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Table 1. Prescription of materials used in this study

T

Duran 05, 075, 1.0 mm

TYE Ykry M2 BN 54

olZt wje] A5 ELY-E AP, A FA
2 Ag H o wpet Bristaar st g i
st we a5 Bege Wile EAstaz)
stk

ipaiy

A=

REAPN
T

Aol A ALg3E A3 24§ FHRY TR =
A ARE D 9E A8 05, 075, 1.0 mm FA
9] Duran (Scheu-Dental, Isetlohn, Germany), 0.5, 0.75,
1.0 mm S79] Easy-vac (3A Medes, Gyeonggi-do,
Korea), 0.5, 0.75, 1.0 mm F7]2] Essix A+ (Raintree
Essix, Inc. New Orleans, Louisiana, USA), 0.75, 1.0
mm 579 Essix ACE (Raintree Essix, Inc. New
Orleans, New Orleans, Louisiana, USA)E o] &8}

(Table 1). 3t=F Ag2lolAe] HaAQl ot Ax] 4
ol M o] T2 mm)e} gt AR H FEH
el FA®S mm)s EO)(7 mm)E WPsa”
R¥o] % EoliE Sheridon 5 o] A 2F o]
20 mm)E 13 AHnT ZFH S AR 5 A
n} 5}t ©]% Biostar® (Scheu-Dental, Iserlohn,
Germany)oll A3 28-S Selgn A2 APt 34
he ARYRA S ol 83l & Uis H, Ma
238% AAsG o FPor FAH T #
HRAE Mefdle] 12 x 35 mm 7] 2 trimming3t
o] 6704 & 66709 AlH-S AU (Fig 1, Table 2).

9wy v el Ik AR HA
FAE AFEAA S48t "ds e, 4

Polyethylene terephthalate glycol

Scheu-Dental (Iserlohn, Germany)
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 075, 1.0 mm Raintree Essix, Inc. (Louisiana, USA) Copolyester

Essix ACE does not provide 0.5 mm thickness sheets,
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Fig 1. Biostar® (Scheu-Dental, Iserlohn, Germany) and fabricated dental model.

Table 2. Condition of thermoform used in this study

i T

Duran 0.50 220
0.75 220
1.00 220
Easy-vac - 0.50 220
075 220
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
3H 60 132
25 20 111
30 20 122
35 60 132
30 20 122
35 60 132
40 60 142
25 60 113
35 50 133

AAREAE ol gate] AHS ARG Foll Al
4 F9e FAE electronic digital caliper® &%
gt QANE A% T4 W3S wmsiych

38 2T MY U 3% 2T 3= MY
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Gek A4AQ A3E Agel wedslr] 9t 33
3 AEE fsted AJHe &F £S5 fixation jigE
o] g8l mABIY o (Fig 2), FEW 14 U (fix-
ation jig) Atele] Aol 24 mmyt HEE A S
<H|, o] AL At FHA] 2ok A 1719 =27

o]
~ "o
& g E Zolet Alhe] FAER e AldE

18

#8)5le 5 mmjmin $5%2] crosshead speedE H
o] 20 mm7F B W7AA] 82 FASIAL, 0.
mm 7tA0 of GYE F 667 AR FFE
A3tk oldf styluse] HHF= 1 mm BHEO £
12 mm%iTh (Fig 2).

Hof ¥ (2.0 mm) A3 F stg A A E(force
delivery testyS HaNA 34 23 35 A4S 53
sk A9 BE AEE ARSI stylusE 5
mm/min®| crosshead speed 2 ¢1%2 & 00 mm7} 2
W 7}x] o] FAI AT ol WAy} s 5E o
o] A7t 7/HAE BL€E 05 mm HHv¢
gfimm’ @92 248},

9o] A¥g FA3MA 53] WHESAA FAo &
3 BEYE S Stk

o

N

=
i

o
T



Vol. 40, No. 1, 2010. Korean J Orthod WY A7IAYH 2o Eel™ EA

AEX|Q BM 2 A4 x| One-way ANOVA testZ AAsl AFHF o=
Tukey test® AAlStth FA < AP FE 243
FAE E8le 47 AFOR oA F 1% FEHA T 7R AR wE 6Pz?+ =9
o] AFNEY 2 2 A skE@ehHh B9y o] A7) Apel7} V=R E YobE 1A Indepen-
(gfmm’)el FFE FE 29 Yolry| 93 dent two-samples t-testS A| 2} }9\'}1’/} W 3B
Linear Regressions A|83lt) Wa Hxo uig} Aol 53] viEg St B8] A7) Ao
71l 7 dl5e] A9k F2 3E A A F2 g 7b A EAE YGolE LAl repeated measures
E A g2 298 arE HFs TR ANOVA testE A1 88t 4 =% SAS 9.1Ver
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hermoplastic specimen|

Span length=24 mm B

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)

0.50 Duran 0.58 0.00 0.30 0.02 0.28 483
Easy-vac 051 0.00 0.29 0.03 0.22 431
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 0.01 041 0.03 0.30 42.3
Essix A+ 0.74 0.00 0.40 0.03 0.34 459
Essix ACE 0.75 0.01 042 0.02 0.33 44.0
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.

19



=]

M, 83F REAM, olul, g

FA} Aaddon,
425% AT} (Table 3).

3,000.0

2,000.0 1

Force (gf)

1,000.0

0.50 0.75

Thickness (mm)

1.00

CHAImER] 408 15, 20104

=ei2(gt/mm*)0ll FEFES Ol

= 29

>

5t (gf) 2t

Srsh MR e} 45 wERgo] B
———U:] 1/ < 0.05), O}T(gf)‘"} -v'{_*ﬂ(gf/mm ]
3 WA o] mE:HUTE FA L "I o] 3
A4 33 Bagd b 2 9% e

HA
el

=

¢

4

/\
_1

éT:

1,250.07  peflection (mm)
R 05
1,000.0{ 5 1.0

7“1 1.5
750.0

500.0 T

Stress (gf/mmz)

250.0

1.00
Thickness (mm)

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)

Force (gf)

Products-Thickness
Thickness
Products-Deflection
Deflection
Products-Thickness
Thickness
Products-Deflection

Recoverystress (gf/mm®)

Deflection

— D = W = W= W

165005.16 55001.72 )
29310957.92 29310957.92 20.38 '
1147142.10 382380.70 0.89 NS
322134835.70 322134835.70 752.14 i
24032.15 8010.72 0.07 NS
1774483.80 1774483.31 15.63 ’
52259.91 17419.97 0.46 NS
23675190.90 23675190.96 623.27 ’

Intercept

—40.65
Duran 2954
Easy-vac 1959
Essix A+ 4761
Essix ACE (Reference) 0.00
Thickness —353.46
Deflection —143.88
Thickness x Deflection 1389.21

216.00 —019
83.85 0.35 0.725
3340 0.23 0.814
85.01 0.56 0576
249.55 —142 0.157
162.03 —0.89 0.375
201.56 6.89 <.0001

DF, Degree of freedom; Sig, significant; NS, not significant; SE, standard error. p < 0.00L
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Table 5. Comparative mean force according to three thickness levels and four deflection levels for four types of prod-

ucts

0.50 Duran
Easy-vac
Essix A+
Significance

0.75 Duran
Easy-vac
Essix A+
Essix ACE
Significance

1.00 Duran
Easy-vac
Essix A+
Essix ACE
Significance

183.0
8.9
1109
92.9

1586
2140
2139
2394

NS

NS

366
180
181

42.8
281
36.0
447

429
419
50.0
89.5

3732
2209
2998

613.2
436.6
4992
4354

637.8
8255
3185
875.2

1098
60.6
503
NS
935
%1
124.6
1281

1456

107.0

1537

286.3
NS

964.9
7156
9170

16442
1287.4
1366.2
1260.8

17359
2204.6
21453
21729

NS

31619
2661.0
27951
2594.3

3490.2
43215
42002
3965.1

NS

521.9
4747
692.2

8D, Standard deviation. "p < 0.05.
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Table 6. Comparative mean recovery stress according to three thickness fevels and four deflection rates for four
types of products

0.50 Duran 5.3 5.0 549 25.3 208.6 55.2 5385 107.0
Easy—vac 2.0 5.0 36.6 14.0 162.3 301 4389 5.5
Essix A+ 3.1 2.0 55.7 8.0 2146 249 546.1 533
Significance NS NS NS NS

0.75 Duran 89 14.2 87.3 40.4 3385 60.7 8786 75.3
Fasy-vac 4.4 4.6 730 193 2893 470 7393 399
Essix A+ 10.2 7.0 865 34.7 3095 87.2 7656 1624
Essix ACE 58 3.0 74 24.0 288.1 54.9 721.0 &84.1
Significance NS NS NS NS

1.00 Duran 19.0 114 1180 372 3975 98.0 969.8 190.2
Easy-vac 239 155 1540 AN 506.5 705 1200.6 1451
Essix A+ 29.4 53 1597 24.4 4976 66.5 11695 132.2
Essix ACE 158 16.3 1358 331 461.7 975 1101.8 192.2
Significance NS NS NS NS

SD, Standard deviation.

Brand
1,200.0 Brand 280.01 R Duran
} El Duran Bl Easy-vac
1.100.0 - M Easy-vac Essix A+
e [ Essix A+ - 1 Essix ACE
- 1 Essix ACE "E 260.0 -
B 1,000.0 E
8 2
S 900,01 2
5 240.0 -
800.0
220.0 - —
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 (gfimm?)).
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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,” Hyung-Seog Yu, DDS, MSD, PhD,
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 gf 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/mmz. 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

*Graduate Student, ®Assistant Professor, Department of Orthodontics, College of Dentistry, Yonsei University.
®Professor, Department of Orthodontics, College of Dentistry, Oral Science Research Institute, The Institute of Cranio-facial
Deformity, Yonsei University.

°Reseacher, Department of Dental Biomaterials and Bioengineering, College of Dentistry, Yonsei University.
Corresponding author: Jung-Yul Cha.

Department of Orthodontics, College of Dentisty, Yonsei University, 134, Shinchon-dong, Seodaemun-gu, Seoul 120-752,
Korea.

+82 2 2228 3103. e-mail, jungcha@yuhs.ac.

Received June 30, 2009; Last Revision December 31, 2009. Accepted January 3, 2010.

*This study was supported by a faculty research grant of Yonsei University College of Dentistry for 2008 (6-2008-0058).

26



