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BACKGROUND

This experiment combines the fundamental concepts of the properties of the chicken skin lab along with those of the suture image analysis lab to assess the performance of different sutures in chicken skin.  When chicken skin was loaded using the Instron, there was a tendency for it to slip, causing most data to be invalid.  Because the ultimate strengths of catgut (a biodegradable suture) and silk (a nonbiodegradable suture) are less than that of the chicken skin, it can be assumed that when loaded using the Instron, the suture sealing a wound in chicken skin will break before significant deformation in the skin occurs.  The suture will break before the chicken skin slips, thus improving upon the original experimental flaw.  This allows for a realistic comparison of the performance of biodegradable and nonbiodegradable sutures in chicken skin.  In the chicken skin experiment, the optimal Instron sampling occurred with a crosshead speed of 50mm/min and a sampling rate of 20pts/sec.  Figure 2 (see Appendix), a force-displacement graph from the chicken skin lab, shows that the Instron’s maximum sampling rate of 20pts/sec is effective when testing chicken skin that is loaded at a rate of 50mm/min.  Using this information, appropriate force will be loaded on a wound surrogate, composed of chicken skin, which is sutured with interrupted stitches separated by 1/4in.  The interrupted stitch was successfully used in the suture image analysis lab because it was easily implemented and effectively sealed a cut.  Figure 3 (see appendix) shows a piece of cloth sutured with the interrupted stitch when loaded with a 200g mass.  The images acquired by the camera clearly showed locations of deformation.  These deformations were measured using a computer program called BMPReader.  Because the Instron machine moves at a constant rate over time, a video camera is to be used to take a picture corresponding to each data point, thus allowing the location of deformation and changes in the appearance of the wound to be observed.  Since the data acquisition rate for this study will be fixed at 20pts/sec, a video camera that takes 20 fps is needed to correlate each frame with each Instron data point.  WinDVD Creator 2 Platinum will be used to isolate each individual frame, and BMPReader must be used to examine each frame.

HYPOTHESIS/OBJECTIVE AND AIM(S)

It is hypothesized that when chicken skin is placed under tensile load, the non-biodegradable suture, silk, will perform better than the biodegradable suture, catgut.  High performance is determined by which suture will more tightly hold together a cut in the chicken skin while sustaining a greater load. This will be evaluated by measuring the cut width of the frame at the time of ultimate strength of the suture using BMPReader.  Ultimate strength is the point at which the sample sustains a maximum load.  The ultimate force sustained by the suture will also be factored into the effectiveness of the suture material.  Therefore, a trial which yields a small cut width at the time of ultimate strength and sustains the largest maximum load will be considered effective. The load is applied when the Instron crosshead moves at a rate of 50mm/min.  A video camera that takes 20 fps will be used in conjunction with the Instron to correlate the load and deformation experienced by the chicken skin and stitches with the precise location of deformation on the sample.  The video camera can be used to detect slippage and view deformation of the chicken skin.  The objective is to determine whether catgut or silk will perform better.  Because both samples will be deforming at a rate of 50mm/min, it is preferred for deformation to occur as stretch in other areas of the chicken skin, as to not agitate the cut.  

EQUIPMENT


Major Equipment

· Instron Model 4444 benchtop materials testing machine

The Instron is needed to apply a load such that the chicken skin is stretched at a constant rate of 50mm/min.  Instron.VI will be used to construct a force vs. displacement curve, allowing the ultimate strength of the sutures to be determined.  The sample point at which the ultimate strength occurs will be obtained as well.

· BMPReader

The BMPReader will be used to analyze isolated digital video frames so that the cut width at which ultimate strength of the suture occurs can be measured.


Lab Equipment

· Scalpel 

The scalpel will be used to cut the skin off of the chicken legs, cut it to an appropriate size, and simulate a wound in the skin.

· Cutting Board

A cutting board will be used to cut the chicken.

· Scissors

Scissors will aid in removing the skin from the chicken.

· Calipers and Rulers

These will be used to help measure the dimensions of the chicken skin and the size of the wound.


Supplies

· Uncooked Chicken Legs

Chicken legs are needed for their skin, which is to be tested in this experiment.

· Rubber Gloves

Rubber gloves will be worn to protect one’s hands from dangerous bacteria.

Newly Purchased Equipment
· Win DVD Creator 2 Platinum

This will be used to separate each frame of the video recorded for each trial.

· MV320 Digital Video Camera from Microtek

This will be used to record all trials at a rate of 20fps, allowing each frame to correspond with each data point taken by the Instron.VI.

· 3-0 Plain Catgut CP Medical Sutures, FS-2

This biodegradable suture is needed to seal the wound using the interrupted stitch.  A needle is included with each packet of this stitch material.  

· 3-0 Black Silk CP Medical Sutures, FS-2

This non-biodegradable suture will be used to seal the wound using the interrupted stitch.  A needle is included with each packet of this stitch material.  Biodegradable and non-biodegradable sutures are needed to compare the effectiveness of each type of suture when used in chicken skin.

METHODS AND PROTOCOL

1. Cut 10 chicken skin specimens measuring 2.54cm x 5.08cm (1in x2in). 

2. Cut one skin sample in half so that both new halves measure 2.54cm x2.54cm (1in x1in).

3. Suture the two halves together using 3 interrupted stitches of catgut spaced .65cm (1/4in) apart.

4. Place sample in Instron so that the cut is perpendicular to the direction of loading.  Refer to pages 6 and 7 of the chicken skin lab to calibrate the Instron.

5. Load specimen at a rate of 50mm/min with a sampling rate of 20pts/sec while recording the test with a video camera that takes 20fps. Make sure to begin recording and loading simultaneously.  

6. Repeat steps 2-5 for four additional trials using the catgut suture.

7. Repeat steps 2-6 using silk suture rather than catgut.

8. Create force-displacement curves for each Instron loaded specimen and compare with the video to determine which suture type more successfully sealed the cut and sustained a greater ultimate load.  The curves can be generated in Microsoft Excel using the data generated from the Instron.

9. For each trial, determine the ultimate strength of the sutures, which is the greatest force indicated by the force-displacement curve.  Note the sample point corresponding to the ultimate strength.

10. View the frame of the video recorded that corresponds to the sample point of the force at ultimate strength.

11. Use BMPReader to measure the cut width at this frame.  Also, use BMPReader to measure the cut width of each sample before being loaded by the Instron.

12. Compute the average and standard deviation of the change in cut width from the initial time to the time of ultimate strength for all trials in which biodegradable sutures were used.  Do this for the trials in which non-biodegradable sutures are used as well.  

13. Perform an unpaired one tailed t-test comparing the change in cut width for the samples in which non-biodegradable sutures were used with the samples in which biodegradable sutures were used. Use this to determine if the cut width of the wounds sealed by non-biodegradable sutures were smaller.  

14. Calculate the average and standard deviation of the ultimate load of the sutures for cuts sealed with biodegradable stitches separately from trials in which non-biodegradable sutures were used.  Perform an unpaired one tailed t-test comparing the ultimate strength of trials in which biodegradable and non-biodegradable sutures were used to determine if the non-biodegradable sutures can withstand greater ultimate load.

ANTICIPATED RESULTS

The advantage of biodegradable sutures is that a patient does not have to revisit the doctor to have stitches removed.  However, in substituting biodegradable sutures for non-biodegradable sutures, it is possible that performance is being sacrificed for convenience. To determine if this is the case, measurements of ultimate strength of the sutures and deformation at this strength can be determined from the Instron.  Deformation will be distributed throughout the chicken skin as either a change in cut width or as a stretch in the suture hole.  Deformation also can be present in the sample as a stretch in the suture.  Since suture success is defined based on changes in cut width and ultimate strength of the suture, the deformation of the cut width should be measured from the image at the time of ultimate strength.  These measurements can be compared between trials to determine the substitutability of biodegradable and non-biodegradable sutures using unpaired one tailed t-tests.  A theoretical force vs. displacement curve can be seen below in Figure 1.  There are multiple trials displayed on the graph, and it is clear that in each trial there is one peak, and therefore a clear ultimate strength.  

Figure 1
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Using Excel, the data point at which the ultimate strength occurs, as well as the ultimate strength of the sutures can be determined.  The frame corresponding to the point of ultimate strength can be viewed using WinDVD Creator 2 Platinum and measurements of the cut width can be taken using BMPReader for each trial.  See table 1 for a summary of the averages and standard deviations for five trials of stitches sealed using biodegradable and non-biodegradable sutures.  Table 1 also shows the p-values comparing ultimate strength and cut width for both types of sutures.  The p-values of .032 and .0245, which are less than .05, indicate that the biodegradable sutures withstand a greater load and allow for less change in the cut width than non-biodegradable sutures.

Table 1:Comparison of Biodegradable and Nonbiodegradable sutures

	
	Ultimate Strength (avg±stdev)
	Change in Cut Width (avg±stdev)

	Biodegradable Sutures
	11.57±.025N
	7.00±.30mm

	Non-biodegradable Sutures
	14.58±.02N
	5.00±.10mm

	P-values
	.0245
	.032


POTENTIAL PITFALLS AND ALTERNATE METHODS/ANALYSIS


A possible difficulty in this experiment is the situation in which conflicting anticipated results occurs.  If results of greater ultimate strength and smaller cut width occur in different suture types, no conclusion about suture success can be established using the initial definition of success provided.  If this situation occurs, better performance will be defined by smaller cut width alone because in a normal situation skin is not severely loaded to test its capacity.  The function of the suture is to hold together the wound in order for it to heal.  Therefore, the width of the cut will take precedence over ultimate strength in this situation.


It is possible that more deformation occurs in the chicken skin than expected, for example it can be expressed as a stretch out of the suture hole.  This would cause the ultimate strength of suture data to be flawed, as deformation in the chicken skin would have altered the measured ultimate strength.  If deformation is to occur in the chicken skin, it is preferred for deformation to occur in the skin as a result of excessive stretching rather than in the suture hole.  In reality, a suture producing significant tear in the hole is undesirable.  Therefore, in this case, the suture that produces less deformation in the suture hole, accompanied by more stretch in the skin will be deemed more effective.


Due to the inconsistent thickness of the chicken skin, it is possible that different areas more successfully support the suture than others.  A suture in a thick area of the chicken skin will appear to sustain more load and deform less than a suture in thinner areas, thus skewing results.  Stress-strain curves could be formed using the data from the Instron in Excel to detect if this occurred.  Stress and strain both account for differences in the dimensions of the chicken skin.  Stress is force per area and strain is change in length over the original length.  This allows samples of different thickness to be compared.  The size of the sutures will be held constant for all trials.


It is known that biodegradable sutures are absorbed over time.  This experiment tests these sutures before any degradation can occur, which could be a central issue to assess the performance of the suture.  A sutured wound that is allowed to sit for a longer period of time (perhaps a week before testing) could better test if the strength of the biodegradable is still comparable to that of the non-biodegradable suture.  However, precautions would need to be taken to ensure that the chicken skin stays moist during this time.


This experiment attempts to prevent slippage by using sutures with weaker ultimate strengths than the chicken skin.  Despite this attempt, it still is possible that slippage will occur.  Because the chicken skin needs to be kept moist, it is very slippery.  This causes the chicken skin to slide out from the Instron clamps while it is being deformed.  This causes the chicken skin and suture to deform less than is measured by the Instron, resulting in inaccurate results.  To further combat this, the amount of skin beyond and above the clamping site was maximized.  The weight of the chicken skin hanging over the top of the clamp helped to limit the amount of slip occurring.  The video camera can also help determine how much the chicken skin slips, if at all, possibly by marking the top of the chicken and noting if it moves throughout the trial.  


Finally, it may be difficult to successfully implement the stitches, due to lack of suturing experience.  To reduce the effects of this possible inconsistency, the interrupted stitch was chosen because it was the easiest to successfully implement with little experience.  

BUDGET

Sutures from Harrell Medical, Inc.

· 3-0 Plain Catgut CP Medical Sutures


27 inch, 12 Sutures/Box, FS-2 (needle)


Product ID: 822PG


Cost: $29.00 + shipping

· 3-0 Black Silk CP Medical Sutures


18 inch, 12 Sutures/Box, FS-2 (needle)


Product ID: 77725


Cost: $24.00 + shipping

Catgut is a natural biodegradable suture, and silk is a natural non-biodegradable suture.  These sutures are the same size, are both natural, and are still commonly used today, allowing for a practical comparison between suture materials.  Five boxes of Catgut and five boxes of silk are needed to allow each group to use 10cm, or approximately 4in, of suture material for each interrupted stitch.  Five boxes will provide enough extra suture material if needed.

Video Camera Equipment

· MV320 Digital Video Camera from Microtek


20fps with 640 x 480 resolution


Cost: $199.99 + $9.50 (shipping)

· Win DVD Creator 2 Platinum


Cost: $69.95 (download)

This particular camera is needed to visualize the deformation of chicken skin and sutures during testing at 20 fps.  WinDVD Creator is needed to isolate each frame corresponding to each data point from the Instron.

	
	Cost per Item
	Quantity
	Shipping
	Total Cost

(with shipping)

	3-0 Plain Catgut CP Medical Sutures
	$29.00
	5 boxes
	$49.14
	$194.14

	3-0 Black Silk CP Medical Sutures
	$24.00
	5 boxes
	$22.42
	$142.42

	MV320Digital Video Camera from Microtek
	$199.99
	1 Camera
	$9.50
	$209.49

	Win DVD Creator 2 Platinum
	$69.95
	1 Download
	$0.00
	$69.95

	TOTAL COST
	
	
	
	$616.00


APPENDIX

Figure 2
Figure 3
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