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Background
When skin and other tissues in the human body are torn or severed, sutures are implanted to hold the wounds together until the natural healing process sufficiently reseals the layer.  However, the suture product itself can be deformed or severed if exposed to high tensile forces.  Therefore, the mechanical properties of sutures must be studied prior to implantation to determine the strength and efficiency of the string.  This particular experiment involves the combination of “Experiment 2- Imaging Techniques for Measuring Suture Displacement” and “Experiment 3- Instron Tensile Testing.”  Experiment 2 compared the effectiveness of two suture techniques.  The running loop stitch was determined to be slightly more resistant towards applied loads, as can be seen in Figure 1 of the Appendix.  Therefore, this technique will be utilized for this experiment.  An image of the running loop technique is depicted in Figure 2 of the Appendix.  Experiment 3 was important in finding failure displacement, force, stress, and strain values for skin samples.  Figure 3 of the Appendix shows a simplified force-displacement or stress-strain curve.  Point R represents the rupture point, otherwise known as the failure point, where all of the failure data is collected.  Once the sample displaces beyond this point, it cannot return back to its original state.  A statistical examination must be done to determine the effectiveness and efficiency of the suture technique.  These characteristics can be compared to suture techniques discovered in the future to gauge whether the newer technique is a better closure method.
Hypothesis/Objective and Aims
The aim of this experiment is to determine the failure values for the normal intact skin and the sutured skin under uniaxial load.  Furthermore, it is important to tabulate the relationship between the two different categories in terms of failure displacements, failure force, failure stress, and failure strain.   
It is hypothesized that the normal intact skin will displace further, endure greater force, stress, and strain before failure under uniaxial load.  Using sutures allows the tension in the string to be a crucial factor in the total force applied to the sample.  The lower half of the sutured sample will be exposed to the force from the Instron as well as the tension from the string.  Therefore, this additional force will lower the required force for failure applied from the Instron.
In essence, to prove the previously stated hypothesis, a comparison between the characteristics of the running loop stitch and the normal intact skin must be performed.  A t-test of significance will be implemented to determine any significant difference in the failure values between the two samples.  Using this information, one will be able to conclude whether or not implementing a suture technique actually strengthens the skin properties.  A possible sub-aim of the experiment is to determine the efficiency of the suture technique.  For example, if the suture yields failure displacements that are half of the corresponding values of the normal intact skin, it can be determined that the suture efficiency is fifty percent. This information can potentially be quite valuable when comparing this current suture technique with more replacement methods discovered in the future.
Equipment
Major Equipment:

Instron 4444 Device
This device will be used to apply a load to the samples being tested.  The device has two clamps, which are originally separated by a constant distance, known as the gauge length.  The gauge length can be changed while the Instron device is turned off.  Once the device is activated, the bottom clamp remains stationary while the top clamp pulls away and thus, stretches the sample.
Lab Equipment:

Computer, LabView Software, Digital Camera (optional)
The computer is needed to acquire the output from the Instron 4444 Device.  Using the LabView software, the applied force and displacement can be measured.  The data can be exported from the software into an excel file which can be used for analysis.  Force and displacement variables can be further converted to calculate stress and strain.    In addition, the user can select speed and the sampling rate of the device using the LabView program.  The speed is the velocity at which the upper clamp travels away from the lower clamp.  The digital camera is an optional tool that can be used to measure the cross-sectional area of the skin samples with more accuracy.
Supplies:

Razor blade, scissors, cutting board, calipers, rulers, weight set, scalpel, pliers

The calipers and rulers will be essential for measuring the cross-sectional dimensions of the samples.  The razor blade, scissors, scalpel, and cutting board are needed to slice the skin off of the chicken samples and to cut the surrogate materials out of the polyurethane.  The weights are utilized to calibrate the Instron device and the pliers are essential for holding the material in between the clamps for proper placement.
Newly Purchased Equipment:

String (Dual-duty plus, extra strong, hand quilting, 68% polyester, 32 % cotton) & sewing needle, chicken skin samples, Confor Slow Recovery Polyurethane Foam

The string and needle are needed to sew the sutures.  This string needs to be constant for each 
type of sample.  The type of string indicated above is known for its strength and application for sutures (Dobilaite).  The polyurethane is required for testing surrogate trials.  The chicken skin is the most important aspect of the experiment.  The geometry of each chicken skin should be highly similar, meaning that none of the samples should possess any irregularities (bruises, scratches, etc.).
Proposed Methods and Analysis
1. Use Part B, Step 2 of “Experiment 3- Tensile Testing: Elastic Properties” to calibrate the Instron 4444 device using the proper weights.  Make sure the Instron is set in the SI mode.

2. Cut a few pieces of polyurethane so that they have a length of 1.5 inches and a width of 7/8 inches.  Cut more pieces of polyurethane with dimensions ¾ inch by 7/8 inch.  Use figure 2 of the Appendix to stitch couples of the smaller pieces together.  Only use three actual stitches for these samples.  These samples will be used as “surrogates” do determine the proper loading rate and sampling rate. 
3. Remove skin from all chicken leg samples.  Cut five skin pieces so that they have a length of 1.5 inches and a width of 7/8 inches.  These will be your control subjects.  Cut 10 more pieces of dimensions ¾ inch by 7/8 inch.  Use Figure 2 of the Appendix to stitch couples of the smaller pieces together to make a total of 5 pieces.  As stated previously, only use three stitches on each suture.  The stitch holes should be 0.1 inches from their corresponding edge, as indicated in Figure 4 of the Appendix.  Make sure they are evenly spaced.  These will represent your experimental subjects.  Be sure and careful to cut the skin pieces so that they do not possess any irregular qualities, such as scratches or bruises.  This step should take about one hour.
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The Instron gauge length should be set to approximately 1 inch or 2.54 centimeters.  The samples will extend beyond the limits of the clamps.

5. Insert the surrogates into the device as shown using pliers and run the Instron.  Find a sufficient sampling and loading rate. Make sure the outputted graph resembles that of Figure 3 of the Appendix.  The loading rate and sampling rate are extremely important for the data analysis.  This step should take approximately one hour.
6. Using the same sampling and loading rate, insert the five control samples individually into the clamps of the Instron and run the device.  Export the data into an excel file.  Then, run the Instron device on the five experimental samples individually.  Export these data into an excel file.  This step should take 2 or 3 hours to perform.
7. Measure the cross-sectional area of each sample using calipers and rulers at the site of failure.  This measurement should be taken five different times to account for any error.  (If the areas are too difficult to measure, then color in the cross sectional areas with a Sharpie marker and take images of the cross sections with rulers beside them.  The rulers can be used to determine pixel to length ratio using LabView.  Using the MATLAB algorithm from “Experiment 1- Gel Electrophoresis,” determine the cross-sectional areas of the samples using the pixel-length ratio.)
8. Using the outputted excel files, plot displacement versus force for each of the samples.  Using figure 2 of the Appendix, find the failure displacements and corresponding failure force.
9. Convert the graph in step 8 to a stress-strain relationship.  Use the facts that stress = Force/Cross Sectional Area and strain = displacement/gauge length.  After converting the data, calculate the failure stress and corresponding failure strain values for each sample.

10. Analyze the results by using a t-test assuming unequal variance with 95% confidence between the failure data of the two samples.  Therefore, this should yield four different p-values corresponding to failure displacement, failure force, failure strain, and failure stress.
11. Calculate the efficiency of the suture techniques by taking the average failure values of the sutures divided by the corresponding average values for the normal intact skin.  Therefore, there should four different efficiencies corresponding to failure displacement, force, strain, and stress.

Potential Pitfalls and Alternative Methods/Analysis:

There are various potential pitfalls with this experiment.  First of all, it must be emphasized that different types of failure may occur in this experiment.  The failure that is highly expected to occur in the intact skin involves the skin itself tearing apart upon high load.  This is based on the observed results from “Experiment 3- Tensile Testing: Elastic Properties.”  Instead, the strings in the suture may snap when exposed to high forces.  Furthermore, the holes that are created from stitching may expand upon high stress.  This expansion may eventually grow as far as the perimeter of the skin causing another type of failure.
In realistic situations, any of these previous failure types would be considered as underperforming.  Therefore, they will be considered as proper failure and taken into consideration. To prevent the strings from snapping, more stitches should be put in place to decrease the amount of tension applied for each stitch.  However, the number of stitches must be held constant for each of the experiment samples.  In addition, to prevent the holes from expanding and interacting with the edge of the samples, the distance between the corresponding stitches, pictured in Figure 4 of the Appendix, can be increased to lower the probability that the stitch hole interacts with the edge of the skin sample.
Another major issue with the experiment involves measuring the actual cross section of the skin samples.  Even the most precise calipers may be of no use when measuring such small areas.  This can greatly affect the calculations of stress especially since the areas are so small.  For example, decreasing the sample area from 4 mm2 to 2 mm2, which may seem insignificant at first, causes a doubling in the applied stress.  This can further lead to miscalculations of failure stress.
If estimation of cross-sectional area is certainly an issue, a camera may then be useful in aiding with the proper calculation.  The italicized writing in step 7 of the methods suggests an alternative method for determining cross-sectional area.  Utilizing the MATLAB algorithm performed in “Experiment 1: Gel Electrophoresis,” the number of pixels in the cross section can be determined.  Furthermore, LabView can be used to determine the length to pixel ratio by taking the picture of known length.  The protocol suggests taking the image of a ruler and finding the number of pixels corresponding to a known length.  Using this pixel to length ratio, the number of pixels outputted by the MATLAB algorithm can be converted to an area.
The digital camera is not central to the procedure and aim of the experiment, since it is only a possible alternative method that may be used to accurately quantify the cross-sectional areas of the samples.  Therefore, it is only listed as an optional tool in both the methods and equipment sections.  However, increasing the number of stitches, removing the stitches further apart, and using a camera to measure the cross-sectional area of each sample should nullify any pitfall associated with the experiment.
Budget
	Purchases
	Cost
	Supplier
	Specifications

	String (750 Yards) Dual-duty plus, extra strong, hand quilting
	$4.99
	From Rags to Stitches
	68% polyester, 32 % cotton

	20 Hand Sewing Needles
	20*$2.18 = $43.60
	AC Moore
	

	20 Packages of Chicken Breast
	20*$3.59 = $71.80
	Stop and Shop
	

	Polyurethane Foam (40 Cubic Feet)
	$215.00
	US Composites
	Modulus of 90 kPa at room temperature (EAR Specialty Composites)


Total Cost = $335.39
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Figure 1.  Displays slopes and corresponding R squared values for four trials of interrupted stitch and running loop stitch testing.  The t-test for significance between the slopes yields a p-value > 0.05.  Therefore, we cannot confirm that there is any significant difference in slope between the two sets of data.  A slope of close to 0 means that the sample is highly resistant to applied forces, therefore very strong.  Even though the t-test isn’t very conclusive, the running loop stitch yielded a lower average value for the slope.  The lower average slope suggests that the running loop yielded a larger average resistance to applied force.  Therefore, this technique will be used as the experimental group for this particular experiment.
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Figure 2. Also known as the running loop technique. (Experiment 2)
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Figure 3. Simplified plot of a stress-strain curve.  Stress is on the y axis and strain is on the x-axis.  This graph can easily be converted into a force displacement curve by using the formulas Stress = Force/Area and Strain = Displacement/Gauge Length.  R represents the rupture or failure point of the relationship.  This is where all the failure data is collected. (Experiment 3)\
[image: image4.png]it between
sfich and edge
o

sttches

Upper Clamp

===y

===

it between
conespendng
Sfiches 0210

Botiom Clamp

—




Figure 4. Indicates distance between corresponding stitch and distance and distance between stitch and the edge.  If this causes any pitfall with the experiment, it may be important to further the stitches apart from each other.


















