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Background:
Many wound suturing techniques have been developed to optimize certain aspects of the healing process, and each technique accomplishes certain goals better than the others. In a previous experiment, it was found that the Running-Locked stitch exhibited a lower deformation under a 200 g load than the Interrupted stitch using a skin surrogate (p=0.049). It was hypothesized that this was due to the reinforcing nature of the Running-Locked suture as opposed to the Interrupted suture’s separation between each stitch. This could have implications in reducing scarring in terms of the amount that the skin can stretch as well as keeping the skin on both sides of the wound as close as possible. Wong Et al. also found the Running-Locked stitch to be advantageous. They reported, “this technique reduces the dermal dead space, achieves close approximation of the epidermal wound edges, has a good cosmetic appearance soon after surgery” (Wong, 1993) Even more telling is the experiment by Schlechter and Guyuron who compared the Interrupted stitch to the Running Locked stitch in microvascular anastomosis. They found the continuous locked suture to save time as well as function most adequately (Schlecter, 1994).
Evaluating the performance of certain stitches by comparing them to one another is useful, but it may also be important to evaluate their performance and material properties against non-sutured skin. In another experiment, the structural and material properties of chicken skin were determined and compared with a foam surrogate. The results of the experiment found that the foam was not an adequate surrogate for the chicken skin (p=0.008) based on the stiffness. By combining the methods of these two experiments, the structural and material properties of sutured skin with the Running-Locked stitch can be tested and compared with those properties of the non-sutured chicken skin. This will allow the researcher to determine which properties are affected by the suturing and how this would affect the overall performance of the suture. 
Hypothesis:


The central hypothesis of the experiment will be that the stiffness and elastic modulus of similar pieces of chicken skin will not be significantly different. Stiffness is a structural property, which takes into account both force and deformation. While structural properties are load dependent and sample size dependent, if the samples are kept the same size and the loaded at the same rate, the stiffness of each group should not be significantly different if the sutured skin truly has similar properties to the non-sutured skin. The elastic modulus is another verification of the similar properties of the two groups, since it is a material property and relates the stress a material can withstand per strain. Other goals include:
· Determining the structural and material properties of sutured chicken skin. These include the failure properties (displacement, force, stress, strain) as well as the elastic modulus and stiffness. These properties of the sutured chicken skin will be useful in comparing them to non-sutured chicken skin as well as for researchers and surgeons who need to evaluate the performance of the sutures.
· Deducing what the properties of the sutured sample could mean for real-life, practical applications. This is what researchers and surgeons must do when determining the quality of the sutures since large deformation may lead to scarring while an inability to withstand stress could lead to rupturing of sutures.
Equipment: 

Major

· Instron Model 4444
· LabView software 
· Matlab software
The Instron Model 4444 will be used to apply the constant load rate of 50 mm/min, and the Lab View software plus computer program will be used to produce the data points for the force-displacement curve. Matlab software will be used to generate and analyze the curve.
Lab Equipment

· Razor Blade and Scalpel
· Cutting board
The razor blade and scalpel will be used to cut the chicken skin on the cutting board into sample sizes of 1 inch by 1.5 inches.
Supplies

· Caliper
· Ruler
· Scissors
· Pen or marker
The scissors will aid in the cutting of the chicken skin, and the ruler and calipers will be used as measuring instruments for the length, width, and thickness of the chicken samples. The pen or marker can be used to mark where the samples should be sutured.
Newly Purchased Equipment
· 6 uncooked chicken legs (see budget for details) http://www.amazon.com/Perdue-Chicken-Legs-Pieces-3-50-4-00/dp/B000F0FH44
· 3/0 Black Silk CP MEDICAL Sutures, 18 inch, FS-1 (Harrell Medical, 2007)
The dissolving medical sutures are employed in many suturing techniques and therefore will more accurately mimic the response to loads.
Proposed methods:

1. Remove the skin from the ten chicken legs using the scissors, scalpels, and any other cutting tools necessary. Keep the chicken skin in moist paper towels as long as possible to keep them from drying out.
2. Using the scalpel, cut 20 samples of dimensions 2 inches by 1 inch. 

3. Measure the thickness of each sample using the caliper by taking the average of the thickness in the middle of the sample and the thickness at the two ends of the sample. For each sample, record the thickness.

4. Take 10 of the samples, and cut each one in half (so that each piece is 1 inch by 1 inch). Using three Running-Locked sutures (description in lab manual) spaced an eighth of an inch apart and a half of an inch from the end of the samples, sew the two pieces back together in the middle of the sample, making sure the ends of the samples are securely fastened.

5. Calibrate the Instron (refer to lab manual).

6. Load all samples into the Instron with about 0.5 inches of skin in each clamp, one at a time, and with a loading rate of 50 mm/min, run the Instron until the sample breaks. Save all force-deformation plots for future analysis (refer to lab manual for the operation of the Instron and saving of plots using LabView software). 
7. Record data of the breaking pattern of the samples.

8. Using Matlab software, determine the failure properties including force, displacement, stress, and strain. Also, using the initial linear portion of the force-displacement and stress-strain curves, determine the stiffness and elastic modulus, respectively (Appendix A for sample plot and calculations of properties). 

9. Compare the stiffness of the sutured and non-sutured skin using a two-tailed t-test as well as the elastic modulus of the two groups using the same test. 

10. Determine the deviations for all of the properties to evaluate the validity of the conclusions.

Preparation of the samples including the suturing should take about one and a half hours, and running the Instron with all of the samples, should take about four hours. The measuring of the thicknesses can be done while the previous sample is being tested in the Instron.
Potential Pitfalls and Alternative Methods/Analysis:

There are two major pitfalls that could possibly present problems in this experiment. The first is not present in the previous experiments and is that the reactions of the sutures in the Instron are unknown. It is possible that the sutures may not be able to withstand the force of the Instron or that they may break too early to get good data. Also, they may rip through the chicken skin before a good force-deformation plot is generated. 
In order to minimize this, 0.5 inches in each clamp provides a good amount of clamping on each end of the sample. Also, if the sutures are tied tight enough, it should ensure that they won’t break before the material properties can be analyzed. To prevent ripping of the skin samples at the suture, 0.5 inches of room between the ends of the two pieces being sutured together should provide enough room so that ripping through the sample will not occur.

The second pitfall was present in the previous experiments and could present a problem in this experiment as well. It is that when using the Instron, slippage in the clamps may occur. Again, to minimize this, 0.5 inches is clamped at each end of the chicken sample so as to make sure that the chicken skin almost surely will not completely come out of the clamp, and hopefully will increase the grip of the clamp on the chicken skin. If slippage is to occur, it is likely that it will be present in the deviation of the data, and if large deviations are present, it is most likely that these are due to slippage. In earlier experiments, some sample groups exhibited deviations as large as 50% of the means. Hopefully, this technique can reduce that percentage.

One minor pitfall could be that it may take longer to suture the samples than previously thought. The Running-Locked stitch is a relatively easy technique, however, and it is more likely that a problem with the stitch may be keeping uniform distances between sutures and from the end of the samples. This may lead to larger deviations in the data, and care must be taken by the experimenters to ensure uniformity. Unfortunately, the skin samples do not have a uniform thickness across all of their cross sections, and using an average, while maybe not perfect, is most likely the best method for analysis in the time allotted. This method, however, could still add to the variances in the data.

Another minor problem that was present in earlier experiments is that often the samples ripped at the clamps, since the clamps add forces to the samples. It is very hard to minimize this, and as long as most of the samples are exhibiting this behavior, the groups can be compared with one another.


All of these potential problems that lead to larger deviations could decrease the validity of the conclusions, and statistical analyses of the deviations should be performed to see whether equal variances or unequal variances should be assumed. 

Acton et al. tested another braided suture type against a polyethylene type suture (Acton, 2004). The results found greater ultimate load properties, stiffness, and uniaxial tension for the polyethylene fiber. While the polyethylene may be a better testing material, due to financial constraints, it could not be included in this experiment. Also, the braided material is still used in practice today.
Budget:
There is no new equipment that must be bought for this experiment. Two items for supplies must be bought, however. These include the chicken skin and biodegradable sutures.
Since there are 20 groups, and each group requires about 6 uncooked chicken legs (each leg making about 4-5 samples), 140 uncooked chicken legs will be needed (to be safe). Amazon.com will ship any order for free over $25. Each pack of four is $5 meaning the total cost will be $175. Each leg is 4 pounds which will suffice for the number of samples needed. They are made by Perdue and shipped through Amazon.com.
In terms of the sutures, there will be ten samples with three sutures for each sample for a total of thirty sutures per group. Therefore there will need to be a total of about 600 sutures. At $32.50 per pack including shipping with 12 sutures per pack, it will cost $1625. The product is 3/0 Black Silk CP MEDICAL Sutures FS-1. They are 18" long, black braided silk, nonabsorbable. It comes with a needle, which is 24mm, 3/8 circle reverse cutting.
Therefore, the total cost will be $1800 dollars. 
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Figure 1. Sample force-deformation plot, which is the same as the stress-strain curve, only scaled differently. By using the data from the LabView software and by analyzing the data using Matlab software’s Data Cursor, the failure properties, stiffness, and elastic modulus can be determined. Point A is the failure point, and this can be recognized by the data point on the graph right before the curve begins to decrease. Point B shows the initial linear portion of the curve from which the stiffness and the modulus can be elucidated. The stiffness is the slope of the force-displacement curve, and the modulus is the slope of the stress-strain curve. Both can be found using the linear fit function in the Matlab software.
Sample calculation of stress from force and strain from displacement:

Original Width=25.40 mm, Original Length=25.40 mm, 

and Original Thickness (average)=6.35 mm

· Failure Displacement/Original Length=Failure Strain 

· 41.20/25.40=1.62

· Failure Force/Cross Sectional Area=Failure Stress
· 9.11/(25.40 x 6.35)=0.056 N/mm2
