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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.

Key words : thermoplastic materials, clear aligner, tooth movement

Corresponding Author

AEE
e [[¥ AP IE, [l PN Il am B Sl ami|
JUNGCHA@yuhs.ac
[ N2 A8 ARBAL ARjols 1A HA 2 upRelshs
7 Aede Aot FEAA 27| S Hlie-
T dute] o Xofe] HoAd 4= IS71? 710 Shal A= o) Ee| 49l 54T Al asdoll et
EmAE od Z-gshd x|o} olFef =S E 4 zho] Fasirt B S8kE AN 7|HsHd
92717 QWA o|Fol AR EHL ol Tekd A ARl HiEk B4 sl
27 FRRY ARE YshHA oY e
WS Aok, ofd A9olis Xo} ofFo] 2 Aojtt  WAY MZE 0i2st SRl 81
T o8 A9z A Sl got ofe) v ¢ FEWHYAL Aoke 2 WAER Hokg oA

542 | CHEhx|ZHo|AREIE|R] A5 HTZ 2016




A ARy, A2t ofAi= 2] g2 Fall Aok ols 2 FHE|e] qlof Wge] 47 olFeld ¢ dlnke =
o] HHslA o553 Aoltal 7|tskAt 7|& Ao 23 EAF} o] 3k (RS FAS o

w2yl Ko} o Wae] whe} o] o) JrEt vErky  Fash
WIEYL, o2 S0} 100%2] Ao} o] 50| 2%
oA 25 Aot o] Foleti Fpga <latiZ A

obe HE 33-479% Aw o] %1 FHA]7]= Hops I. 2=
A7TAAE = 49 35-42% A% o]=35HA EH

1 ol s X524 7IR|2] 50% urell HA] &=t m E7iAd Nz
(19 1. 53] Aote] &2 TR 2= 7H o1 & 84

& ol HoIH AetollA= 18% stetollA= 25% A

=Rk e 4 ook Haska glek & 1 mm 9] 4 D7 e o ol

£ 458 A HFE 2o (.25 mm T AEEE P2 ko2 A (linear) T £AIE
Ao, Htofl= AHo| FARAE (attachment) Qe ALEALR o] FojA] Qlrt, LT} bR H o] gt
£ HAslo] 2|ol5 G820 7 o]FA|7| A} SF= A] A= 2E7] L BARe) ARSE 7] Ago] 1
7} o|2A 1 Q) JU BRI d7tAA AR AFsHA| ek, olefgt 4 MY wetoll @7k A=

M= (%, )

60.00%

ol
ofr
ol
rlr
U
o

(Thermoplastics)?l £xt

<t
M
by
=
okt
Jo
i)
o

~|

[e]
Ol
M
P

50.00% T—

40.00% +—

30.00% +——

20.00% +—

10.00% +—

0.00%

0z
o}
o
2
2
)
i}
4
2
)
>

otz [ stetEmAl | a5

0:
J
I
0:

YE=(%, Bd)| 54.20% 43.40% 32.30% 48.80% 51.60%

a2 1. AorElA F=Al HE HA M |0 0|82 HEt="

2EBoL—o =2o o -
=
SHARY =5 A%y

p— -

PEPSIN 24y MY

AL (=] (=]

EMIAIS == H=

=== =3 ==

=& Hslo| tHetEed S dstts dskeg

CHSHAI 2t AREESIA| MR H75 2016 | 543

{RZ [=HY F¥Ic

=
=

ielo



Korean Dental Association

=< ojuh 3keka WHale dojubx] o=t} spx|ut (flexible) A2l F/Jo] Hashe S/d0] Slet F
E 2roA Yol d o EAF AT RS § gk 5490] 7] wholl thREe] R FEE Y
B2 ZotE) 3t E2 33 Astel Ao vt F7tad ARE AT, R ArR
=5 o= Qltt Polycarbonate, Polyurethane ©] ‘Rl TA4¥ 4

7k Ame W oA EAHE o] ©AA

B Z7IAE M2l EXHHE el 7t 57l R SV B HArh &
Atz F7ke] Slof T S-&/30] =T
A714aA AEE A% (Amorphous)d 24
(Crystalline)®] &+ 7F] £AH1E Fej2 ERF 2) AT
T ARG 1), IEA A s AEARY] Aol

g7 Mz
e At G4 2erw AE

-
oL
ok o
(r we 0
N

Fe A= S8% 8aolH, ol S0l AF=Y 2 o] Wi &= Axt FARSHA 71 ILEAF Aol Ak
7= guht 271 2Rk O AwrE e Byt AXIA AR H= HFFol e}, 24F D7F2 3
A5 274gteh £33t EAlE FeEjol uheh Mol2k e 9% 5=H(Tm) T fedo] 2E(Tg)E He

o] gFAFAJof| xfo]7} BEAIEE 4= 9lth AAEF o] Lr o}, tdjxA 2l A=E=Z Polyethylene, Polypropy

o] f-7= 1 AR AEAL dvh E4% 0] & lene o] §lom S-{HZ) MZES w7 Hrt, 4G4

SAo| ke T Aol2ket 22 Am e 4ES = We ARES U B0A G0 Wo =

HF EPUAPA R A G7FA ARE B/ o 12 EHIH23-)37T) 0l wE A wskrt At o

2] x| ofof gt A e,

== 017}_/]\_/\61 xHE Z oL 73]74‘]6:]_1,} X%S:]o] =

1) 258 G7IAN M= A 4= Qlrt ol A=9] Y& high—density

An)7 oA £8P 71 EA AR AR polyethlene(HDPE), hydrocarbon thermop

2 HjgEo] 5=F(Tm)o] FEstA TEEA| o= lastic polymer7} Qlom, AT ==31 F24
o FEAo] 2= (Tg)7HA] 225 #o|H o §¢ O EE B3It

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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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
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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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