Instron Uniaxial Tensile Testing: Structural & Material Properties of  Sutures

Group 102 B3

Leia Harbour

Julianne Huegel

Will Okech

Chia-Heng Wu

Background

Two experiments have previously been carried out that involved tensile testing; one focused on chicken skin and one on suture techniques.  Both experiments had setbacks and pitfalls; a combination of the two lab protocols will provide a better testing procedure by eliminating some of these disadvantages.  In this experiment, the two mattress suture techniques (vertical and horizontal) will be tested on the Instron to provide information regarding their material properties.  The original procedure for tensile testing of the sutures was limited: the application of force was not uniform, and stress-strain data could not accurately be collected.  The original experiment utilizing the Instron was also difficult due to the nature of the chicken skin.  The thinness, lipid-rich texture and elasticity made it challenging to cut and stretch.  The combination of these problems can be overcome by combining elements of both experiments: the accurate and effective Instron can be used to deform sturdy, uniform material stitched with sutures of various types.


Previous results from the lab investigating suture technique did not provide any firm evidence that either suture was superior in strength.  When a 600 g force was applied to the sutured material, the vertical sutures showed an average deformation of 0.840 cm ± 0.216 cm S.D. while the horizontal sutures showed an average deformation of 0.828 cm ±0.241 cm S.D.  While this data provides no clear conclusions, it is necessary to note that the sample sizes for this experiment were very small (n=5), and the vertical suture sample set had two samples that did not provide data at all due to the method of measurement that was used (See Tables 1 and 2).  The suture imaging technique was inadequate.  Therefore, one of the modifications made for this experiment will be to require sample sizes of ten successful trials for each test group.  Other modifications will also be made in order to counter other setbacks that were observed in both previous experiments, as discussed in the protocol.

Hypothesis and Objectives


The main goal of this experiment is to collect data concerning the material properties of the two different mattress suture techniques.  Force-displacement curves will be generated by the Instron as it deforms the sutures.  This data will be manipulated into a stress-strain curve from which failure strength and the Young’s modulus for each suture type will be determined.  It is hypothesized that the vertical mattress suture will have both greater failure strength and greater Young’s modulus than the horizontal mattress suture.  Although previous experimentation measured deformation of these sutures, this experimental protocol will allow for the investigation of various material properties of the sutures to better analyze which suture technique is better.  The superior suture technique is defined as the one with a consistently higher failure strength and a greater Young’s modulus, signifying a greater force to deformation ratio.  These properties can give some indication of which technique will perform better under stress applied to the skin or other biological materials.

Other goals encompassed in this experiment include becoming familiar with the Instron technology by practicing loading and deforming a weak material (cheesecloth) to failure.  This allows for a better understanding of the instrument which will in turn facilitate the collection of more accurate data when testing the sutures.  Weak thread will also be available to practice both suture techniques as well as to investigate the effects of the spacing and size of the individual stitches. Preparation for the experimental trials will increase understanding of how the material should be loaded into the clamps, what rate of deformation provides the best data curve, how to go about modifying the clamps to counteract slippage, etc.  Again, the greater understanding of the Instron and its operation will allow for improved experimental technique.

Budget

	Name
	Specification
	Catalog #
	Individual Price

	Straight Round point Needle
	4 in. long  quantity: 12
	8847K61
	$15.56

	Polyester Thread
	Diam: 0.023 in.

Length: 206 yds.

Tensile Strength: 21 lbs.
	87635K61
	$5.16

	CottonDuck Canvas
	Thickness: 0.04 in.

Width: 36 in.
	877K17
	$2.08 / ft * 15 ft = $31.20

	Double-Sided Polyethylene Tape
	Width: 1/32 in.

Length: 72 yds
	4687A953
	$20.13

	Instron Model 4444 benchtop materials testing machine
	Static load cell pulling attachment Serial No. UK740
	N/A
	Provided in the lab

	Bleached Cheesecloth
	Width: 3 ft.

Length: 15 ft.
	 7340T17
	$2.67

	Nylon Thread
	Diam: 0.016 in 

Length: 360 yards

Tensile strength: 10.5 lbs
	87695K31
	$3.24

	GPIB Board
	Lab View Software
	N/A
	Provided in the lab

	Total
	
	
	$77.96


Note: All materials not provided in the lab supplied by McMaster-Carr. A copy of this catalog can be found at http://www.mcmaster.com/.

In this lab, the straight round point needles are used to sew together the two pieces of CottonDuck canvas to form a row of sutures.  CottonDuck canvas was chosen because it is heavyweight, a strong and sturdy material that will provide minimal deformation.  This allows us to assume that, when the sample is inserted into the Instron, the deformation in the sample measured is wholly due to deformation of the suture.  Also, the woven patter of the canvas will aid in even spacing and length of the sutures.  Polyester thread is chosen to abridge the two canvases because it has a low tensile strength.  This means that the threads will fail long before the canvas reaches its limit.  Thus, failure of material is ensured, which in turn allows us to find the failure strength.  Sometimes, the surface between the clamp and the canvas may not provide enough friction and the material will slip out of the clamps.  If necessary, this problem can be solved by using removable double-sided polyethylene tape to help adhere the canvas to the clamp.  Cheesecloth was also chosen to provide opportunities to practice loading and testing materials in the Instron.  This loosely woven material will have a low failure strength.  Also, nylon thread will be available to practice the two suture techniques.  It also has a low tensile strength in order to ensure failure when testing.

Equipment

Major Equipment 

The Instron Model 4444 materials testing machine will provide an automated and accurate deformation in order to test the material properties; we are using this machine over free weights to decrease the error in the experiment.  The LabView software is necessary for recording purposes as well as conversion of signals to better analyze the data collected.

· The Instron Model 4444 table-top mechanical testing machine with static load cell pulling attachment, Serial No. UK740.

· LabView software; the complimentary software that works with the Instron. 

· The GPIB board in the bench computer.

Lab Equipment 
This general Lab equipment is used for measuring purposes, to accurately assess and record any quantitative values necessary for calculations in the experiment.  Other materials are for the prep portion of the lab and provide samples to do test experiments.

· Length measuring instruments: calipers & rulers 

· Weight set (500g, 1kg, 2kg) 

· Various materials to act as skin or wound “flaps” (i.e. paper towels)

· String (suture) & sewing needle 

· Razor blade, scissors and cutting board 

· Marker pens 

Supplies and Newly Purchased Equipment 
The materials purchased to ensure the failure of the suture before the failure of the cloth so that only one element may be tested and analyzed for the experiment.

· Polyethylene Double-sided tape

· CottonDuck canvas cloth

· Cheesecloth

· Polyester thread

· Nylon thread

Proposed Protocol & Methods 
· Cut and measure 20 samples of the canvas material with dimensions of approximately 7.5 cm by 2.4 cm.  Cut each of these in half crosswise.

· Create two groups of 10 “wound” samples and sew 4 stitches into each sample, with one population receiving horizontal mattress stitches and one population receiving vertical mattress stitches.  Each stitch will be of uniform length, spacing and distance from the edges of the sample.  This consistency was maintained using the woven pattern of the material.

· Calibrate the Instron Model 4444 device.  Use test weights to assess accuracy and precision of the device.  Turn the device to the IEEE mode in order to link it to the computer’s Virtual Instrument “Instron VI”

· Test runs of a 2” by 1” cheesecloth suture samples to determine the optimal speed to use for the runs. Samples should not be run higher than 100mm/min.  Possible test speeds may include 30, 80, and 100 mm/min.  

· The LabView IV Software records the data as a Force-Deformation Curve and this curve needs to be converted to a Stress Strain Curve.  We obtain the stress by dividing the force by the cross-sectional area (thickness) of the string.  Find the strain by dividing the deformation by the original length of the entire specimen from clamp to clamp in the device. (Assume that the deformation being measured is solely due to the polyester thread.)
· Load canvas suture samples into the Instron so the cloth has no slack.  Double sided tape may be added to the top and bottom of the samples to ward against slippage in the clamps.

· The IEEE mode allows control of the Instron from the computer.  Testing is initiated, and when failure of the suture or slippage occurs, data collection is ceased.
· A two-tailed t-test will be preferred for the analysis of the sutures in this experiment.  The two-tail test is preferred because we want to determine which suture has a higher or lower failure strength.  If the p value is greater than .05, two-tailed t-test allows us to conclude that there isn’t any difference in failure strength between the two populations.
Expected Results


This experiment will provide an assortment of results.  The most important data collected will be the twenty force-displacement curves that are created by the Instron program, one for each trial run.  Ten of these will show data for the vertical mattress sutured material, and ten for the horizontal mattress sutured material.  These curves will be manipulated into stress-strain curves (see Figure 1).

From each individual curves, two important material properties can be determined.  As diagramed in Figure 1, the initial portion of the graph is roughly linear; as stress is applied to the material, it deforms uniformly.  This linear relationship represents the elastic elongation of the material; during this time, if the applied stress was removed, the material will return to its original dimensions.  The slope of this portion of the graph is known as Young’s Modulus, or the modulus of elasticity.  This constant is related to stiffness, or the material’s resistance to deformation.  In general, a greater modulus reflects a stiffer material.  In this experiment, resistance to deformation is important.  If the modulus is mathematically computed for each of the graphs, two populations (n=10) will be compiled.  These populations can be statistically compared with a two-tailed t-test.  A one-tailed t-test could be used if the aim of the experiment was to prove or disprove the hypothesis.  However, the two-tailed t-test will provide more information about the relationship between the two populations, allowing for a more informed assessment of which suture type is better.  With this test, the expected results will hopefully determine one population to have a greater average Young’s modulus than the other group.  This suture technique can then be established as the stiffer of the two; a technique with more resistance to deformation is considered superior.


A second important material property is the failure strength.  In Figure 1, this property is labeled as the “tensile strength” of the material.  At the peak of the graph, the material can no longer sustain the stress.  At this point, the material fails; in this experiment, failure will occur when the sutures break.  Similar to the analysis of the Young’s Modulus, twenty failure strengths can be computed from the peaks of the collected stress-strain curves, ten for each of the suture techniques.  Again, descriptive statistics will be calculated (mean and standard deviation) and a two-tailed t-test will be run to analyze any statistical differences between the two populations.  The suture technique with the greater failure strength will define which is best.  This will indicate that one suture technique, when applied to the same material and with identical spacing and quantity as the second technique, will be able to withstand a greater force without failing.


Focusing on these two specific material properties will allow for overall determination of the better technique.  It is likely that one of the techniques will have both a greater Young’s modulus and greater failure strength.  However, there are several possibilities when reaching a conclusion.  The desired result would be to see a technique with statistically greater stiffness constant and greater failure strength.  However, one or more of the t-tests may be inconclusive  (p > 0.5).  If one test gives conclusive results, this will be used to determine the superior technique.


Before experimentation with the suture techniques and the canvas fabric, additional experiments can be carried out in order to determine what crosshead deformation speed and data collection rates are most beneficial to the actual data analysis.  Results from these initial experiments may provide results related to optimal sampling frequency and loading rates that could be applied to future research.  This “surrogate” data can also be used to calculate elastic properties of available materials.

Potential Pitfalls

             Within any controlled experiment it is still expected that there will be a few pitfalls that will contribute towards error and uncertainty within the experiment. Most of these pitfalls have some possible hypothetical solutions but these do not guarantee the success of the experiment.

             The first problem that might be encountered is the inability of the clamps to secure the sutured material in a fixed position.  This results in a phenomenon known as slippage.  In order to obtain accurate results it is necessary to keep the sutured material stable within the clamps.  This stability can be achieved by providing a highly adhesive surface at the clamps using double sided polyethylene tape to fix the sutured material in the clamps.

             Another pitfall results from the experimenter’s inability to maintain a constant suturing technique. This is further complicated by the fact that all the group members have varying suturing techniques. This could result in unequally spaced stitches and increase the error and uncertainty within the experiment. The effects of this can be reduced by limiting the number of group members performing the suturing to one or two individuals.  Also, the chosen material has a woven pattern that can be used to help keep suturing technique more uniform.

             When following the very specific suturing techniques of the vertical and horizontal mattress it is necessary to knot every suture. This can result in some sutures being tighter than others, creating uneven sutures and increasing the uncertainty in the experiment. To solve this problem it is once again necessary to allow only one or, at most, two individuals to perform the technique.

             The sutured material may experience failure before failure in the sutures occurs. This can be remedied very easily by selecting appropriate materials. In this experiment it has been proposed that Heavyweight Canvas (Cotton Duck) will be used to ensure minimal deformation in the sutured material. Polyester thread will also be used as it has a low failure, which will correlate to a failure strength low enough to reach. The selection of the needles is also critical as it is required that the needle should have a large enough diameter to penetrate the material but not simultaneously compromise the material strength of the canvas.

Appendix

	Sample #
	Unloaded gap length (mm)
	Loaded gap length (mm)
	Change in gap length (mm)

	1
	0
	1.26
	1.26

	2
	0.359
	1.08
	0.721

	3
	1.26
	1.98
	0.720

	4
	0
	0.721
	0.721

	5
	0
	0.719
	0.719

	Avg. + Std Dev
	0.324 
	1.152
	0.828 ±0.241


Table 1. Change of horizontal mattress gap length after stress.

	Sample #
	Unloaded gap length (mm)
	Loaded gap length (mm)
	Change in gap length (mm)

	1
	0
	0.900
	0.900

	2
	0
	0.541
	0.541

	3 *
	0
	0
	0

	4
	0
	1.08
	1.08

	5 *
	0
	0
	0

	Avg.  + Std Dev
	0
	0.840
	0.840 ±  0.216


Table 2. Change of vertical mattress gap length after stress.  * Vertically sutured samples 3 and 5 in Table 3 failed to show detectable stretching due to an initial overlap in material and are considered unsuccessful trials. Samples 3 and 5 of this trial are therefore excluded from any calculations
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Figure 1.  Sample engineering stress-strain data. This gives an indication of the expected behavior of the sutured material. Engineering stress is used as the initial area and not the actual area of the material is used in its calculation. 











