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Calculation Model for Insertion Torque of Medical Bone Screws
Based on ASTM F543-17

HUA Zikai, YE Huaxin
(School of Mechatronics Engineering and Automation, Shanghai University, Shanghai 200072, China)

Abstract: Objective To study numerical model for calculating the insertion torque of bone screw. Methods The
three stages of screw insertion process for the self-tapping screw were analyzed, so as to make mechanical
modeling and simulation calculation on torque and torque angle at screw forming stage. Meanwhile, the insertion
experiments of screws with specification of ¢ 2. 9x12 from three manufactures on polyurethane test blocks with
different grades were performed according to ASTM F543-17 (YY/T 1506-2016), and the experimental results
were compared with the calculated ones. Results The deviations between the predicted insertion torque by the
model and the measured torque in the experiments were 5 mN-m and 12 mN - m within the acceptable error
range, which were 10% smaller than the average measured torque in the experiments. Conclusions The
developed mechanical calculation model can be used to simulate and predict the insertion torque of medical bone
screws in research and development or clinical use, and its combination with in vitro mechanical experiments
provides an effective way of developing and designing bone screws.
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Fig.1 Curve of torque-torsional angle during screwing
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Fig.2 Schematic of the cutting force and friction
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Fig.3 Diagrams of driving torque experiment (a) Bone screw tester, (b) Bone screw specimens,

(¢) Polyurethane test blocks with different grades, (d) Installation
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Tab.2 Information of polyurethane test blocks
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Tab.3 Parameters of test block with different grades and bone screws
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JELBE/mm 40 40 R TC TC
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Fig.4 Simulation calculation results of blocks with different grades (a) 40" block, (b) 50% block
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Tab.4 Experimental results of different screws

I2ET A 24T B IBET C
Al 0. 06 0.18 Bl 0. 09 0.19 cl 0.09 0.19
A2 0.08 0.16 B2 0.07 0.17 c2 0. 10 0.22
A3 0.08 0.18 B3 0. 06 0.18 C3 0.13 0.19
A4 0.07 0.15 B4 0. 06 0.13 C4 0. 11 0.20
A5 0.07 0.18 B5 0.07 0. 16 cs 0.11 0.21
A {E 0.07 0.17 A {E 0.07 0.17 A {E 0.11 0.20
FrifE2E 0.01 0. 01 b2 0. 01 0. 02 bRl 0.01 0.01
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Fig.6 Comparison of results from experiments and computer simulation of screw A (a) 40" block, (b)50* block
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