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Introduction: Mesh-free computational models of ASTM F543-17 A3 (screw pull-out) were generated 

using a novel simulation software system and its predictions were compared to physical experimental 

test results. 

Methods: Generic HA 3.5, HA 4.0, and HA 4.5 bone screws were fabricated (316L stainless steel, ISO 

Fine tolerance, n=3 each), inserted into pilot holes in the PU foam, and then pulled out while 

recording force vs. displacement data. Blocks of solid rigid polyurethane foam measuring 58 x 65 x 40 

mm were prepared from 20 PCF foam (n=3 for each screw design), and 15 PCF foam (n=3 for HA 4.5 

screw only). Models of the implant and foam blocks were constructed in the novel mesh-free 

computational modeling system at a resolution of 200 μm/particle and simulated pull-out tests were 

performed. 

Results: The maximum peak pull-out loads of the HA 3.5 screws from 20 PCF foam were 692 N 

(average) and 706 N in the physical and simulated tests, respectively. For the HA 4.0 screws the 

maximum pull-out loads were 816 N (average) and 713 N from 20 PCF foam in the physical and 

simulated tests, respectively. For the HA 4.5 screws the maximum peak pull-out loads were 509 N 

(average) and 508 N from 15 PCF foam in the physical and simulated tests, respectively; maximum 

pull-out loads were 798 N (average) and 820 N from 20 PCF foam in the physical and simulated tests, 

respectively. The average CCC (concordance correlation coefficient) between simulation and 

experiment maximum pull-out loads was >0.90, suggesting excellent concordance, however the 

simulations over-predicted loads following the peak. Computational time on a 32-core cloud-

computing instance was less than 12 hours for each simulated test. 

Discussion: The novel mesh-free computational modeling system in the present study can accurately 

predict the maximum pull-out loads of several typical orthopedic screws in two common PU foam 

grades per ASTM F543-17 A3, suggesting that this system can be used to quickly predict the 

likelihood that a candidate design will pass without the need of a physical prototype or testing 

laboratory. 

Significance/Clinical Relevance: This novel particle-based ASTM F543-17 A3 model can be used to 

quickly predict the likelihood that a candidate design will pass, supplementing or replacing the need 

for a physical prototype to fabricated and tested under laboratory conditions. 
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