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Background 

 
In Experiment 31, an Instron 4444 was used to test the structural and mechanical properties of chicken skin. Withstanding uniaxial load, the structural body shows deformation until it ruptures. In Experiment 22, a CCD camera was used for analyzing and gauging the success of different suture techniques. In this experiment, the two are effectively combined and expanded such that chicken skin is stitched together with catgut string and uniaxially loaded using the Instron. Two suture techniques, running lock and interrupted stitch (see Figure 1), will be compared to see which endures the greater load. This experiment will pay exclusive attention to uniaxial strain (see Equation 1).  Performance of suture techniques is gauged by the gap-length of a wound and its strength resisting a load. Instead of using a CCD camera to measure gap-lengths, however, a BioVID video camera will be used to capture the entire trial on film. Using GenePix Pro imaging analysis software, the recording can be paused and analyzed at any frame to make any measurements that are necessary. 
 
In Experiment 2, results suggest that the average slope of all the interrupted stitch trials was 0.1279 ± 0.0112 mm/N, while the average slope of the running loop trials was only 0.1234 ± 0.0071 mm/N (see Figure 2).  It appeared that the running loop method was better at resisting stitch deformation, although the difference was small. In this experiment, the two techniques will be compared and studied in the same manner, this time, stitching pieces of chicken skin together. Not only will the chicken skin provide different results compared to the fabric used in Experiment 2, the catgut string used could affect which technique has more success. 
The Instron machine will be used to generate a controlled and continuous force and its resulting displacement data rather than using the isolated data points seen in Experiment 2. 
Hypothesis/Objective and Aim

Objectives
· To measure uniaxial displacement and strain using an Instron machine and BioVID camera.
· To compare two suture techniques, running lock and interrupted stitch, and their performance for resisting rupture. 
Hypothesis 

The running lock stitch will endure a greater load before rupture than the interrupted stitch. 
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Equipment 

Major Equipment 

· Instron model 4444

· BioVID Camera3
· GenePixPro 6.04
 
The Instron Model 4444 is needed to measure load forces versus displacement to accurately determine the failure displacement for the chicken skin. The video camera will be used to capture images of the sutures at different applied loads to measure individual strains at each stitch. The video will run throughout the testing until rupture occurs. The video can then be imported with the image analysis software and pixel analysis can be conducted as described in BE 210 Lab Manual5.
Lab Equipment
· Scalpel, scissors, knives, cutting board
· Rubber gloves  

· Camera stand

· Caliper 
 
The scalpel, scissors, knives, and cutting board are used to remove the chicken skin from the muscle and bones. The caliper is used to help cut equal pieces of chicken skin and to measure any length that is necessary. 
Supplies
· Chicken legs
· Catgut string 
· Needles
· Pen markers 
· Paper towels
The chicken skin is to be removed from the chicken legs. Needles and string have been provided to make the sutures and the pen to make marks for placing the stitches and taking measurements for strain on the image. 

Newly Purchased Equipment 

· Catgut string 
· BioVID Camera, GenePixPro 6.0
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Catgut string is used as opposed to the string used in Experiment 2 because its ultimate strength is lower than that of chicken skin6; this ensures that the chicken skin will not rupture before the suture fails. 
3. http://www.bestlabdeals.com/BioVID_110_NTSC_Laboratory_Video_Camera_p/lws0012.htm, 2007.
4. http://www.moleculardevices.com/pages/software/gn_genepix_pro.html, 2007.

5. Winkelstein, Beth PhD. BE 210 Spring 2006 Lab Manual.
6. http://www.poultryscience.org/psa/toc/papers/97/ps97405.pdf, 2007.
https://www2.vaxserve.com/index.cfm?event=piexpress, 2001.

Proposed Methods and Analysis 

1. Skin Harvesting & Preparation
· Remove the skin from the chicken legs and cut out pieces measuring 3/4” x 1”. There should be 10 pairs (20 total pieces) so the two sample sizes are 5 pairs each. 
· Place the cut skin (in pairs) on wet paper towels to prevent them from drying out.
· Take each piece and carefully make four marks on each side. 
2. Suturing 

· Stitch one set using the interrupted stitch method and another with the running lock.7 There should be five bodies for each suture technique. 

3. Instron and Video Camera Set-up and Specimen Tensile Testing

· Follow the protocol provided in Exp #3: Tensile Testing of Chicken Skin to calibrate the Instron 4444 machine. 

· Set the load rate to 50 mm/min with a sampling rate of 20 points/sec. The video camera should be set up on the stand to film the stretching suture. Make sure recording and loading start running at the same time.  

· Run the Instron machine with the 5 running lock stitches and 5 interrupted stitches. Film each run with the camera.
· Plot the force-displacement curve to determine ultimate strength and failure displacement. 

· Compare the two techniques by fitting a linear curve on the force-displacement plot and determine the R-square value for each. 

· To determine if the failure properties for the running lock technique is statistically different from the failure properties for the interrupted stitch technique, perform a non-paired t-test for both ultimate strength and failure displacement. 

4. Imaging Analysis
· Make two marks on any material or on a piece of chicken skin and measure the distance in between the two marks using a caliper. 

· Capture the image of the material with its marks on the BioVID camera. 

· With the GenePix software, find the number of pixels between the two marks. 
· Calculate a ratio between actual distance and number of pixels between the two marks. 

· Each trial is to be recorded on camera. As accurately as possible, freeze the frame before rupture occurs and calculate the deformation at each stitch using the distance measured by the image software. Take the average of the four deformations to be the deformation of the body. 
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7. http://emedicine.com/derm/topic828.htm, 2006.

Potential Pitfalls and Alternative Methods/Analysis

 
There is much room for error in this experiment. The greatest possibility for error is that the sutured chicken skin, when stretched with the Instron 4444 machine, rips at the site of the stitch. The stitch itself may be pulled out of the chicken skin before the string or chicken skin tears. If the chicken skin tears, this may also produce unusable data as this event would not provide any legitimate result for either suture technique. To prevent the first problem from happening, it is recommended that the stitch is placed well into the chicken skin (~1 cm), and not near the edge. Also, the chicken skins should be kept wet with damp paper towels so the skin is not brittle; this may cause the stitches to rip off more easily. Should the second problem happen, chicken pieces of shorter length should be used so that the skin is stretched less (stiffness increases as length decreases). If the chicken skin continues to tear before the string does, the loading rate may be decreased. 
 
The different texture and thickness of the chicken skin may cause variation in measuring strain and displacement. To improve consistency and accuracy, the group should as best as possible cut out pieces that are similar in geometry and size. The reduce the variation in measurements, calculate measurements such as width and length in several different areas of the chicken skin and take the average. 

Another problem may be the imaging technique. Because the resolution of the camera is extremely sharp and clear, when using the software to determine the number of pixels between two points, the number may be extremely large and it may be difficult to click exactly on a point. When analyzing the image, extreme care should be taken when determining how many pixels are in between two points. Slight differences in the number of pixels determined can cause significant error in measuring actual distance. For example, if a pixel/cm ratio is 250/1, a measurement of 3900 pixels will produce an actual distance of 15.6 cm whereas a measurement of 3700 pixels will produce an actual distance of 14.8 cm, a significantly different value. 

Budget
Chicken Legs 
· Cost: $0.89 per pound/Total Cost: $80.00
· Available from Fresh Grocer 

· Specification: Thighs, with skin

Catgut Medical Sutures 
· Cost: $29.00 per box/Total Cost: $200.00 (includes shipping)
· Available from Harrell Medical, Inc.

· Specification: 27 inch in length, 12 Sutures/Box, needle is 19mm
BioVID Camera

· Cost: $852.00/Total Cost: $885.00 (includes shipping)
· Available from LW Scientific, Inc.

· Specification: 8mm lens, microscope eyepiece adapters, 110V power

GenePix Pro 6.0 Image Software

· Cost: $499.00/Total Cost: $532.00 (includes shipping)
· Available from Molecular Devices Corporation

· Specification: Must have computer with a 400 MHz Pentium or faster, Windows 98 or better, 768 MB RAM, 10 GB hard disk, 1024 x 768 display with 65K colors

Total Cost: $1697 out of $2000 budget 
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Appendix

         

Figure 1. The picture on the left is the interrupted stitch technique and the picture of the right is the running lock technique. 
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Equation 1. The deformation studied in this experiment is strain, the elongation of the catgut string. It is simply a ratio of change in length, 
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Figure 2. Represents an example of one trial of suture deformation vs. applied force for interrupted stitch technique.  The slope of the fitted linear regression equals 0.1147mm/N.  The high R2 value (0.9840) indicates a strong linear correlation.
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