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 Medical sutures have improved and developed over the years into specialized designs and materials for different medical applications. The best sutures must be flexible, yet strong and biologically neutral. Today, sutures differ primarily in material, degradation time, and filament type (RCSE, 2005). Surgeons need to know how different sutures will deform and act during use so they can choose the best material for different applications. 
In past research involving suture techniques (Experiment 2- Suture Displacement), it has been observed that overall deformation (ultimate strain) was a result of both suture slippage at the tie-off and deformation of the suture material. At the time, these two types of deformations were not able to be differentiated. However, vertical versus horizontal mattress suture techniques were found to have significantly different uniaxial strains under load (Appendix Table 1). Clearly physical orientation and design will affect strain and ultimately holding capacity of a suture.
In monofilament suture, “knot security is inversely proportional to its lower coefficient of friction, ductility, and pliability relative to braided suture material” (Loutzenheizer, Harryman, Ziegler, & Yung, 1998). While monofilament sutures may be less prone to infection and the harboring of microorganisms, a monofilament may also be significantly weaker and more prone to slippage (RCSE, 2005). This experiment will combine past research (Experiments 2 & 3) and attempt to quantify the differences in holding capacities of monofilament versus braided suture through uniaxial loading. 
HYPOTHESIS, OBJECTIVES, & AIMS

Hypothesis


Monofilament suture material will have a greater tendency to slip under tension than braided multifilament sutures and will therefore exhibit a significantly lower failure stress. 
Experimental Objectives
· To quantify planar displacements and strains, and determine suture technique performance for resisting separation under tensile load. (Experiment 2: Goals)
· To quantify ultimate stress at failure and deformation under uniaxial loading. 
Educational Objectives

· To understand the effects of slippage by comparing a standard (non-knotted) deformation curve to each trial.

· To understand correct tie off procedures for suture completion and the best techniques to ensure consistency and uniformity.
EQUIPMENT

Major Equipment
· Instron 4444- Used to uniformly load a sample while measuring force applied (BE 210 Laboratory Handout, 2007). This device is required to accurately log force/deformation data to a file which can be imported into Microsoft Excel or Matlab software for analysis. Static loading and imaging methods could be used instead of the Instron (as in Experiment 3), but in past experiments did not provide enough accuracy to measure slippage or quantify stress at failure (See Appendix Table 1- strain results were accurate to nearest mm). 
Lab Equipment
· Dial Calipers- Can be used to accurately measure suture diameter, length, and deformation in order to quantify cross-sectional area used in stress.
· Small ruler- Needed to measure suture samples of equal length.

· Scissors- Required to cut suture samples of equal length.
New Equipment/Supplies

· Test Resources- G13-250 Pneumatic Grips- In previous experiments, the general purpose pneumatic grips did not adequately hold samples and this created error as a sample slipped. The G13 is a specific wire grip and ensures that tension reaches its peak in the free section of the specimen, between the grips. This maximizes the probability that the failure will occur in the free length of suture and produce valid test results (Test Resources Inc., 2001).
· Suture material- Nylon (Monofilament) and Polygalactin (Braided) will be used as appropriate representations of typical suture material. Both are used in skin closure and would also have been applicable substitutes for nylon sewing thread in Experiment 3 (RCSE, 2005). Ethicon medical products produces both types of suture material and offers boxes of 12 18” sutures for approximately $28 for nylon and $36 for Polygalactin (2005 Robbins Instruments Suture Price List, 2005). 
PROPOSED METHODS AND ANALYSIS
A. Instron Set-Up and Calibration 20 Minutes
a. Examine and familiarize your group with the Instron 4444, LabView™ software load cell, and pneumatic grip system. Measure the spacing between grips using the ruler or calipers to determine initial displacement.
b. Determine crosshead speed and direction of movement by loading an uncut sample. Optimal loading speed for this lab will be quite slow in order to measure the effects of slippage. Past experiments have suggested that clinical failure will occur at around 3mm of displacement (Loutzenheizer, Harryman, Ziegler, & Yung, 1998). Load rates of 10-20mm/minute should result in failure in 18 to 9 seconds respectively. A sampling rate of 2-8 samples/second should capture sufficient data.

c. After determining testing parameters, be sure to test at least one uncut sample to failure to establish a baseline trial where no slippage occurs. Groups may want to pool resources to conserve sutures for subsequent testing. 
B. Sample preparation 40 Minutes
a. Obtain a box of 12 18” black nylon sutures and one of 12 Vicryl- braided sutures to share between two groups. Examine the pneumatic grips to determine the amount of suture required: 15” minimum (Test Resources Inc., 2001).

b. Determine if sutures vary at all in terms of diameter using calipers. Calculate cross sectional area of each suture for use in stress calculation. 
c. Practice tying suture ends together with the Revo knot (Appendix Figure 1) applying equal pressure to each throw as it is tied. 
d. Tie off the Revo knot leaving as little material as possible on free strands. Cut the loop into two equal strands of approximately 8”.  

e. Place the end of one strand into the pneumatic grips. Make sure the knot is centered between spools and place through second grips. Tighten any slack and turn on pneumatic pump. 

C. Suture Tensile Testing 1-2 Hours
a. Make sure to wear safety goggles and stand clear of Instron as samples will be under a great deal of pressure. 

b. Be sure to consult BE 210 lab manual for complete Instron operation and data logging techniques.

c. Record 6 trials for braided and 6 for unbraided sutures using LabView software.

D. Analysis 2-3 Hours
a. Create force displacement curves for each of 12 trials and for uncut baseline trials using Matlab software. 
b. Using the initial geometry data, create stress/strain graphs for all trials with Matlab.

c. Determine the difference between deformation at failure of braided baseline versus braided trials to understand the average and standard deviation of slippage at failure. 

d. Determine the difference between deformation at failure of monofilament baseline versus tied monofilament trials to understand the average and standard deviation of slippage at failure. 

e. Be sure to document ultimate stress and failure stress for each trial.

f. Perform one tailed, unpaired t-tests on results from c-d and for ultimate stress on monofilament versus braided trials using Microsoft Excel. 

POTENTIAL PITFALLS & ALTERNATIVE METHODS OF ANALYSIS
     
There are a number of aspects of this proposal which could become sources of error. They must be carefully assessed and executed on in order for the experiment to be a success. 
Consistent knot tying will be critical. Past experiments have shown that human error can skew results when a person is inconsistent or two people complete a task differently (Experiment 2- Image Analysis). Accordingly, “the tightness at which throws are tied is one of the most significant variables in holding capacity” (Loutzenheizer, Harryman, Ziegler, & Yung, 1998). In order to ameliorate this source of error, one student should be designated to tie all 12 knots consistently using even pressure after each throw and a consistent technique. All students should practice the Revo knot technique and then decide who is most consistent and will tie the test knots.

Suture is designed to be much stronger than other materials that have been tested on the Instron in past labs. The pneumatic clamps are rated to loads of 250 N and slippage will occur after this point skewing results. Small diameter suture of 0.1mm has been chosen to make sure failure will occur before slippage becomes a problem. Furthermore, the Revo knot technique is quite typical in medical applications but not the strongest of those available (Ivy, Unger, Hurt, & Mukherjee, 2004).

In order to determine slippage, the method of comparing a suture without knot to one with a knot was chosen. The slippage will no doubt be very small, on the order of a few millimeters and thus difficult to quantify. If proper techniques are followed and the samples are loaded carefully and consistently, data should be significant. However, if there is no discernable difference between baseline and tied samples, other properties can be analyzed.


Despite slippage, braided sutures have been shown to have a greater ultimate stress at failure and this will be measured even if slippage is insignificant (Loutzenheizer, Harryman, Ziegler, & Yung, 1998). However, there remains the possibility that there will not be a clear failure point. If due to material properties and testing techniques, a clear failure point cannot be discerned, either maximum stress or the modulus of elasticity could be compared between sample groups. These errors can be minimized by carefully choosing a sampling rate and crosshead speed. The use of wire-specific clamps should ensure that samples break uniformly. Ensuring that samples are equally taught in the clamps before loading will also mitigate the effects that different initial tensions can have on the stress/strain curves.
BUDGET
5-0 (0.1mm) Diameter Sutures
$24.95 
Black Mono Nylon 3/8 Cir Rev – 19mm (12 Sutures) 
$35.95

Coated Vicryl Tape – Undyed, Braided 3/8 Cir Rev – 19mm (12 Sutures)

$60.90/ 2 Groups X 20 Groups (2005 Robbins Instruments Suture Price List, 2005)
$609





 
$1,300

Test Resources- Pneumatic Wire Grips Model G13-250 (Test Resources Inc., 2001)
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$1909

Total Expenses
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APPENDIX

Figure 1. Revo knot- Two pairs of non-identical half-hitches with alternating posts (Loutzenheizer, Harryman, Ziegler, & Yung, 1998)
	Trial
	Vertical Mattress Suture Strain (cm)
	Horizontal Mattress Suture Strain (cm)

	1
	0.291
	0.334

	2
	0.208
	0.436

	3
	0.181
	0.508

	4
	0.142
	0.561

	Average
	0.205
	0.460

	Std. Dev.
	0.063
	0.098

	Variance
	0.251
	0.313


Table 1. Strain values of sampled sutured with vertical and horizontal mattress stitches.
Page | 6 


