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Fek A el gk AF7F Basa vk
Sheridon 5°2 A< ¥ ¥} A b £/ =
glo|ol & o] &at] FAE A W ste] A
43t 4= 9l+= Essix appliance technology & 7l &5},
Y A AAE dd PHeE S8 5 U
3l th HEgk Align Technology©ll A= X|o} o] Fl
w2} CAD/CAMS AH&ate] RS Az H, &
22 A &8k Invisalign System’ (Align Technology,
Santa Clara, Calif, USA)2S 73}l o, o] u}lz}t
T wggA e S8R ST

Bollen 5'%0] Frd wA #=] o] 243} A7t el
A AFsiied 25 Ao w FAE 43 A7)
< Zlo] 7 BapHolgtal JBAEIE Sile
A AEL SAtel] whEt M2 B aget s
o] AAIEo] AHEE L Ut 7] TR o #
A d7e FE QAT T d7dem,t
ANEe] =22 ddol dgt A= BA &%, 4
T Al ARE-gE A 87} AlgHA o] ATk g -2
ATl e sts= A7 Foote WHoly 3
sk ol idellM e 2E wdEkA] Rakith
E dAHE 7A th

TG FA 7L A ofe]] oA 5
71 X9 g Rz uebs] wskd

719 3eo] Atk stjetE, X|o} o] F jH/]r s
stzo w& 3ol “F4l(force decay)"ﬂ of&f A
o] & A% o] thA] A&st7] H7kA A
A3 BAS 918 713to] SIA| "k v %
© ¢ =277t Adsil e, X|of o] F $ut vt
stz o1& glef vt & A-rele w8 A5l
dke S A8 5 gl ok 2 BE oA

pZs

Jo 2 1© to sz Ju U

DM WAY 2ol BelN S

o} o) AR HALE Az, Az T
9 W3 Yo me Brkstas ek ma
S5 mhe 53 B WaE BAstas
Ssict.

o1y
L

B Ao RS A3 w8 FHEIA =
AA A= dE AE 05, 075, 1.0 mm F7
2] Duran (Scheu-Dental, Iserlohn, Germany), 0.5, 0.75,
1.0 mm F712] Easy-vac (3A Medes, Gyeonggi-do,
Korea), 0.5, 0.75, 1.0 mm S742] Essix A+ (Raintree
Essix, Inc. New Orleans, Louisiana, USA), 0.75, 1.0
mm 79 Essix ACE (Raintree Essix, Inc. New
Orleans, New Orleans, Louisiana, USA)S ©]-83}3]t}
(Table 1). &-=F AJQlo| o] Ht#Ql At A= A
A A o] FA (2 mm)<} Fet HAXe] H) FeH-
ANA e FA@B5 mm =ol(7 mm)E whdsta,”
23 9] % %0]& Sheridon 5°0] A¢tet =g Fo
(20 mm)E 3123t 73413—’3 RS AAg 5 4
n} 3}9th. ©]% Biostar® (Scheu-Dental, Iserlohn,
Germany)©l] A|2te 23& o531 A XA 33
ste AP RS ol et & Ve H, Ma
2S5 AN FPom BAE FoolA o
HEE AElsle] 12 x 35 mm 27| 2 trimming 3}
o 670 ZF 66712] A& ARUTt (Fig 1, Table 2).
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Qw244 7)Zse] AZE Dty AR GG A BY 2y Aty AR HA
FANY Aol WA AFI, Aol FHE B B AREN Sgele] R e FeAw, I
Table 1. Prescription of materials used in this study
Product name  Thickness (mm) Manufacturer Component
Duran 0.5, 0.75, 1.0 mm Scheu-Dental (Iserlohn, Germany) Polyethylene terephthalate glycol

Easy-vac 0.5, 0.75, 1.0 mm 3A Medes (Gyeonggi—do, Korea) Polyethylene terephthalate glycol
Essix A+ 05, 0.75, 1.0 mm Raintree Essix, Inc. (Louisiana, USA) Copolyester
Essix ACE 0.75, 1.0 mm Raintree Essix, Inc. (Louisiana, USA) Copolyester

Essix ACE does not provide 0.5 mm thickness sheets.
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2 mm

Fig 1. Biostar™ (Scheu-Dental, Iserlohn, Germany) and fabricated dental model.

Table 2. Condition of thermoform used in this study

Brand Thickness (mm)  Temperature (°C)

Heating time (Sec)  Cooling Time (Sec)

Biostar® code

Duran 0.50 220
0.75 220
1.00 220
Easy-vac 0.50 220
0.75 220
1.00 220
Essix A+ 0.50 220
0.75 220
1.00 220
Essix ACE 0.75 220
1.00 220

25 20 111
30 20 122
35 60 132
25 20 111
30 20 122
35 60 132
30 20 122
35 60 132
40 60 142
25 60 113
35 60 133

&3to] AlHS A &gk ol AJH 9
A -‘?"%9] l:r”ﬂ:—z electronic digital caliper2 =%
sto] WY Ao T/ WIS vuskid

3 2T MY U3IH 2

ild
tol

= A

oo

3 = Age WEEAAIE7I(Model 5567,
Instron® Co. Pennsylvania, USA)E A}-8-3lo] A|3)3}
Atk AGAQN FEE Aol wkdshr] flste] 31
=3 AdE Hste] AlES & E< fixation jigEs
o] &3t kR e (Fig 2), FET 178 A(fix-
ation jig) Ate]e] Zol= 24 mm7}t H =S A 26k

=), ol A& et FHA| 278 SHA 17H«] A7)
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]38t 5 mm/min 4 %=2] crosshead speed = ¥1¢]

Zol 20 mm7} 2 w7 steS Fo%la, 05
mm At} of S92 F 6671 A9 }%%
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One-way ANOVA testE AA|sta Ao =2
Tukey testE ARt T A &S 1%
B A T 7] FAEA mE st 5YY
o] A7) Aoz} YRS Lol 1A} Indepen-
dent two-samples t-testS Al 3}t M1} 3] =53}
o] 53] whadE of stx Rl A7 xbo]
7F dAskEA] Lol 1A} repeated measures
ANOVA testE APt 4 == SAS 9.1Ver
(SAS Inc., North Carolina)®] Tt}

=

=

Fixatio

Termoplastic specimen

Load cell

Span length=24 mm

Fig 2. Experimental procedure used in this study. A, Universal test machine, Instron®; B,
schematic diagram of 3 point bending test.

Table 3. Thickness differentiation after thermoform (Unit : mm)

Thickness before Thickness after . 4 Thickness
Original A'Thickness
Eiraigl thermoform thermoform rate (%)
thickness
Mean SD Mean SD Mean Mean
0.50 Duran 0.58 0.00 0.30 0.02 0.28 48.3
Easy-vac 0.51 0.00 0.29 0.03 0.22 43.1
Essix A+ 0.50 0.01 0.30 0.02 0.20 40.0
0.75 Duran 0.85 0.01 0.48 0.04 0.36 424
Easy-vac 0.71 0.01 0.41 0.03 0.30 42.3
Essix A+ 0.74 0.00 0.40 0.03 0.34 459
Essix ACE 0.75 0.01 0.42 0.02 0.33 440
1.00 Duran 0.99 0.00 0.58 0.03 041 414
Easy-vac 1.03 0.00 0.59 0.04 0.44 42.7
Essix A+ 1.02 0.00 0.59 0.04 0.43 42.2
Essix ACE 1.03 0.01 0.64 0.03 0.39 379

SD, Standard deviation; 4 Thickness, thickness differentiation after thermoform.
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Fig 3. Increase in bending force and recovery stress level depending on the thickness and amount of deflection for
all four types of products (Lt, Force (gf); Rt, recovery stress (gf/mm?)).

Table 4. Factors associated with bending force and recovery stress (top) and multiple regressions for interaction

among products, thickness, and deflection rate (bottom)

Source DF Type 111 Mean square F value Sig

Force (gf) Products—Thickness 3 165005.16 55001.72 0.04 NS

Thickness 1 29310957.92 29310957.92 20.38 :

Products—Deflection 3 1147142.10 382380.70 0.89 NS

Deflection 1 322134835.70 322134835.70 752.14 :

Recoverystress (gf/mm?) Products—Thickness 3 24032.15 8010.72 0.07 NS

Thickness 1 1774483.80 1774483.81 15.63 .

Products—Deflection 3 5225991 17419.97 0.46 NS

Deflection 1 23675190.90 23675190.96 623.27 :
Parameter Beta SE t p value
Intercept —40.65 216.00 —0.19 0.861
Duran 29.54 83.88 0.35 0.725
Easy-vac 19.59 83.40 0.23 0.814
Essix A+ 4761 85.01 0.56 0.576

Essix ACE (Reference) 0.00 - -

Thickness —353.46 249.55 —1.42 0.157
Deflection —143.88 162.03 —0.89 0.375
Thickness x Deflection 1389.21 201.56 6.89 <.0001

DF, Degree of freedom; Sig, significant; NS, not significant; SE, standard error. p < 0.001.
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AoH, s Z& AFd wet a5 5]
oJgt zfol= GIATH (Fig 3, Table 4).

w™¥E dIitAE M=o FH et HEHEE 5tE(gf)
1 242i(gf/mm?)e| 37| H|m
BE AZFA 1.0 mm oo HIAL i E=

Hoj 221 gfe] &t5o] H A3kl (Table 5), 1.0
mm O]}\o]--/] %‘Goﬂ }\] ]H—‘E—'—7]' 7]';(] —l'{'l—‘l\_ 37
gffmm’ ©]o] 1T} (Table 6). =3+ 1.0 mm F79]
TE AFAHE 05 mm o] Holx 159 gfe]

slzo] deatyla, B93-S 16 gfimm’ o]

ol

I WAY M2l BolN SY

§ol w2k kel 19 Ao} 151z,

2 Aelstni ol Ajolr} 99

o A%

0

—

i
ol

St

0

ol
_O'I_I
o
H
I
10
Ji
lo

7} Aol O3 e E Al BE
(@D HU=ghmm)e] 791 F 32 Aol B

At} 53] WHES

o} 4 - 7% H59E FAa7F AFFHAT (Fig 4).
1E

AU Gt ol 4
Az Az} wu wep
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< Jke ok WE ¥ 983 Betel 4
1oﬂ tZHO}x_ #8432 Fald Aol o
%A]7]EE—, ZHE-/] —1'{_—1% E—% %

Table 5. Comparative mean force according to three thickness levels and four deflection levels for four types of prod-

ucts
Force (gf)
Thickness Deflection (mm)
Brand
(mm) 05 1.0 15 2.0
Mean SD Mean SD Mean SD Mean SD
0.50 Duran 86.8 36.6 373.2 109.8 964.9 229.8 19386 385.5
Easy-vac 32.7 18.0 220.9 60.6 7156 1187 1578.6 200.1
Essix A+ 54.3 18.1 299.8 50.3 917.0 106.8 1965.9 191.6
Significance NS NS NS NS
0.75 Duran 153.0 42.8 613.2 935 1644.2 825 3161.9 270.8
Easy-vac 859 28.1 436.6 9.1 12874 200.5 2661.0 323.6
Essix A+ 1109 36.0 499.2 124.6 1366.2 306.9 2755.1 584.6
Essix ACE 929 447 4354 128.1 1260.8 2183 2594.3 303.4
Significance * * * NS
1.00 Duran 158.6 429 637.8 1456 17359 335.3 3490.2 634.7
Easy-vac 214.0 419 8255 107.0 2204.6 246.5 43215 521.9
Essix A+ 2139 50.0 8185 1537 2145.3 3087 4209.2 4747
Essix ACE 2394 89.5 875.2 286.3 21729 508.9 3965.1 692.2
Significance NS NS NS NS

SD, Standard deviation. p < 0.05.
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Table 6. Comparative mean recovery stress according to three thickness levels and four deflection rates for four

types of products

Recovery stress (gf/mm?)

Thickness Deflection (mm)
Brand
(mm) 05 1.0 15 2.0
Mean SD Mean SD Mean SD Mean SD
0.50 Duran 53 5.0 54.9 25.3 208.6 55.2 5385 107.0
Easy-vac 2.0 5.0 36.6 14.0 162.3 30.1 438.9 5.5
Essix A+ 3.1 2.0 55.7 8.0 2146 24.9 546.1 53.3
Significance NS NS NS NS
0.75 Duran 89 142 87.3 40.4 3385 65.7 878.6 7.3
Easy-vac 44 46 73.0 19.3 289.3 47.0 739.3 89.9
Essix A+ 10.2 7.0 86.5 34.7 309.5 87.2 765.6 1624
Essix ACE 5.8 3.0 77.4 24.0 288.1 54.9 721.0 84.1
Significance NS NS NS NS
1.00 Duran 19.0 114 1180 37.2 3975 98.0 969.8 190.2
Easy-vac 23.9 155 154.0 217 506.5 705 1200.6 1451
Essix A+ 29.4 53 159.7 24.4 497.6 66.5 11695 132.2
Essix ACE 158 16.3 1358 33.1 461.7 975 1101.8 192.2
Significance NS NS NS NS
SD, Standard deviation.
Brand
1,200.0 Brand 280.0 — Il Duran
] Hl Duran Bl Easy-vac
110001 Bl Easy-vac [ EssixA+
P [ Essix A+ - 1 Essix ACE
. [ EssixACE "€ 260.0- ]
5 1,000.0 - E
® =
(]
S 900.0 2
£ 2400
1)
800.0
T T 1 2200' T T 1
1 3 5 1 3 5
Cycle Cycle

Fig 4. Graph showing bending force and recovery stress changes after repeated loading (Lt, Force (gf); Rt, recovery

stress (gf/mm?)).

Sl

oY

494 9o
o

=
H A3 O

=
o]
LIS = S = U

2] ]. A e

-
M T

111

T8
A&
7k sl te Wi f\1 7}
B2 HEotd uf Az
sttt A7 54E Ay
A, 37 ZF 4P AT 9 o) At

=g e] 2
A= sz deo)
B Bl AT
uw

=2
=
3
K

22

O M o El ox



Vol. 40, No. 1, 2010. Korean J Orthod

(
=

At Aol F72 mm)e}t et M2 FH
oo FA(8.5 mm)¢ =o°](7 mmE ¥+

2Y% HEALS RS G9NY A Ag
oA, 3 2E ARS AN o 3Y 23
48E B WA, 5 As} MYEs

= Arel e4d o4
Bole ] Aze B ] =
Baset 4% Al MAEYD Fa w7} 3

do o by ok ok ofy P
Jg 3R R oo

o)
Lo
oz
)
H

8 Al 7HAE 548 Qs AotE o7 BR
FRaY AR ] wyHEE Loty S8 HdHE
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A gFd T drkad ABIF AldE
A, BAE 7 sl T 49

H4E Axe B¢ WAsHA drk Ryokawa 57&
FAHE ol GriaA Ase] FAVE 71 FA
o] 749 - R2.6% FEo FAR FolErtn Hust
Atk ol HARPoM = Ll 57.5%= FA 7
a28t5la, ol AFET A awke] Aok 7
Fagre] zpole Az FAC webA gkl
U, FALE ARLTE o Bo| fdiste A
Baoh g A2} A] AMEshE By o=
gt AT, ol AFte AHY AF A A
RFo] RS AbEetl o & dFelA=
Q1 g vk sh] S8l ghmele] ﬂ?ﬁol
2 FHE wrgste] A7) FEHY =
WY A] o] &3} Tt} (Table 2, Fig 1).

BE AFAA 1.0 mm 1”91 HE S flaix=
Holx 221 gfe] szl HL3t I (Table 5), 1.0
mm °]e] WE A A7t 7= HYEE 37
gffmm’ ©]4o]UT} (Table 6). ©=3&F 1.0 mm 72
BE AFAAE 0.5 mm A Fol|A Ho= 159 gf
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ol copolyester® T E Duran, Easy-vac¥}
polyethylene terephthalate glycol= /J %l Essix A+,
Essix ACEZ} 7ol 2#glo] WEako] 1.0 mmY
] copolyesterZ TAAE A7 EHHo| BAZFL
2 Fo8HA =k (p < 0.05), ©] BFE AL}
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zeba o gl Zel 2o FEurgl oa) ol
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dot o] Ase A7 B 7IAEE} Adek e
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A AxE g don, B Y¢S F= ot
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ol gt o7} gtk

T IR E o] &3 wy X5 A RHEHo R
208 A Hv, ol2jg gl wE str &
A o] Wglof| tigte] ATt BE A@AA
o thal 2.0 mm W F7HA] 53] WHESES 7HFA
o, 53] W5t F<to] 0.5 mm HF o2 5
(ghH = %‘ﬂé‘(gf/mm )= S5 ARE ”ﬁ%i
W RE AT Ffg Apo|7t HEEHAT
< 001), H 10 - 17%9] 3l5 4o}t 4 - 7%2) %
L8 a7t UG (Fig 4).

wAEe] A7l grivkE o] fasterte &
L7 ZaaAZE glek W= 7kshe wg el Zi%i
sttt st ek X|o} o] F -t H*E;}%OH w}‘?—

I8 (force decay)oll 2J3ll #Ha&o] &
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EH%}O] 711 gf7HA] 43T 0.75 mm 7
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ORIGINAL ARTICLE

The effect of thickness and deflection of orthodontic

thermoplastic materials on its mechanical properties

Sam Min, DDS, MSD," Chung-Ju Hwang, DDS, MSD, PhD,b Hyung-Seog Yu, DDS, MSD, PhD,b
Sang-Bae Lee, DDS, MSD, PhD,” Jung-Yul Cha, DDS, MSD, PhD*

Objective: The purposes of this study were to evaluate the force and stress depending on the type, deflection
and thickness of the materials and to evaluate the mechanical properties of thermoplastic materials after repeated
loading. Methods: Four types of thermoplastic products were tested. Force until the deflections of 2.0 mm and
the stress when the materials were restoring to its resting position were evaluated. The mechanical properties
of thermoplastic materials evaluated after 5 repeated loading cycles. Results: The interaction was observed be-
tween the thickness and the deflection (p < 0.05) from the regression equation. Thickness and amount of de-
flection rather than products and materials showed the largest effect on force and stress. In all products, at least
159 df of force was required for more than 1.0 mm deflection or when materials with 1.0 mm thickness were
deflected. The stress recorded was more than 19 gf/mm’. During repeated loading, each group showed sig-
nificant difference on the force and the stress (p < 0.01), 10 - 17% reduction of force and 4 - 7% reduction
of stress in average. Conclusions: Proper thickness of thermoplastic materials and deflection level of tooth move-
ment should be decided for the physiologic tooth movement. Force decay after repeated loading should be con-
sidered for the efficient tooth movement. (Korean J Orthod 2010;40(1):16-26)

Key words: Thermoplastic materials, Force, Stress, Repeated loading
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