EREYHYE $£25% $£3H 2001056 H
206 Joumal of Medical Biomechanics, Vol. 25 No.3, Jun. 2010

3CES RS 11004-7220(2010) 03-0206-04

WS RIBET K E T X R 4T-B S A R
MBI = B RS H 5

A7, F 4, FEK
(L SEPEBE R P E R R BE B RHITFIRT, BR7Y 7932 710032 2. ffCAE58 520 BRBESAH, 4R IH 9)1] 621000)

WE: HY FIH =406 BROTHE R B 5T S ARMRAT I B 2R (bl AR B8 AT T IRET-BH B & AR N FE . FiE
BT HES ARIRETAN L1 AR B =40, IR X kAT Mg Rl 4 I B S RET K ER T WAL B, SRl
MRHETT AR ER T S RET AR TR R TN 1. SR HESRIRETEEE 30 ~50 mm BRI HZE
FBAT, FEEIRET I 3G K WEAT-B B & OB R B SRS 45 AR H A BE 7 380980/ , T MB AT AR$H F B 7 s, MB4T
K45 20 AR HH AR BB AT i Rt , B2 B R AR I O3 2 i B IR FENE 4T 5 R B B B A T PR, A R R
R EBRICOEY R AL E IR IRET S SR S AT B M . HUBET K B R F] 50 mm B, 84 SEEB  R B
AT B BB/ T 43.19% F142.3% , THUEAT L BRI AN T 38% » HHES IR B R T 45 mm At 1247-
BEABEBEI SN BN AREE, it SRR B 30 ~ 50 mm 75 B AR AT, A L HESHE
YRAT I FE I K R T OB AT B SR B BOR SR B L3 il B I 2800 7 s REE B B il IR R B 5 R IRET I
KEMNA/NT 45 mm,
KB UBET; BRSO PR S FMER T M
FE4 25 R318.01 NERERARAD: A

Three dimensional finite element analysis of stress distribution
on continuously varying of length of pedicle screw

Ql Wei'*, LEI Wei', YAN Ya-bo' (1. Depariment of Orthopaedics, Xijing hospital, The Fourth Military
Medical University, Xi’ an710032, China; 2. Department of Surgery, 520th Hospital of Peoples Liberation Army,
Mian yang 621000, China)

Abstract; Objective To study the stress distribution on different length of pedicle screws under the physiological
load by using the three dimensional finite element analysis. Method A three-dimension model of the pedicle
screw and L1 vertebral body were constructed with the model meshed on the basis of the finite element method.
The feature dimension of pedicle screw in the model was set in a specified varied range. Under the physiological
load, the stress on every model with different diameter sizes of pedicle screw was analyzed. Results The
stress on every bone model decreased with the increase of stress on screw under the axially pullout force as the
length of screw ranged from 30mm to 50mm. And the maximum Equivalent Stress ( EQV Stress) in the pedicle
screw appeared in the central area of the pedicle screw, the maximum Equivalent Stress ( EQV Stress) in the
cortical bone appeared in both sides of contact surface, the maximum Equivalent Stress ( EQV Stress) of the
cancellous bone appeared in both sides of contact surface of the top of pedicle screw and cancellous bone. In a
certain external load, with the 50mm length of screw, the load that transfers to the cortical bone and cancellous
bone is reduced by 43. 1% and 42. 3%, respectively, while the maximum Equivalent Stress ( EQV Stress) of
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screw was increased 38%. When L=45mm, the variable stress on all models become stable. Conclusions
While the length of screw is in range of 4.0 mm to 6.5 mm, 30 ~50 mm ,the increase of pedicle screw length
could improve the distribution of axial pullout stress on the screws, cortical bone and cancellous bone. As long as
the bone mass allowed, the length of pedicle screws should be not less than 45mm in clinical choice.

Key words : Screw; Finite element analysis; Pullout force; Equivalent stress; Stress
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Fig.1 Deep pedicle screw thread size

L: 30~50 mm
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Fig.2 A cross-sectional view of the symmetry plane in a model
(a) pedicle screw, (b) cancellous bone, (¢) cortical bone
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Fig.3 A cross-sectional view of the symmetry plane in a meshed
model
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Fig.4 The maximun EQV stress distribution in bone and displacement in screw under the axially pullout force load ( D=5.0 mm and L =45
mm) (a) cortical bone, (b) cancellous bone, (c) screw
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Tab.4 Response curves of input variables to Maxmium EQV stress in screw-bone complex sample.
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