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Background

All biological tissue has properties that describe how a sample of that tissue responds to an applied load.  Material properties are those inherent properties that are not affected by size, shape orientation, or load type.  Determining the material properties of biological tissue provides useful data on the tissue’s behavior and failure characteristics.  These data are important in designing medical treatments--knowing a tissue’s material properties allows engineers to design treatments that closely conform to the tissue’s biological requirements (as well as provide the standards by which to test these new methods).  

To this end, the Instron Tensile Testing experiment examined the material and structural properties of chicken skin, determining the average Young’s modulus (for five samples at a strain rate of 30 mm/min) to be 0.174±0.051 MPa (see Appendix, Table 1).  The experiment, however, does not elaborate on the differences that exist between different classes of organisms.  Such a study can begin to quantify the variations in material properties between classes, as well as serve as groundwork for ultimately yielding data that can be generalized for human application.  Therefore, this experiment hopes to expand on the conclusions of the Instron Tensile Testing experiment by widening its scope to include mammalian skin (in this case, mouse skin), in addition to avian skin.  


The Mammalia and Aves classes, in addition to being arguably the most well studied organisms in the Vertebrae subphylum, have notable similarities (such as their manner of thermoregulation referred to as “warm-bloodedness”) coupled with key differences (for example, the common ability of flight in the Aves) that make them ideal subjects for comparison.  Of importance to this experiment is that the differences between both types of skin are well documented: mammalian skin is generally thicker than avian skin and offers more protection to the organism (Harcourt-Brown).  This experiment is designed to observe how these well-studied differences between the skins of each class translate to differences in the measured material properties of their tissue.
Hypothesis/Objective and Aim(s) 

The objective of this experiment is to determine the material properties of both mouse and chicken skin and compare the data for each.  Furthermore, the results of this experiment may begin to quantify the differences observed between the Mammalia and Aves classes.

Central Hypothesis: The Young’s modulus of mouse skin will be significantly greater than that of chicken skin, since mammalian skin is generally observed to be more resistant to external forces—and thus offers more protection—than avian skin.  
Equipment
Major Equipment:
· Instron Model 4444 bench top materials testing machine
The Instron machine is central to the entire experiment: it is used to gather force-displacement data—and, by extension, stress-strain relationships—on the skin samples from which their Young’s moduli can be calculated.  Samples are attached by two clamps, by which the machine pulls a sample apart, recording the displacement and force at designated intervals.  The Instron is interfaced with a LabView program that helps organize the data (Winkelstein, Mannickarottu, & Coats, 2007). 
Lab Equipment:
· Scalpel, scissors, cutting board
· Length measurement instruments (calipers and rulers)
· Weight set (500 g, 1 kg)

The scissors, scalpel and cutting board are used to extract and isolate the rectangular samples from the chicken legs and mouse skins.  The calipers will be used to measure the thickness of the skin samples (while the samples are mounted), and the rulers will be used to measure their dimensions.  The weight set is necessary for calibrating the Instron Model 4444 at the beginning of the experiment.
Supplies:

· Chicken skin samples (five legs per group)
· Mouse skin samples (five skins per group)

The skin samples from each animal are the subjects of the experiment.  It is necessary for each group to have several samples of each skin type, so enough skin tissue is provided for approximately 10 samples of each skin type (averaging two samples per leg/skin). Since the purpose of this experiment is to study the variation in material properties across classes, the acquisition of two different types of skin tissue from both mammalian and avian species is key.
Proposed Methods & Analysis
Specimen Harvest and Preparation (30 min)
· Isolating samples from skin tissue
· Use scissors and scalpel to remove as much skin as possible from chicken legs.  Mouse skins are already prepared for cutting.

· Create a sample from paper that is 1” x 1.5”, to serve as a guide to cutting samples.

· Use scissors and scalpel to cut chicken and mouse skin tissue, placing the measured sample paper on top of skin tissue to indicate where to cut.  Isolate about 10 samples for each skin type (you should get approximately two good samples for every leg or mouse skin).
· Keep samples under relatively equal conditions until testing

· Fill two beakers with water and submerge samples in water until they are used.
Instron Set-Up (30 min)
· Calibrate the Instron

· Use weights to calibrate loading cell.  Refer to Lab Manual for steps (Winkelstein et al. 2007).
· Configure and prepare the Instron

· Log in to LabView station and open Instron program.
· Set direction to up, as the upper clamp will be stretching, not compressing the sample.
· Set crosshead speed (30mm/min recommended).
· Turn on the vacuum pump and make sure the clamps are working properly by pressing the switches on each clamp. Be VERY careful around the clamps; they are designed to strongly grasp anything between its grips.  Also, make sure not to leave the vacuum pump on when it is not being used. 

Instron Specimen Tensile Testing (180 min)
· Load chicken skin samples onto Instron
· Secure the sample using the clamps as described in the Lab Manual (Winkelstein et al. 2007).
· Use the Jog button to make the sample taut, but make sure not to stretch it.  This is to minimize lag in your data.

· Use the caliper to measure the thickness of the sample.  Use the ruler to measure the length and width of the sample.

· Designate a file name for your sample.  You must designate a file name before the trial and make sure the “Save?” button is on in LabView.  Note again that the Instron records force vs. displacement.
· Test the sample until failure
· Once sample is set up properly, press START on LabView.  Be very careful around the Instron: the machine is capable of producing immense amounts of force.  Note the red emergency stop button, for use in case of emergency.
· Upon sample failure (a complete tear across the tissue, separating the skin sample), manually stop the Instron using LabView.

· Release vacuum clamps and remove sample.

· Repeat for all chicken skin samples and mouse skin samples
Graphing and Analyzing Data (60 min)
· Graphing the data
· Retrieve LabView data (saved as an Excel file) from one sample and load onto MATLAB
· Plot the force-displacement data.
· Divide force values by the cross-sectional area of the sample to get stress data.
· Divide displacement values by the gage length to get strain data.

· Plot the stress-strain data.

· Repeat for all samples.

· Analyzing the data

· In order to adequately measure the Young’s modulus for every sample, choose a method by which to determine the linearly elastic region of all stress-strain plots.  The slope of this region is defined as the Young’s modulus (see Appendix, Figure 1) and is what is being tested in this experiment.
· Comparing results

· Perform an unpaired one-tail t-test (check whether the variances are equal beforehand) on the Young’s moduli (determined by graph analysis) of each skin type.
Potential Pitfalls & Alternative Methods/Analysis (1 pg):  


Several pitfalls arise from attempting to derive set value from material as variable as biological tissue.  To begin with, loading samples onto the Instron requires patience and care. The skin samples are submerged in water, making them very slippery. Even with vacuum powered clamps, it is not possible to eliminate all slippage.  To ameliorate this, thorough notes must be kept during each trial, recording any signs of slippage. Trials with excess slippage can be identified during data analysis and dealt with as the group sees fit.  It is partly for this reason that ten samples per skin type are provided: to allow some leeway in the sample size students wish to test.

Directionality also always plays a role in testing biological tissue.  The material properties of tissue vary depending on the orientation that the tissue is loaded onto the machine.  Unfortunately, for this experiment we can only control so much for the directionality of the skin samples, as these are properties difficult to discern with the naked eye.  For the avian skin, the collagen fibers that make up its extra-cellular matrix are arranged horizontally, which means that directionality will affect its material properties.  This will lead to greater variation in the avian skin than in the mammalian skin, where collagen fibers are arranged randomly (Harcourt-Brown).

It is also very important to note how environmental factors, such as moisture, age, and health can affect the material properties of biological tissue, since tissue developed to function under a specific set of conditions.  Therefore, tissue samples, once extracted, must be kept at nearly the same conditions throughout the experiment.   Keeping them submerged in water helps maintain the samples at equal moisture and at little exposure to air, helping account for the conditions in the laboratory.  However, the age and health of the organism that the sample was extracted from matters as well.  This is partially controlled by the suppliers of the samples.  The mouse skins come from the same supplier that harvests the skins (from genetically similar mice) at a specific age in the mouse’s life.  The chickens that provide the skin samples are factory grown, so while health may not be accounted for, it is fair to assume the chicken drumsticks come from chickens of a similar age.

Crosshead speed is a factor in how the tissue samples behave that can lead to error.  During the Instron Tensile Testing experiment, a crosshead speed of 30 mm/min yielded the least variation for tissue sample, and is thus why it is recommended for this experiment.  Nevertheless, different speeds may yield more precise results, as tissue samples have been shown to slip more readily at high speeds and fail inadequately (tearing at the clamps) at low speeds.  As such, crosshead speed remains a variable that could prevent an adequate reproduction of this experiment’s results.

With regard to analysis, the two pitfalls arise: the inherent variation between samples and the role of human subjectivity in determining the linearly elastic region.  The experiment attempts to reduce the effect of variation by providing enough samples for each skin type so that variation can be accounted for adequately.  For determining the most appropriate region, several methods exist that can help reduce human subjectivity (see Appendix).
Budget
	Purchase
	Supplier
	Catalog Number
	Cost ($)
	Quantity
	Total ($)

	Grade A Chicken Drumstick
	FreshDirect
	N/A
	$1.29/lb
	25 lbs.
	$32.25

	Mouse Skin/Hide
	Pel-Freeze Biologicals
	55090-1
	$5.00
	100
	$500.00

	Total
	 
	 
	 
	 
	$532.25


Grade A Chicken Drumstick

Supplier: FreshDirect

$1.29/lb (four drumsticks per pound, requiring 25 lbs. for 100 drumsticks).

Standard chicken leg with no artificial ingredients.  Chicken skin to be extracted and used to create samples (Chicken).

Mouse Skin/Hide

Supplier: Pel-Freeze Biologicals

$5.00 each (requiring 100 skins)

Swiss Webster mice, 8-10 weeks old, mixed gender; tissue is collected fresh, frozen on dry ice within minutes of sacrifice and stored at -20C.  No fur. Mouse skins to be used to create samples (Mouse). 

Appendix

	Young’s Modulus (MPa)
	0.136
	0.245
	0.177
	0.138

	Average Young’s Modulus (MPa)
	0.174 ± 0.051

	
	Variance: 2.11 x 103


Table 1: Young’s moduli calculated from the Instron Tensile Testing experiment, where the average Young’s modulus for chicken skin was measured to be 0.174 ± 0.051 MPa.
The Young’s modulus (or elastic modulus, E) is defined as stress (σ) divided by strain (ε) (Winkelstein et al., 2007): 
E = σ/ε
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Figure 1:  From the Lab Manual, two examples of a strain-stress curve.  The left graph is a general example and its Young’s modulus is the linear region left of the “P.”  The right graph is real example from the Confor foam surrogates of the original Instron Tensile Testing experiment, and the linearly elastic region is marked by a double arrow.  The small lag region is also noted with a red arrow.  This region should not be included in calculation of the Young’s Modulus.
In this experiment, the Young’s modulus will be derived by measuring the slope of the linearly elastic region. The linearly elastic region must be defined by the same criterion in each skin sample.  Two possible methods that reduce the uncertainty inherit in human subjectivity are: using a standard range on the x-axis (strain) that adequately fits to all data (for example, only measure the slope from 0.2 to 0.4 mm/mm); and calculating a linear fit to the data and establishing an R2 value below which the region stops being linearly elastic (for example, determining the data is no longer linear below and R2 of 0.98).
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