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Background:


When conducting tensile testing on skin biologic tissue, one does not see straightforward stress-strain curves; there are many peaks and troughs throughout.  In addition, there is a high level of variability sample to sample (see Appendix, Figure 1).  One may notice that in the region from the beginning of the curve till the ultimate stress point either a smooth curve or a curve with several changes of slope and/or micro-peaks.  It continues to slope upwards to the ultimate stress point after which the skin proceeds to undergo further deformation with more micro-peaks and finally reaches a rupture point, indicated by a precipitous drop to zero stress.  These regions of micro-peaks and slope deviations are visually noticed on the sample as areas of localized stretching or tearing.  These micro-peaks and slope deviations in the linear-elastic region and in the region between ultimate stress and rupture constitute microfailures.

What causes microfailure?  A cause of microfailure is microdamage, meaning slight tears or punctures in the skin that are present before a load is applied.  Having microdamage, and thus having microfailures, can contribute to variability in sample sets.  In the “Instron Tensile Testing” experiment, the possibility and existence of microdamage was ignored; the experiment put forth in this proposal expands on that experiment and seeks to compare the effect on chicken skin material properties of two types of microdamage: sandpaper abrasion and puncture.

There is much literature on the effect of microdamage in non-biologic tissue in bone tissue.  However, this experiment seeks to expand into the realm of skin.  The applicability of this experiment is mainly targeted to two areas.  The first of which is for improved analysis procedures in skin tensile testing.  The results of this experiment will provide some basis for determining if a skin sample had microdamage, in an ex post manner.  Using such information, samples can be screened and precision of skin tensile testing experiments can be improved.  In addition, characterization of microdamage can be used for research in wound healing.  Having information on how the mechanical properties of skin change due to different types of microdamage can be used to understand the effectiveness of different suturing techniques and in dealing with damaged skin.
Aims/Hypothesis:


The overall goal of this experiment is to quantitatively characterize skin microdamage.  Two types of microdamage will be induced: sandpaper abrasion and puncturing.  Although the general characterization of stress-strain curves yielded from microdamaged skin is the goal, quantitative analysis will be focused only on the pre ultimate stress region of the curve.  The variables measured will be the magnitude of the drop (peak to trough) of a microfailure in the pre ultimate stress region, the stress at which it occurred, and that stress as a percentage of ultimate stress (see Appendix, Figure 2).  These quantities will be measured for all microfailures in the pre ultimate stress region.  Additionally, the number of microfailures before and after the ultimate stress point will be noted, but will not be statistically analyzed.  The hypothesis is that the aforementioned quantities (microfailure peak drop magnitude, stress at which microfailure occurred, and that stress as a percentage of ultimate stress) will be different between puncture and sandpaper damage.
Equipment:

Major Equipment
· Instron Model 4444 benchtop materials testing machine

· This machine is used to test materials by stretching a material at a constant displacement rate until rupture.

Lab Equipment

· Scalpel, Scissors, and Cutting Board
· Used to extract chicken skin from Chicken Bone
· Measuring instruments: calipers and rulers
· Needed in order to quantify geometry of samples
· Weight Set (500g, 1kg, 2kg)

· Used to calibrate Instron machine.
· Permanent Markers
· Used in various capacities, especially needle marking.
Supplies

· Store bought chicken legs 

· Skins removed from these legs will serve as the samples for testing.

· 140 legs, 10 per group

Newly Purchased Equipment
· Extra-Fine Machine Needles (15)
· Used for the puncture damage trials.
· 1 needle per group (14 groups).

· 600 Grit Sand Paper
· Used for abrasive damage trials.

· Also necessary for loading skin samples into Instron.

· 50 sheets, for all groups to use.

Proposed Methods and Analysis
Sample Preparation (1 hour)
· Create 2 skin samples sized 50x20mm from each leg (10 legs total), for a total of 20 skin samples.

· Separate samples in to 2 groups of 10 such that samples for the same chicken leg are not in the same group.

· One group is for sandpaper abrasion, another for puncturing.

Damage Application (1 hour)
· Sandpaper Abrasion
· Cut a strip of sandpaper 10mm wide and 100mm long.
· Position strip on a sample (grain side touching sample surface and sample oriented vertically).
· So that is lays across the length of the sample and is positioned 5mm to the left of the right edge.
· So that 25mm long flaps lay above and below the length of the sample.
· Place 500g weights on both flaps.
· Pull (slowly) sample from its left side such that it slides out of sandpaper.  This should abrasively rub the 15mm of sample to the left of the right edge. .
· Repeat for a total of three rubs for each sample in the group (be sure to rub the same area each time).
· Puncture Damage
· Take a machine needle and mark 1mm from the tip.
· Darken the tip (with marker) up to the 1mm mark.
· With the sample oriented vertically, use the needle to puncture (slowly) a hole 1mm deep at a position half-way between the top and bottom edge and 5mm to the left of the right edge of the sample.  BE SURE NOT TO PUNCTURE COMPLETELY THROUGH SKIN!
· This requires two people.
· One should puncture, slowly.
· Another should look closely to see when the darkened tip is completely inserted and at that point tell his/her partner to stop pressing the tip in and to remove it.
· Repeat for each sample (one puncture per sample).
Sample Testing (4 hours, 5 samples/hour)
· Calibrate Instron model 4444 using 500g weight.
· Set the displacement rate to 25mm/min.

· Set each sample into clamps.

· Place small strips of sandpaper (slightly bigger than the clamps) between sample and clamps, rough side towards sample.

· Measure geometry (length, width, thickness).

· Stretch each sample till final rupture, recording force-displacement data.
Analysis

(The proposed analysis assumes that the samples will yield one microfailure in the relevant pre ultimate stress region per sample.)

Stress strain curves are to be constructed from the force-displacement, and geometry data, using matlab.  The ultimate stress point should be identified first and then the microfailures peaks before the ultimate stress curve should be identified.   The peak magnitude, peak stress, and peak stress as a percentage of ultimate stress should be calculated.  Once these values are calculated, they serve as a metric for comparison between the two sets.  Each quantity should be compared using a two-tailed paired t-test between the abrasion group and puncture group.
Potential Pitfalls and Alternative Methods/Analysis:


There are a few potential pitfalls in the apparatus and sample testing.  The first possible problem is that the skin specimens are not all of uniform geometry.  This is perfectly fine as stress-strain curves take geometry in consideration.
This also applies to samples with outlier geometries due to human error.  At first look, a sample with a large deviation in its length should be discarded due to the fact that its strain rate will be very different than the other’s strain rate (since displacement rate is being kept constant).  However, the lengths of the samples can be reduced as needed to make the lengths uniform up until 30mm.  If a length reduction to lower than 30mm is required, then the outlier sample should be discarded instead.   

  In the next step, there can be possible errors in damage application, in that a puncture could go through the thickness of the skin or sandpaper abrasion might induce a tear that cuts through thickness of the skin.  Any such mistakes will cause the samples to be discarded as not having a full tear or puncture through the skin is crucial for this experiment. This is because a complete puncture is as if the microfailure has already occurred completely and there will not be any significant microfailing at that point during actual testing.

During actual sample testing, the samples could snap at the clamps, which occurred regularly in previous experiments.  For this reason sandpaper is being used as an intermediate interface between the clamps and the skin sample.  The increased surface area of interfacing and increased friction (both due to sandpaper grains) in addition to smoothing of interface due to a paper like material being between the sample and the clamp reduces any spikes of pressure applied to the skin at that point.  A reduced pressure will most likely lead to less failure at the clamps and more failure in the middle of the sample (as desired).  Additionally, there is a chance that the skin could slip from the clamps as opposed to failing at the clamps.  These samples do not have to be discarded and can a second trial can be attempted if the length of the sample is within five percent of its original length.

The major hurdles in this experiment are in data interpretation and analysis.  The first possibility is that there is more than one microfailure in the pre ultimate stress region.  Firstly, the microfailures will be screened.  Only those microfailures whose peak drop magnitudes are within 15% of the microfailure with the greatest peak drop magnitude will be considered.  After this screening if it so happens that there are the same number of microfailures in all samples across both groups (very unlikely), the statistical comparison outlined earlier can be made on first microfailure between both groups and then to the second microfailure between both groups, and so on and so forth.

It is more likely that there will be varying numbers of microfailures in each sample, even after the 15% screening.  In this case the microfailure with the largest peak drop magnitude will be considered only.  This microfailure can be analyzed with the same statistical comparison outlined above, comparing puncture and abrasion groups.


The situation becomes even more complicated with microfailure peaks do not present themselves.  There is a possibility that instead of microfailure peaks there can be microfailure inflection points lacking local maximums and minimums.  If there are both inflections and peaks all throughout the samples, then the same criteria as before will be applied: localizing the greatest magnitude peak drop and analyzing.  However, if all samples exhibit only inflection points then a similar method to the “all peaks” criteria will apply.  Firstly, instead of measuring peak drop, the width of the inflection region will be measured.  If there is the same number of inflections in all samples (unlikely), then a statistical comparison between the first microfailures of both groups, the second microfailures of both groups, etc. will be conducted.  If the number of inflection points varies, then only the largest inflection regions will be considered and statistically compared between the two groups.

Taking all these contingencies in mind, quantitative comparison of the two groups can be conducted.  It is also important to note that in addition to quantitative comparison, qualitative analysis should be conducted.  Each group should be analyzed to see if there are any recurring patterns due to a certain type of microdamage.  These observations should be noted for future experiments.
Budget:
	Purchases
	Costs ($)
	Supplier
	Specification

	Hemline Klasse Machine Needles (15)
	14.97
	Sew Vac Direct [www.sewvacdirect.com]
	Sharp/Micro

	3M Sand Paper
	39.95
	3M [www.3m.com]
	600 Grit, 

50 x (9”x11”)


Appendix:
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Figure 1 Stress Strain Curve of Chicken Skin Tensile Testing at different displacement rates.  Microfailures are evident before and after the ultimate stress point in both sets.
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Figure 2 Representative Stress Strain Curve to Demonstrate Relevant Data.  US = Ultimate Stress, A = stress at which microfailure occurs, B = magnitude of microfailure peak drop.
