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Abstract; Objective To test the validity for mechanical equation of the TC4 self-tapping bone screw and analyze
the influence of bone screw parameters on its mechanical properties. Methods In order to derive the equation of
self-tapping and pull-out for bone screw, the physical model of bone screw-polyurethane foam block was built. By
reference of ASTMF543-07 standard specification and test method for metallic medical bone screw, the
mechanical verification tests of selected conical head shallow thread locking bone screw (HAZ) and conical head
deep thread locking bone screw ( HBZ) with different diameters were performed on Instron E3000 mechanical
testing machine, and the data of self-tapping force, self-tapping torque and pull-out force from 5 groups of bone
screws were tested respectively. Results The calculated and measured values were basically the same, except
for a few points with large individual errors. The average error of the two values was 11.02% , so the theoretical
calculation formula was highly credible. The bone screw with a larger diameter or a higher tooth height would
require greater self-tapping force and pull-out force. Conclusions The research results provide the calculation
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basis for mechanical properties of bone screw and the research direction for optimization and improvement of

bone screw in future.

Key words: bone screw; physical model; self-tapping force; pull-out force
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Fig.1 Size parameters of bone screw
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Fig.2 Physical model for self-taping of bone screw
(a) Self-tapping force model of bone screw, (b) Stress on

bone screw
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Fig.3 Physical model for pull-out of bone screw
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Fig.4 Self-taping model (a) Expanded view of helix
angle of the thread, (b) Cutting model

AR B BT RO S HOM Y B 43 551 TS IR 2
R S SRSURTE M B R £ M A B P

1
S=?(tant91 +tand,)8 +k -5 (1)
T (2)
ﬁ_arCSIHO.S-'n'(D+d)
nF + G
fe 3

F+G
! B S : a’jvmax . SlnB (4)
n y
F
p=" (5)
sino
T=(n-S-0,.cof+f) 025D +d)
(6)

K. P oA EET AR RV A O T s
BT AT B H B S A T IR S i A i T A
B FE BT RTT IR SURTE i o f B 51 AT RLZ R
BIEERE 15 G g 5T 2 B J1, Y Wi 2
X (4)F(6) , FEITFR AL
1.2.2 FATREANFHEEST ST EHITFAR
BRI 5 BIIRSCT ik v RE, Ay 2 prik bk
REMEL SRR 1, HEPik ke F LR &R
SR I TR AL RN T 9T K B 4 4 e 1 5 32 Al PR
YEE , FERINE S KA DL T, 58 BE AR BR /N
MR SE IR . F T 2R G IR 0 TR R R 17 i 32 A0 PR
INTFER A A i W PR, ST b 1 R o 2 vh SR (TR
TRA B E 1 58 S0 Y IR 4k ) 5 B Al PR
o N E- AR 5 AR B TE R bR R
HEE A E B PUIRERE

P I B SR 6 TR A R A YR O 5XRT RE Dy
BYUIMERSCE B R IR . R4 B 5T S 5Rr A R
ST I TR B 19 2 B0 5 Ul R RN % R IR i AT
A

S =n, +wD(h - k) (6)
Fiiy = Si * Tigmas (7)
Sp=memdve) (8)
Fiiy =85 ¢ O * 080, (9)
F,. =min{ Fy, ’Fbjy} (10)

S, WA SR R e BB S, b
S I TR B 50 YD A TR, S, , 8 S L U B
BRI 7,0 P 0, 0 00 B L VR R 0
Y3 UG FE A F AR, 40 50 bR 2 00 1)
AR TERE IR 19 95 1) ) RS Sy, 240 1 PR 3
HEFFAMHT R SR MRy 2 B BT TR MR
S0 2 BRI T 0k 3 Ak 5 T
RRIEPRHE SRR R ML £, F, L F,,
/M.

bjq



EREMAE $£36% F3H 202156 A
374 Journal of Medical Biomechanics, Vol. 36 No.3, Jun. 2021

2 BRIHERAFHE K

3 SR 5 1 2 2O 4 T Sk 1 MR 0 8 42
H M2 ET (head shallow thread locking bone screw,
HAZ) @1.5 . @2.7 . @3.5 D5. 0 FHEIE S RIE 804
EF T 2 ET (head deep thread locking bone screw,
HBZ) @6.5 .@7.3.®8. 0 HATHISITE, 15 mA
TR N A B RN A O, 2 (4) Fi(6) B
SR ARIE e RE 09 BT S HOR 3R A R R A R
JIEPERES A TR R 1 dilE . o HBZ B 5T
MRS B JEFFRCR Al HAZ RS 5T 4R
HSKH PRCA0 1R Z BRI IR HBZ B S AT H
K H PFC20 AR BRI IR,
F1 BRA BRNEKRHAERHELER

Tab.1  Formula calculation results of self-tapping force, self-

tapping torque and axial pull-out force

BET RIS A S/N B/ (N-mm)  #liEkH /N

HAZ ®1.5 2.085 7.709 91.302
2.7 2.903 15.734 210. 361
@3.5 7.732 54.708 438.252
®5.0  10.930 125. 062 657.378

HBZ &6.5 15.677 88.073 341.412
@7.3  20.151 214. 583 519. 54
8.0 41.575 299. 982 689. 554
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Tab.2 Size matching of the polyurethane foam block

HEYS BTG RR I FLAE/ mm
HAZ P15 1.0
2.7 2.1
3.5 2.5
5.0 4.0
HBZ 6.5 5.0
7.3 5.2
8.0 5.4
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Fig.5 Fixture of the mechanical test (a) Self-tapping

experiment, (b) Pull-out experiment
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Fig.6 Selections of self-tapping and pull-out experimental results ( a) Selection of self-tapping judgment

point, (b)Selection of invalid polyurethane foam block
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Tab.3  Experimental results of self-tapping force, self-tapping

torque and axial pull-out force

B S A, S A SR S0
N (N-mm) W J1/N
HAZ @1.5 2.45+0. 15 9. 00+0. 50 111.39+18. 40
2.7 3.99+1. 19 17.70+3. 35 205.99+12. 10
@3.5 7.03+0. 63 56.67+1.24 433.56+33. 30
@5.0 11.57+1.29 129.33+24. 28 630. 15+37. 05
HBZ @6.5 18.28+2.55 80.33+1.247 407.01+12. 8
@7.3  22.87+4.85 161.25+18.85 438.99+45. 01

@8.0  43.85+0.94  305.75+47.37  734.15%21.55
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Tab.4  Error comparison of the calculations and experimental

values

HERYS  HIBUIRZE/% BIBUERZE/% K J15R2E/%

HAZ &1.5 15. 1 14.3 18.0
2.7 27.2 11.1 -2.1
@3.5 -9.9 3.4 -1.1
@5.0 5.5 3.3 -4.3

HBZ @6.5 14.2 -9.6 16. 1
@7.3 11.9 -33.1 -18.3
@8.0 5.1 1.8 6.0
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