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o]Ate] AnE Fge)HH  single LED systemel Bl8l double LED systemollA %8 4% &8o| A &3 v|A F=
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shloh . ek A9 2o whet A} kst v+
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Sakaguchi®} Douglas7} A& &/8 ~E#S Ao]A
(strain gauge)®¥< o] &3l 7lsaly, wlus 71dela B8
3 FF FE2E AAPeE 24 S 9y}

[ S5l A g e FAe A g8t 90° 9} 457 2 F=A}
¥ % 7% W dE B71g Versluis S99 A7) njz
™ 3’61—%6'1- /\] i‘é‘t} E-]]Z]_,] }‘7~ \:ﬂ-?)‘]:ﬁl S’J-O_]_,] HPS‘]:O] O]J/] 9].
o Fele} HHe] Ao o8 ARt stgich. et @
7He] Bo] opd F A9} BPog BEIAL NPT AL [ F

¢

SHeollA B3 gld 23 Al dRo] B9L g8 230 o
2o SAE W g7 ARl BYslE 2 $29 FL 2
T = A22 7] double light emitting diode(LED)
system= 1Al Hith

olel Azt #X Bl 17 45E FAstn 1 dHo 2E
g9 AolA & FAsl] T Ao FUL ALE o e A
E# A (strain) ] W3tE 7|23l 9T 729 n¥de) | F

e 4% Tl FY9L A48 of et wlA) 12
< o/}}% HAsl] T3 & A YA 02 A E = 223l
A9 S Fasslet 9o 1 F3E Golr A} sk
I. AT 1z 2 ab

1. A7 ™2

AF ABE EFHo7 WAH T IS @A 31]—?— 0.1%
thymoldl] E#sted #3138 & Ao} L2201} Ao]
e Aol Adsy

2)ote] Fwo) gle ]%él% 2ALHE AAG F Bao)
EHEA G2 |29 AL ey 2o BIE gy HL A}
B8t AWAEE A QSta 0.1% thymoldll 28 712
2 R

53 g% Filtek Z-250%(3M/ESPE, USA) A2 shadeZ
A&k, A4 AL Adper™ Single Bond 2
(3M/ESPE, USA)E AHE3lsith. AbRAS 379 <lat A
(phosphoric acid gel)?l DenFil™ Etchant-37 (Vericom,
AHEBIA T

Korea) &

AHEE BZ%71E Elipar™ Freelight 2 LED Curing
Light(3M/ESPE, USA)E Algsdlyen, #d9 Zxe
Radiometer(DentAmerica, USA)Z 43 F<t 1080t} =
ate] Fako] AR &R F3lt

T8 5 1 S HAHE S HIE 23] I
TML foil type®l ~E# Al°|A(FLA-1-11-1L, Tokyo
Sokki Kenkyujo Co., Japan)& AH-38t9931(Fig. 1), Tokyo
Sokki KenkyujoAte] TML foil type ~2E#¢] A& BHAAE
Abgste] AlHo| Rt 2EH AoX25E Agd
2%E 7)1Esh= 2EH 9 71E7] (strain gauge logger, TC-
31K, Tokyo Sokki Kenkyujo Co., Japan)« 5 port swit-
ching box& A sl A&} T}

2EH AR ©f
ol el vl

(1) &4 Wzl &%
T8 W wet F Fo2 U], Table 13} o] 2 4
7F2 1 em, A2 1 cm, 0] 5 ecme 7 E(polymethyl-
methacrylate resin rod)ol #330 7hle]= W& Zo] 4 mm,
% 2 mm, o] 1.5 mm¢ &5& 433 dAsTh
43 UWE 37% A2te 2 2027 AR E) T A4 Azxstn
A zAR] AAle] wreh H2AE #7AE oFF o] nEA

T=¥3l

Table 1. Distribution of groups and samples according to the various
experimental conditions

Curing method Strain gauge (n) ~ Microleakage (n)
I SingleLED 15 10
I Double LED 15 10

Backing

/

Lead wire
Foil grid

Fig. 1. Schematic draw and magnified image of strain gauge( x 30).
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1523} WAl gle] QA 93] 2RS35
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L

9 B A9 el g gal @
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o] Z Halatirt.

2E# 2 Aolx|9] lead wireE switching boxol A43sta
~EgQ 718719 AhE AM 2EHA 71879 2EH
AR ko] A& B 55 FRIBISIT

Ao o]/l gl o] Eelo] HH USB FEE o|-83
AFed dAy B AdFE Y3t Visual Basic V6.0

Enterprise(Microsoft Corp., USA)E o]-&-8fo] 213 A|zhgh =
ZaW(TC-31K, V1.5 o7 7|&5 Al 2435k =248t
_gz‘s} H]—HJO i?sl a]x]oig, zﬂ,u]oﬂ zx«hﬂ,v | &

A Exlew A3 %%L% AldEtdon e #X B

o & SHAA TS A

Aol
der N T, 2= 158 ww E9 7157]
HR4A0R SAE N4 % 52 £ maium B2y

Stress (MPa) = Strain (¢) X *Elastic modulus (MPa)
*Elastic modulus of Acrylic resin : 3.0 x 10° MPa

(2) 14 2ol 37t
23 W5 57 Wyt g PHe

2] 2078 & Aol met T2 wlEE tH(Table 1) 23

& ojzgd #76] Aojs vl dlzle] 22T w WA

oI

im]

fst2-0bx| 2HElE| K| 36(2)

2009

' E9g 27171 fE ﬂﬂﬂ"‘ o] 20 FA] T F
o] 283 Ayt dold ¢ AEF 3083t HA AT

#330 7hlol= W E o] & 0}04 wghde] 2ol 4 mm, & 2
mm, Zo] 1.5 mme |H 95& FAsteict. AFd] 48
b= Wl 9 mmoll 37% SIAFO R 20%3t AR T A3
Azt Az A ] o W}E} e 42 E 9% Yo 22
A =33 &g g7 E e

%%L |72 3 5

9}%:% %‘—Z st A3 AR met S
Q

SRE 29 | mmE A9 A JHd Ud uHE 23]
FAsHA =¥t 2538 A2A7] 2 2% methylene blue &
Aol AHAA 37CE DHE F27]lA 2443 Tt B}

r&

> A=
o, 154

92 AF7L ARE B 7AW 22 Ed AR A
2 71 (METSAW RB 205, R&B, Korea) &

st} tololBE Hazz ANt dvd AU

1200, 2500 grite] A&l shite] = so|H 2 Avt 3 HA

A 4|

v 7 (Nikon, Japan)dl dZ2¥ tAg 7zta #dsct

(x30).

AE Ao Wi v&S 3P 4 T2 39 Able Image
Analyser 3.6(u-labs, USA)Z o]4ste] 7 Al ohsel ¥l
o)A z1E7]- o Zo| Aot HoE AR sle] Wi AE ZolE
24817 0| & 952 & Ho|& o] MEgE A&,

=39 zke B4 =238 SPSS 15.0(SPSS Inc., USA)
& ALg3le] Mann-Whitney Test(7F53] Fol)E Algatod

2t 2o] 9 AR

Single LED system 2.2 83 #2& F3atae W &
glol #MalE RFig. 4] A 2IP=ZE JeR)Uct 2EH

LA\_

Tem

Strain gauge

1cm

Fig. 2. Schematic draw of cavity design and strain gauge positioning.
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Fig. 3. Schematic draw of curing unit positioning.
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She B2AL 3 1170 pe7kx] FA43] 2718 chrt A7kl ute)
A8 Zadhe PdE B3 Double LED system®
2 FUBIHE W] 2EH QS WElE FRAL T 425 we7hR|
5438 F7ketAT} AlRte] Adel Wt MAjE 2hashe o
A& BAFdr

% ol 4E Filtek Z-250% 23 gzlo] ~E7Q #3)
goll oz Fad BE WA g Table 29 Felstd
Single LED system®} 7% 317.89 + 333.76 meo|aL,
double LED system?] A 129.31 + 112.00 peolch. &
T 2% B35 AN e 2EHQ A7 23 2
b Alzbo] Ado] whe} A 8] 7hhdle P Holn], Ay
o] A GAE single LED systemold ) =4 JE}
%31 double LED systemell B]&] 28} A% & wzlzZg @3
& 4 YAt

Hook s lawel we} 2EZE gdoa s Azs
Table 3% Fig. 59 Yolad =g vehggict,

Single LED system® A% 0.954 + 1.001 MPac]gle
5, double LED system®] 7$- 0.388 + 0.336 MPa® i}
E single LED systemolA] o 2 2do] 2183t Ao 2 1}

(us)
1200

1000 4- .| —— Singie LED
—— Double LED
8004 . .. . .

600 4

£
2
v
400
200
04
-200 t 7 T ¥ T v ¥ t Y 1
0 20 A0 &0 80 100 120 140 160 180
Time (sec)
Fig. 4. Line graph representing strain changes( 4).
(MPa)
2.0
154
10l
@
I
»
c 1.0
£
1o}
05 {
7 7
7 77
o0 47 %

H
Double LED

Single LED

Curing method
Fig. 5. Bar graph of strain stress in each group.
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Byt

=% o] w2 $¥9] Ao]E Independent samples t-
TestE AH&3t] B4 #4138 43 T 2 Aloldl| BAEH 9
& BAE  UATHp0.05).

38 Fte $9 wgle] 39 B4 Fig. 63 Table 491 1}
ERARITH 39 #4% Z3} double LED system®] single
LED systeme] vl&} 27]o] 84 ©-& £87 ehitst 3% &
o] 7taE BYon single LED system® 4% $239 F
A% IHAE epiY

2. 0lM & E7t

AA du|7og T3 A single LED system® dou-
ble LED system E5FolA A4 A% #4238 £ 3ot
(Fig. 7, 8).

3P B4 Tz a9 Able Image Analyser 3.6(slabs,
USA)Z ol 83l ZH AJH ohFe] WdelA M AR 2
243 23 single LED systemol A& 52.92 + 31.95% 2
Uelgoen | double LED systemelMe 28.67 + 14.21% =%

lo] &

<

Table 2. Mean value of strain changes( 4) in each group (unit : &}

Curing method ‘Mean . sb.
I Single LED 317.89 333.76
I Double LED 129.31 112

Table 3. Mean value of strain stress in each group (unit : MPa)

Curing method Mean SD.
I Single LED 0.954%* 1.001
I Double LED 0.388* 0.336

* : significant difference (p<0.05)

Table 4. Regression analysis of strain changes( 4) in each group during 3
minutes

-1 Curing method: " Repressionequation
I Single LED y=-380x+7272
i Double LED y=-2.84x +294.2
{we)
1200
1000 4 S DoiED
800
800 -1
& 400

Y= BBOX + 7272
200 ~ .

Y =-2.84X + 2042

T T T
80

Time

1
180
{sec)

Y T T ¥
100 120 140 160

Fig. 6. Line graph representing regression analysis of strain changes(4 ).



vebstthTable 5, Fig. 9).

T o] & vA 72 FdE vl mE BH, single LED
systemel|A] double LED systemE.t} & A TES B3
on BAACRE {3 zo]E HEMATH(Table 5,
p<0.05).

Aojx|Fo)A] da] A8HE B3l Rl thekdl oA
Tk ghatel AmA &o] Frhe A5 W

om A AA AN, S5 AluA,

7 A% e Best S0z Qe A

et

59 e 2 3 )t w55 s Hed, 2 B
g gide] A BAAQl 7HE 2 = (Camphoroquinone) ©

Y UA & (diketone) o] &
of vigolu| o e et o] E (N, N-dimethylaminoethyl
methacrylate)$} 22 vl 321 ool A5 &80z
A Atz whgo 2 F3to] JHAl |k 3ol A&
St Bapb F3F uke-S B8l A U ESAE A%
w3 o] wf Z& At AelQl van der Waals 1] #4s}
A o] E8]A FEo] dojuA ", o] Z A LA F 5
L ABN- Wgor Qg & T w, A4 HIFd 9z
A

o
1o

& 371 A% el 2 d4skd

[+

%
o

A

3} 7 AR/} AR e 55

Table 5. Mean value of microleakage in each group (unit : %)

Curing method Mean S.D.
I Single LED 52.92% 31.95
il Double LED 28.67* 14.21

* : significant difference (p<0.05)

Fig. 7. Sectioned specimen from Fig. 8. Sectioned specimen from

single LED system. double LED system.
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Fig. 9. Bar graph of microleakage in each group.
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Abstract

POLYMERIZATION SHRINKAGE OF COMPOSITE RESIN USING DOUBLE CURING UNIT SYSTEM
Mi-Ran Han, Jong-Soo Kim, Seung-Hoon Yoo
Dankook Untversity, School of Dentistry, Depariment of Pediatric Dentistry

As a part of an effort to minimize the polymerization shrinkage which is considered to be a major cause of
failed bonds to tooth, newly designed Double LED system” was tested in the present study. Analyses were per-
formed on the pattern of micro-leakage and the changes of strain which have occurred during the polymeriza-
tion process.

The results can be summarized as follows:

1. In the strain change, dramatic increase was observed with initiation of polymerization which was followed
by subsequent gradual decrease with elapse of time in both the single LED system and double LED sys-
tem.

2. The single LED system were shown to develop and maintain the maximum stress more than double LED
system({p<0.05).

3. Less micro-leakage was found in the double LED system than in the single LED system(p<0.05).

From the above-mentioned results, the double LED system can be a very useful tool in a sense of reducing

polymerization shrinkage when compared to the single LED system. However, practical problems such as size of
curing unit and its application method with its light intensity should be solved before its clinical application.

Key words : Composite resin, Light curing, Polymerization shrinkage, Strain gauge
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