Talent takes image of subject’s fingernail bed using a digital camera / microscope.  *Videographer: Take 2 good shots from different angles of this clip as one will be used for the overview section. (TEXT: Cheng et al., Clinical and Translational Science 1, 75-79 (2008) & Journal of Visualized Experiments (2012).)

2.2. Then, take calibration images of a reticule with millimeter markings [2.2.1 - CU] using the same camera and magnification imaging conditions that were used to obtain the capillary images.  [2.2.2 - MED]
2.2.1. Talent places reticule under the camera.
2.2.2. Talent takes image of the reticule.
2.3. Import the image of the reticule into the computer imaging program [2.3.1 - MED Over the Shoulder] and measure the number of pixels in a 1 mm line on the photograph of the ruler. [2.3.2 - SCREEN] Write down this number and calculate the number of pixels that are in a 1 mm x 1 mm region. [2.3.3 - Med Over the Shoulder]
2.3.1. Talent at computer importing images. *Videographer: Take 2 good shots from slightly different angles so one can be used in the overview section.

2.3.2. Talent imports the reticule and measures the number of pixels.

2.3.3. *Film as written
2.4. Next, open one of the capillary images.  Darken the capillaries and lighten the background by adjusting the image using a “best fit histogram”. [2.4.1 - SCREEN]
2.4.1. Screen capture video of the above step in the order it is written.

2.5. Then, use the “create ROI” command in the drop down menu to create a 1 mm x 1 mm region of interest at the top of the screen.   [2.5.1 - SCREEN]
2.5.1. Screen capture video of the above step in the order it is written.

2.6. Drag and position the region of interest to the location with the clearest capillary loops.  Ensure that the region of interest is placed so that the apex of the capillary loops are located at the very top of the region. [2.6.1 - SCREEN]
2.6.1. Screen capture video of the above step in the order it is written.
2.7. Chadd Lee: The key to the reproducibility and standardization of this protocol depends largely upon proper placement of the 1 mm2 box. A good rule of thumb is to always place the top of the box so that the capillary loops are as close to the top of the box as possible, without cutting off any portion of the capillaries in the top row.  [2.7.1 - INT] 
2.7.1. Interview style: Author saying the above 

2.8. Once correctly positioned, click on the ROI, and then click “crop” from the drop down menu that appears.  [2.8.1 - SCREEN]
2.8.1. Screen capture video of the above step in the order it is written.
2.9. Then, flatten the image so all future image adjustments will be evenly applied to the image.  [2.9.1 - SCREEN]
2.9.1. Screen capture video of the above step in the order it is written.
2.10. Next, raise the contrast of the image to 75 so that the capillaries are maximally visualized.  Also, despeckle the image to smooth the edges of the capillaries. [2.10.1 - SCREEN]
2.10.1. Screen capture video of the above step in the order it is written.
2.11. Finalize the image contrast by adjusting the histogram to the “best fit” model, so that capillaries are black and the background is white.    [2.11.1 - SCREEN]
2.11.1. Screen capture video of the above step in the order it is written.
3. Performing Capillary Counts and Quantitating Capillary Density 

3.1. On each image, manually select one part of a well-defined capillary using the “target object” feature to be recognized as objects to be counted by the program. [3.1.1 - SCREEN] Then, select a small part of the background, using the “background” feature, as a reference to areas that need to be disregarded by the counting algorithm. [3.1.2 - SCREEN]
3.1.1. Screen capture video of the first sentence.
3.1.2. Screen capture video of the second sentence.
3.2. Set the minimum diameter of counted objects to 5 pixels in order to avoid counting background noise as capillaries. Then, use the count function to instantly count all capillaries in the image. [3.2.1 - SCREEN]
3.2.1. Screen capture video of the above step in the order it is written.
3.3. For each individual, count the average from 3 to 4 images in order to obtain a more reliable assessment. [3.3.1 - SCREEN]
3.3.1. Screen capture video as talent opens up a 2nd image to process and begins the analysis on it.

3.4. To save time, create a macro to automatically perform a specific sequence of processes on one or more images by first selecting "record macro" and naming the macro based on the steps and processes performed and described in this video. [3.4.1 - SCREEN] Then perform the image manipulation steps while the macro is recording. [3.4.2 - SCREEN]
Order of 3.4.1 and 3.4.2 was switched
3.4.1. Screen capture video of the first sentence.
3.4.2. Screen capture video of the second sentence.
3.5. When using the macro on future pictures, simply click “run macro” and the program will automatically apply the recorded enhancements to the images desired. The only step that requires user input is choosing where to crop the image. [3.5.1 - SCREEN]
3.5.1. Screen capture video as talent runs macro and selects region where to crop image at the right time.

4.  Results:  Quantitation of Capillary Density
4.1. An optimally processed image can be counted within 30 seconds and clearly distinguishes capillaries from background as well as individual capillaries from each other. [4.1.1 - LM]
4.1.1. Figure 2 (Video Editor: Start with Figure 2a and show each part (a-d) one at a time, spaced throughout the statement.)

4.2. The final enhanced image is shown here.  The total count determined for this image was 54 capillaries/mm​2. [4.2.1 - LM]
4.2.1. Figure 3

5. Conclusion (said by authors on camera) 
5.1. Chadd Lee: Once mastered, this technique can be used to manipulate and quantify 12 images in 20 minutes.
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.  

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.
( 2013, Journal of Visualized Experiments


