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A. BACKGROUND
The mechanical behavior of skin is dependent on many different variables: loading technique, geometry of tissue, application of loading mechanisms, etc.  To understand the properties of skin, different techniques need to be used.  The structural properties of skin are dependent on the size, shape, orientation, and previous stretching or loading.  Tissues change with age, hydration, and health of the specimen.  Scientists try to understand the skin tissue so they are able to develop better artificial transplants for humans.  Stitches which are used to mend skin tissue can be found at every hospital.  Patients need to be sewn together in order for a lesion to heal.  Different types of stitches are used dependent on the characteristics of a wound and the doctor’s preference. 

 
Findings from previous labs conclude that different types of stitches do not change the overall stress that is able to be applied to the surrogate.  The tests were run on pieces of cloth that have similar properties but not the same as skin tissue.  Applying stitches to a more reasonable surrogate will allow determination of properties of skin.  In the experiment, a comparison will be made between chicken skin stitched together and a piece of chicken skin equivalent to the total length of the sewn together pieces.  This test allows one to see the amount of force that is able to be applied to the skin with stitches in comparison with unstitched skin.

Previous studies on white pig skin concluded that using stretched skin to cover burns will significantly reduce the appearance of scars.1  This allows for doctors to not only make skin grafts less noticeable, but also make surgery less invasive by using less skin from one body part to help heal another.   

B. OBJECTIVE
Hypothesis is the pieces of skin without stitches will have significantly greater elastic modulus than the pieces of skin that are sewn together.  The total length of each set of pieces will be identical to allow for the best testing.  The gap between the two pieces that are stitch together will try and be as close as possible.
The main objective is to test the typical type of stitching used at a hospital (running lock: see Appendix) and determine how vulnerable the stitching is when it has just been completed. Doctors can use the results to determine the amount of flexibility the stitches have after they have been completed.  They can tell their patients what activities or movements the individual is limited to.  

Previous experiments on the different types of sutures gave the following data.  The data was analyzed for significance by using regression analysis and confidence intervals (n=4 each). The slope intervals (measured stress over strain) for running locked and pulley stitch were (0.00285, 0.00356) and (0.0021, 0.00298), respectively. The overlap of intervals suggests the slopes are not significantly different. Similarly, the intercept intervals for running locked and pulley stitch were (0.0530, 0.5653) and (-0.1052, 0.5395), respectively. The data also suggest that the intercepts are not significantly different.2
C. EQUIPMENT
Major equipment

· Instron – Used to determine the force-displacement of the surrogates.  The graph will be transformed into stress-strain which allows the determination of the elastic modulus.  

Lab Equipment

· Calipers – The calipers will be used to determine the thickness, length and width of the surrogate.  The length and the thickness will be measured when the surrogate is loaded onto the Instron but the width can be measured beforehand.

Supplies and Newly purchased Items (detailed expenses listed in section F)
· Sewing kit (Needle, Thread and Scissors) – This well be used to sew together the pieces of chicken skin.  It will have different needles to suit the experimenter. 

· Cutting Board – A new cutting board will be needed so the students will be able to cut accurate and precise the width of the chicken skin.  Students will be able to put pins in it to allow the chicken skin to hold in place as it is cut.
· Scalpel/Knife – A new knife will be purchased so the students can accurate cut the skin and not allow the skin to stretch while it is cut.

· Chicken Skin – The skin is purchased to allow for experimentation.  

· Forceps – Used for when cutting the skin as well as loading the skin into the Instron.

· Cloth (Fabric)
- Allow for initial testing of Instron machine and practice making sutures with the cloth.
· Pins – Use to keep the skin in place on the cutting board to allow for accurate cuts of the skin for the desired length.

D. PROPOSES METHOD AND ANAYLSYSIS
A. Set-Up and Surrogate Tensile Testing for Feasibility 
1. Before performing the experiment, familiarize yourself with the materials: sewing kit, knife, cutting board.  Practice sewing together pieces of cloth to figure out the best method of sewing together the pieces. 
2. Take time to record the measurement of the surrogates.  Practice recorded measurements of the pieces of cloth.  
3. The chicken skin needs to be as precise as possible with the determined width and length.  The length can vary and should be cut a little longer to allow room for the clamps of the Instron.  The width will need to be precise and accurate as possible. 

B. Preparation of Chicken Skin

1. Remove the chicken skin from the legs. Be cautious, you do not want the skin to stretch before testing.  This allows for the best results.  Slowly cut the skin away from the muscle using the knife but try not to cut the actually skin.  After cutting, keep the skin on a moist towel so it will not dry out. 
2. Place the skin on the cutting board and pin it in place.  Cut the skin for the desired length and width.  The skin should have a width of 2cm.  The testing length will be approximately 8cm altogether, therefore cut 10 pieces that have a length of 5cm and 10 pieces that have a length of 10cm to allow space for the clamps of the Instron.
3. Sew together the surrogates with a running lock stitch.  Use five stitches, have the stitches spaced as the following, 2mm from the edge, the next four have them spaced every 4mm.  This will allow 2mm space on each side and equal distribution across the wound.  

C. Instron Set-Up and Surrogate Tensile Testing 
1. As a reminder, in order to use the Instron machine you must specify the speed of the crosshead and the direction of movement before starting a run. If you ask for the data to be saved to a file, you must enter a file name BEFORE the run. Don’t forget to hit the “check box” to accept the file name. The program collects paired data: position in mm & force in N. You should collect enough data points to clearly capture everything that happens during the run, but not so many that your data files become unwieldy and slow to analyze. 
2. Before performing any surrogate or specimen testing, the load cell transducer settings in the Instron must be verified. This is done by making sure the Instron is set in “SI” mode and checking that the load cell output measurements are correct for known applied loads. The verification process can be performed by following the steps listed below: 
a) Toggle IEEE Switch “OFF” 
b) Calibrate: Push <CAL>, wait 3 seconds, Push <ENTER> 
c) Place a hook on the force transducer. 

d) Zero the force. Push: <BAL>, <ENTER>. 

e) Hang the provided weights on the Instron and monitor that the force readings on the Instron are correct.

3. Use the cloth material for practice runs on the Instron.  Familiarize yourself with the Instron and understand all of the controls that are involved.  Look at the graph that is presented after each run.  Make sure, you have a high sampling rate to acquire as many points as possible for the graphs.
4. During these surrogate runs, spend time familiarizing yourselves with specimen mounting (using the pneumatic specimen clamps) and sampling rate. In appendix is a detailed listing of the procedures for running the Instron machine following system verification in Step 2 above. 
5. Load the desired surrogate.  As a recommendation, put the top in first using the tweezers and slowly put in the bottom.  Measure the length and thickness before testing.  Make note of where the surrogate breaks and see if the stitches come undone.   Repeat for all 10 surrogates, five sewn and five un-sewn.
D. Graphing and Calculations

The Instron has given force-displacement plot.  Transform the graph into Stress-strain curve (see Appendix) by using the following calculations for stress and strain. Strain: = Δl/l Stress: = F/A.  l is the gage length which is the same as the length of the specimen and Δl is the change in the gage length.  F is the force and A is the area the force is applied in this case it would be width multiplied by thickness.  The elastic modulus or young’s modulus (E) is figured out by dividing stress by strain or E=
E. Time

~30 minutes for set-up and surrogate tensile testing for feasibility
~90 minutes for preparation of chicken skin: removal from chicken leg and cutting into desired pieces
~120 minutes for tensile testing of surrogates and sutures

~120 minutes for data analysis and calculations
E. POTENTIAL PITFALLS & ALTERNATIVE METHODS/ANALYSIS
One potential pitfall that could occur would take place with the chicken skin that is sewn together by pieces.  The string or thread from the stitches might cut the skin which would deliver inaccurate results.  If this arises, the students can make the decision to double string the stitches, in an effort to eliminate the probability of the string cutting the skin.  The students could also do the tests on the cloth material which would allow accurate comparison of stitched material and not stitched material.  Tests runs could be ran with a chicken to see if changes need to be made.  The students should not sew all of the skins together to see if changes need to be made.  There will be extra skin so the students have some leeway in determining the correct method to use.  

Another pitfall that could arise is a low sampling rate.  From previous experiments, the Instron has limitations for the sampling rate.  If not enough data points are acquired from the tests, it would make the results less accurate because the Force displacement graphs would not accurately show the jumps in certain points.  

With the force displacement graphs, the end of the graph (once the material is not elastic) has very inaccurate plots of the data.  During each test, the skin could slowly break at points which would cause less force to be applied.  For the purpose of this experiment, the elastic modulus is determined with the linear portion of the graph.  This allows the end data to be useless for the analysis of the data.  


Forces from the clamps cause different stress on the pieces of chicken skin.  This is uniform throughout each test.  The immeasurable stress that the clamps cause may make the skin break before it is appropriate.  It will not change the precision of the results but may slightly change the accuracy when comparing to other results.

Another pitfall that could occur is the skin could stretch while it is removed from the chicken leg.  This is immeasurable and will change the accuracy of the results.  The skin needs to be removed with caution so it will not stretch and change the force-displacement. 


F.  BUDGET
	Product
	Manufacturer
	Price/Unit
	Quantity
	Total Price

	Fresh Chicken Legs
	Fresh Grocer
	$0.99/lb
	100
	$99.00

	Cutting Boards
	Fisher Scientific3
	$108.90 
	10
	$1,089.00

	Scalpels (size 11)
	Fisher Scientific
	$50.16 per 20 Pack
	2
	$100.32 

	Forceps
	Fisher Scientific
	$37.32 
	2
	$74.64 

	Student Forceps
	Fisher Scientific
	$21.35 per 10 pack
	1
	$21.35 

	Craft Needles Assortment
	Joann's Online Store4
	$1.79 per 25 pack
	2
	$3.58 

	Quilting Pins
	Joann's Online Store
	$7.49 per 200
	2
	$14.98 

	Scissors Non-Stick
	Joann's Online Store
	$13.59 per 3
	1
	$13.59 

	Embroidery Thread Sampler
	Joann's Online Store
	$19.99 per 18 spools
	1
	$19.99 

	Cotton Twill
	Joann's Online Store
	$6.99 per Sq. Yard
	2
	$13.98 

	
	
	
	Total:
	$1,450.43


Table 1: Budget plan Note: Calculations for 20 groups.  Two groups will go per day, equipment will overlap.

Fresh Chicken Leg:

The chicken legs provide the skin for the study.  Each group needs 10 legs total. Approximately 2 legs/lb of chicken, therefore we need to purchase 100 lbs of chicken legs.  

Embroidery Thread Sampler

This is the thread needed for the students to make the sutures.  The thread is 40wt.  
Cutting Board

Disposable Cutting Board, Large, 16-1/2 in. x 11-3/4 in. (41.9cm x 29.9cm) which have a foam inner liner for pinning tissue.4  Two boards will be used per week. 
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H.  APPENDIX
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Figure 1:  Diagram of the running locked stitch    Figure 2:  Diagram of Stress-Strain graph

Steps for Running the Instron machine

a) Replace the hook with the pneumatic clamp set. 

b) Turn on the compressed air supply. 

c) Insert the surrogate, close the clamps. 

d) Jog with <Jog Buttons> until the sample is in position with a very small amount of slack. 

e) Check the manual Safety Stops on the vertical beam. 

f) Toggle IEEE Switch “ON” 
g) Load the Virtual Instrument “Instron.VI” 
h) Choose an appropriate crosshead speed 
i) Enter a file name for your data (remember to use a meaningful name) 

j) Verify/save your selected file name with the “Check” 
k) Adjust the program to move UP. 

l) Start the program with “Right Arrow”
m) Stop the program with the Red Button when the sample breaks.
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