Suture Techniques on Chicken Skin:  Image Analysis to Determine Recovery Percentage
4/25/07

BE 210 Project Proposal
Phillip Santoiemma

Background:
In performing a number of BE 210 experiments, it became apparent that certain labs could be combined into one, thorough experiment. In lab 2, a number of suture techniques were tested foam surrogates loaded with weights in order to determine the “best” suture method on loaded surrogate. In lab 3, an Instron machine was used to test the tensile strength of chicken skin by application of an axial load. This proposed experiment combines those two labs. The plan is to sew chicken skin using two different suture techniques (Vertical Mattress and Pulley Stitch:  see Appendix: Figures 1 and 2) and load the chicken skin into the Instron machine for a specified period of time. The experiment is setup to determine, using Image analysis software, the recovery percentage (see Appendix: Figure 4) of the two types of stitched chicken skin. The image will be taken when the skin is attached to a clamp that has been setup in front of a Sharp CCD camera. Through examination of these pictures by image software, the length between markers before loading and after loading will be determined in order to calculate the recovery percentage. In order to accomplish this, black markings will be placed on each specimen and will be used to determine the distance of markers before and after loading, using image analysis. The recovery percentage is defined as how well a specimen “recovers” to its original shape after a period of loading (see Appendix: Figure 4).

 There were three main reasons for creating this experiment. First, in experiment 2, when felt surrogates were loaded with a weight, unequal loading was seen across the surrogate (see Appendix: Figure 5).  Thus, in this experiment, that unequal loading could be avoided by using the Instron machine, since the clamp of the Instron pulls on specimen uniformly. Also, when performing Experiment 3, it was noted that at low loading rates, chicken skin could undergo loading for a significant amount of time without rupture. So, suture techniques could be tested on chicken skin at a low loading rate, without significant tearing in the chicken skin. Finally, it was noted in lab 3, but not quantified with data, that the Pulley Stitch recovered back to the original shape and length between markers much better than the Vertical Mattress stitch (see Appendix: Figure 6).  Thus, the objective of the proposed experiment is to compare recovery percentage in the two stitching methods which will determine which suture technique is better at suturing a wound.
Hypothesis/Objective and Aim:
The main hypothesis in this experiment is that the recovery percentage Pulley Stitch method will be significantly different than the Vertical Mattress technique. The Pulley Stitch Method should have larger recovery percentages than the vertical mattress technique and the aim of the experiment will be to test if that difference is significant or not. Recovery percentage is deemed to be an important property of sutures because stitches in a patient’s skin are used to maintain stability in a wound, hold the wound together, and return the wound to its original structure after strain. Therefore the stitch with the best recovery percentage after loading is the most useful and should be preferred in all medical procedures.  
Another goal of the experiment is to ensure that there is enough data (minimum n=5) so that a comparison between the two suture techniques, based on recovery percentage, can be successfully accomplished. In essence, this experiment is designed to determine which suturing technique (Vertical Mattress or Pulley Stitch) is superior.  However, chicken skin is used instead of a cloth surrogate as in previous labs.  So, not only will suture techniques be compared, but they will be compared in more real-life conditions that represent real suturing of human skin.  
Equipment:
Major Equipment:
· Instron Model 4444:  The Instron is a machine that has a fixed clamp at the bottom of the specimen and at the top clamp, it provides an upward force. The machine produces a digital signal that corresponds to this upward force.  
· Sharp CCD Camera: The Sharp CCD Camera will be attached to PC with an image card that acquires and stores images. The images taken by the digital camera, which has a resolution of 640X480 pixels, will be analyzed in image software to determine recovery percentage.  
Lab Equipment:
1. Ruler:  The ruler will be used for a number of measurements. The ruler will be used to ensure a distance between the camera and the clamps of 10 centimeters, that the skin samples are cut in 1 in. by 1.5 in. samples, and to calculate a conversion from pixels to inches.
2. Calipers:   Calipers will be used to measure the thickness of each piece of skin. Any skin surrogates that are not representative of the thickness of the major portion of samples will not be used in the experiment. Samples that are not of similar thickness will arise out of improper removal of the skin from the chicken legs.  
3. Camera Holder:  The camera that will take pictures of the chicken skin can be set up near a computer so that it can be directly connected to the computer in order to transfer images taken of the chicken skin directly to the image analysis software. The camera holder helps to anchor the camera which is important because the distance between the clamp (where the skin surrogates are held for stabilization in order to take an image) and the camera must be held constant in order to ensure calibration between inches and pixels.
4. Sharpie Black Marker:  The marker will be used to place 4 dot markings on each skin sample 0.25 inches from the vertical bottom. These markings will be used to calculate recovery percentage (see Appendix: Figure 3).  
5. Clamp:  The clamp is designed to hold the chicken skin in place in order to take images of the skin before and after the loading periods.  
6. BE210Camera.vi and BMPReader.vi:  These programs acquire and analyze respectively, the images that are taken in the lab. They are used to determine the distance between markings which in turn are used to calculate recovery percentage. The pixel dimensions in BMPreader can be converted to inches by use of a calibration technique described in the protocol. 
Supplies:
A. Gloves, Sanitary Soap and Alcohol (to clean the Instron):  These items are used to ensure cleanliness in the experiment since raw chicken contains bacteria.

B. Moist Paper Towels:  The towels ensure that the skin samples do not dry out.

C. Dark Black Paper: A dark piece of paper will be attached to the back of the clamp in order to ensure that the image contains enough contrast in the photo in order to be analyzed.
D. Thread and Needle:   These will be used to suture two samples of chicken skin together.  
E. Chicken Legs:  Each group will receive 5 chicken legs for skin harvesting.  
New Equipment:

· Cutting Board, Knife, Scissor, Pins, and Scalpel:   These new devices will be used to ensure relative equality among all chicken skin specimens. The scissor and scalpel will be used from previous BE labs but will be washed and sharpened in order to ensure their efficiency as tools. A knife, cutting board, and pins (for holding down the skin) will be used in order to ensure that once the skin is removed from the legs, it can be easily cut into 1 by 1.5 inch segments.
Proposed Methods & Analysis:  
LAB SETUP:
Before the students begin the lab, they should familiarize themselves with the equipment (Instron, Image Analysis Software, and Sharp CCD Camera), and should practice using the equipment before proceeding with the actual experiment. The Instron should be setup and calibrated, according to the procedure in the Lab Manual, at a constant rate of 5mm/min and at a sampling rate of 20 samples/sec. More importantly, the camera and image software should be setup according to the lab manual procedure.  The camera should be placed 10 centimeters from the clamp setup, which contains a dark piece of paper behind it.  In order to calculate pixels to inches, a ruler should be placed in the exact position where the chicken skin is to be clamped and then an inch on the digital software will correspond to some number of pixels. (The setup should be similar to the procedure in Experiment 2)
SKIN SETUP:
Then, the skin from all five chicken legs should be removed using knife, scissor, and scalpel and placed in moist paper towels. From each chicken leg’s skin, four pieces of skin should be cut using the cutting board, knife and pins in dimensions of 1 inch by 1.5 inches and placed back in the moist paper towels.  The thickness of each skin sample should be measured with the calipers.  If any skin sample has a thickness that is not similar to the other samples, it should be thrown out and then a new skin sample should be cut from the remaining chicken skin.  This setup should take about one hour.  
MARKING:
At 0.25 inches from the shorter end of the specimen, 4 markings should be marked using the Sharpie at equal distances from each other (at 0.2, 0.4, 0.6 and 0.8 inches from the side). These markings should correspond to the position between where the stitches are made, 0.25 inches away (see Appendix: Figure 4). The skin should then be put away into moist paper towels.  
SEWING:
 Using a needle and thread, two skin samples should be randomly chosen and then stitched together using the Vertical Mattress technique. 4 stitches will be made in each specimen 0.5 inches from the shorter end of the skin at the positions corresponding to the markings 0.25 inches away.  
This procedure will be repeated 4 times in order to obtain 5 Vertical Mattress stitched chicken skin. This entire sewing procedure should then be repeated using the Pulley Stitch technique which will yield 5 samples of Pulley Stitched chicken skin.  After stitching, the chicken skin should be returned to the paper towels.  This procedure should take about two hours and is the longest portion of the lab.  
LOADING AND IMAGING:
A stitched skin sample should then be placed on the clamp, according to the procedure in Experiment 2 in the lab manual, in front of the camera and a digital image should be taken. Then, the skin should be loaded onto the Instron, with the shorter ends (the dimensions of the skin should be 1 by 3 inches now) attached to the clamps. The Instron should then be activated for a period of 2 minutes (previously determined as a time at which tearing of skin would not occur) and then stopped. The skin specimen should then be immediately removed from the Instron and then placed on the clamp in front of the camera.  After two minutes, a digital image of the skin sample should be taken.  The two images that were taken of the sample should be saved according to what type of stitch they are and if they are before loading or after loading pictures.  This loading and imaging step should be repeated for the remaining nine skin samples.
DATA COLLECTION:
All the images should then be analyzed in the BMPreader program.  In the “before” image for each specimen, the distance between corresponding markers across stitched together pieces of skin should be calculated and converted to inches using the conversion factor found in the setup. These 4 measurements should then be averaged.  Then, the same procedure should be followed for the “after” image in order to determine distance between markers after loading.  Then, recovery percentage can be calculated by taking the “before” distance minus the “after” distance and dividing that difference by the “before” distance (see Appendix: Figure 4).  This step should be repeated for each specimen in order to determine the 10 recovery percentages; 5 from both the Pulley Stitched chicken skin and Vertical Mattress Stitched skin.  
ANALYSIS:
With the 5 recovery percentages from the Pulley Stitch and the 5 from the Vertical Mattress Stitch, a Two Tailed T-test can be performed for Unequal Variance. Since the Pulley Stitch should have higher recovery percentages than the Vertical Mattress Stitch, if the p value of the t-test is less than 0.05, then the two techniques are significantly different, and the Pulley Stitch has a significantly larger recovery percentage.  In essence, this means that the Pulley Stitch is a better stitch than the Vertical Mattress Stitch.  Since the Pulley Stitch has an extra loop than the other stitch, this should be a fairly obvious observation.  However, this observation has many consequences.  First of all, if the recovery percentage of one stitch technique is significantly larger than another, this means that it should always be preferred over the other stitch in any kind of suturing. Recovery percentage represents how well a suture can “recover” to its original position.  Stitches are designed to temporarily close a wound in order for healing to take place and new skin can grow over the wound.  If a load is being put on stitches in any kind of situation, such as pulling of the skin around stitches, if the stitches do not return the skin to its original position, then the stitches have failed at their primary function, which is to hold the wound together.  
Potential Pitfalls & Alternative Methods/Analysis: 
There are a number of Alternative Methods and procedures in this lab that should be observed in this experiment.  This lab is somewhat similar to the second BE lab but differs in terms of the type of surrogate and more importantly the method of loading.  In the original suture lab, tension was placed on the middle a surrogate using a clip and a system of weights. However, in order to limit the unequal distribution of weight across the stitches (see Appendix: Figure 5), the proposed lab would put the specimen in an Instron, to ensure that the strain is completely distributed across the width of the chicken skin.  
There are a few possible flaws in the structure of this lab.  Since chicken skin is very thin and not necessarily uniform throughout, there may be a problem in loading the sutured skin in the Instron.  Instead of stretching in the middle of the sutures, the skin may tear at random places in response to the loading force of the Instron.  The entire experiment may fail if the skin stretches in the wrong places instead of in the middle with the sutures.  Due to the somewhat unequal composition of skin, there may be “pockets” of weak fiber connections at which point the load may be too great and tear into the skin.  Every effort was made to limit this possible flaw in the lab.  This included putting 4 stitches through the skin, in order to ensure equal distribution of the stretching in the middle.  
Also, the geometry of the skin specimen is made as rectangular as possible, to reduce tearing and eliminate the transverse strain.  In order to eliminate tearing across any part of skin and only have stretching at the sutures, transverse strain had to be limited in this experiment.  Axial strain and transverse strain on chicken skin would affect the loading of the material.  Due to Poisson’s ratio, which is defined as the ratio of the transverse strain to the axial strain, the material would exhibit a change in shape during loading.  Since the skin was pulled only vertically, an hourglass shape is formed in the sutured skin when loaded.  Axial strain is determined from the force that acted in the vertical direction. The transverse strain would create a rupture in the material near the clamp’s line of action due to the horizontal deformation experienced in the material during vertical loading.  In order to minimize the effect of transverse strain in the lab, the dimensions of the skin samples were made as rectangular as possible at final dimensions of 1 inch by 3 inches.  If transverse strain is high, then not only does Poisson’s Ratio increase, but deformation in the skin would also greatly increase1.  This would be detrimental to this experiment since deformation in the skin would completely invalidate the results from the experiment, since deformation in the skin would cause tearing in the skin which would yield no recovery of the skin.  The sutures would then be ineffective since the skin would tear at random places and no recovery of the skin could be possible after complete tearing; comparison of the abilities of Vertical Mattress and Pulley Stitch methods would then not be possible.   
In addition, in order to eliminate this transverse strain, the load that was placed on the chicken skin was kept to be at a small number, only 5mm/min. In BE Experiment 3, this load was determined to tear skin after a period of 4-5 minutes.  So, it is probable that after a load of only two minutes, tearing of the skin is eliminated and the experiment can assuredly test only the recovery of skin based on suturing.  The load of 5 mm/min is also a great loading rate due to the fact that tensile properties of skin drastically change at larger loading rates2.   Thus, at this low loading rate, the random tearing of skin would be limited and the tensile properties of the skin would be maintained so another variable in the lab would not be introduced (changing tensile properties of skin at higher rates).  
Another major flaw in the lab would be the stitching of the chicken skin. Although thread is very thin and would not make much of a tear in the skin, the thickness of chicken skin may prove detrimental to the use of sutures.  Since four punctures will be made in skin that is only millimeters thick and only centimeters long, the holes may affect the elasticity and bending properties of the skin.  Even though they are very tiny, the holes may affect the skin such that those small tears may induce a tear along the line of suture when placed under a load.  Also, the chicken skin may be too thin to withstand a puncture and a loop of thread.  Since the thread will be tied through the chicken skin, the skin may not be durable to maintain the force of the thread that is looped through it. Instead of holding the skin together, the sutures may simply just rip through the skin since it is not very thick.  However, this possibility was limited based on the low loading rate of 5mm/min.  If the loading rate is low, than perhaps less strain is placed on the skin and the sutures so that the force will not be large enough to pull the stitches right through the skin.  
Alternatively, other stitches could be compared using the protocol in this experiment. If all suture techniques are compared in the BE lab, such that each different group tests two different suture techniques, it may be found that there is a “dominant” stitch type that yields the greatest recovery percentage over all of the other stitches.  However, comparing some stitch techniques with each other would probably be difficult because some suture methods are drastically different from others and may serve different purposes than other sutures. Therefore, this experiment is ideal because it tests two different suture techniques that are very similar except that the Pulley Method has one extra loop than the Vertical Mattress method.  

Budget: 
Although most of the equipment from this experiment is already present in the lab, some new equipment and supplies will need to be purchased in order to complete this lab.  The Instron Machine, Image Analysis Software, Gloves, Soap, Rubbing Alcohol, Scalpel, Scissor, Caliper, and the Paper towels will be provided in the BE lab so they will not need to be purchased. The following supplies will need to be purchased (chicken will need to be enough for all groups but rest of material will need to be enough for experimentation by 4 groups working simultaneously):
	Product:
	Price:
	Quantity:
	Description:

	Kyocera Ceramic Paring Knife
	$22.95.
	4
	Made by Chef Depot Inc. Ceramic knife used for shearing and slicing. Features an easy grip handle for preparation of food.

	Sanford Super Sharpie Permanent Marker
	$1.29.
	4
	Made by Office Depot. Fine tip creates crisp, sharp lines bold enough to be easily noticed from a distance. The plastic barrel provides easy gripping.

	Wescott Wood Ruler
	$0.39.
	4
	Made by Office Depot. This ruler features double-sided measuring with centimeters on one side and" measuring in 1/8" increments on the opposite side.

	Sharp CCD Camera (4 cameras)
	$219.00
	1
	Made by Global Source Market. Equipped with DVR memory card that can transfer images to computer.

	50 Pack of Black Construction Paper
	$1.29
	1
	Made by Office Depot. Black color enhances contrast of photos.

	Purdue Chicken Legs (5 chicken legs)
	$4.99
	40
	Made by Purdue Farms (sold by Amazon.com).

	Restaurant Graphite Professional Cutting Board
	$29.95
	4
	Made by Architec (sold by Amazon.com). 12 by 19 inch cutting board that is ideal for cutting meat and is very durable.

	Sewing Kit
	$7.99
	4
	Made By Target. Complete with Needles, 24 rolls of thread, and pins.

	Total Cost:
	$670.61 
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Figure 1: Diagram of the 
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Figure 3: Diagram of surrogates and   

Vertical mattress

the Pulley stitch.

markings drawn on each. The line is 
suture technique.

suture technique.

0.25 in. from the edge and the dots 
are 0.25 in. from the line. 
[image: image4.png]


[image: image5.png]



Figure 4: A digital image taken of a surrogate sutured using the pulley stitch technique from BE experiment 2. The displacement (i.e. length between stitches) was measured using the imaging software by finding the number of pixels between the lower boundary of the top marker and the upper boundary of the bottom marker (white line) along each stitch. The average number of pixels between stitches before and after loading can be used to calculate recovery percentage.  The difference between average displacement before loading and average displacement after loading divided by average displacement before loading yields recovery percentage.  
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Figure 5:  A digital image
taken after loading in BE
Experiment 2.  The surrogate

was stitched using Vertical

Mattress Suture Technique.
It is noted that the surrogate 

has been stretched unequally 

by the weights placed 


Figure 6:  A digital image taken after

on the bottom of the surrogate.
loading in BE Experiment 2.  The
picture on the right was stitched with the Pulley Stitch and the one on the left was stitched with the Vertical Mattress Suture technique.
