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Figure 1. Biostar (Scheu—Dental, Iserlohn, Germany) - - - -« - - - - -6
Figure 2. Experimental procedure in this study. (Lt. ; Universal test
machine, Instron®, Rt. ; schematic diagram of 3 point bending test.)
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amount of deflection (Lt. : Force (gf), Rt. : Stress(gf/mm?)). - 12
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AnlAQl wg Aol #d dio] FUIHWMA Frw Aol #d dHE
S7HE ST R A A W ookle gGA AR = o 4@ Aol
kol FEAQ AD wAolu FAFAS #2 HHOoRR fo] 2oli
Atk wFst A7k W ARE ol&F w2 AEAd I A3t
Hus AT, A5 =24 A w3 A B4 v 53] Al
AgE = ot (force) @ FA7F A&so] AP ZrH (resting position) &

HZobrte & wo] AR S8 (stress) ol dfsl] s LA ekt
2 AFeA= AFAR Modeld 7oA Fr wAdGA2] ARE 2Ro|=
47HA F79 4714 A=(0.5 mm, 0.75mm, 1.0 mm F7)E 2.0 mm 7}
Aol A w Zew ke she(ghd RS9 5 dAddel o8 3E 2
Ag9 &8 (gf/mm”) & F71ekeh 85 Sgo dFe vjA= 23] el
X

etolw ki, A7taA AEY 3o A (force decay)E H7lelz]l 9

1. 97123 AR w78 AEg e el 435 wsago] #FHom (P <
0.05), 3tz (gHa S (@/mmMHel st 37 P& ZEFUh
A7 AR FA YW WPl ks SYel MF & d¥HS
vetelom, A5t =2 AEY sy Y= FYE Aolrt
A=

2. E AFE 1.0 mm o)F ME Al HL 221 gfo] dFFo] Basgla, o]



W A& 37 gf/mm® o el WAHJT FAZF 1.0 mm 9 RE
AN 0.5 mm WP A, Ha 159 gfel shgol BT, of w 4

16 gf/mm® ¢ $¥o] wrAaE g},

B>

3.z A¥F gt wrEaE Al aE(ehH 28 (gf/mm?) e FAolA
Fo3 zol7p AAEHAL (P
4-7 %2 8 HA

ool An}, dF(gh¥ &Y (gf/mm”) el 7PF FFE Wol FE @
Aol FAL Aot ol AL & F vk FHRAZAE o] &3t
Aelgoz Hotg o]FA7I7] M, =71 AopdE H& Abgste
A7k AR FAg A Al Aot o]FFE welste] HEF Flo] Jte|AA

AT E Fof sty T WHEEE o] ArtaAd Azo Rz o8k 3o
A

a9y st W Aed AR, §F

olo
L
(=
dz
o
ofy

Vi



I H&

A BElE 9 T4 @] WE] 4 @AM 23 e PR
A wAolt fAFA) 2 @HFANNE wol zolx glov], o]deE
olgo] AA, €y ATUE ujul Erols torg SEw AFEEL it

WHAE doolA HFo®E Kesling 5 (1945)2 wg Al Ao} olsg <l
ARESE 4 9lE= Al E=3HA) (elastic polymer) 2 A ZHE tooth positionerel] &l
208911, Nahoum % (1964)& ‘Vacuum—formed dental contour
appliance’ °] sl X1 3R o™, Yoshii 5(1992)2 A2 vE dBAAFE

A ARE FHR 4AEAE ASom 2/agth oF tad FF

1o

=
e FPmAGAL AwA pes delol: AT b



A A ANEI Qlow, vheksh ARl Rl dish A47F Ban Ha Qith
Sheridon 5(1993)& Ay #47 F THe EgpololE o] &3t
FAE F&sAY HFPske] A8 4 9l Essix appliance technology &
ete], £ wAGAE ot Wylow §8T & A ST = Align
Technology A= Ao} o]Fel wel CAD/CAMS Abgsto] B3& Alzst 7,
A2 & A|Zsl= Invisalign System (Boyd &, 2000) (Align Technology, Santa
Clara, Calif, USA)& 7W&stglon, ofo upel £ w9 S8 917F ol

= .
FRAGZAE ol &3 AotolEs A ARl Ao} o]FI AHA o]
2715 el ok B golojs o] &3 wAAFAAN  gholofl

=)
3 EYHE o]gste] Hote nwAHE Tieke FAAF FHALALE ARG
S o] gste] Aotel wAHES RSt Kwon 5(2008) &£ A<l

g8 dolry] f3 3% ==+ 3|5 A Y (Three—point bending—recovery
tests) & ©ol &% ot oux] A 54 (energy delivery properties) ol o
AAE e, b AEE A&k Zo] AobE oAl F e a&4<

e 9 & Yon Snh clEAoEE okta A%H wAYel 43

asAel Aokl 5L vhehith: 22 €4¢ o7t glont, @ EwhEelAw
Aok EAe AYE QHomi wergd 4 vk sAw e

AEARD WA H L Aok}t zo] FAE& WA T (Burstone &, 1989).

WFFATE Aot FoAd = = Ao AVl A R wEhA
T Stk HF %2719 o] ava st etk, Ao} o]F i} yHRdlEel
w2 o] A (force decay)ell &l #Ha&o] & A ol tA] 2§
A7 AFQidfel A BAAds 918 7]gte] QA "k vk Z7)o= 39

A2717F s ort, Ao} olF Fub wEalEel me Pol At 2 A¢
Z]: A

Aotolmg St Pol AL Al P Al o FosHA aelsteiof st
AFAl AFE AFEW, Bollen 5(2003)0] FHmg g2l g5 Alzte|
dslA  Arsdsd 257 Fdes AXNE @43 Alvle Zol A
adAolegta stk At Al Az JAbel] weEl MR oE kit 24
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wy AR A AREEHeE F

P gdAxE A&EE FEH O AEE polyethylene terephthalate glycol,
polyurethane, copolyesthers& ©]&3tt}t,  Invisalign aligners< 7]+-4<l
=342 polyurethane2 ©]&3lm, Duran, Easy—vace polyethylene
terephthalate glycol® ©]£3t31, Essix A+, Essix ACE¥ copolyester®
o] g3ttt ol Gt AERES E% F71, "9 Zaste JFA7,
AE71zke] g8 =87 54do] 93Fs weth mekd 7 ol 3489 A9
3l 5 TR A oM | ZRl 549 Aozt Aty

wEbe ARl s Agel wrgskr] s, =l A

£2
X
I
=
2
tlo

o T, T, wWPFe] uwet WIA 7| A T o Hest s (gf) H,
HAFGE A AFE7 Ao AE (resting  position) 2 Zofd o A8
[e=]
%

ek ool AFHA 2 REEskTel uhE



B APl ARES A3 w8 FRuAAEAE dA4 AdEI s AR
0.5, 0.75, 1.0 mm S22 Duran(Scheu—Dental, Iserlohn, Germany), 0.5,
0.75, 1.0 mm F79 Easy—vac(3A Medes, Gyeonggi—do, Korea), 0.5, 0.75,
1.0 mm 5412 Essix A+ (Raintree Essix, Inc. New Orleans, Louisiana, USA),
0.75, 1.0 mm F729 Essix ACE (Raintree Essix, Inc. New Orleans, New
Orleans, Louisiana, USA)& ©]&3}t}+ (Table 1). gt Ad<lof A 2] F A9l
et A Ao Ao FA (2 mm) &F et A Hof FgH-olAe] FA(8.5
mm) & Fol(7 mm)E WrFetar(e] 5, 1997), R&EE F F°li= Sheridon

5 (1993)°] ARk BF %0] (20 mm)E 1St BA IR RS AT H

of,

Anl Gk ©o]F Biostar® (Scheu—Dental, Iserlohn, Germany) (Fig 1)l
A AZAE FASE dAARI XA S o] Este] €& Tfsh
1

=
t} (Table 2). A]HLE Al 15 X 35 mm IA7|E 22 974

Table 1. Prescription of materials used in this study

Product name Thickness (mm) Manufacturer Component

Scheu-Dental
Duran 0.5, 0.75, 1.0 mm Polyethylene terephthalate  glycol
(Iserlohn, Germany)

3A Medes
Easy-vac 0.5, 0.75, 1.0 mm ) Polyethylene terephthalate  glycol
(Gyeonggi-do, Korea)

) Raintree Essix, Inc.
Essix A+ 0.5,0.75, 1.0 mm o Copolyester
(Louisiana, USA)

Raintree Essix, Inc.
Essix ACE 0.75,1.0 mm o Copolyester
(Louisiana, USA)

Essix ACE is not produced 0.5 mm thickness sheet.



85mm

mm

Fig 1. Biostar® (Scheu—Dental, Iserlohn, Germany) and fabricated dental

model
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Table 2. Condition of thermoform used in this study

24 WY AF

Brand Thickness (mm) Temp()%r)ature HeaEiSnegC;ime Cooling Time (Sec) Bigz;aer(@
0.50 220 25 20 111
Duran 0.75 220 30 20 122
1.00 220 35 60 132
0.50 220 25 20 111
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




22. 33 =AY 9 34 =% 35 A4d

34 ZF3 AYPLS WrsEAA 7] (Model 5567, Instron® Co. Pennsylvania,
USA)E AH&3dto] Aldekal PAA QL As APl wgehrl flske] 34
=3 AYA F5S FeEidel obd nAsE WS Yl (Fig 2). &
1A (fixation zig) Abe]e] do]Z 24.0 mm7} HEE A|ZstF=H], o]AE
et TAA 279 SHEA 1M A71E Rk otk 33 == Ade 95t

AFEY FAEE 671 AlH-E FH|8te] 5 mm/min $X2] crosshead speed®

Aol 2.0 mm7b E wWi7bA skes Folekala, 0.5 mm HARbe of ©9lE
T 6671 A1E9 a5 (gh & At old stylus® %2 12.2 mmo]th,

Ho W (2.0 mm) AW F atF AF A3 (force delivery test) & 934 34
Foch fleb wds AEE AREske] stylusE 5
mm/min® crosshead speed@ %S %2 0.0 mm7} 2 w7}] o] F A Ht} o] uf
9] E]Qiqﬂ 359 W ARt 7HHE S8 (gf/mm?) & 0.5 mm 7HFrict

R 5O
= 5 Ays 59

|

O

9o APe FAsA 53 WEEA Al dF(ehH I & (gf/mm?) <

Load cell

Thermoplastic specimen

Span length=24mm

Fig 2. Experimental procedure in this study. (Lt. ; Universal test machine,

Instron®, Rt. ; schematic diagram of 3 point bending test.)



% (gha 8 (gf/mmH)e] &S F= 29& Lolrr] $8] Linear
Regressions Al&d&tglon, T} wgggo] At A AFIHe] AHol&
ol 7] Yl One—way ANOVA test & AP o2 Tukey testE
Atk FASE MEFe] U4 A ARl wE AelE FotrR7] s
Independent two—samples ¢—testE A3}, 53 WHESE F 345 (gf)
S8 (gf/mm?) ¢ W3S Udolr 7] 9|4 repeated measures ANOVA testZ
Akttt EA == SAS 9.1Ver(SAS Inc., North Carolina) ©] t}.
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RE At 94 W8 F OFAU pzden, Bddd FA gase
41.1-43.8 % (Table 3).
Table 3. Thickness differentiation after thermoform
(Unit : mm)
Thickness before  Thickness after AThickness AThickness
Original thermoform thermoform rate (%)
. Brand Mean
thickness
Mean SD Mean SD Mean Mean
Duran 0.58 0.00 0.30 0.02 0.28 48.3
0.50 Easy-vac 0.51 0.00 0.29 0.03 0.22 43.1 43.8
Essix A+ 0.50 0.01 0.30 0.02 0.20 40.0
Duran 0.85 0.01 0.48 0.04 0.36 42.4
Easy-vac 0.71 0.01 0.41 0.03 0.30 42.3
0.75 43.7
Essix A+ 0.74 0.00 0.40 0.03 0.34 45.9
Essix ACE 0.75 0.01 0.42 0.02 0.33 44.0
Duran 0.99 0.00 0.58 0.03 0.41 41.4
Easy-vac 1.03 0.00 0.59 0.04 0.44 42.7
1.00 411
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 37.9

SD, standard deviation

AThickness (%), percentage of thickness change after thermoform



3T = = [e] 2 =
2. A5, AFE, FA, v¥FY stFehd 9 (gf/mm)e] thst
ek
TAeL AP sl s wEago] #EEgeH (P < 0.05), sk (gh T
29 (gf/mm?) ol thst 37 LA =& A L W] A A oA
%3 Sl b 2 9TYS deigon, ARg ARl we sE
= F% Aol= STt (Table 4, Fig 3).
Table 4. Interaction and regressional equation table for force and stress
Source DF Type lll Mean Square F value Sig
Products-Thickness 3 165005.16 55001.72 0.04 NS
Force Thickness 1 29310957.92  29310957.92  20.38
(of) Products-Deflection 3 11471421 382380.7 0.89 NS
Deflection 1 3221348357 3221348357  752.14
Products-Thickness 3 24032.151 8010.717 0.07 NS
Stress Thickness 1 1774483.80 1774483.809 15.63
(gfimm?) Products-Deflection 3 52259.91 17419.97 0.46 NS
Deflection 1 23675190.9 23675190.96  623.27

DF, degree of freedom; Sig, significance; NS, not significance.

sk 1 P< 0,001

10



Unstandardized Coefficient

Parameter Beta SE t Pvalue
Intercept -40.652988 215.9988796 -0.19 0.8508
Duran 29.541121 83.8757615 0.35 0.7248
Easy-vac 19.594683 83.4017941 0.23 0.8143
Essix A+ 47.609460 85.0087192 0.56 0.5757
Essix ACE (Reference) 0.000000
Thickness -353.455108 249.5547074 -1.42 0.1572
Deflection -143.878767 162.0279966 -0.89 0.3749
Thickness x Deflection 1389.205438 201.5631523 6.89 <.0001
SE, Standard Error
Detlection tmm)
B s
B - Ty
Cis
W
o
- T
8 £
8 3
[+ ]
L o
o
0

Thicknasa (mm)

Thickness (mm)

Fig 3. The increase of force and stress level depending on thickness and

amount of deflection. (Lt. : Force(gf), Rt. : Stress (gf/mm?))

11



3. FAg wde] W 2 (gDt £ (g/mm?) 9 W

BE AES 1.0 mm o4 WE AL HA 221 gff dFFo] B2skeli (Table
5), ©] wW 2 37 gf/mm”® ¢ &o] WAL (Table 6). F717} 1.0 mm ¢
RE AFAAM 0.5 mm HE A, H 159 gfo] dFo] FRsPar, o] v Hx
16 gf/mm” ¢ $&o] LAHIT. H& 9L 19 gf/mm” o] ol gl

T APl ks SO n A= o] Y] ", + M 210 F

S FYsHAl & A AR S AFE Fost ZFolrt leA
rotm ottt FUdd FAA A= F AFLE Fosh 2ol glla, T
15k F

T2 AFD HAR A7 Ak,

X
&

i
Y
el
2
i
gl
Wi
2
o
]

AFoell web skFold Foldt xpolrb Uslal, o A& At Fofd
2ol 7 gLt

AL WEF] 7 ox2ds EF A 3 H AR wE olE
elolr gkt Copolyester® TFA4E AEE3 polyethylene terephthalate
glycolzZ 7AE AMEES vlwste] HH, FAel Adglel MEFeo] 1.0 mmY
w A2 oAt zFol 7k QA (P < 0.05), °o] A=
Alelskals Amel whE 2% o]zt gl

[¢]

om
ﬁL
|o
u
i
o
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Table 5. Comparison of force(gf) depending on deflection level for each

product
Force (gf)
Thickness Deflection (mm)
(mm) Brand
0.5 1.0 15 2.0
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Duran 86.8 36.6 373.2 109.8 964.9 229.8 1938.6 385.5
Easy-vac 32.7 18.0 220.9 60.6 715.6 118.7 1578.6  200.1
0:90 Essix A+ 54.3 18.1 299.8 50.3 917.0 106.8 19659 191.6
Significance NS NS NS NS
Duran 153.0 42.8 613.2 93.5 1644.2 825 31619 270.8
Easy-vac 85.9 28.1 436.6 95.1 1287.4 200.5 2661.0 323.6
0.75 Essix A+ 1109 360 4992 1246 13662 3069 27551 584.6
Essix ACE 92.9 447 435.4 128.1 1260.8 218.3 2594.3 3034
Significance * * * NS
Duran 158.6 42.9 637.8 145.6 17359 335.3 3490.2 684.7
Easy-vac 214.0 41.9 825.5 107.0 2204.6 246.5 43215 5219
1.00 Essix A+ 213.9 50.0 818.5 153.7 21453 308.7 4209.2 4747
Essix ACE 239.4 89.5 875.2 286.3 21729 508.9 3965.1 692.2
Significance NS NS NS NS
* 1 P<0.05
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Table 6. Comparison ofsness(gﬂnnn% depending on deflection rate for each

product
Stress (gf/mmz)
Thickness Deflection (mm)
(mm) Brand
0.5 1.0 15 2.0
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Duran 5.3 5.0 54.9 25.3 208.6 55.2 538.5 107.0
Easy-vac 2.0 5.0 36.6 14.0 162.3 30.1 438.9 55.5
059 Essix A+ 3.1 2.0 55.7 8.0 214.6 249 546.1 53.3
Significance NS NS NS NS
Duran 8.9 14.2 87.3 40.4 338.5 65.7 878.6 75.3
Easy-vac 44 4.6 73.0 19.3 289.3 47.0 739.3 89.9
0.75 Essix A+ 10.2 7.0 86.5 347 309.5 87.2 765.6 162.4
Essix ACE 5.8 3.0 774 24.0 288.1 54.9 721.0 84.1
Significance NS NS NS NS
Duran 19.0 1.4 118.0 37.2 397.5 98.0 969.8 190.2
Easy-vac 23.9 15.5 154.0 27.7 506.5 70.5 1200.6 1451
100 Essix A+ 29.4 5.3 159.7 244 497.6 66.5 1169.5 132.2
Essix ACE 15.8 16.3 135.8 33.1 461.7 97.5 1101.8 192.2
Significance NS NS NS NS

14



2 (force decay)

o~
=
Jj
ol
ol
of\
©
o
ot
1o
o

b AT gisk wiEelE Al BE FolA & (gh) 29 (gf/mm?) 9
P < 0.01). 53¢ HEEsE & Hd 10-17 %9
359 A9 4-7 %o €Y AAh7 BEEATH (Fig 4).
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T T T 1200 T T T
1 3 5 . 3 5
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q\ f.-é-:dl.\lm - O\ —&—nrmn
110U 0.0 &
\ 1:.2': \ :EH«
@ Essl ACE —@—Cxxn AT
B \\
10000 sE‘ \-—.m
5 E 24nn=
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Cycle
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Brand - A Brad
15000 +;m oo S —@—noum
ity ‘\ T~ — Bk A=
— B —Exic ACE \q—_\ —— e ACE
I
140007 Y

Force (gf)

1300.0" \\\
: 0= \.\
N \\ 0.0~ k\m .

Cyde Cycle
(Thickness : 1.0 mm)
Fig 4. The graph of force and stress changes after repeated loading. (Lt. :
Force(gf), Rt. : Stress (gf/mm?))

Stress (gf/mm?)

-

o=
w
m

T WY T 2SS BT sdsA 3 FH & st mE AEFY
zpol S ol gt FF(gh) S AHHEW, 0.5 mm FAY AEE 1.0 mm °)%
HE T t, 0.75 mm A9 ABE

33t & w Easy—vac® ol folstA woke
1.5 mm o]} WS wW Durano] FoeHA %2 #= UEbHI, 1.0 mm
A AEE 1.5 mm o) WS @ Durano] FoatA *2 & BT
(Table 7). $¥(gf/mm*) < AHrd, 0.5 mm F7¢ AEES 1.0 mm °]4F
WAFstle W Easy—vace #ol F&skAl 2kt 0.75 mm 749 AsE
2.0 mm °% ®MEsRAS W Durano] FosHAl w2 = WEFAL, 1.0 mm
A8l AEE 1.0 mm o] WSS @ Durano] frolatAl w2 ks Hoith
5

gt sz AEgt A2 vskdth (Table 8).

-

olo
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Table 7. Comparison of force(gf) depending on deflection level for each

product
Force (gf)
Thickness 5 Deflection (mm)
(mm) rand
0.5 1.0 15 2.0
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Duran 31.2 405 250.8° 1166 84487 2158 1890.9° 341.8
Easy-vac 16.5 196 161.8° 646  6394° 1112 1549.1° 1785
059 Essix A+ 252 268 2341% 601  830.3° 108.1 1921.6° 180.8
Significance * > >
Duran 71.1 746 4279 1855 14237° 213.3 30754° 3147
Easy-vac 375 422 3289 1072 1149.2° 1966 2611.6° 304.6
075 Essix A+ 585 466 3824 1443 1231.6% 3005 27054° 534.4
Essix ACE 459 433 3384 1241 11386° 214 2549.0° 2732
Significance > *
Duran 977 569 5157 1515 1581.2° 331.1 34265° 636.4
Easy-vac 1272 801  660.7 1495 1996.9° 2643 4239.7° 476.8
1.00 Essix A+ 136.9 656  680.4 1493 1967.4° 2758 41334° 4223
Essix ACE 1087 119.9 6426 2482 1888.0° 4418 3852.1% 6282

Significance

*

*k

The significant difference was defined by Tukey test.

ab¢ The same superscripts indicate no stability significant difference between

the indicated group (#> 0.05).

* 1 P£<0.05

#x 0 2<0.001
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Table 8. Comparison of stress(gf/mmz) depending on deflection rate for each

product
Stress (gf/mmz)
Thickness Deflection (mm)
(mm) Brand
0.5 1.0 15 2.0
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Duran 1.9 4.0 502°% 212 2007° 492 5252° 949
Easy-vac 0.9 42 333° 132 157.0° 271 4307° 494
059 Essix A+ 26 25 51.1° 82 2076° 239 5338° 503
Significance * > >
Duran 5.8 12.2 77.4 425 3230 714 8545° 874
Easy-vac 25 4.4 67.6 173 2816 440 7256° 846
0.75 Essix A+ 74 6.6 81.1 309 3002 783 751.8° 1485
Essix ACE 4.0 35 72.4 204 2802 488 7084° 757
Significance *
Duran 155% 101 1107° 341 386.1° 906 952.1°  176.8
Easy-vac 180%° 159 1424% 263 4919 638 1177.9° 1326
100 Essix A+ 24.4° 70 1495° 225 4834° 581 11484° 1176
Essix ACE 86" 185 1220° 285 4414™ 880 10704 1744

Significance

*k

*k

The significant difference was defined by Tukey test.

ab¢ The same superscripts indicate no stability significant difference between

the indicated group (P> 0.05).

w1 <0.05

#x 1 < 0.001
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IV. aF

ArAl Wy gAlel #E wio] TrtEWA FHuggA e B HAE
S7HAAY. T dA = Kesling 5 (19450 osiM A5 27hs o], A
Align TechnologyollA 7l¥3t Invisalign System (Align Technology, Santa
Clara, Calif, USA) el o]=717H4] 4 A& 217k o =3 (Boyd 5, 2000).
=3 FYuAgAe Anst G5 ey ARt Avdeln Agas] 4
dEAol sk, G FAZAY oldo] A, Hid AEYE

3 vl

_{
P

’
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F8]) 4 E, positive &2 negative pressureE AFE3F W LSof oA HEA
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dom ARHA ka9 WAY o o3 AFAL FAW FHow AF
Adh W] Feo] wExu el diEide 9] off7]l wiEel HAH 3l
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HQo3kar (Tables 5), 1.0 mm °]¥e Wd Al AE7F 7= $92 37
gf/mm? o]’Fe]1glth (Tables 6). T3t 1.0 mm F79 BE AFJAE 0.5 mm
APFo| A Holm 159 gfd] stso] Lk, &2 16 gf/mm” oo At
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Folgt Aol7t QA dobugieh BAF TN WMPF wheb folw
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Aol A wE fFod xol7b Aoy A=
NATE =, B AR HofolFmg fg At FHE AU fste] AR} AFEE
ASeA Adeefol apxnt 7Hd Fagh
TG Aote] olFHa A oF stk Zloltt

TS MER] 7 s BT Fdst
olH gkt Copolyester® FA%  Duran, Easy—vac¥ polyethylene
terephthalate glycol® T4 ¥ Essix A+, Essix ACES nvlwsloe] Hd FA4 9}
wAglel Mg o] 1.0 mmY AMzel YoMt SAACE {2k zol7}t
AN (P < 0.05), ©o B%E Addstae Aued we Folsk xol7k Sl
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FHngZAE o4t wgd A5A WAoo A (Gardner &, 2003)%
A =, olgjst Aol wE st & W] diste] Aysiidth RE
A disl 2.0 mm WAF7A 53] wbEEEE shskolow, 53] WEsE
Fetel 0.5 mm Ao ST (gh¥ £ (gf/mmH) e FAHAT. AnE
Avind e ATl [Fod tolzh #EEd (P < 0.01), B 10—
17 %9 st5e ast 4-7 % & Favh AFHYG (Fig 4. FA9
TdeA B H wEsTe wE AFR ZolE
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& W Easy—vac? ol AF Fel Ad @#gka (£ < 0.05), 1.0 mm
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Abstract

The effect of thickness and deflection of
orthodontic thermoplastic materials

on its mechanical properties

Sam Min

Department of Dentistry
The Graduate School, Yonsei University
(Directed by Professor Jung—Yul Cha, D.D.S., Ph.D.)

Today’ s demand for esthetic method of orthodontic treatment has
increased the usage of clear orthodontic appliances. Clear orthodontic
appliances are esthetic, simple to use, and have excellent formability. Clear
orthodontic appliances have been used in partial orthodontic treatment or as
retainers. Although many successful clinical results with clear orthodontic
appliances have been reported, the mechanical properties of thermoplastic
materials are not fully studied. the force applied and stress when the material
is restoring to its resting position are not fully demonstrated.

The 4 types of thermoplastic products (0.5 mm, 0.75 mm, 1.0 mm) were
tested in this study. Applied force until the deflections of 2.0 mm and the
stress when the materials were restoring to its resting position were
evaluated. The conditions which affected force and stress are investigated,
the mechanical properties of different thermoplastic materials evaluated after
5 repeated loading cycles.

The obtained results were as follows:
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1. The interaction was observed between the thickness and the
deflection level (P < 0.05) from the regression equation. Thickness
and amount of deflection rather than products and materials showed

the largest effect on force and stress

2. In all products, at least 221 gf of force was required for more than 1.0
mm deflection. The stress recorded were more than 37 gf/mmZ. At
least 159 gf of force was required when materials with 1.0 mm
thickness were deflected more than 0.5 mm. At least 16 gf/mm? of

stress was recorded for the same condition.

3. During repeated loading, each group showed significant difference on
the force and the stress (P < 0.01), and 10—17 % reduction of force

and 4—7 % reduction of stress in average.

These results showed that the thickness and the amount of deflection
showed the largest effect on the force and the stress. Proper thickness of
thermoplastic appliance and deflection level of tooth movement should be
decided for the physiologic tooth movement. In addition, force decay after

repeated loading should be considered for the efficient tooth movement.

Key word : Thermoplastic material, Force, Stress, Repeated loading

33



