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Background
This proposal expands on the suture displacement experiment in two ways. Firstly, chicken skin will be utilized instead of cross-stitch cloth. The outmost layer of human skin, the epidermis, is the layer sutured together when closing a wound. The epidermis is mainly composed of a protein known as keratin, which is responsible for the structural properties of skin. (Alberts, 2002)  Chicken skin also contains keratin and thus its will serve as a better surrogate for human skin than cross stitch cloth. (Alibardi, 2004)
Sutures, or surgical stitches, are the traditional method used by doctors to close wounds until they heal. Sutures minimize the risk of bleeding and infection of a wound. The type of suture utilized depends on many factors including the type and anatomic location of the wound, and the thickness and tension property of the surrounding skin. Recently doctors have started using alternative methods to close wounds because they are easier, cheaper, or more effective.

Dermabond Adhesive is medical glue that can be used in the place of sutures to close wounds and incisions. It is spread on top of a wound and dries to form a strong, flexible bond and protective covering for the cut. In this experiment, rather than comparing two different types of sutures, the students will compare the effectiveness of Dermabond to the vertical mattress suture technique. This is because the vertical mattress stitch was found to be better able to resist formation of gaps under tension, and thus be more advantageous in closing a wound than a horizontal mattress stitch (p=.045, n=3) Since the data of this new experiment will only be compared to each other, and chicken skin is used as the surrogate in all trials, it is inconsequential that there are in fact two changes from the original experiment. 

In a previous experiment it was determined that the ideal suture technique would result in the smallest change in gap distance between the two sides of the severed skin when under tension. This method was used to analyze the results since it avoids the error associated with deformation of the surrogate material and also slippage of the stitches. It simply measures the distance the two pieces of skin displace when under tension. 

Hypothesis/Objective & Aims

Objectives

· To quantify planar displacements and strains and determine vertical mattress suture and Dermabond performance for resisting separation under quasi-static tensile load. 

· Understand the experimental approaches and techniques needed to measure displacement of the surrogate sample flaps from one another (change in gap distance)

· Become familiar with the experimental challenges of using image data analysis for deformation analysis. 

Hypothesis

It is hypothesized that the Dermabond liquid adhesive will result in a smaller change in gap distance under tension than the vertical mattress suture because Dermabond incorporates the entire length of the wound while vertical mattress stitch only connects the two skin flaps at certain finite points.

Equipment

Major Equipment: 

· CCD Camera (640X480 pixels)

· GNU Image Manipulation Program (GIMP).
The camera will be used to photograph the samples in their loaded and unloaded states. The GIMP program will be used to measure the gap distances created when the samples are loaded. Gap distance will be measured by counting the number of pixels that span the gap between the two surrogates.

Lap Equipment:

· weight set

· polyester thread

· needles

· razor blade, scissors, cutting board

· clamp stand & 2 clamps

· binder clips

· ruler

· dark piece of paper

The ruler will be used to calibrate the image. The razor blade will be used to cut chicken skins to appropriate sizes. The thread and needle will suture together some of the chicken skins. The clamps will be attached at each end of sutured or glued samples. Binder clip will be attached to end of bottom clamp. The weights will be hung from the binder clip.  The dark piece of paper will be held behind the samples hanging from the clamp stand in every photograph. 

Supplies & Newly Purchased Equipment:

· 20 tubes of cyanoacrylate (the generic name for Super Glue) 
· 5 chicken thighs for each group. 5X20=100 total 

Dermabond is also a cyanoacrylate and thus can be used as a substitute for Dermabond in this experiment. 100 chicken thighs needed for their skins. The previous experiment sutured cross stitch cloth with thread and thus did not either of these two new supplies. 
Proposed Methods and Analysis

Begin with calibrating the image by including the ruler in the photographed region. Measure the number of pixels that span the field of view. Divide by the measured vertical length to determine the length and width of each pixel.

Then remove the chicken skins from thighs making sure to snip away fat and excessive tissue. Each skin should be approximately 13 cm X 13 cm when unfolded. Cut each chicken skin sample into 4 strips each 4 cm long and 2 cm wide for a total of 20 strips. These dimension were chosen so that the skin samples can be fully gripped by the 1” clamp. and so that each chicken skin could produce for samples, 2 to be connected by the vertical mattress suture and 2 to be connected by Dermabond Adhesive. Align and sew two chicken skin strips together with four evenly spaced vertical mattress stitches. (Refer to Figure 1 in Appendix) Create 5 samples. In previous experimentation the vertical mattress suture was found to be better able to resist formation of gaps under tension, and thus be more advantageous in closing a wound than a horizontal mattress stitch (p=.045, n=3)  

Then align and glue two strips together with Dermabond glue . Again create 5 samples. Attach one clamp to each end of these new connected samples and position on clamp stand in front of CCD Camera (640X480 pixels) Attach a binder clip to the bottom clamp in each set up because weights can be more easily hung from these than the clamps themselves. 

Hang 20-gram weight from the binder clip and photograph. This is the unloaded sample. The 20-gram weight is used to ensure that the sample is hanging vertically down.  Remove the 20-gram weight and hang a 500-gram weight from the binder clip and re-photograph. This is the loaded sample. Based on the Suture Displacement Experiment this weight was found to be the best. Measure the gap distance between the two pieces of chicken skin in each photograph (in pixels) using GNU Image Manipulation Program (GIMP). (Refer to Figure 2 in Appendix) To do this in GIMP, zoom in until individual pixels are seen. Count the number of pixels spanning the gap found in unloaded samples, making sure to measure at three separate locations, (each end and the center) to account for uneven loading. Using the gap distances for each unloaded and loaded photograph pair calculate a value for change in gap distance (in pixels) for each sample. Convert to millimeters using the dimensions of a pixel calculated earlier. Repeat for each vertical mattress suture and Dermabond Adhesive sample. Average the values of change in gap distance for each method and analyze using a one-tailed unpaired t-test to determine if Dermabond adhesive results in a smaller change in gap distance for the surrogate skin samples than the vertical mattress suture. An unpaired t-test is utilized because the chicken skin samples did not all come from the same chicken. Determine if the test should be of equal or unequal variance based by calculating variance for method. 


Removing chicken skins from the thighs should take the students approximately 45 minutes. Cutting skins into appropriate sized samples should take another 30 minutes. Suturing and gluing the respective samples should take another 45 minutes. This leaves the remaining 4 hours for the students to calibrate the camera, load and photograph the samples. If samples are cut carefully students should have ample extra chicken skin that can be cut into samples for practice testing. Before leaving students will also have ample time to explore the GIMP programs and determine how to measure gap distance. 

Potential Pitfalls & Alternative Methods
There are several potential pitfalls that could arise when performing this experiment. The primary pitfall is that the Dermabond glue could tear apart and the bottom piece of skin would fall away from the top piece. This could happen if the glue is not allowed sufficient time to dry or if the weight hanging from the bottom is too heavy for the glue to support. If the glue tears prematurely then the experiment is inconclusive. In order to prevent against this, a drying time longer than 10 minutes (the recommended amount) should be used. Once sufficiently dry, the strength of the glue is not dependent on how long it has been drying so increasing the allotted time is okay. Additionally, students should try one practice sample with Dermabond glue and a 500-gram weight hanging from it. If it is indeed too heavy, they should use a lighter weight in the experiment. 
It is also important to make sure that the same amount of glue is applied uniformly to each chicken skin sample. If more glue is applied to one sample than to the others, the sample will be stronger and will be less likely to displacement the two parts of the sample away from each other. This would result in a smaller change in gap distance than the samples that have less glue. The glue must also be applied uniformly so that no one point is less likely to fail then another. The way to prevent against these two sources of error would be to weigh the sample before and after gluing to make sure the weight of the glue is the same and also to spread the glue with a needle or other pointy object rather than letting the glue squeeze right out of the tube.

There are other pitfalls related to the suturing technique. Firstly, different group members will have slight differences in technique therefore one person should be nominated to do all the suturing. And secondly, even for this one person, It may be difficult to keep the 4 sutures centered and evenly spaced. The person responsible for suturing should make sure to measure the sample with a ruler and plan out where sutures should go by marking the places with a pen. Knots are needed at the back of each sutured sample. In order to keep the knots comparable, again only one person should be responsible for the knotting. 

Another pitfall comes from the use of the camera. If the camera is not kept at a set distance away from the samples hanging on the clamp stand, the number of pixels will not correlate with length, and the calibration conducted futile. to prevent against this, the camera and clamp stand should be stationed at a set places and not moved. 


Also when counting pixels to calculate gap distance it may be hard to tell the difference between the sample and the gap in between. In order to make this easier, a black piece of paper should be held be held behind the sample so that the gap appears black and distinct from the skin samples. It will then be easier to count only the black pixels. 


The resolution of the camera presents another pitfall. The resolution of the data is limited by the VGA camera utilized, which has a maximum resolution of 640X480. When zooming in to count pixels, there may not be a distinct change in pixel color from between the edge of the cloth and the gap. On average it is predicted that there will be about 3 gray pixels existed which either could be either chicken skin or gap. Student should make sure to record this error. 

BUDGET
Chicken Thighs

Murray's All Natural Chicken Thighs, 4 pack $3.99

$3.99X 25 packages = $99.75
Specifications: Chicken thighs still have their skins. 

Supplier: http://www.amazon.com/s/ref=nb_ss_gf/002-1847511-5197630?url=search-alias%3Dgourmet&field-keywords=chicken+thighs&Go.x=0&Go.y=0&Go=Go

Dermabond Substitute

Cyanoacrylate (Super Glue) 2 pack $1.28

$1.28X10 = $12.80
Specifications: CVS Super Glue Gel, Net weight of tube = .07 oz

Supplier: CVS store at 34th & Walnut
TOTAL BUDGET = $112.55

Appendix

Figure 1: Vertical Mattress Suture Technique
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Figure 2: Sample Image of Photographed Sutures in Loaded and Unloaded States.
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