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Background Information

· Biomedical Relevance and Importance:
Pullout is a property that will affect the mechanical behavior of a suture. It is especially relevant for a wound on a joint like the elbow or the knee, where the wound is constantly stretched. The pullout for a suture under a uniaxially applied tension can be investigated by measuring the average gap width between the edges of the wound, since the actual length of the suture would be difficult to measure. 

· Equipment and Experimental Background:
The imaging system is suitable for measuring the gap width, since it does not interfere with the set-up during the course of the experiment.  The pixel coordinates on the program will be used to locate the edges of the cloths (skin surrogates). The system will be calibrated using a ruler, so that the pixels measured between the edges can be read as a length. Since we are measuring a relative change in displacement, the actual positions of the skin surrogates on the images are not important, and thus it is not crucial that they are kept consistent across images.   The BE210Camera VI program runs the CCD camera and acquires the image data. Each image has a 640x480 pixel resolution. Accuracy and precision of the images will be quantified.

Aims/Objectives

The main goal of our study was to determine the most efficient suture technique, a combination of suture pattern and the thickness of the suture material. The suture patterns which we used were running, cross-stitching, and simple-interrupted. We used two thicknesses for the suture thread: single and two-braided. The efficiency of the suture technique in our experiment was defined as the resistance to pullout or widening of the gap between the surrogate skins when applied a uni-axial tension force on one end. This was studied by finding the average change in the width of the suture gap from the original relaxed state. The data was then statistically analyzed within groups of suture patter and thickness of the thread. We also observed pullout pattern that might indicate any differences in suture techniques and be able to explain them.

We started our experiment with two main hypotheses. We conjectured that the simple-interrupted stitching pattern would wield the least amount of relative change in the suture gap width, thus, being the most efficient. We also predicted that the two-braided thread would be more efficient than a single thread. 
Protocol/Specific Methods

*Specific methods are elaborated in Discussion section

· Materials:

· Polyester/cotton suture thread

· Needlepoint cloth

· Needle(s) [all the same]

· Camera Imaging system

· Weight Set (300g-4kg)

· Week One:  Preliminary testing and preparation of materials and apparatus
I. Suture Materials 

· Polyester/cotton thread was selected for its convenience and accessibility 
· Needlepoint cloth was used for accurate stitch spacing. 
· Suture constructs had dimensions of 2.4cm x 3.6cm, determined from clamp size.
II. Suture Patterns

· Selected patterns: running, interrupted, cross-stitch

· Two Diameter groups used:  1.) single thread, 2.) double thread

· For consistency, one group member constructed all 24 trial sutures.          (3 patterns x 4 samples of each x 2 diameter groups)

III. Camera Imaging

· The camera image was calibrated from pixels to millimeters               (14.56 pixels : 1mm)
· To be calibrated at the beginning of each

IV. Weight Set

· Loading rate (300g increments, max=3kg) was determined by uniformly applying load (until rupture) to a preliminary suture construct assumed to withstand the least.

·  Assuming the other suture constructs would not slip or tear below 3kg, this would attempt to ensure viable, consistent data and few ruptures.
V.
Image Analysis

-
Change in gap width (at 3kg) was taken relative to the initial gap width (at 300g for this experiment).  

-
The gap width at 300g was used as the initial gap width because the tension in the suture at this load allowed for the gap width to be visible.

-
For consistency, one group member analyzed images for changes in gap width.

-
Change in gap width was taken using the center of the suture as a guide since the ends tended to pullout first in no specific pattern
-
An image was taken of the unloaded suture after the load reached 3kg to measure recovery, if any.
· Week Two:
Suture Pattern Testing of Diameter 1 and Analysis

I. Sutures from Diameter Group 1 are loaded at 300g increments.

II. Data analysis between suture patterns (ANOVA and Bonferroni test); Plot force-displacement graphs

· Week Three:
Suture Pattern Testing of Diameter 2 and Analysis

I. Same procedure as Week 2 using sutures of Diameter Group 2.

II. Data analysis between suture patterns (ANOVA and Bonferroni test); Plot force-displacement graphs

III. Data analysis between diameter groups (ANOVA and T-test)

Results

Tension (in increments of 2.943 N up to 29.43 N) were uniaxially applied on 24 suture samples, 12 of which were sewn together using a single-threaded string (Group 1), and the other 12, a double-threaded string (Group 2). In each group, 4 samples of each stitching style were sewn (simple-interrupted, running and cross). In Group 2, one of the simple-interrupted samples and one of the running stitch samples gave way before 29.43 N was reached. The difference between the gap widths of each suture sample were calculated and compared when a tension of 2.943 N and of 29.43 N were applied on it. 

Group 1. 

	source of variation
	sum of squares
	d.f
	mean square
	F

	between
	3141
	2
	1570
	28.48

	error
	496.2
	9
	55.14
	 

	total
	3637
	11
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Figure 1. 

Figure 1: This figure shows the relationship between the mean relative gap width changes and the force applied on the suture samples in Group 1. The points at the end of the graphs show the mean relative gap widths of the samples when the samples were unloaded after a force of 29.43 N was applied.    

Table 2.

Table 1: This table gives the ANOVA table for the different stitching styles in Group 1. 

Table 2: The table shows the means and standard deviations for the simple-interrupted (1i), running (1r) and cross (1x) stitching styles across Group 1. 

The mean relative gap widths across the different stitching styles in Group 1 are statistically different (Fcalc = 28.48 > Fcrit = 4.26, p<0.05). Using the Bonferroni test, there is a significant difference between the average gap widths of the simple-interrupted stitch and the other two stitches (tcalc = 5.73 > tcrit = 3.33, p<0.05 for running, and tcalc = 6.94 > tcrit = 3.33, p<0.05 for cross), and the means of the other two stitches are statistically equal (tcalc = 3.12 < tcrit = 3.33, p=0.05). For all 3 stitching styles, the relative gap width when unloaded after 29.43 N was applied lies between the initial gap width and the relative gap width when loaded at 29.43 N. 

Group 2. 

	source of variation
	sum of squares
	d.f
	mean square
	F

	between
	6.46
	2
	3.23
	351.30

	error
	6.66
	7
	0.95
	 

	total
	13.12
	9
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Figure 2. 

Figure 2: This figure shows the relationship between the mean relative gap width changes and the force applied on the suture samples in Group 2. The points at the end of the graphs show the mean relative gap widths of the unloaded samples after a load of 29.43 N was applied.    

Table 4. 

Table 3: This table gives the ANOVA table for the different stitching styles in Group 2. 

Table 4: The table shows the means and standard deviations for the simple-interrupted (2i), running (2r) and cross (2x) stitching styles across Group 2. 

The mean relative gap widths across the different stitching styles in Group 2 are statistically different (Fcalc = 351.30 > Fcrit = 4.74, p<0.05). Using the Bonferroni test, there is a significant difference between the average gap widths of the simple-interrupted stitch and the other two stitches (tcalc = 14.05 > tcrit = 3.59, p<0.05 for running, and tcalc = 25.24 > tcrit = 3.59, p<0.05 for cross), and the means of the other two stitches are statistically equal (tcalc = 2.12 < tcrit = 4.03, p=0.05). For all 3 stitching styles, the relative gap width when unloaded after 29.43 N was applied lies between the initial gap width and the relative gap width when loaded at 29.43 N. 

From tables 2 and 4, t-tests show that there is a statistical difference between the mean relative gap widths of the single-threaded and the double-threaded sutures for the simple-interrupted and running stitching styles (tcalc = 3.90 > tcrit = 2.45, p<0.05 and tcalc = 4.10 > tcrit = 2.57, p<0.05 respectively), but there is no statistical difference between the mean relative gap widths of the single-threaded and the double-threaded sutures for the cross stitching (tcalc = 0.43 < tcrit = 2.57, p=0.05). The camera was precise up to 0.12mm. 

Discussion

In this experiment, the efficiency of a suture was defined by the gradual change in gap width as increasing loads were applied. A smaller change in gap width of the suture was associated with higher efficiency and greater strength. The gap width was calculated by subtracting the two different pixel values of the edges of the needle point cloth, and converting the pixel values to actual length in millimeters. The gap widths obtained for the three suture patterns, namely running, cross-stitch and simple interrupted, of single- and double-thread diameters and were analyzed using t-tests, Bonferroni corrections, and ANOVA. The major findings were a) using ANOVA, both the single-thread and double-thread sutures, showed a significant difference between the three stitching styles (Fcalc1=28.48>Fcrit(.05)=4.26, p<.05,  Fcalc2=351.3>Fcrit(.05)=4.74, p<.05 respectively), b) the simple-interrupted stitch was significantly less efficient than the other two stitches (p<0.05), while the running stitch and the cross stitch were not found to be significantly different (p=.05), and c) the gap widths of the double-thread sutures were significantly smaller than that of the single-thread sutures for the simple-interrupted and running stitches and did not show a significant difference for the cross-stitch (for the simple interrupted stitches, tcalc=3.90>tcrit=2.45, p<.05; running stitches, tcalc=4.10>tcrit=2.57, p<.05; and cross stitch tcalc=0.43<tcrit=2.57, p=.05). As such, it was inferred that the double-thread sutures were significantly stronger than the single-thread sutures for the simple-interrupted and running stitches, but not so for the cross-stitches.


The simple-interrupted stitch was found to be statistically less efficient than the other two stitches, proving one of our initial hypotheses wrong. A possible explanation for this could be that the simple-interrupted stitch had more knots than the other stitches. Of the few sutures that ruptured during the experiment, fracture patterns were similar in that the point of rupture was always at the knot. It could be inferred that the knot was the weakest part of a suture, and that the thread at the knot deformed the most under uni-axial loading. Hence, since the simple-interrupted stitch contained the most knots as compared to the other stitching styles, which had only one knot, it showed a significantly larger gap width.


For the simple-interrupted and running stitches, using a double thread was significantly more efficient than using a single thread. This was in line with our initial hypothesis. We reasoned that a suture with twice the diameter of thread should be expected to be about twice as strong and efficient. However, the cross-stitch showed no significant difference in efficiency between the single-threaded and double-threaded sutures. A possible reason could be that since the cross-stitch appeared to be the strongest and most efficient stitch among the three, a max load of 3 kg was not heavy enough to challenge the efficiency of the suture and to statistically differentiate the single-threaded and the double-threaded sutures. 

For each sample that was being tested, 300g loads were added consecutively to a maximum load of 3kg. For every increment, an image was captured by the CCD camera. After 3 kg was loaded, the weights were then removed, and an additional image was taken. Although the primary aim was simply to load the sutures to 3 kg, and measure the changes in gap width, the objective of removing the final 3kg load and measuring that gap width was to investigate if the suture would recover to its original gap width. None of the sutures exhibited complete recovery, although a small amount of recovery was observed. This showed that polyester/cotton sutures were not very elastic. 
 
Several potential sources of error could have affected the results and findings significantly. However, such errors were taken into consideration, and numerous measures were adopted to minimize them. One person was assigned to sew all the sutures to minimize the inconsistencies between samples of the three stitching patterns. Possible inconsistencies included differences in tension/slack of each individual stitch, differences in tension of each knot, slight variations in the distance between each stitch, etc. Further, needle point cloth was chosen to minimize possible errors caused by slight variations in the distance between each stitch. The polyester-cotton thread was also used in stitching all the sutures to ensure standardization. 
One person was assigned to analyze all the images taken by the CCD camera and record the gap width data. This was because there were considerable disparities between images owing to differences in the pullout patterns of the sutures. Pullout patterns between the three stitches were also considerably irregular. Assigning one person for the task ensures maximum uniformity in the raw data collected.

During the loading process, it was observed that besides the increase in gap width of the sutures, there was also considerable elongation of the holes from where the thread was stitched through the cloth. This resulted in an uneven pullout pattern, which caused image analysis to be difficult. The elongation of the holes could also have contributed significantly to error in gap width values, because the load was effectively stretching the cloth, instead of stretching the suture. In an ideal situation, the load would only stretch the suture and the elongations could possibly translate directly into increases in gap width measurements.  The observed elongation of the holes appeared random, depending on the strength of the cloth at the various points. Some parts (fibers) of the various needle point cloths showed signs of loosening, due to mishandling and stitching, contributing more to elongation. Hence the experimental results may have contained significant error due to this regard.  Though this precaution was not taken, testing the needlepoint cloth previous to the experiment to measure elasticity of the threads could have possibly minimized our error and yielded more accurate results.  
Occasionally, the 640 x 480 pixel resolutions of the camera images could not capture the very small changes in gap width, smaller than 0.12mm. An attempt was made to position the camera as close to the sample as possible, about one inch away from each sample (14.56pixels : 1mm). However, all the measurements still contained unquantifiable error. Parallax error could also have contributed to error, because of the position and curvature of the camera lens. Imagine the camera lens to be a human eye; readings would be most accurate if taken when the lens was directly over the sample. However, if the lens was viewing the gap width from an elevated or depressed angle, parallax error would inevitably occur. Hence, throughout the experiment, a conscious effort was made to position the gap width of the suture at the center of the image, away from the edges, and perpendicular to the lens. Quantifying parallax error would greatly complicate the data analysis. Hence, during calculations, it was assumed that parallax error played an insignificant role. Further, it was observed that the captured images were slightly distorted near the edges. This could be due to the curvature of the lens causing field curvature.  Thus, in the experiment, by positioning the gap width of the suture at the center of the image and away from the edges should have reduced error.

A consideration for future work/experiments would be cyclic loading the sutures. This relates to stitches placed in areas of high movement and repeated tension and flexion, such as the knee, elbow, or mouth.  By loading and unloading the suture material several times using the same load and analyzing the resultant gap width like in this experiment, the most efficient stitch for use at movable joints can be accurately determined.
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Aims/Objective:

To find the most efficient* suture pattern (running, cross -stitch, or simple interrupted) 

in combination with diameter (single thread vs. 2 braided thread s).

To observe/record pullout pattern, if any, of different sutures.

To find the average change in gap width.

*We have defined efficiency to be directly correlated with the l east amount of pullout for 

uniaxiallyapplied tension.

Hypothesis(es):

The simple interrupted stitching style will yield the least amou nt of relative gap width 

change.

Sutures constructed with a diameter of two threads will yield a  smaller relative gap 

width change compared to those constructed with a single thread.
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Protocol & Specific Methods:

Polyester/cotton thread was selected for its convenience and acc essibility and 

needlepoint cloth was used for accurate stitch spacing. Suture c onstructs had 

dimensions of 2.4cm x 3.6cm, determined from clamp size.

For consistency, one group member constructed all 24 trial sutur es. (3 patterns x 4 

samples of each x 2 diameter groups)

After choosing an adequate field view, the camera image was cali brated from pixels to 

millimeters (14.56 pixels : 1mm)

Loading rate (300g increments, max=3kg) was determined by unifor mly applying load 

(until rupture) to a preliminary suture construct assumed to wit hstand the least; 

Assuming the other suture constructs would not slip or tear belo w 3kg, this would 

attempt to ensure viable, consistent data and few ruptures.

When reviewing images, the change in gap width was taken using t he center of the 

suture as a guide since the ends tended to pullout first in no s pecific pattern

All sutures were loaded according to the loading rate and an ima ge was taken of the 

unloaded suture after the load reached 3kg.

Change in gap width (at 3kg) was taken relative to the initial g ap width (300g for this 

experiment).
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Results:

t-calct-crit

1i vs 2i3.90> 2.447

1r vs 2r4.10> 2.571

1x vs 2x0.43< 2.571
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ANOVA results indicated that there is a significant 

difference across stitching styles within their respective 

diameter groups (F

calc1

=28.48>F

crit(.05)

=4.26) and 

(F

calc2

=351.3>F

crit(.05)

=4.74).

The graph and Table 1 show that the simple-interrupted 

stitching style is significantly less efficient than the other 

two styles for Diameter Group 1. The same holds true for 

Diameter Group 2, as shown in Table 2. 

Table 3 shows that an increase in diameter increases 

the efficiency of the simple-interrupted and the running 

stitching styles, but not the cross-stitch style. 

Table 1

Table 2

Table 3

D1t-calct-crit

1i vs 1r5.73> 3.33

1i vs 1x6.94> 3.33

1r vs 1x3.12< 3.33

D2t-calct-crit

2i vs 2r14.05> 3.59

2i vs 2x25.24> 3.59

2r vs 2x2.12< 4.03
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Discussion:

The simple-interrupted stitch had more knots than the other stitches. 

With twice the diameter of suture thread, the double -thread stitches should be 

expected to be about twice as strong and efficient. 

The cross-stitch appeared to be the strongest and most efficient stitch am ong the 

three, a weight of 3 kg was not heavy enough to challenge the ef ficiency of the suture 

and to differentiate the single-threaded and the double-threaded sutures. 

None of the sutures exhibited complete recovery, although a sma ll amount of 

recovery was observed. This showed that polyester/cotton sutures were not very 

elastic. 

Pullout patterns were irregular.  There was considerable elonga tion of the holes from 

where the thread was stitched through the cloth. Also, signs of  loosening of cloth 

fibers due to mishandling and stitching. 

Future experiments: use of cyclic loading


Table 1.





Table 3.
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Suture Efficiency (T9)

Aims/Objective:

To find the most efficient* suture pattern (running, cross-stitch, or simple interrupted) in combination with diameter (single thread vs. 2 braided threads).

To observe/record pullout pattern, if any, of different sutures.

To find the average change in gap width.



		*We have defined efficiency to be directly correlated with the least amount of pullout for uniaxially applied tension.





Hypothesis(es):

The simple interrupted stitching style will yield the least amount of relative gap width change.

Sutures constructed with a diameter of two threads will yield a smaller relative gap width change compared to those constructed with a single thread.
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Suture Efficiency (T9)

		Results:









		ANOVA results indicated that there is a significant difference across stitching styles within their respective diameter groups (Fcalc1=28.48>Fcrit(.05)=4.26) and (Fcalc2=351.3>Fcrit(.05)=4.74).

		The graph and Table 1 show that the simple-interrupted stitching style is significantly less efficient than the other two styles for Diameter Group 1. The same holds true for Diameter Group 2, as shown in Table 2. 

		Table 3 shows that an increase in diameter increases the efficiency of the simple-interrupted and the running stitching styles, but not the cross-stitch style. 



Table 1

Table 2

Table 3



This should be relevant plots and stats for your findings and how they relate to your objectives & proving/disproving your hypothesis.







Sheet1


						mass (kg)						1i1 (pixels)			rel.gap			1i2 (pixels)			rel.gap			ave1i (pixels)						1r1 (pixels)			rel.gap			1r2 (pixels)			rel.gap			ave1r (pixels)						1x1 (pixels)			rel.gap			1x2 (pixels)			rel.gap			ave1x (pixels)						scale


						0.00						1.84						1.85												0.00						0.00												0.00						0.00												14.56 pixels


						0.30						8.30						6.45												1.84						5.53												3.69						1.84												1 mm


						0.60						14.74			6.44			15.66			9.21			7.83						4.61			2.77			10.14			4.61			3.69						4.61			0.92			1.84			0.00			0.46


						0.90						22.11			13.81			19.35			12.90			13.36						7.37			5.53			13.82			8.29			6.91						5.53			1.84			2.76			0.92			1.38


						1.20						26.72			18.42			24.88			18.43			18.43						12.90			11.06			17.51			11.98			11.52						8.29			4.60			3.69			1.85			3.23


						1.50						35.01			26.71			48.84			42.39			34.55						16.59			14.75			23.96			18.43			16.59						9.21			5.52			6.45			4.61			5.06


						1.80						42.39			34.09			48.84			42.39			38.24						19.35			17.51			31.33			25.80			21.66						14.75			11.06			7.37			5.53			8.29						1i2 (pixels)


						2.10						46.08			37.78			51.60			45.15			41.47						22.12			20.28			40.54			35.01			27.65						21.19			17.50			8.29			6.45			11.98						(knot gave out @ 3.3)


						2.40						51.60			43.30			54.36			47.91			45.61						28.00			26.16			44.23			38.70			32.43						21.19			17.50			10.14			8.30			12.90


						2.70						55.29			46.99			69.10			62.65			54.82						35.01			33.17			46.07			40.54			36.86						26.72			23.03			11.98			10.14			16.59						1x2 (pixels)


						3.00						64.50			56.20			70.02			63.57			59.89						35.93			34.09			49.75			44.22			39.16						33.17			29.48			12.90			11.06			20.27						very even stretching


						3.30						75.55			67.25			73.71			67.26			67.26						41.31			39.47			57.12			51.59			45.53						36.86			33.17			16.58			14.74			23.96


						3.60						-						75.56			69.11			69.11						46.07			44.23			66.34			60.81			52.52						36.86			33.17			19.35			17.51			25.34


						3.90						-						79.24			72.79			72.79						47.91			46.07			69.11			63.58			54.83						40.54			36.85			22.12			20.28			28.57


			after 3 kg			0.00						50.68			42.38			58.97			52.52			47.45						24.88			23.04			36.86			31.33			27.19						25.80			22.11			12.90			11.06			16.59


			avg 1			avg 2			weight (N)			1i1 (mm)						1i2 (mm)						ave1i (mm)						1r1 (mm)						1r2 (mm)						ave1r (mm)						1x1 (mm)						1x2 (mm)						ave1x (mm)									1i			1r			1x


			0.00			0.00			0.00			0.13						0.13						0.00						0.00						0.00						0.00						0.00						0.00						0.00						mean			59.89			39.16			20.27


			0.00			0			2.94			0.57						0.44						0.00						0.13						0.38						0.00						0.25						0.13						0.00						std. dev.			4.26			5.85			10.60


			0.27			0.1897893773			5.89			1.01						1.08						0.54						0.32						0.70						0.25						0.32						0.13						0.03


			0.50			0.3794642857			8.83			1.52						1.33						0.92						0.51						0.95						0.47						0.38						0.19						0.09									2i			2r			2x


			0.76			0.7171474359			11.77			1.84						1.71						1.27						0.89						1.20						0.79						0.57						0.25						0.22						mean			50.68			25.79			22.57


			1.29			1.0231227106			14.72			2.40						3.35						2.37						1.14						1.65						1.14						0.63						0.44						0.35						std. dev.			2.04			2.51			0.77


			1.56			1.2553800366			17.66			2.91						3.35						2.63						1.33						2.15						1.49						1.01						0.51						0.57


			1.86			1.6348443223			20.60			3.16						3.54						2.85						1.52						2.78						1.90						1.46						0.57						0.82


			2.08			1.8562271062			23.54			3.54						3.73						3.13						1.92						3.04						2.23						1.46						0.70						0.89						-5.73			-6.94			3.12


			2.48			2.1304945055			26.49			3.80						4.75						3.77						2.40						3.16						2.53						1.84						0.82						1.14						-14.05			-25.24			2.12


			2.73			2.2673992674			29.43			4.43						4.81						4.11						2.47						3.42						2.69						2.28						0.89						1.39


			3.13			2.8689331502			32.37			5.19						5.06						4.62						2.84						3.92						3.13						2.53						1.14						1.65						-3.90			4.10			-0.43


			3.36			2.0570054945			35.32									5.19						4.75						3.16						4.56						3.61						2.53						1.33						1.74


			3.58			2.2623626374			38.26									5.44						5.00						3.29						4.75						3.77						2.78						1.52						1.96


			2.09			1.1697050685


			after 3 kg			0.00						3.48						4.05						3.26						1.71						2.53						1.87						1.77						0.89						1.14


			stats:


			ANOVA			F-calc			F-crit


			1-D			28.48			> 4.26			significantly different


			2-D			351.30			> 4.74			significantly different


			1-D																		2-D


			source of variation			sum of squares			d.f			mean square			F						source of variation			sum of squares			d.f			mean square			F


			between			3141			2			1570			28.48						between			6.46			2			3.23			351.30


			error			496.2			9			55.14									error			6.66			7			0.95


			total			3637			11												total			13.12			9


			1-D			t-calc			t-crit												2-D			t-calc			t-crit


			1i vs 1r			5.73			> 3.33			significantly different									2i vs 2r			14.05			> 3.59			significantly different


			1i vs 1x			6.94			> 3.33			significantly different									2i vs 2x			25.24			> 3.59			significantly different


			1r vs 1x			3.12			< 3.33			not significantly different (barely)									2r vs 2x			2.12			< 4.03			not significantly different


						t-calc			t-crit


			1i vs 2i			3.90			> 2.447			significantly different


			1r vs 2r			4.10			> 2.571			significantly different


			1x vs 2x			0.43			< 2.571			not significantly different
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Sheet1


						mass (kg)						1i1 (pixels)			rel.gap			1i2 (pixels)			rel.gap			ave1i (pixels)						1r1 (pixels)			rel.gap			1r2 (pixels)			rel.gap			ave1r (pixels)						1x1 (pixels)			rel.gap			1x2 (pixels)			rel.gap			ave1x (pixels)						scale


						0.00						1.84						1.85												0.00						0.00												0.00						0.00												14.56 pixels


						0.30						8.30						6.45												1.84						5.53												3.69						1.84												1 mm


						0.60						14.74			6.44			15.66			9.21			7.83						4.61			2.77			10.14			4.61			3.69						4.61			0.92			1.84			0.00			0.46


						0.90						22.11			13.81			19.35			12.90			13.36						7.37			5.53			13.82			8.29			6.91						5.53			1.84			2.76			0.92			1.38


						1.20						26.72			18.42			24.88			18.43			18.43						12.90			11.06			17.51			11.98			11.52						8.29			4.60			3.69			1.85			3.23


						1.50						35.01			26.71			48.84			42.39			34.55						16.59			14.75			23.96			18.43			16.59						9.21			5.52			6.45			4.61			5.06


						1.80						42.39			34.09			48.84			42.39			38.24						19.35			17.51			31.33			25.80			21.66						14.75			11.06			7.37			5.53			8.29						1i2 (pixels)


						2.10						46.08			37.78			51.60			45.15			41.47						22.12			20.28			40.54			35.01			27.65						21.19			17.50			8.29			6.45			11.98						(knot gave out @ 3.3)


						2.40						51.60			43.30			54.36			47.91			45.61						28.00			26.16			44.23			38.70			32.43						21.19			17.50			10.14			8.30			12.90


						2.70						55.29			46.99			69.10			62.65			54.82						35.01			33.17			46.07			40.54			36.86						26.72			23.03			11.98			10.14			16.59						1x2 (pixels)


						3.00						64.50			56.20			70.02			63.57			59.89						35.93			34.09			49.75			44.22			39.16						33.17			29.48			12.90			11.06			20.27						very even stretching


						3.30						75.55			67.25			73.71			67.26			67.26						41.31			39.47			57.12			51.59			45.53						36.86			33.17			16.58			14.74			23.96


						3.60						-						75.56			69.11			69.11						46.07			44.23			66.34			60.81			52.52						36.86			33.17			19.35			17.51			25.34


						3.90						-						79.24			72.79			72.79						47.91			46.07			69.11			63.58			54.83						40.54			36.85			22.12			20.28			28.57


			after 3 kg			0.00						50.68			42.38			58.97			52.52			47.45						24.88			23.04			36.86			31.33			27.19						25.80			22.11			12.90			11.06			16.59


			avg 1			avg 2			weight (N)			1i1 (mm)						1i2 (mm)						ave1i (mm)						1r1 (mm)						1r2 (mm)						ave1r (mm)						1x1 (mm)						1x2 (mm)						ave1x (mm)									1i			1r			1x


			0.00			0.00			0.00			0.13						0.13						0.00						0.00						0.00						0.00						0.00						0.00						0.00						mean			59.89			39.16			20.27


			0.00			0			2.94			0.57						0.44						0.00						0.13						0.38						0.00						0.25						0.13						0.00						std. dev.			4.26			5.85			10.60


			0.27			0.1897893773			5.89			1.01						1.08						0.54						0.32						0.70						0.25						0.32						0.13						0.03


			0.50			0.3794642857			8.83			1.52						1.33						0.92						0.51						0.95						0.47						0.38						0.19						0.09									2i			2r			2x


			0.76			0.7171474359			11.77			1.84						1.71						1.27						0.89						1.20						0.79						0.57						0.25						0.22						mean			50.68			25.79			22.57


			1.29			1.0231227106			14.72			2.40						3.35						2.37						1.14						1.65						1.14						0.63						0.44						0.35						std. dev.			2.04			2.51			0.77


			1.56			1.2553800366			17.66			2.91						3.35						2.63						1.33						2.15						1.49						1.01						0.51						0.57


			1.86			1.6348443223			20.60			3.16						3.54						2.85						1.52						2.78						1.90						1.46						0.57						0.82


			2.08			1.8562271062			23.54			3.54						3.73						3.13						1.92						3.04						2.23						1.46						0.70						0.89						-5.73			-6.94			3.12


			2.48			2.1304945055			26.49			3.80						4.75						3.77						2.40						3.16						2.53						1.84						0.82						1.14						-14.05			-25.24			2.12


			2.73			2.2673992674			29.43			4.43						4.81						4.11						2.47						3.42						2.69						2.28						0.89						1.39


			3.13			2.8689331502			32.37			5.19						5.06						4.62						2.84						3.92						3.13						2.53						1.14						1.65						-3.90			4.10			-0.43


			3.36			2.0570054945			35.32									5.19						4.75						3.16						4.56						3.61						2.53						1.33						1.74


			3.58			2.2623626374			38.26									5.44						5.00						3.29						4.75						3.77						2.78						1.52						1.96


			2.09			1.1697050685


			after 3 kg			0.00						3.48						4.05						3.26						1.71						2.53						1.87						1.77						0.89						1.14


			stats:


			ANOVA			F-calc			F-crit


			1-D			28.48			> 4.26			significantly different


			2-D			351.30			> 4.74			significantly different


			1-D																		2-D


			source of variation			sum of squares			d.f			mean square			F						source of variation			sum of squares			d.f			mean square			F


			between			3141			2			1570			28.48						between			6.46			2			3.23			351.30


			error			496.2			9			55.14									error			6.66			7			0.95


			total			3637			11												total			13.12			9


			1-D			t-calc			t-crit												2-D			t-calc			t-crit


			1i vs 1r			5.73			> 3.33			significantly different									2i vs 2r			14.05			> 3.59			significantly different


			1i vs 1x			6.94			> 3.33			significantly different									2i vs 2x			25.24			> 3.59			significantly different


			1r vs 1x			3.12			< 3.33			not significantly different (barely)									2r vs 2x			2.12			< 4.03			not significantly different


						t-calc			t-crit


			1i vs 2i			3.90			> 2.447			significantly different


			1r vs 2r			4.10			> 2.571			significantly different


			1x vs 2x			0.43			< 2.571			not significantly different
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						mass (kg)						1i1 (pixels)			rel.gap			1i2 (pixels)			rel.gap			ave1i (pixels)						1r1 (pixels)			rel.gap			1r2 (pixels)			rel.gap			ave1r (pixels)						1x1 (pixels)			rel.gap			1x2 (pixels)			rel.gap			ave1x (pixels)						scale


						0.00						1.84						1.85												0.00						0.00												0.00						0.00												14.56 pixels


						0.30						8.30						6.45												1.84						5.53												3.69						1.84												1 mm


						0.60						14.74			6.44			15.66			9.21			7.83						4.61			2.77			10.14			4.61			3.69						4.61			0.92			1.84			0.00			0.46


						0.90						22.11			13.81			19.35			12.90			13.36						7.37			5.53			13.82			8.29			6.91						5.53			1.84			2.76			0.92			1.38
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						1.50						35.01			26.71			48.84			42.39			34.55						16.59			14.75			23.96			18.43			16.59						9.21			5.52			6.45			4.61			5.06


						1.80						42.39			34.09			48.84			42.39			38.24						19.35			17.51			31.33			25.80			21.66						14.75			11.06			7.37			5.53			8.29						1i2 (pixels)


						2.10						46.08			37.78			51.60			45.15			41.47						22.12			20.28			40.54			35.01			27.65						21.19			17.50			8.29			6.45			11.98						(knot gave out @ 3.3)


						2.40						51.60			43.30			54.36			47.91			45.61						28.00			26.16			44.23			38.70			32.43						21.19			17.50			10.14			8.30			12.90


						2.70						55.29			46.99			69.10			62.65			54.82						35.01			33.17			46.07			40.54			36.86						26.72			23.03			11.98			10.14			16.59						1x2 (pixels)


						3.00						64.50			56.20			70.02			63.57			59.89						35.93			34.09			49.75			44.22			39.16						33.17			29.48			12.90			11.06			20.27						very even stretching


						3.30						75.55			67.25			73.71			67.26			67.26						41.31			39.47			57.12			51.59			45.53						36.86			33.17			16.58			14.74			23.96


						3.60						-						75.56			69.11			69.11						46.07			44.23			66.34			60.81			52.52						36.86			33.17			19.35			17.51			25.34


						3.90						-						79.24			72.79			72.79						47.91			46.07			69.11			63.58			54.83						40.54			36.85			22.12			20.28			28.57


			after 3 kg			0.00						50.68			42.38			58.97			52.52			47.45						24.88			23.04			36.86			31.33			27.19						25.80			22.11			12.90			11.06			16.59


			avg 1			avg 2			weight (N)			1i1 (mm)						1i2 (mm)						ave1i (mm)						1r1 (mm)						1r2 (mm)						ave1r (mm)						1x1 (mm)						1x2 (mm)						ave1x (mm)									1i			1r			1x


			0.00			0.00			0.00			0.13						0.13						0.00						0.00						0.00						0.00						0.00						0.00						0.00						mean			59.89			39.16			20.27


			0.00			0			2.94			0.57						0.44						0.00						0.13						0.38						0.00						0.25						0.13						0.00						std. dev.			4.26			5.85			10.60


			0.27			0.1897893773			5.89			1.01						1.08						0.54						0.32						0.70						0.25						0.32						0.13						0.03


			0.50			0.3794642857			8.83			1.52						1.33						0.92						0.51						0.95						0.47						0.38						0.19						0.09									2i			2r			2x


			0.76			0.7171474359			11.77			1.84						1.71						1.27						0.89						1.20						0.79						0.57						0.25						0.22						mean			50.68			25.79			22.57


			1.29			1.0231227106			14.72			2.40						3.35						2.37						1.14						1.65						1.14						0.63						0.44						0.35						std. dev.			2.04			2.51			0.77


			1.56			1.2553800366			17.66			2.91						3.35						2.63						1.33						2.15						1.49						1.01						0.51						0.57


			1.86			1.6348443223			20.60			3.16						3.54						2.85						1.52						2.78						1.90						1.46						0.57						0.82


			2.08			1.8562271062			23.54			3.54						3.73						3.13						1.92						3.04						2.23						1.46						0.70						0.89						-5.73			-6.94			3.12


			2.48			2.1304945055			26.49			3.80						4.75						3.77						2.40						3.16						2.53						1.84						0.82						1.14						-14.05			-25.24			2.12


			2.73			2.2673992674			29.43			4.43						4.81						4.11						2.47						3.42						2.69						2.28						0.89						1.39


			3.13			2.8689331502			32.37			5.19						5.06						4.62						2.84						3.92						3.13						2.53						1.14						1.65						-3.90			4.10			-0.43


			3.36			2.0570054945			35.32									5.19						4.75						3.16						4.56						3.61						2.53						1.33						1.74


			3.58			2.2623626374			38.26									5.44						5.00						3.29						4.75						3.77						2.78						1.52						1.96


			2.09			1.1697050685


			after 3 kg			0.00						3.48						4.05						3.26						1.71						2.53						1.87						1.77						0.89						1.14


			stats:


			ANOVA			F-calc			F-crit


			1-D			28.48			> 4.26			significantly different


			2-D			351.30			> 4.74			significantly different


			1-D																		2-D


			source of variation			sum of squares			d.f			mean square			F						source of variation			sum of squares			d.f			mean square			F


			between			3141			2			1570			28.48						between			6.46			2			3.23			351.30


			error			496.2			9			55.14									error			6.66			7			0.95


			total			3637			11												total			13.12			9


			D1			t-calc			t-crit												D2			t-calc			t-crit


			1i vs 1r			5.73			> 3.33			significantly different									2i vs 2r			14.05			> 3.59			significantly different


			1i vs 1x			6.94			> 3.33			significantly different									2i vs 2x			25.24			> 3.59			significantly different


			1r vs 1x			3.12			< 3.33			not significantly different (barely)									2r vs 2x			2.12			< 4.03			not significantly different


						t-calc			t-crit


			1i vs 2i			3.90			> 2.447			significantly different


			1r vs 2r			4.10			> 2.571			significantly different


			1x vs 2x			0.43			< 2.571			not significantly different
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Sheet1


						mass (kg)						1i1 (pixels)			rel.gap			1i2 (pixels)			rel.gap			ave1i (pixels)						1r1 (pixels)			rel.gap			1r2 (pixels)			rel.gap			ave1r (pixels)						1x1 (pixels)			rel.gap			1x2 (pixels)			rel.gap			ave1x (pixels)						scale


						0.00						1.84						1.85												0.00						0.00												0.00						0.00												14.56 pixels


						0.30						8.30						6.45												1.84						5.53												3.69						1.84												1 mm


						0.60						14.74			6.44			15.66			9.21			7.83						4.61			2.77			10.14			4.61			3.69						4.61			0.92			1.84			0.00			0.46


						0.90						22.11			13.81			19.35			12.90			13.36						7.37			5.53			13.82			8.29			6.91						5.53			1.84			2.76			0.92			1.38


						1.20						26.72			18.42			24.88			18.43			18.43						12.90			11.06			17.51			11.98			11.52						8.29			4.60			3.69			1.85			3.23


						1.50						35.01			26.71			48.84			42.39			34.55						16.59			14.75			23.96			18.43			16.59						9.21			5.52			6.45			4.61			5.06


						1.80						42.39			34.09			48.84			42.39			38.24						19.35			17.51			31.33			25.80			21.66						14.75			11.06			7.37			5.53			8.29						1i2 (pixels)


						2.10						46.08			37.78			51.60			45.15			41.47						22.12			20.28			40.54			35.01			27.65						21.19			17.50			8.29			6.45			11.98						(knot gave out @ 3.3)


						2.40						51.60			43.30			54.36			47.91			45.61						28.00			26.16			44.23			38.70			32.43						21.19			17.50			10.14			8.30			12.90


						2.70						55.29			46.99			69.10			62.65			54.82						35.01			33.17			46.07			40.54			36.86						26.72			23.03			11.98			10.14			16.59						1x2 (pixels)


						3.00						64.50			56.20			70.02			63.57			59.89						35.93			34.09			49.75			44.22			39.16						33.17			29.48			12.90			11.06			20.27						very even stretching


						3.30						75.55			67.25			73.71			67.26			67.26						41.31			39.47			57.12			51.59			45.53						36.86			33.17			16.58			14.74			23.96


						3.60						-						75.56			69.11			69.11						46.07			44.23			66.34			60.81			52.52						36.86			33.17			19.35			17.51			25.34


						3.90						-						79.24			72.79			72.79						47.91			46.07			69.11			63.58			54.83						40.54			36.85			22.12			20.28			28.57


			after 3 kg			0.00						50.68			42.38			58.97			52.52			47.45						24.88			23.04			36.86			31.33			27.19						25.80			22.11			12.90			11.06			16.59


			avg 1			avg 2			weight (N)			1i1 (mm)						1i2 (mm)						ave1i (mm)						1r1 (mm)						1r2 (mm)						ave1r (mm)						1x1 (mm)						1x2 (mm)						ave1x (mm)									1i			1r			1x


			0.00			0.00			0.00			0.13						0.13						0.00						0.00						0.00						0.00						0.00						0.00						0.00						mean			59.89			39.16			20.27


			0.00			0			2.94			0.57						0.44						0.00						0.13						0.38						0.00						0.25						0.13						0.00						std. dev.			4.26			5.85			10.60


			0.27			0.1897893773			5.89			1.01						1.08						0.54						0.32						0.70						0.25						0.32						0.13						0.03


			0.50			0.3794642857			8.83			1.52						1.33						0.92						0.51						0.95						0.47						0.38						0.19						0.09									2i			2r			2x


			0.76			0.7171474359			11.77			1.84						1.71						1.27						0.89						1.20						0.79						0.57						0.25						0.22						mean			50.68			25.79			22.57


			1.29			1.0231227106			14.72			2.40						3.35						2.37						1.14						1.65						1.14						0.63						0.44						0.35						std. dev.			2.04			2.51			0.77


			1.56			1.2553800366			17.66			2.91						3.35						2.63						1.33						2.15						1.49						1.01						0.51						0.57


			1.86			1.6348443223			20.60			3.16						3.54						2.85						1.52						2.78						1.90						1.46						0.57						0.82


			2.08			1.8562271062			23.54			3.54						3.73						3.13						1.92						3.04						2.23						1.46						0.70						0.89						-5.73			-6.94			3.12


			2.48			2.1304945055			26.49			3.80						4.75						3.77						2.40						3.16						2.53						1.84						0.82						1.14						-14.05			-25.24			2.12


			2.73			2.2673992674			29.43			4.43						4.81						4.11						2.47						3.42						2.69						2.28						0.89						1.39


			3.13			2.8689331502			32.37			5.19						5.06						4.62						2.84						3.92						3.13						2.53						1.14						1.65						-3.90			4.10			-0.43


			3.36			2.0570054945			35.32									5.19						4.75						3.16						4.56						3.61						2.53						1.33						1.74


			3.58			2.2623626374			38.26									5.44						5.00						3.29						4.75						3.77						2.78						1.52						1.96


			2.09			1.1697050685


			after 3 kg			0.00						3.48						4.05						3.26						1.71						2.53						1.87						1.77						0.89						1.14


			stats:


			ANOVA			F-calc			F-crit


			1-D			28.48			> 4.26			significantly different


			2-D			351.30			> 4.74			significantly different


			1-D																		2-D


			source of variation			sum of squares			d.f			mean square			F						source of variation			sum of squares			d.f			mean square			F


			between			3141			2			1570			28.48						between			6.46			2			3.23			351.30


			error			496.2			9			55.14									error			6.66			7			0.95


			total			3637			11												total			13.12			9


			D1			t-calc			t-crit												D2			t-calc			t-crit


			1i vs 1r			5.73			> 3.33			significantly different									2i vs 2r			14.05			> 3.59			significantly different


			1i vs 1x			6.94			> 3.33			significantly different									2i vs 2x			25.24			> 3.59			significantly different


			1r vs 1x			3.12			< 3.33			not significantly different (barely)									2r vs 2x			2.12			< 4.03			not significantly different


						t-calc			t-crit


			1i vs 2i			3.90			> 2.447			significantly different


			1r vs 2r			4.10			> 2.571			significantly different


			1x vs 2x			0.43			< 2.571			not significantly different
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1i vs 2i3.90> 2.447


1r vs 2r4.10> 2.571


1x vs 2x0.43< 2.571


Diameter Group 1


0.00


1.00


2.00


3.00


4.00


5.00


6.00


0.005.8911.7717.6623.5429.4335.32


Weight (N)


Average Change in Gap 


Width (mm)


InterruptedRunningCross-Stitch


D1t-calct-crit


1i vs 1r5.73> 3.33


1i vs 1x6.94> 3.33


1r vs 1x3.12< 3.33


D2t-calct-crit


2i vs 2r14.05> 3.59


2i vs 2x25.24> 3.59


2r vs 2x2.12< 4.03
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Suture Efficiency (T9)

Discussion:



The simple-interrupted stitch had more knots than the other stitches. 



 With twice the diameter of suture thread, the double-thread stitches should be expected to be about twice as strong and efficient. 



 The cross-stitch appeared to be the strongest and most efficient stitch among the three, a weight of 3 kg was not heavy enough to challenge the efficiency of the suture and to differentiate the single-threaded and the double-threaded sutures. 



 None of the sutures exhibited complete recovery, although a small amount of recovery was observed. This showed that polyester/cotton sutures were not very elastic. 



 Pullout patterns were irregular.  There was considerable elongation of the holes from where the thread was stitched through the cloth. Also, signs of loosening of cloth fibers due to mishandling and stitching. 



Future experiments: use of cyclic loading





Interpret your findings.  Please DO NOT use this slide as a listing of “errors” … 

Instead, focus on understanding the meaning of your results in the context of your Aims/Hypotheses.
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Protocol & Specific Methods:

Polyester/cotton thread was selected for its convenience and accessibility and needlepoint cloth was used for accurate stitch spacing. Suture constructs had dimensions of 2.4cm x 3.6cm, determined from clamp size.

For consistency, one group member constructed all 24 trial sutures. (3 patterns x 4 samples of each x 2 diameter groups)

After choosing an adequate field view, the camera image was calibrated from pixels to millimeters (14.56 pixels : 1mm)

Loading rate (300g increments, max=3kg) was determined by uniformly applying load (until rupture) to a preliminary suture construct assumed to withstand the least; Assuming the other suture constructs would not slip or tear below 3kg, this would attempt to ensure viable, consistent data and few ruptures.

When reviewing images, the change in gap width was taken using the center of the suture as a guide since the ends tended to pullout first in no specific pattern

All sutures were loaded according to the loading rate and an image was taken of the unloaded suture after the load reached 3kg.

Change in gap width (at 3kg) was taken relative to the initial gap width (300g for this experiment).



This slide should summarize your methods: what groups were used, how many samples in each group, relevant conditions, etc.

Some groups may need to use this slide to describe specific elements of their protocol here as well.  Don’t be afraid to use pictures if helpful.
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