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Biomechanical study on unilateral maxilla restoration using different

retention methods

SUN Jia-yi, DU Cheng-fei, XU Peng, GONG He, WANG Li-zhen, FAN Yu-bo(Key La-
boratory for Biomechanics and Mechanobiology of Ministry of Education, School of Biological Science and Medi-

cal Engineering, Beihang University, Beijing 100191, China)

Abstract; Objective To study the biomechanical effects of 3 different retention methods ( clasp, attachment or
zygomatic implants) on repairing unilateral maxillary defects by using 3D finite element analysis method. Methods
The maxillary unilateral defect model was reconstructed by the medical image processing software Mimics. The
prosthesis was generated by mirroring technology. After processing, the finite element model of maxillary model
by the three different retention methods was established to simulate stress distributions of maxilla during occlu-
sion. Results Compared with the other methods, by using zygomatic implant retention method, stresses on af-
fected and unaffected palate were the largest as 7.399 and 4. 864 MPa, respectively, while those on affected and
unaffected maxilla were the smallest as 10.46 and 10. 86 MPa, respectively. Stress on zygomatic implant itself
was 15.25 MPa, which was also the smallest. Conclusions Different retention methods had an obvious impact
on unilateral maxillary defect restoration. The clasp and attachment retention methods could share the stress on
palate by carrying bracket. The zygomatic implant retention method could also share the stress on maxilla by
passing the stress to the zygoma.
Key words: Maxilla; Finite element analysis; Retention; Stress; Biomechanics

Wi B EA:2013-05-17; 1&[E] H #9:2013-05-26

EEWA : EEK B ARPAREE R H (11202017) , ZE L U045 H (20121102120039) , #E #2000 H AA S FFt0m 5
(NCET-12-0024) , duatti A AR A4 H (7133245) ,

BEEE . ETWE, LA S, E-mail;lizhenwang@ buaa. edu. cn;
B, A%, g A4 S0, E-mail ; yubofan@ buaa. edu. cn,



EREMNE $£29% H$4H 20145£8HA
328 Journal of Medical Biomechanics, Vol. 29 No.4, Aug. 2014

P AT BRI N PR L 8 SRR Fh—
HOUL A T AE , 295 b AR sl A5 R R
273 FEmAE VIR B0 RS R R PrEL. b
AL R AN 23 4 J8 A SR BT R W, 3 23 R
SBEATE D EIIRE , G AR ORI A AR
A TR 2 B0 A B OB

e PR b 308 e SR Rt L 8 A R B A2
Tk S B ARGE G, SE T S B - R Y 2
RETAE, T B L AR SR, A5 0 48 A2 A fit
SCHFIY X IR JREAEAT O L DI RER 5 AXHE R
PRIELE L, AUB SRR By 22 K FE R AL, 2 X
ST L ) R A i A ) R P A 3 o PR,
SR L AR IR I 1B SR ACRAR R e T
1B S AR TS8R, [T e Tt A B L G ke
BB h— A EE AU

AR T2 152 A 32 A R B [ 07 701 B 3 4 ]
37, [T 2 PR 168 5 000 980 i 5 ) 80 1T A [
B2 o JEAESK, B 2 Bl AR BB I s o
FEUR XA S i 0 e T K ), ) P AU A A
Rl 5B S AR 3, B W B T B0 L R ek
DSRS0 S W N Gl AR Ve 5 2 N TSP B
B R IE I ROCR , W HA BR T AR A A
oA, AR T3 2 £ JEE e i 6 [ 3 5 AR X 1B &
PP - AR 4 B R A [ LA A
X [5i)— B SRAB A 0 ¢ [ (82 AR B2, S5 BN [ [ 4o
TGS B AR SRR A R BEAT AR )
FEE BIAR BT R WATRIE

PR, AR SCR AR 36 B PR LA SR AR A 3 Rl
W07 1 AT R B R AL A2 B BB L 850, - X%
FZ BN T8 9 A2 1) T 2 Wi AT 5, )
(EREAUI 7 A S O i ) A0 A SR AR AT BT
PRI LR [ TR, % AT AR 12
SE AL [R5 SRS TAE SR 5 L6 J8 [l
SEIABE YRR, 2 0 i R L e A N b AR
(1 B BT RS 2 ORI A ) 2 B AR

1 RS

1.1 #&REST

AR P AGOR A T X fe L A0 BEAT ) CBCT
Wiz 4, BAE R 41 % ga2 o 22 SR A 23
PSR A0 MR , B U0 R e L 50, B A R4

(M A B F SR Tl o Jl g = 2 B 2y RGP AR
Mimics ( Materialise 2% ] , Fo ) iF) 52 B6E 5] L 65
B RAGVRE BY Fh R P AR B A ST A 0 L 5
LSR5 ] Hypermesh ( Altair 23], 3¢ E]) ik
7 =Y DU TR RS 320 5, 230 LA TR SEAR BT
HRAD B2 SR S A o B, G PP B R 00 S A
B A JRCH 231 490 A, PUTHIARFIT 133 476 A~ HLfl]
BRAR L AR FE L0 AR BT 15 968 A, T BT
31 6654 ; A& A AT I A= Ji 5 A5, 14 004 A, U T4 .
JG 56 588 -,

BT BN L A R S Y SR FHAILAR A 1] A A
CATIA ( Dassault 24 5], v [#) SIS LR BT, (L4
RV B AR B LS B AR A B, Hoh B
PR FIBURI AR R 25 M 52 2% AR R L AT R A

ARAE AN [5] 181 037 FEAME S 14 )l AR 2 ST
F P T TR 40

WAL LU 1) RERIE AL A4 L A5 F 1 S A
BRI S E TN P OIF R 55 1 RiEAFZ
)55 1 LR 2 B

S
.

N\

,
I

A T -

1 FIREMER
Fig.1 Model of clasp retention
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Fig.3 Model of zygomatic implant retention
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Fig.4 Schematic diagram of boundary conditions and loading
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Fig.5 Stress distributions and stress vector/tensor on maxilla by different retention methods (a) (d) Clasp retention, (b) (e) Attachment

retention, (¢) (f) Zygomatic implant retention
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Fig. 6  Stress of maxillary components using different retention

methods
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