Korean Dental Association

EXI|
=4

E1:2016. 6. 12

AR 1 2016. 6. 16

A=Y 1 2016. 6. 17

=v) g3 2] Artad Aol

=ZHE o]

) L5 RETIPN R S e PN R A SLARES

ABSTRAC

Physical properties of thermoplastic material for clear aligners
Department of Orthodontics, College of Dentistry, Institute of Craniofacial deformities, Yonsei University

Jung-Yul Cha, MSD, PhD

Recent technological advance have greatly expanded the application of invisible orthodontic treatment using clear thermoplastic
materials. However, the final outcomes using clear aligner system do not achieve the level of final goal frequently, which results
in case refinement, midcourse correction, or fixed orthodontic treatment. Therefore, mechanical properties of thermoplastic
materials should be considered to improve the quality of outcomes. The purposes of this special article were to evaluate the force
and stress depending on the materials, deflection and thickness of thermoplastic materials and to evaluate the mechanical
properties of thermoplastic materials after repeated loading. Thickness and amount of deflection rather than products and materials
showed the largest effect on force and stress. In all products, at least 159 gf of force was required for more than 1.0 mm deflection
or when materials with 1.0 mm thickness were deflected. Orthodontic forces delivered by thermoplastic materials depend on the
materials, thickness, amount of activation, and intra-oral condition. Proper thickness of thermoplastic materials and deflection
level of tooth movement should be decided for the efficient and physiologic tooth movement.
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thermoplastic materials and
brand names for clear aligner

Copolyester (Polyethylene terephthalate gl
ycol) — Duran®, Raintree Essix Ace®

Polypropylene(PP) — Essix C ®
Polycarbonate — Imprelon “s”
Polyurethane —Zendura®
Serial thickness of materlals
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1. Polyethylene terephthalate glycol (PETG)
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3. Copolyester
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4. Polyurethane

=48 §4o] S48t Yol slem
Invisalign(Align Technology, Inc.)olA AIZst
= TR AEE SgEI 9lon Zendura®™(
Bay materials LCC, CA, US) gk=AREHOZ 3
=] 31 Qlck Impact strength”} vl =0} 3 &
Aed = 9lom toughness”) vl £t @2
5710l Riztsith= ©ho] Qi

=

5. Poly carbonate
B4 o] 94513 Yool glon] Fatro

21 AFHo] o] T Aol S5 impact

strength”} o} 2|oto] tigt 312] Mg o] Holut
o}, Frgsto] Aujidol o 7HA o] stk Ho| ¢
Hole}, Az1p7gell 5717} Lo 42| 2] A F-eloll
71327} BAE o qlo] aHE o iAol Q. ol
Ast7] oM E4 HE A A= et AxE

e

mEYHI 0

2 FUIAY THzo| S| Hat

AR ohekRt FA19 E7ad AETE AlEEAL 9
=, BAIE G7ad ARl FAZE 4 HE 2
< AX= ¢t ¥k "t Ryokawa 572 94
HEy SO drtad AR FAE 71E =AY
74.9-92.6 % AR Zo|Erka Busiart ol

A AR AR AR s Wl st

e =A™ 71 (Model 5567,
Instron® Co. Pennsylvania, USA)E AR50 A
Pslelal oFEth YU (fixation jig) Abele] Zol=
24 mm7} EEE AL, ol2e Aot £
o7et 242 1o 2718 wld Aol 5
mm/min £4%2] crosshead speed® HT©] 2.0
mm7} 8 f7H] sk Foi8t%ial, 0.5 mm 7H4
nhck gf B912 5152 245K 9

CHSHAI 2t ARRESIA] MR H75 2016 | 545

{RZ [=HY F¥Ic

=
=

ielo



Korean Dental Association

. Uwig szt 7

2 WE T HEAS 2N HE 7

Brand Thickness (mm) | Temperature (*C) | Heating time (Sec) | Cooling Time (Sec) Biostar® Code
0.50 220 25 20 111
Duran 0.75 220 30 20 122
1.00 220 35 60 132
0.50 220 25 20 1
Easy-vac 0.75 220 30 20 122
1.00 220 35 60 132
0.50 220 30 20 122
Essix A+ 0.75 220 35 60 132
1.00 220 40 60 142
) 0.75 220 25 60 113
Essix ACE
1.00 220 35 60 133
B3 2y HE § WAy Kol S
. . AThickness AThickness rate (%)
Original thickness Brand
Mean Mean
Duran 0.28 48.3
0.50 Easy-vac 0.22 431
Essix A+ 0.20 40.0
Duran 0.36 42.4
Easy-vac 0.30 42.3
0.75
Essix A+ 0.34 459
Essix ACE 0.33 44.0
Duran 0.4 41.4
Easy-vac 0.44 421
1.00
Essix A+ 0.43 42.2
Essix ACE 0.39 37.9
(Unit : mm)
SD, standard deviation
AThickness, Thickness differentiation after thermoform
ACER 4= glon, ge] B o] oo wAeo] e
= AEolA= 0.5 mm P4 Aoj= 159 A

79 Be] gl Zui 1 4= Slek. AR el
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¥ 4. Comparison of force(gf) depending on deflection level for each product

T'h

emoplastic specimen

|‘ Span length=24 mm

N
>

121 3. Experimental procedure in this study. schematic diagram of 3 point bending test.

Force (gf)
Thickness (mm) | Brand Deflection (mm)
0.5 1.0 1.5
Mean S.D. Mean S.D. Mean S.D.
Duran 86.8 36.6 3732 109.8 964.9 229.8
0.50 Easy-vac 32.7 18.0 220.9 60.6 715.6 118.7
Essix A+ 54.3 18.1 299.8 50.3 917.0 106.8
Significance NS NS NS
Duran 153.0 42.8 613.2 93.5 1644.2 82.5
Easy-vac 85.9 28.1 436.6 95.1 1287.4 200.5
0.75 Essix A+ 110.9 36.0 499.2 124.6 1366.2 306.9
Essix ACE 92.9 44.7 435.4 128.1 1260.8 218.3
Significance * * *
Duran 158.6 429 637.8 145.6 1735.9 335.3
Easy-vac 214.0 41.9 825.5 107.0 2204.6 246.5
1.00 Essix A+ 213.9 50.0 818.5 153.7 2145.3 308.7
Essix ACE 239.4 89.5 875.2 286.3 2172.9 508.9
Significance NS NS NS
* 1 p <005
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2! 4. The graph of force and stress changes after repeated loading. (Lt. : Force(gf), Rt. : Stress(gf/mm?))
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