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TECHNICAL REPORT

Single Stitch Traction and Puncture Tests on Suturable Vessels’ Presets
Stratasys — 3D4Med Joint Project

Tests’ Description

Puncture tests were performed to measure the force required to pierce the target material with a suitable
surgical needle. On the other hand, uniaxial traction tests were performed on samples with a single stitch
applied for resistance to stitch evaluation.

All the mechanical tests were performed through an MTS Insight Testing System® with a 250N load cell, an
acquisition rate of 20Hz and a crosshead speed of 5Smm/s. The development of the various components of the
experimental set-up was based both on the available scientific literature [1-14] and on the ASTM
F1342/F1324M-05 (2013) standard related to the resistance to penetration of materials for protective clothing
[15]. All the components were designed on Autodesk Inventor® CAD software and 3D printed.

For the measure of the puncture force, cylindrical samples - 40 mm diameter and thickness of 1 mm - were
produced and tested through the ad hoc experimental set-up. Rectangular samples (100x20x1 mm) were used
for single stitch tests with a single stitch made approximately at 1,7 mm from the margin; the actual distance
was then measured with a caliper and recorded.

To correctly perform the puncture test with the MTS Insight, it was necessary to use a rectilinear needle; a
Trusilk USP 4/0 with a rectified 19mm cylindrical needle was selected. On the other hand, a Prolene 5/0 was
used for single stitch traction tests.

Further information about the tests’ technical aspects and set-up can be found in the whitepaper “Quantitative
Assessment of 3D Printed Blood Vessels Produced with J750™ Digital Anatomy™ for Suture Simulation”
(2022).

Different Agilus-based materials — namely Agilus 30 Clear, AgilusWhite and AgilusMagenta — were tested in
both medium (MS) and high strength (HS) configurations.

Code Preset | Thickness Coating Infill
AClear-MS | i | tmm | 02mm | M| 9T | 55, Tivsue Matrx
AgClear-HS | By | mm | 02mm | 4 e Whte | O5™ | 350, Tisue Mari
AgWhite - MS | G | tmm | 02mm | “tl S| %5 | 350, Tiase Matrin
AgWhite -HS | gyt | tmm | 02mm | 4GS e Whte | ©5™ | $5o4 Tisue Mt
AgMagenta -MS | it | tmm | 02mm | o SR e | 06 | 350, Tieue Mot
AgMagenta S | guipyy | tmm | O02mm | 4 N0 Wi | 6 | 550, Tesue Matr

Table 1: Tested samples’ composition and features.
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Single Stitch Tests
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Figure 1: Tested samples for single stitch (UP) and puncture (DOWN) tests.

Results

A total of 6 material combination were tested both for puncture and single stitch tests. For each material
combination 6 samples were analyzed, for a total of 72 mechanical tests.

Results from puncture and single-stitch tests are here presented in terms of the following parameters:

e Ultimate Stress [iz] _ _PeakForce[N]
mm n*Tf[mm]*Ts[mm]

The highest displacement acquired during the single-stitch test divided by the surface of the filament in
contact with the material. Given the low thickness of the filament used — 0,13 mm — the surface was
simplified into a rectangular area computed as the thickness of the filament (T;) multiplied by thickness

of the sample (Ty).

. . 1 Displ
e Normalized Max Displacement [ﬁ] — Displacement [mm

Dp[mm]«Tg[mm]

The highest displacement acquired during the single-stitch test divided by the product of the distance of
the stitch from the border (D},) and the thickness of the sample (T).

e  Unit Peak Force [%] = %rmc]e[”]

The highest force acquired during the puncture test divided by the thickness of the sample.

These parameters are computed with the aim of making the result of each test independent from the features
of the specific sample.

Further information about the selected parameters can be found in the whitepaper “Quantitative Assessment of
3D Printed Blood Vessels Produced with J750™ Digital Anatomy™ for Suture Simulation” (2022).
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Single Stitch Traction Tests
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3 AgWhite MS - Single Stitch
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5 Ag Magenta MS - Single Stitch
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MEAN 3,41 26,26 11,54 5,28

AgClear - MS SD 0,44 3,41 1,33 0,53
RSD% 12,97% 12,97% 11,50% 10,11%

MEAN 3,85 29,64 7,50 3,61

AgClear - HS SD 0,31 2,38 0,00 0,73
RSD% 8,04% 8,04% 0,00% 20,14%

MEAN 2,46 18,93 10,50 6,03

AgWhite - MS SD 0,49 3,79 1,32 0,98
RSD% 20,02% 20,02% 12,60% 16,26%

MEAN 3,94 30,35 8,46 4,10

AgWhite - HS SD 0,59 4,52 1,95 0,89
RSD% 14,89% 14,89% 23,08% 21,67%

MEAN 3,25 25,04 12,38 6,30

AgMagenta - MS sD 0,37 2,86 1,05 1,09
RSD% 11,43% 11,43% 8,45% 17,30%

MEAN 4,85 37,27 7,71 3,72

AgMagenta - HS SD 1,52 11,67 1,60 0,69
RSD% 31,30% 31,30% 20,76% 18,52%

SingleStitch Suturable Vessels HS vs MS
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SingleStitch Suturable Vessels HS vs MS
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Puncture Tests
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2 AgClear HS - Puncture
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4 AgWhite HS - Puncture
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6 AgMagenta HS - Puncture
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MEAN 1,13

AgClear - MS SD 0,09
RSD% 8,02%
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Overall Results

MEAN 341 26,26 11,54 5,28 1,13

AgClear - MS SD 0,44 3,41 1,33 0,53 0,09
RSD% 12,97% 12,97% 11,50% 10,11% 8,02%

MEAN 3,85 29,64 7,50 3,61 1,41

AgClear - HS SD 0,31 2,38 0,00 0,73 0,23
RSD% 8,04% 8,04% 0,00% 20,14% 16,59%

MEAN 2,46 18,93 10,50 6,03 0,95

AgWhite - MS SD 0,49 3,79 1,32 0,98 0,15
RSD% 20,02% 20,02% 12,60% 16,26% 15,62%

MEAN 3,94 30,35 8,46 4,10 1,37

AgWhite - HS SD 0,59 4,52 1,95 0,89 0,07
RSD% 14,89% 14,89% 23,08% 21,67% 5,43%

MEAN 3,25 25,04 12,38 6,30 0,94

AgMagenta - MS sD 0,37 2,86 1,05 1,09 0,17
RSD% 11,43% 11,43% 8,45% 17,30% 17,74%

MEAN 4,85 37,27 7,71 3,72 1,55

AgMagenta - HS SD 1,52 11,67 1,60 0,69 0,10
RSD% 31,30% 31,30% 20,76% 18,52% 6,17%
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