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Abstract: The lightweight of light-curing 3D printed resin dental cast was studied based on the code of
design for additive manufacturing (DfAM), aiming at reducing the cost of manufacturing invisible
orthodontic appliances without brackets. By using macroscopic topology optimization and matrix filling,
7 kinds of dental casts were established. Through ANSYS finite element simulation, 3 kinds of optimal
dental casts were selected to conduct 3D deviation experiment, and their physical and mechanical properties

under pressure were evaluated. The results show that under the premise of ensuring the manufacturing
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accuracy of the invisible orthodontic appliance, the mass reduction ratio of the two-dimensional honeycomb
lattice filling dental cast reaches 21.67% compared with the initial dental cast, indicating that it is the best
lightweight design scheme.

Keywords: DfAM; light-curing 3D printing; invisible orthodontic appliance without bracket;
lightweight design
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Fig. 1 Equivalent dental cast
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Fig. 2 Equivalent stress and total deformation of the initial dental cast A0
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Fig. 3 Equivalent stress and total deformation of the dental cast Al after shell extraction
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Fig. 4 Topological optimization design
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Fig. 5 Two-dimensional cellular lattice filling
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Fig. 6 The spatially uniform lattice structure filling
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Table 2  Analysis results of dental casts
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Fig. 7 The finite element simulation results
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Fig. 8 Experimental equipment
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Fig. 9 3D deviations of the dental casts before and after pressing
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Table 3 Experimental Results
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Fig. 10 Print forming results of dental casts

XFHE P 10 Ch) sy 4 Foft 0 R0 B[] m] 280, 3 76l 0 A6 2 5 LG 490 R 2F B A0 B
T T AR B A e O S B R S A e A MG T S R A AL i R L AT -V
B I 440 B AR S A, L 2P S CL BN T 24 9 min, A/ NJE IS A1 4, 5

SRFT EIV AR R o e (S 25 AT G s 2 125 Y0 4 0 P L K T U )
HEFT BT 2 0 3K 4 T BN T8 25 4 07 2L A0 AT LA R 3D M 22 S0 IR 45 S L — 4k ?
W% 5 [ U 1T B 7 46 (IR 11 7 %) R 08 10 1AIF BB 15 1 5 ) ol 7 " .
B R T L K B DB SR TR 2 -
3 & it Bl BEEREXETR
Fig. 11 Cellular-filled solid
K FH % LA FMIG AL A W 5 R S5 7 A P 2 B A M O7 B2 L 55 4 DEAM h dental cast

GBI X T [ R 3D AT ER I /E B9 JCFE R BRI T A g il L 2T )
Bro Wik T 8 Mg b A B ELHE AT ANSYS {7 B2 BT, e B0 2 TR I SE bR T Y 3 Fh L6 1T 7 %8 .l i
=Y 22 S AL T3 R BRI AT 09 S BT BN OB A BE L5 G IR S BTHT B SOR B [ L 5 DA RORS BE L 15
T ROEFR IR & A BHE R R e iy 2. 85 R .

D PE BB B ik d il T 200 R b 290 MO0 A0 R o B B 50 O Ak 5 3 O 181 Ak SO 109 28 85 B o 34 i

MR AN Ak AR B R AR B B L S 5000 A 30 %0 1Y B g 2P B B AR JE 43 i D 0.036 mm Al
0.049 mm, 8% 1 518 10.9 2MPa Hil 13.31 MPa, # ¥MEAL R TR B H A 50 %6 B4 5F B 45 4 1 78 TE fig
TR, LR MR B A AR I 40 51 R 0.052 mm A1 0.063 mm, AERLNE 14354 20.78 MPa #il 33.29 MPa., A
[ 30 70 %% B 45 1 b 5 A 1) TR BRI LU FLRF 2% . IE DR RGO 7 5 AR L THEO ST T AR 3 B A AR Y A
BN 1 RN HEIE 18 MPa, 1E J5 1 2 B0 T 3 J2 o A 2 I3 119 250K

3) T N MRS Y P LA AL M R S T AR AN AL AH LU 6 8 B A R Lk B 21.67 06, R AR
B AR T &

S E 3k

[ 1] Khorsandi D, Fahimipour A, Abasian P, et al. 3D and 4D printing in dentistry and maxillofacial surgery: printing
techniques, materials, and applications[ J]. Acta Biomaterialia, 2021, 122. 26-49.

[ 2 ] Sampaio C S, Niemann K D, Schweitzer D D, et al. Microcomputed tomography evaluation of cement film thickness of

veneers and crowns made with conventional and 3D printed provisional materials[J]. Journal of Esthetic and Restorative



10 TR K FFHK % 16 &

Dentistry, 2021, 33(3): 487-495.

[ 3] Gupta D K, Tuli A, Jain A. 3D printed material application in orthodontics[ J]. Materials Today: Proceedings, 2020, 28:
1635-1642.

[ 4] 3y, (BRI, 3D FTERHEARAE 1k 225 vh (9 RE AR 56 TR 43 A L) ). DR 2R 5E 2021, 37(7): 666-670.

Zhang L. B, Ren L L. Patent analysis on 3D printing technology in stomatology[ J]. Journal of Oral Science Research,
2021, 37(7): 666-670. (in Chinese)

[ 5] AE#, 3kCA. 3D FTERTE 1 B IE M I R 297 i o F 26 SR (T ], B B2 W58, 2019, 35(9): 833-836.

Hua C C, Zhang R H. Application of 3D printing technology in clinical diagnosis and treatment of orthodontics[ J]. Journal
of Oral Science Research, 2019, 35(9): 833-836. (in Chinese)

[ 6] Jss. TIEMBRIE IE W 2R G s B Xy 2= e ae WP 8 (D], b st Jb s sgid@ R4, 2014,

Zhou P. Study on the precision and mechanical properties of the free invisible orthodontic system[D]. Beijing: Beijing
Jiaotong University, 2014. (in Chinese)

C7 ] XA, kAR, 22730, 8, Tl A b B0 TG FE M BROR IE I T 3R 4 1 Jy 27 P RESE IR [T ], KL Tl 2021, 49(3): 64-68.
Liu D K. Zhang Y. Zong X W, et al. Effect of microwave heat treatment on the mechanical properties of invisible
orthodontic appliances without brackets[J]. China Plastics Industry, 2021, 49(3): 64-68. (in Chinese)

(81 B, . HAJZ S0 KW (R WFR G 4 A D ik it ge (0], R B2 0F 58, 2020, 36(8) . 723-725.

Duan G Y, Ma C. Study on manufacturing method of invisible orthodontic appliance with lamination[J]. Journal of Oral
Science Research, 2020, 36(8): 723-725. (in Chinese)

L9 KRFHE, Pk, e, % WIEITF REIA 8RB K Iy 2t Re s 0 L) ). I TR %4 CH AR BH 0 . 2021,
34(3): 52-61.

Zhang X L, Liang Z H, Li J, et al. Analysis on diaphragm molding and mechanical performance of resin dental
appliance[JJ. Journal of Sichuan University of Science & Engineering (Natural Science Edition), 2021, 34(3): 52-61. (in
Chinese)

[10] Edelmann A, English ] D, Chen S ], et al. Analysis of the thickness of 3-dimensional-printed orthodontic aligners[J]. American
Journal of Orthodontics and Dentofacial Orthopedics, 2020, 158(5): e91-e98.

[11] Wesemann C, Muallah J, Mah J, et al. Accuracy and efficiency of full-arch digitalization and 3D printing: a comparison
between desktop model scanners, an intraoral scanner, a CBCT model scan, and stereolithographic 3D printing [ ] ].
Quintessence International, 2017, 48(1): 41-50.

[12] Jaber S T, Hajeer M Y, Khattab T Z, et al. Evaluation of the fused deposition modeling and the digital light processing
techniques in terms of dimensional accuracy of printing dental models used for the fabrication of clear aligners[J]. Clinical
and Experimental Dental Research, 2021, 7(4): 591-600.

[13] 7, hER, B—0, . DO HGE A = 4037 E0RE BT J7 vk i e 57 B AR [T, dbmt K224 3t (BE 24 B0 » 2019,
51(1): 120-130.

Xiao N, Sun Y C, Zhao Y J. et al. A method to evaluate the trueness of reconstructed dental models made with
photocuring 3D printing technologies[ ] ]. Journal of Peking University ( Health Sciences), 2019, 51(1): 120-130. (in
Chinese)

[14] AR, R E, 2. SMHEIMUEIT RN kST, Ji2k#E R, 2005, 35(1): 69-76.

Zhou K M, Li]J F, Li X. A review on topology optimization of structures[J]. Advances in Mechanics, 2005, 35(1): 69-
76. (in Chinese)

[15] sk WIRe. Bz ly im A8 B 2 L 45 4 U0 A B T B Ot 8 I A0 U 0 2 MR B 9E (DD, 77N - B B K%, 2020.

Zhang M K. Optimal design and mechanical properties of implicit surface gradient porous structure manufactured by
selective laser melting[ D]. Guangzhou: South China University of Technology, 2020. (in Chinese)

L16] TAES . R0, BRaCBT, 5. D705 b7 97 4540 B R aURe MR (D], 3 MROR 2427 3 (200D » 2021, 51(3): 1140-1145.

YuZ L, Xin R L, Chen L X, et al. Load bearing characteristics of honeycomb protection structure[ J]. Journal of Jilin
University (Engineering and Technology Edition), 2021, 51(3): 1140-1145. (in Chinese)

[17] Wettergreen M A, Bucklen B S, Starly B, et al. Creation of a unit block library of architectures for use in assembled

scaffold engineering[ J]. Computer-Aided Design, 2005, 37(11): 1141-1149.

(h#E ¥ HO



