LB ®E I K ¥ FR
Fa6E B3 J. University of Shanghai for Science and Technology Vol. 46 No.3 2024

E S 11007 — 6735(2024)03 — 0310 — 10 DOI: 10.13255/j.cnki.jusst.20230218003

ETHARITOTHRS SHESRETT
ME LMK

& R, x oz, Bmew, = @”

(1. BB TR HUM TR ABE, L 200093; 2. Lt RE LT SO TREBOR BT ST Py, L3 200093)

HWE. K62 REFOhFhaefe A mats, J 2R TH 3 ARZAT R &, A S ARIZETHAN
ARG, THRAG E iy R Aot e S AR, SBATR AR 7T MRAFRF4aTRS L EWE, ¥
PAAANAL RN, B LR b BTG G ARSBAT IR T AR AT R, B R R ERRE EX KR
AR R R S B ARIRAT, BOARTOME A F R Tk, A =55 wiXIbssk
S Me B ARSRATHI T ML AT DMy B 5 SRS IR, SExPRAT M A M ATRAL, SR AW,
BGERE R RPERITF, BATEMAIT T BT IR T A IMER THRERE K T
3B, RAERBAIEATINZ 5.5 mm. LR 0.65 mm. ¥ZIE 1.60 mm, HALE 69 8Z4T 3T rbAREHME
FARIRAT, RR IR A4EH 74.7%.

KPR M S ARBAT, ST WX, AT SN, AL
FESES: R681.S XEAFRERD: A

Optimization of pedicle screw thread structure based on
finite element analysis
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Abstract: Titanium alloy is widely used to make pedicle screws because of its excellent mechanical and
biocompatibility properties. After implantation, the screw is subjected to flexion and extension and
lateral bending of the spine, which eventually leads to the loosening or even breaking of the screw and
affects the stability of the implantation. Therefore, it is necessary to investigate the bending resistance of
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titanium alloy pedicle screws. The pedicle screws with different structural parameters were designed

through single factor and orthogonal experimental analysis. Combined with finite element analysis and

mechanical experiments, the three-point bending test was used to simulate and verify the bending

resistance of titanium alloy pedicle screws, and the screw structural parameters were optimized. The

results showed that the simulation results were consistent with the experimental results, and the

influence of the screw structure parameters on the bending performance of the pedicle screw was in the

order of outer diameter >thread depth>pitch. The optimal parameters were the screw outer diameter of

5.5 mm, thread depth of 0.65 mm, and pitch of 1.60 mm, which increased the maximum support reaction

force by 74.7% compared to the standard pedicle screw.

Keywords: pedicle screw; three-point bending test; finite element analysis; structural parameter

optimization
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Fig.1 HA pattern thread of pedicle screw
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Tab.1 Structural parameters of pedicle screw

IRET S Bl RET S Bl
BETHMEd 5.0/mm FHffa 3°
RETNFE ds 3.5/mm FHSpB 350

BRECHTHGEE e 0.1/mm [IE S 1.0/mm
I P 1.75/mm JEGA A rs 0.3/mm

*2 EXFTWREKFR
Tab.2 Factor level table of orthogonal test

LERISHL
K-
A /mm AR /mm 2 /mm
1 4.5 0.65 1.60
2 5.0 0.75 1.75
3 5.5 0.85 1.90

Ko DAIE3E 2B PR 2K -3 g 5L mly, # s = A
£ KT Lo(3Y) IEAE S8 36 (6 3), R85 3 b4y
BER SR e KSR T SRR
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Tab.3 Orthogonal test table of screw structural parameters

2851 AME/mm BRSOR BE /mm 2 /mm
1 4.5 0.65 1.60
2 4.5 0.75 1.75
3 4.5 0.85 1.90
4 5.0 0.65 1.75
5 5.0 0.75 1.90
6 5.0 0.85 1.60
7 5.5 0.65 1.90
8 5.5 0.75 1.60
9 5.5 0.85 1.75
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Fig.2 X-ray images of spinal fixation system[25I
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Fig.3 Three-point bending model of the pedicle screws
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Fig.4 Three-point bending test of the Ti-6Al-4V pedicle screw
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Fig.5 Support reaction force-displacement curve of

experiment and simulation
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Fig.6 Support reaction force-displacement curve of the
pedicle screws with different outer diameters
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Fig.7 Stress distribution of the pedicle screws with different outer diameters
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Fig.8 Support reaction force-displacement curve of the
pedicle screws with different thread depth
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pedicle screws with different pitch
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Fig.11 Stress distribution of the pedicle screw with different pitches
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Tab.4 Analysis of maximum support reaction force range
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Tab.5 Variance analysis of maximum support reaction force
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Fig.13 Support reaction force-displacement curve of the
pedicle screw before and after optimization

THRUEIRET, (HIE AR AA PR

Pl , HESREBBOET AN sh . f#)
n, —A> 70 kg (Al RN AT B BBl b A e K
AR 1922 N, ARSI 2128 N1 g
PE R B AR BB E AL, 2N HH R EMTE I
A BT 52 J1 76 100~ 1400 N; 76 JEAHERTE 200, Jig
i 200, 45 T8 50 N i J7 3 8] 1900 N,
AL G W IRET KR 2 & T Pu s i e RE 5 A A
REckaEtE, 1T LR G 2 B RS B HE B K Z

(b) DA R FRAEHE 5 HUERET OK 5 #RET

(d) Motk eIt 2 M =5 AR IR UK S5 IR AL

14 RUBTEHESRBITE S HE

Fig.14 Stress distribution of the pedicle screw before and after optimization
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