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BACKGROUND

Surgical stitches have been used to close wounds for many centuries. Recent technology has brought about the advent of alternatives to sutures, including surgical adhesives. Whereas traditional stitching requires thread to be woven into the skin, adhesives can be used to “bridge” a wound by bonding the two edges of a wound together by means of a topical chemical, such as cyanoacrylate.

Skin adhesives have many potential advantages over traditional sutures. For example, applying an adhesive to a wound is a significantly less time-consuming procedure than sewing, and is less painful than stitches. In addition, the non-invasive adhesive has also provides a measure of antimicrobial protection for the wound. Several commercially available brands also provide a waterproof seal for the wound.5

Cyanoacrylate was first engineered during World War I as a substitute of spider silk. Its tensile strength was later studied on human tissue, as a possible substitute for stitches. Today cyanoacrylate is the major ingredient in most medical skin adhesives, as well as household “super” glue found in most hardware stores.

Experiment #5 showed that there was no significant difference in suture performance between two suturing techniques, the loop and twist-cross stitch.4 However, it was suspected that the uneven spacing and length of stitches were significant sources of error. The purpose of this experiment is to examine and compare the suture performance of a traditional suturing method with commercially available adhesives (cyanoacrylate) when applied to an incision in a surrogate material. In addition, this study seeks to remedy the sources of error observed in Experiment #5 by using thicker surrogate material to allow for incisions with depth, and by regulating the spacing, length and tightness of stitches used.4

In addition, stitches pull only at their point of insertion, creating unequal areas of tension along the wound edges. Unlike the stitches used in Experiment #5, cyanoacrylate is spread uniformly over the incision, and therefore has the ability to bind the two opposing edges of a wound uniformly.  Therefore, the research proposal will be expanding on Experiment #5.4

HYPOTHESIS/OBJECTIVES & AIMS

There are two objectives of this experiment. The first objective is to investigate the deformation properties of cyanoacrylate used as a topical bridge adhesive rather than a contact adhesive. The second objective is to examine the differences of cyanoacrylate compared to traditional stitches in terms of their suture performance. For the purposes of this study, suture performance is defined as the vertical deformation of the “suture region” (the band including and surrounding the incision in which either the glue or the stitches reside). A one-tail t-test assuming unequal variances will be performed to compare the reference line-gap strains of stitched and cyanoacrylate-cured samples. The proposed hypothesis of the study is that cyanoacrylate will increase the suture performance by decreasing the deformation of the “suture region”, due to the uniform contact of the adhesive with the sides of the material.


In addition to the main hypothesis, an additional objective is to investigate whether the strain of both halves of the sample are equal. It is hypothesized that the strain will be symmetric for both halves of the sample. A two-tailed t-test assuming equal variances will be performed comparing the strains of reference line gap 1-2 to gap 5-6. Symmetric strain will be investigated for all 10 samples.

EQUIPMENT 

New Equipment

· Super Glue High Performance (8 ml)

· Krazy Glue is a cyanoacrylate based adhesive.  Cyanoacrylate is found in many medical adhesives.  The all-purpose pen allows for easy application. 

· Binder clips

· Used to attach the load to the sample.  Since the binder clips have two metal loops, the two weights can be applied evenly.  

· Polyethylene foam (1.27 cm x 30.48cm x 45.72cm)

· This Polyethylene foam is a good surrogate because it has enough thickness to allow for a half-depth incision.  Additionally, it has a relatively low elasticity (50% maximum elongation before failure) as well as a relatively high maximum tensile stress (310 kPa).  The textured surface of the foam allows for reference line application and the gray color yields contrast between the reference lines or the thread and the foam surface in image analysis.

· Retractable Rotary-Blade Safety Cutter

· Used to accurately and evenly cut 0.635 cm incisions

· Super-Strong Polyester Core Thread

· The strength of the thread will make for sturdy sutures.  The dark color will contrast the with gray foam.

Major Equipment

· Sharp CCD Camera

· Selected because it provides a precise way to measure deformation of the samples

· BE210CAMERA.VI software

· Used to determine deformation in pixels which can then be converted to centimeters through calibration.

Lab Equipment

· Clamp stand

· Clamp

· Cutting board

· Safety Goggles

· Scalpel

· Used to cut out samples from the foam sheet

· Weight set

· Used to apply 300 g uniaxial force to the sample sutures

Supplies

· Ruler

· Used to calibrate apparatus to camera

· Caliper

· Used to confirm the accuracy and precision of the dimensions of the cut samples from foam sheet.

· Scissors

· Thread

· Needles 

· Marking pen

· Latex gloves

· Necessary to avoid gluing hands with cyanoacrylate.

PROTOCOL SUMMARY

· Cut 10 3.0 cm x 6.0 cm polyethylene foam rectangles using a scalpel.  Orient the 6 cm side vertically.  Draw horizontal reference lines across the front face of the rectangles in the following vertical distances from the top: 1 cm (#1), 2 cm (#2), 2.5 cm (#3), 3 cm (midline), 3.5 cm (#4), 4 cm (#5), and 5 cm (#6).  See Figure 1 in the Appendix. [20 minutes]

· Use the Retractable Rotary-Blade Safety Cutter to cut a horizontal incision across the midline of the rectangles.* [10 minutes]

· For 5 samples, sew 9 looped stitches with the polyester thread across the incision.* [45 minutes]

· For 5 samples, apply cyanoacrylate glue across the incision using the Krazy Glue all-purpose pen.* [15 minutes]

· Open the BE210Camera.VI program.  Calibrate the camera according to the instructions in the Experiment #5 (Imaging Techniques for Displacement Measurements: Suture Performance Under Uniaxial Tension) of the BE 210 Lab manual.  Determine the precision of the pixel-based measurements. [30 minutes] (Note: the position of the camera in relation to the experimental set-up in order to be sure nothing shifts during the procedure.)  

· Set up specimen clamp as described in Experiment #5.4
· Replace the ruler with one sample in the clamp support.  Record the weight of a binder clip and attach it to the bottom edge of the sample.  Record the unloaded image.  Record the vertical pixel locations of the top of the sample, the reference lines, the top of the stitches (or glue depending on the sample), the bottom of the stitches (or glue), and the bottom of the sample.  Load the folding clip with two 150 gram weights* and record the loaded image. Repeat the aforementioned measurements after the load is applied. [100 minutes]

· Convert all pixel values to centimeter values in the data.

· Calculate the post-load deformation of the following reference line gaps: between line #1 and #2, line #3 and #4 (Suture Region), and line #5 and #6.  Calculate the corresponding strains and perform a t-test to determine each reference point for both the loaded and unloaded images. [post-lab]

Approximate In-Lab Time = 3 hours, 40 minutes

* Specific Methods

· When cutting the incision with the Retractable Rotary-Blade Safety Cutter it is vital to not apply excess pressure to the foam which would cause compression, making the depth of the incision deeper.  The blade depth is specifically designed to cut an incision ½ the depth of the rectangle (0.635 cm deep).  

· The stitches must be uniformly separated 0.3 cm apart.  The loops should go no deeper than half the depth of the incision (0.3175 cm).  The stitch length must extend 0.5 cm on both sides of the incision, as marked by reference lines by #3 and #4.  The thread length used cannot exceed 22.0 ± 0.5 cm, so as to prevent discrepancies in total thread length.  The looped stitch is chosen due to its ease of use, in order to allow experimenters to sew as uniformly as possible.

· When applying the glue, several precautions need to be made.  The gap must be firmly held together prior to the application of the glue, since we are solely using the cyanoacrylate as a topical bridging adhesive, not a contact adhesive.  6 total drops will be applied, with 3 drops on each side of the incision.  Apply and spread the glue one pair of drops at a time (on either side of the incision) in order to prevent premature drying.  The glue should be uniformly spread throughout the area confined by reference lines #3 and #4.   This allows a uniform force distribution of the topical bridged adhesive in contrast with the sewed sutures.

· Two 150 gram loads are used in this research proposal to ensure that the force is evenly distributed across the clip, preventing rotation of the binder clip that could cause additional tearing to the polyethylene foam incision.

ANTICIPATED RESULTS

The first part of this experiment will focus on studying the suture properties of loop stitches on the rubber samples and deformation properties of those samples. The procedure will be very similar to the one performed for the loop stitch on Experiment # 5. 4   Each sample is marked as shown in the figure in the Appendix (1). Deformation between lines #1 and #2, lines #3 and #4, and lines #5 and #6 will be measured when samples are loaded, as depicted in the Appendix (2). Strain values are be calculated and are shown in table 1 below. The second part of the experiment will focus on studying the suture performance of cyanoacrylate-cured samples. The strains for stitched samples and cyanoacrylate-cured samples will be tabulated similarly to the following table.

Table 1: Average strain of marker regions for 5 loaded samples.

	Loop Stitch 
	
	Cyanoacrylate
	
	
	

	Strain
	Average Strain(%)
	Strain
	Average Strain(%)
	Change in Strain

(%)
	Variance in units2

	1st – 2nd
	         0.072    
	1st – 2nd
	0.097
	2.5
	6.30*10^-6

	3rd – 4th
	0.049
	3rd – 4th
	0.029
	2.0
	5.30*10^-6

	5th - 6th
	0.072
	5th – 6th
	0.096
	2.4
	3.37*10^-5


It was hypothesized that there will be significantly less strain between lines #3 and #4 (the “suture region”) when using the cyanoacrylate suture. In order to confirm this assessment, a one-tail t-test assuming unequal variances will be performed between the strain data for lines #3 and #4 of the stitches data and of the cyanoacrylate data.

In addition to the main hypothesis that the suture region of cyanoacrylate-cured samples will undergo less deformation, it was also hypothesized that the strain between lines #1 and #2 and between lines #5 and #6 would be significantly greater for the cyanoacrylate suture than for the stitched suture. A one-tail t-test assuming unequal variances will be performed for the strain comparison between lines #1 and #2, and another for the strain between lines #5 and #6.

Finally, it was hypothesized that there was symmetry in strain for samples sutured with stitches as well as sutured with glue. A two-tail t-test assuming equal variances will be performed in order to determine if there is a significant difference between the strain between lines #1 and #2 and lines #5 and #6. All t-tests results will be tabulated, as shown in Table 2. 

Table 2: t-tests comparing suture techniques and properties of material.

	t-test 
	Strain between 1st and 2nd lines
	Strain between 3rd and 4th lines
	Strain between 5th and 6th lines
	Strain between lines 1 and 2 and lines 5 and 6

	p value (one tail)
	1.13*10^-6
	3.36*10^-9
	4.10*10^-4
	Stitch suture
	Glue suture

	P value (two tail)
	/
	/
	/
	0.313
	1.00


Figure 1 represents the expected relationships shown by the strain at each reference line gap for both stitched and cyanoacrylate-cured samples. The strain values between marker lines #1 and #2, and the strain between marker lines #5 and #6 are expected to be higher for the samples sutured with cyanoacrylate. The gap between lines #3 and #4 represents the “suture region”, and includes the incision. It is expected that the strain between lines #3 and #4 is lower for the cyanoacrylate-cured sutured samples than for the stitches sutured samples, mainly because the tighter cyanoacrylate bond will transmit more of the force to the material, causing more deformation in the material (gaps 1-2 and 5-6) and less in the incision (gap 3-4).

Figure 1: Average strain per reference line gap for both cyanoacrylate and suture stitches. 
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POTENTIAL PITFALLS & ALTERNATIVE SOLUTIONS

One potential pitfall is the possibility that all incisions will not be the same depth, due to the difficulty of precisely cutting the incision for each sample. This would cause added stress to the uncut portion of the sample, and may affect the deformation properties of the gap. Deeper incisions may result from the compression required to cut the material with a knife or razor. The polyethylene foam material chosen for the experiment is easy to cut, allowing for cuts without much force. This should minimize the variance of the depth of the incisions.

Another potential pitfall is the compression of the material by the binder clip. In theory, the polyethylene foam could be compressed to such a degree by the clip that the applied load could cause material failure at the clip. However, the 300g load is small enough that material failure should not arise. 


A further pitfall is the incapacity to precisely quantify the amount of glue applied on each sample. The glue is applied with a tube that releases one drop of cyanoacrylate at a time. However, it is impossible to exactly quantify the volume of cyanoacrylated released within each drop. Therefore, there might be slight differences in the amounts of glue for the different samples. However, since only six drops of cyanoacrylate can be applied per sample, it can be assumed that the differences of cyanoacrylate amount can be neglected.  Too much of cyanoacrylate on the suture region may actually weaken the bond and cause failure. However, this is unlikely to happen since only a small load of 300 g is applied to the sample, especially considering that a few square inches of cyanoacrylate can support more than 1 metric ton. In addition, if the quantity of glue remains uniform and consistent for each sample then this issue is irrelevant.


Another similar pitfall is the amount of thread used for the stitches suture. A different amount of thread used might cause discrepancies in the strain values. A greater amount of thread might cause a greater deformation at lines 2 and 3 and thus a greater strain value in the case where the stitches are not tight enough. However, as stated above in the methods section, the thread length for each sample cannot exceed 22.0 ± 0.5 cm, which should minimize the difference of thread length between each sample and thus the possible discrepancies in strain values.


Finally, the fact that the incision is only half way through the material may cause extra stress on the back half of the sample. However, the tensile strength of both the glue and the thread are rated higher than the material. Since the sample will never be loaded without having either glue or stitches applied, this problem should not arise.

BUDGET

In order to properly carry out this experiment, the purchase of some materials that are not currently available in the lab is necessary.  Polyethylene foam with a thickness of 0.27 cm can be purchased from McMaster-Carr at their website, http://www.mcmaster.com, product #9334K34.  For 20 lab groups to perform the experiment using 10 3x6 cm samples each, the total surface area of foam required is 3600 cm2.  Each sheet of foam sold through McMaster-Carr is 2787 cm2, so 2 sheets must be purchased at a price of $6.32 each, or $12.64 total.  This particular foam was selected for its thickness, which is ideal for the ½-depth incision that will be made with the razor.  In addition, the foam is light in color and is textured, which is conducive to marking with a pen.  Furthermore, the material is tear resistant.  Also, the foam has a moderate elasticity, with a 50% maximum elongation before failure.  Under the stress of the 300 g weight, the approximate tensile stress will be just under 8 kPa.  Since this is far less than the material’s maximum tensile stress of 310 kPa, most of the force should be absorbed by the suture rather than the foam, which is desirable in testing suture strength.1  

It will also be necessary to purchase a razor blade in order to accurately cut the ½-depth incisions.  The Retractable Rotary-Blade Safety Cutter, product #4925A11 from McMaster-Carr, cuts 0.635 cm deep incisions, which is half the depth of the 1.27 cm deep foam.  The cost of the razor is $13.08.1  Only one razor will be needed since each group performs the experiments at different times.

Super glue, a cyanoacrylate, can be purchased at any Walgreen’s store under the name Super Glue High Performance, and comes in a pack of 2 for $1.99.3  This particular glue was selected for its quick drying time of 15 seconds.  Also, its consistency, which is not too liquid and not too jelly, and its packaging, a tube with a pointed end, allow it to be applied one drop at a time. The use of cyanoacrylate in particular is justified by the fact that these glues are commonly used for medical applications, which makes the study more relevant to real world applications.  Finally, the 8.03 ml (0.28 oz) volume available in each tube will be sufficient to seal all of the samples for each group.  One tube must be purchased for each of the 20 groups, for a total cost of $19.90. 

A package of 24 Medium Colored Metal Binder Clips, 3.175 cm size with 1.59 cm capacity must be purchased from Staples for $3.98 in order to clamp the samples.2 This clamp model allows attachment to a sample of thickness 1.28 cm.  The two metal hooks on each side of the clamp allow even distribution of the load, with 150 grams loaded on each hook. 

Finally, Super-Strong Polyester Core Thread in black can be purchased at Walgreens for $1.99 per spool.3 The dark color will contrast well against the light colored foam. Also, the strength of the thread will make for sturdy sutures. Two spools of thread can be used for all of the groups.   

The projected total for new equipment costs in this lab is $53.58 plus tax.

APPENDIX

1 http://www.mcmaster.com

2 http://www.staples.com

3 http://www.walgreens.com

4 Experiment #5: Imaging Techniques for Displacement Measurements: Suture Performance Under Uniaxial Tension

 5 Interview with Michael Meegan, MD. Phd. 

6 [image: image2.png]Eavg = 0 /L




1- Model of a suture sample, marked with 6 lines. 
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2- Deformation data for stitch sutured samples and cyanoacrylate suture samples. 

	Loop Stitch

	Deformation (cm)
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5    
	average

	1st -2nd
	0.070
	0.070
	0.070
	0.077
	0.073
	         0.072    

	3rd - 4th
	0.047
	0.049
	0.053
	0.049
	0.049
	0.049

	5th - 6th
	0.070
	0.089
	0.066
	0.081
	0.074
	0.072

	Cyanoacrylate suture

	Deformation (cm)
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	average

	1st -2nd
	0.095
	0.098
	0.094
	0.102
	0.094
	0.097

	3rd -4th
	0.030
	0.027
	0.030
	0.028
	0.029
	0.029

	5th -6th
	0.097
	0.110
	0.090
	0.092
	0.094
	0.096


