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Instron tensile testing and imaging techniques for measuring suture displacement on chicken skin during uniaxial tension

A. BACKGROUND
Burn victims have to receive skin grafts to help in the healing process of their injuries. If the skin is overstretched, it might slow down the healing process, increase scarring or the skin transplant might expire. 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. Additionally, many stitching techniques are available for doctors to use. They must consider certain factors in choosing which technique to use such as time to perform the stitch, the wound, the location of the wound, etc. This experiment seeks to combine two prior experiments: imaging techniques for measuring suture displacement during uniaxial tension and Instron tensile testing for measuring structural and material properties of chicken skin. From prior experimentation on the chicken skin, the elastic modulus for the 30 mm chicken skin group was (3.80 ± 1.86) MPa, and it was determined that the elastic modulus is an intrinsic material property that does not change with variation in the length of the material (see Table 1). In the suture displacement experiment, cloth pieces were sewn together as skin surrogates for experimentation. The pulley stitch was predicted to exhibit less displacement per load unit and was thus hypothesized to be the stronger stitch. Information about the thread was provided by David Goodman.2 The slope was defined as displacement per load and was compared for both suture techniques (n=4 each) using an unpaired t-test of unequal variance. No difference between the slopes was found (one-tail p=0.052 > 0.05) (see Table 2). Therefore, the hypothesis was not supported, and it was inconclusive whether one suture technique was significantly stronger than the other. In this experiment, chicken skins will be sewn together as skin surrogates using the same stitch techniques, the pulley stitch and running locked (see diagrams in Appendix). This combination of the two experiments should provide a more accurate depiction of which stitching technique provides the least amount of displacement on a wound surrogate.
B. HYPOTHESIS/OBJECTIVE AND AIM(S)
The experimental goals for this project include: determining whether the relative suture strength from prior experimentation holds for actual skin rather than cloth surrogates and determining which suture technique is the strongest for chicken skin. The hypothesis for the experiment is the pulley stitch is stronger, i.e. exhibits less deformation over the gap between skin pieces sutured together, than the running locked technique. This experiment’s objectives also extend those listed for the Suture Technique and Chicken Skin labs. These objectives include: quantifying displacement and strain, understanding the challenges of using image data acquisition for deformation analysis and understanding the challenges associated with testing biologic tissue samples and with the Instron Model 4444.
C. EQUIPMENT
Major equipment:

The Instron 4444 will be used to apply a constant deformation to the surrogates (constant crosshead speed of 2 mm/min). Additionally, the camera (and its stand) from the suture technique lab will be used to take pictures at 15 second intervals to accurately catch the deformation of the sutures at known aggregate deformations and loads (every 15 seconds, deformation increases by 0.5 mm).
Lab equipment:

Measuring tools such as rulers and calipers will be required to make proper cuts and to acquire measurements throughout the experiment. The ruler can also serve as a straightedge for cutting the chicken skin pieces. Additionally, scissors may be required to aid in the removal of the skin from the chicken leg. A stopwatch may also be necessary to accurately take pictures at 15 second intervals.
Supplies: 


The standard lab equipment used in the prior experiments will be required. Disposable scalpels will be used to remove the skin from the chicken leg. Some fabric may also be required so the sewers can practice their techniques. The type of fabric is unimportant, but it can be a cotton sheet or even a polyester fabric.
Newly purchased equipment (also see F. Budget):


Sewing needles and suture thread (Coats and Clark 100% nylon unbound sewing thread) will be required to sew the pieces of chicken skin together. Additionally five chicken legs will be distributed to each group, which will suffice for the skin pieces. These materials should be the same as those used in labs 2 and 3.
D. PROPOSED METHODS AND ANALYSIS
Proposed Methods:

· Prepare five chicken bones as pre-prepared for labs 3 and 4 (see manual).
· Cut out twenty 2 cm x 3 cm pieces from chicken skins. Take exact measurements of skin pieces. Keep the pieces wrapped in damp paper towels.
· Connect ten of the twenty pieces with the running locked stitch (n=5). Connect the other ten pieces of skin using the pulley stitch (n=5). Make sure the stitches are evenly placed across the surrogate approximately 4 mm apart starting 2 mm from the left edge and enter the skin about 5 mm from the bottom. Also, make sure the surrogates have minimal gap between the two pieces of skin.
· Draw a dot in the center of each piece of skin just above (0.5 ± 0.1 mm) the plane of the stitches on each skin piece (see Figure 2).
· Pixel-to-mm Calibration:

· Take a picture of a ruler. In MS Paint, zoom in and find pixel values at 1, 3, 5, and 10 mm distances. Repeat two more times and find average. To determine pixel-to-mm conversion, make a standard curve and find a linear fit. The equation, deformation (mm) = slope (deformation/unit load) * pixels + intercept (initial gap), will be used to find displacements from the photographs.
· Load surrogates so that the surrogate is clamped at the top and bottom evenly. Make sure sutures are not loose and surrogate is taut. After loading the surrogates on the Instron, find dimensions of the surrogates.
· Subject all ten surrogates to the same crosshead speed (2 mm/min) and a high sampling rate (10 samples/second). For Instron operation procedures, see manual.
· Take a picture before any load is applied and at each 15 second interval (provides suture displacement data at each 0.5 mm aggregate deformation, which will correspond to a certain force output by the Instron). Continue until failure. Note observations, such as type of failure, initial point of failure, skin tearing, etc.  
· Calculate displacement by measuring the amount of pixels between the two dots after each load is applied. Open the picture in MS Paint and draw a rectangle from the top of the upper dot to the bottom of the lower dot. The pixel value is determined by MS Paint. Convert to mm using standard curve above.
Analysis:
· Force-deformation of the surrogate as provided by the Instron will be translated via mechanics equations to a stress-strain plot to be analyzed by Matlab.
· A Matlab program will be used to determine the elastic modulus for each surrogate by finding the slope of the best fit line to the linear portion of the stress-strain plots.

· To determine whether there are any significant differences between the elastic moduli of the running locked surrogates and the pulley stitch surrogates, an unpaired t-test of unequal variances will be used to determine the two tailed p-value. 
· To analyze the suture displacement, determine the slopes for each surrogate (n=5 each) as displacement per load. To determine whether pulley stitch is stronger than running locked, compare the two sets of slopes and use an unpaired t-test to find the one-tail p-value.
Time Estimate (all figures are approximate): 

It will take 15 minutes for one person to remove the skin from the chicken legs. While the skins are being removed, the people who are going to specialize in the two suture techniques can practice on some piece of fabric. As the skins are removed, another person can cut the skins into the 2 cm by 3 cm pieces. These pieces can then be given to the two sewers. It may take up to half an hour for each person to complete stitching. As the sewers finish individual surrogates, the first two members can begin testing on the Instron, taking measurements and taking pictures. Testing each individual surrogate should take no more than six minutes; therefore, ten surrogates should take an hour. Total expected time to completion of experiment is approximately 2.5 hours.
E. POTENTIAL PITFALLS & ALTERNATIVE METHODS/ANALYSIS
As in all experiments, it will be important to make sure certain things are constant. With suture techniques, it is easy to mess up the spacing or make the stitches uneven. If the five stitches are spread too far apart, too loose or too long, the strength of the stitches will appear diminished. Also, the dimensions should be kept constant to make sure the surrogates are all uniform for testing. Other errors or pitfalls include, but are not limited to, stretching and moisture loss during sewing, which may cause quicker failure.
The two greatest concerns are regarding the sutures. The suture techniques do take some practice, so uniformity is a huge issue. It is tough to quantify how loose the stitches are, but they should be sufficiently pulled tightly. However, the gap merely represents the y-intercept in the linear fit of the load-deformation curve. The “failure” of the sutures is also questionable. It is uncertain whether the sutures themselves will snap or if the sutures will rip out of the skin. More than likely, the sutures will rip out of the skin and show a clear failure point in the stress-strain plots. The aggregate force-deformation curve output by the Instron may provide a more complicated stress-strain graph since two factors are coming into play: the strength of the thread and the elasticity of the skin. Having calculated the elastic modulus of the chicken skin in prior experimentation, the effect of total surrogate deformation on error can be quantified.
Analysis may be time-consuming, but no problems should be encountered in finding the pixel displacement from the pictures. As long as the camera remains stationary throughout the experiment and the initial calibration curve holds, the data should be consistent and of high precision. Additionally, a Matlab program has been devised for prior experimentation that determines the elastic modulus for each sample. The program ensures that the most linear portion of the plot is used to determine the elastic modulus. To do this, a curve is fit to the stress-strain plots while data points are screened from the right hand side until the curve fit shows an R2 value of 0.95. Once this R2 value is reached, the data is screened from the left hand side until the R2 value is maximized. 
F. BUDGET
· CTSUSA Sewing needles3






$1.95

· Coats and Clark sewing thread (based on averages at Amazon.com)
$2.50

· 6-Pack Purdue Chicken Legs4






$4.49


          ~$9.00

Total: 










x 20 groups

$180 spent of $2000 budget
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H. APPENDIX
	Sample
	3cm
	6cm

	1
	1.59
	4.59

	2
	3.30
	4.33

	3
	6.06
	7.08

	4
	4.25
	6.85

	Average
	3.80
	5.71

	Standard Deviation
	1.86
	1.45


Table 1: Values for elastic modulus (MPa) of chicken skin (3cm and 6cm) from prior experimentation. The two tailed p-value showed no difference (p=0.157 > 0.05) between the two tested groups suggesting the elastic modulus is an intrinsic material property that does not change with variation in the length of the material
	
	Pulley
	Running Locked

	Trial
	Slope
	Intercept
	Slope
	Intercept

	1
	0.0022
	0.2160
	0.0036
	0.2896

	2
	0.0026
	0.0644
	0.0030
	0.1655

	3
	0.0020
	0.2390
	0.0028
	0.2850

	4
	0.0033
	0.3493
	0.0034
	0.4964

	Average
	0.0025
	0.2172
	0.0032
	0.3091

	St. Dev.
	0.0006
	0.1173
	0.0004
	0.1374


Table 2: Values for slopes (deformation per unit load) and intercepts of suture technique regression data. The one tailed p-value from the unpaired t-test for slopes showed no difference (p=0.052 >0.05) between the two tested groups suggesting that pulley stitch is not stronger than the running locked.
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Figure 1:  Diagram of the running locked stitch (left) and of the pulley stitch (right)
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Figure 2: Running Locked (RL) and Pulley (P) stitch surrogates under minimum and maximum load from experiment 2. The two points ~0.5 mm above and below the middle stitch were used to measure displacement.

