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Appendix: Mechanical and Leakage Integrity Testing Protocols for 
Evaluating the Performance of Tissue Containment Systems Used 
During Power Morcellation Procedures 
This Appendix lists protocols for the test methods listed in Table 1 to evaluate 

mechanical strength and leakage potential of the TCS materials. 

Tensile Testing 

The tensile testing protocol is based on the following standards: 

Standard Aspects of Standard Used/Incorporated 

ASTM D412 Section 10.1: Die – Type C Dye 

ASTM D882 All with the Exception of Section 6 

The majority of the test procedure is derived from ASTM D882. However, in place of 

section 6 of ASTM D882 this standard, test samples should be cut using an ASTM D412 

Type C (25 mm × 115 mm) dumbbell shaped die. 

Additional information for the tensile testing can be obtained from Herman et al. 

[2023]. 

Burst Testing 

Information for the burst testing can be obtained from Herman et al. [2023]. 

SolidWorks® files of the test rig can be downloaded here. 

Puncture Testing 

Resistance to puncture for each containment system was obtained by measuring the 

force required to cause a standardized puncture pin to completely penetrate through the 

thickness of the specimen. A 50mm circular coupon is sandwiched between two circular 

specimen holders with an internal test diameter of 25 mm using four screws (Figure 1). 

The specimen holder is then secured to a puncture test fixture (Figure 2) which is 

https://www.nature.com/articles/s41598-023-31847-7#Sec2
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https://www.nature.com/articles/s41598-023-31847-7#Sec2
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designed to be secured on top of a 50 mm compression plate. For the puncture pins, one 

of the two standard durometers pins, Type OO and Type D from ASTM D2240 are used. 

The pin is moved uniformly downwards with a speed of 25 mm/min until it punctured 

through the thickness of the containment system while the force-displacement data was 

recorded. The threshold force at which the pin traversed through the full thickness of 

the TCS (i.e., fully punctured) was called the full-puncture force (Fpuncture). 

Additional Information for the puncture testing can be obtained from Herman et al. 

[2023]. SolidWorks® files of the sample sandwich, puncture rig stand, and bracket can 

be found here. 
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Figure 1: CAD Drawing of the Sandwich Assembly Used in the Puncture Test 
and Partial Puncture/Dye Test Setup 

 

Figure 2: CAD Drawing of the Puncture Rig Setup Base 

Dye Testing 

The protocol for dye testing has been adopted from ASTM F1670. All sections with the 

exception of Section 7: Reagents from ASTM F1670 are applicable here. Annex A of ISO 

16603 may be used in place of Section 7 from ASTM F1670 for artificial blood 

soil. Herman et al. [2020] also provides additional information about dye testing. 
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Bacteriophage Testing 

The protocol for bacteriophage testing has been adopted from the protocol outlined in 

ASTM F1671. All sections are applicable for the Bacteriophage Testing procedure for this 

RST. Herman et al. [2020] also provides additional information about bacteriophage 

testing. 

Partial Puncture / Dye Testing 

Information for the partial puncture testing can be obtained from Herman et al. [2023]. 

SolidWorks® files of the modified dye testing cell, and mounting plate can be 

found here. 

 

  
Figure 3: CAD Drawing of the Modified Dye Testing Cell to be Used in the 

Partial Puncture and Dye Testing. 

https://doi.org/10.1016/j.jmig.2019.05.006
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Figure 4: CAD Drawing of the Mounting Bracket for Modified Dye Testing 

Cell 
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