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Topology Optimization Design of Bone Plate Structure Based on
Load Path

CAl Jun, DING Xiaohong, DUAN Pengyun, XIONG Min, ZHANG Heng
(School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093,
China)

Abstract; Objective To propose a topology-optimized design method for bone plates that effectively reduces
stress concentration and improves bone healing compared with traditional topology-optimized method. Methods

Based on the load constraints of a bone plate in a broken bone-splint system, an improved topology optimization
method based on the load path was used to optimize the design of the bone plate structure. Subsequently, a
bone regeneration simulation model based on bias strain was used to simulate the transverse fracture of the tibial
tuberosity, and the force state, fixation stability, and healing performance of the optimized plate were evaluated
based on data from the bone regeneration process. Results Using the optimized bone plate based on the load
path optimization method, the maximum stresses of the bone plate were 55. 68 MPa and 42. 23 MPa at volume
fractions f=0. 55 and 0. 65, respectively, which were reduced by 32.96% and 29.95% , respectively, compared
with the optimized bone plate using the traditional topology optimization method. The average elastic moduli of the
callus after the bone-healing process were 1 439.47 MPa and 1 355.71 MPa, respectively. These values were
145.86% and 131. 06% higher than those of traditional bone plates, respectively. Conclusions In this study, the
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proposed improved topology optimization method based on the load path was used to optimize bone-plate

structures. Compared to the bone plate obtained using the traditional topology optimization method, the optimized

bone plate was more uniformly loaded and safer. The bone-healing performance was significantly improved

compared to the traditional bone plate. These results provide a new method for the optimal design of internal

fixation implants for fractures.

Key words: load path; bone plate; topology optimization; structural design
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Fig.1 Force vector analysis and force path example
(a) Load path, (b) Microcells at the edge of the path,
(¢) Loads and constraints on structures, (d) Horizontal

load path
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Fig.2 Cantilever beam (a) Structural model, (b) Load path, (c¢) Optimization of structures,

(d) Stress distributions
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Tab.1 Flexibility and stress of the optimized structure

S8 SIMP 7 & 1 AR 71
ZFE/(mm-N") 40.29 41. 67
T KA BN 1/ MPa 19.70 19.20
I/ NERUNT J1/kPa 148.7 946. 4

2 FEBWEMRIMULIZIT

2.1 EE-HBWASGHRITER

A B T 5 A9 8B A 1o -3 DR 48], FC e
- B BRI T AL B AL AN 18] 3 (a) iR, b b
WA R FEIE | o1 S0 2 Y B2 BE AN 2 AL 5T
AR, N2 SR A Sy b v T34 5] 52 B B A, T i 4
o, i AL BB g A 2, 5 i ROST B Lacroix



EREMAE $£39% F3H 202456 A
446 Journal of Medical Biomechanics, Vol.39 No. 3, Jun. 2024

SFU IO TR ULIEI3(b) ] R AGE L IRAET
S AE  HI LT anis 3 () fias, BAEfifE
A RUEBRET FLAGH R IR ET FLAFEA2T7 ) 1 mm X
S E AR, R B SR R T A
A A B A RO BETT I B B i 5[ WLIET 3
(d) ], BB M ) A RET AL O A 2T, P Sy
RIS BRI A RR PR ISR 2 BR

F

T with AR
7:? ]6*‘;:'16“;" °o 3 o :I::[I“
&ﬁ% ——-‘ 103 :d
BT () BT
el i :
N :If 'iI Ja a8 a3 aF
W | (@ BRI
‘:}I}I“ §“:’ o O O O O |—‘

(@) JUTELR (b) BHiIRT (o) FHMRETHREE (O FEER
3 HTE-EEWEEEEE (B4 mm)
Fig. 3 Broken bone-bone plate assembly model (a) Geometric
modelling, (b) Bone scab size, (c¢) Bone plate geometry,
(d) Constraints in optimization, (e) Schematic diagram of

equivalent stiffness calculation, (f) Finite element model

x2 WE-EREWRREEHBENE

Tab.2 Broken bone-bone plate assembly material properties

R FPERLH/ MPa pMEL/NEE B L/ GPa

B IR E =18 400 0.099 G.=3.6

E,=8 500 0.141 G,=2.4

E,=6900 0. 065 G,=4.9
/NpiNZS 1100 0. 260
LU ERER 0.2 0. 260
HER 210 000 0. 300
WRET 210 000 0. 300

2.2 fRUIEIHER

it FH DU 0 T B 50 X0 4 2 B AR AR S A, A
RSFH 0.2 mm, 3t 36 050 PEATC, % JEAER AT fE
oK /NI 7 S 4 355 118 [ 5 A 21 W 5 4 1 32 1k
BB £=0. 65 .0. 55, 43 ISR FHAL 1 B 42 1
ML T A SIMP J5 ik AT Ak i i, AR A 4
A 4(a) Fw, bALgs R 20 TR H S ()
BB 316 NEAIHIEINE 4(b) iR, 455 EH,
& 1642 7 AR A G K B 4 BB 22 53 A5 E B AR
() R4, T SIMP 5 2k B 22 40 A 7E 2 p i
[E1FEH1%75 o8

eI A Ik
2065 ) L TL 2111 DA

SIMPHRAL 7

i — oot
Ri—e—a— 3]

(@) TR

(b) N1

F0.65 B --"fb‘r

E4 MRUEER
Fig.4 Optimization results of the bone plate (a) Optimization

results, (b) Stainless steel fabrication samples
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Fig.5 Stress distributions and stress extremes of the bone plate (a) Stress contours of the bone

plate, (b) Histogram of stress extremes in the bone plate
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