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Finite element analysis on mechanical properties of anti-shearing
force Ni-Ti shape memory alloy patella claw

DU Dong-peng', WU Zhe’, XING Juan', GONG Xiao-yan’, MIAO Xiang-wen’,
YUAN Cheng-long’ (1. Department of Orthopaedics, the First Hospital of PLA, Orthopaedic Center of

Lanzhou Military Command, Lanzhou 730030, China; 2. School of Mechanical Engineering, Xi’ an University of

Science and Technology, Xi’ an 710000, China; 3. Lanzhou Seemine SMA Co. , Ltd. , Lanzhou 730030, China)

Abstract; Objective To establish a 3D finite element model of an anti-shearing force Ni-Ti memory shape alloy
patella claw for fixing patellar fracture, and analyze its mechanical performance. Methods The internal fixation
model of transverse patellar fracture by patella claw was established by Pro/E 5.0, and then imported it into
ABAQUS 10. 1 for finite element analysis on its mechanical properties. The mechanical performance and deform-
ation of the patella claw under two different patella-femoral joint forces F, at the knee flexion angle of 30°, 60°,
90° were analyzed, respectively. Results Under the same boundary condition, with the respective F, as 367.5 N
and 3 675 N, the maximum displacements of deformation were different at different flexion angles. As compared
to fixation by tension band, using patella claw was preferable, with stronger resistance to tension and more stable
anti-shearing force. Conclusions Deformation and displacement of the patella claw are in accordance with the bi-
omechanical results needed in clinic, and its stability can satisfy clinical requirements for functional exercise as
early as possible.

Key words: Anti-shearing force; Patella claw; Patellar fracture; Finite element analysis
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ture fixed with patella claw

MR iy LD\
HITRA C3D4 C3D4
PR R/ GPa 54.60 12.00
T 0.33 0.30




EREYAE $£30% F1H 2015528

52 Journal of Medical Biomechanics, Vol. 30

No.1, Feb. 2015

1.4 AR EEGMBHE
UNEN SRR Sy N S S s |
JBEU Sk WUt a1 bz g Fy BB R AR D F, DL
WO R J1 Fo, % 77 Il i & 19 1O J8 47 /L0
Bt FET BTG, Fo 200 ARIKTE 6 19 0.5
AR LR B Fy ATk AR E G (1 4 ~5
A8 TR I 530 T v B B 4 4
Sk S 57 P42 fik DX IR Bl AR AG Y, O EL#R B TR 32
T R /IR 8 B 4 T Ak g 7 0 AR St
IEH RGBS (F =0.5 6) KSR 213 Sl i
(Fp =5 G) W&l T , AAJE I 30° .60° .90 %
BB T N 1 B TUBE AR 1) ) S PR R AR T i
A RITI T -

X R g A X T e A, R

O 45 ok DX 8t fin 1 1) T p, TR AR

p =F/S
F=K:-(F,-F,)
F, = F, +F; +2F Fycos a

KK HRE, S HZERMM, o NIEBEMAE. #
BEARFEEAE T2 IS E LR 2, Bl
U,Magnitude
+2.966E-005
+2.719E-005
+2.742E-005
+2.225E-005
+1.979E-005
+1.732E-005
+1.485E-005
+1.238E-005
+9.909E-006
+7.440E-006
+4.971E-006

+2.502E-006
+3.247E-008

%4
x
U,Magnitude
+3.617E-005
+3.316E-005
+3.014E-005
+2.713E-005

+2.411E-005
+2.110E-005

U,Magnitude
+1.316E-004
+1.206E-004
+1.097E-004
+9.872E-005
+8.775E-005
+7.679E-005

+6.583E-005
+5.487E-005
+4.391E-005
+3.295E-005
+2.199E-005
+1.103E-005
+6.847E-008

L{x

U,Magnitude
+2.439E-004
+2.236E-004
+2.032E-004
+1.829E-004

+1.809E-005
+1.507E-005 +1.016E-004
+1.206E-005 +8.130E-005
+9.043E-006 +6.097E-005
+6.029E-006 +4.065E-005
+3.014E-006 +2.032E-005
+0.000E+000 +0.000E+000
z
Jy

Ex k.X

(a) Jit gt 30°

(b) Ji i 60°

BT ERT Fo 235 0.5 G F1S G I BRER
B NN [ E AR Z SR R g
£2 BEEARERfENZHSH

Tab.2 Mechanical parameters of the patella at different knee

flexion angel

JEES B/ (°)
ZhBH
30 60 90
B U sk bz f1 Fy /N 120.36 116. 16 135.09
AR Fy/N 129.77 93.19 54.03
B KNER S Fo/N  Fy =0.5 6=367.5F,, =5 G=3675.0
BB ST A A A S/mm?®  450.50  596.26 701. 06
BE X ER IS
I e K 0.086 0.145 0.204
2 F#R

TEARIL AR AR, A ARTE IR 3 AT IR
(Fo =0.5 G) , N 30°,60° 90° it il 4 11 p,
I35 0 24 A5 65 kPa I 51 JTCRI A ] 5 452 5L 1 £
R A U B 2 It 7 5 24 N PR A Ao ) 20T 2l
(Fo =5 G) , AR HE30° ,60° .90 ita Jill (9 i 71 p,
3 5 29660 850 |1 030 kPa i fife 15 JTUHI P [ 7 458 Y

U,Magnitude
+2.149E-004
+1.970E-004
+1.791E-004
+1.612E-004
+1.433E-004
+1.254E-004
+1.075E-004
+8.964E-005
+7.175E-005
+5.385E-005
+3.596E-005
+1.806E-005
+1.651E-007

L):

X

U,Magnitude
+3.320E-004
+3.043E-004
+2.766E-004
+2.490E-004
+2.213E-004
+1.936E-004
+1.660E-004
+1.383E-004
+1.107E-004
+8.299E-005
+5.533E-005

+2.766E-005
+0.000E+000
z

L{x

() Jt i 90°

B2 Fg =0.5GH  AAEKRAETHEEEENEEZE
Fig.2 Contour plot of displacement of the internal fixation model when Fy =0.5 G
(a) At knee flexion angle of 30°, (b) At knee flexion angle of 60°, (c) At knee flexion angle of 90°
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Fig.3 Contour plot of displacement for the internal fixation model when F, =5 G
(a) At knee flexion angle of 30°, (b) At knee flexion angle of 60°, (c) At knee flexion angle of 90°
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(a) Proximal fracture segment, (b) Distal fracture segment
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