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Lightweight design of orthodontic dental casts

ZHANG Yong, LI Xuyan, LI Mengya, LIU Fei
(Faculty of Engineering, Huanghe Science & Technology University, Zhengzhou 450063, P. R. China)

Abstract: Lightweight design of orthodontic dental casts is critical for reducing the cost of invisible orthodontic
treatments. In this study, deformation characteristics of actual dental casts were analyzed using the finite element
method, and three structural infill strategies (hollow, honeycomb, and cube) were applied for weight reduction.
Film lamination was simplified as a normal load applied to the outer surface, and the overall deformation response
was used to evaluate lightweight performance. Finally, a newly fabricated dental cast was used to verify the
simulation results. The findings indicate that the honeycomb infill structure provides the optimal lightweight effect
for orthodontic dental casts, followed by cubic and hollow structures.
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Fig. 1 Actual dental cast
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Fig. 2 Lattice structures
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Table 1 The effect of hollow thickness on the deformation of hollow dental casts

% B3 SR /mm A /mm’ 1B /% e RAEIW it /mm
1 9520.5 0.0 0.01
2 2.0 5673.9 40.4 0.13
3 2.1 5880.6 38.2 0.11
4 2.2 6 081.8 36.1 0.09
5 23 62755 34.1 0.08
6 2.4 6 464.1 32.1 0.06
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Fig.3 Overall deformation of solid and hollow dental casts (hollow thickness is 2.2 mm)



w2 ®OF 5. B F At s Bt m

BN, T L T, 5 K AR I 8 A AT AL 5 A5 0 B AR T AL T A S RS AL e R AR I A
AT 125 P 8 25 51 R 38 AL W 22 JR) 22 AR
32 BEEEMNEEEMTETHAZN

W6 % 25 A S — b LY (1 2 AR A AL LA O S Y g 2R AR Y S 3D AT ER R B AR R T b i 4
P o R P A Y e 5 5 M S8 RS, AR 8 mm, BEJRE | mm, (BT 5T 4k 4 JE I o 0 5T 45 b OF A 0 AR R
N,

Wit T2 IR 3 58 1.3 .14 1.5 .1.6 . 1.7 mm [ 8 53 25 K4 25 850, SR AR 6] 9 05 B S 8008 8 14745 FR
JCOTHT L AR AN 2 R o Ho 15 500 R B

M2 AT DL Y B R e 4 R A AR TR (R e a0 A AR L, IR OE R B s R
JEH 1.3 mm 002 1.7 mm, 55 KRBT 50 0.11 mm [ %2 0.06 mm. A1, U Hi %R B 4 2% = B8 B A/ 36 I8
BT BGES )RR 1.7 mm I Ul 36.7% . A EE N 1.4 mm i, KB IE AR 0.09 mm, /N T IE
W F AR Y B RR 0.1 mm, Tt 2 AT FH SR Vol 7 (R 42.5% , Ay U 8 A A AR P B B A 5

F2 $TEENEREMTETHOEMN

Table 2 The effect of hollow thickness on the deformation of dental casts filled by honeycomb structure

%i 7 B )5 /mm R /mm’ UL /% e R B /mm
1 9520.5 0.0 0.01
2 1.3 52778 44.6 0.11
3 1.4 54728 425 0.09
4 1.5 5662.9 40.5 0.08
5 1.6 5844.4 38.6 0.07
6 1.7 6 026.6 36.7 0.06
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Fig. 4 Dental cast filled by honeycomb structure (hollow thickness is 1.4 mm) and its overall deformation
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Table 3 The effect of hollow thickness on the deformation of dental casts filled by cubic structure

%7 B )R /mm R /mm’ I /% e RAZTE B /mm
1 9520.5 0.0 0.01
2 1.8 5643.4 40.7 0.11
3 1.9 5839.0 38.7 0.09
4 2.0 6023.9 36.7 0.08
5 2.1 6213.5 34.7 0.07
6 2.2 6394.2 32.8 0.06
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Fig.5 Dental casts filled by cubic structure (hollow thickness is 1.9 mm) and its overall deformation
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Fig. 6 Weight reduction effects of three lightweight structures
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Fig.7 Orthodontic dental cast for validation

Table 4 Simulation result validation of lightweight structures

Gii 5 LS e ] 25 B /mm RF/mm?® U, /% I KA IE #/mm
1 SEL 71499 0 0.01
2 75 G5 H 22 4929.1 31.1 0.06
3 e 5% 45 15 45363 36.6 0.06
4 IEJT R 454 2.0 48852 31.7 0.06
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