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

. . Group | Group Group I
Curing unit 1 step 2 step 3 step
Light emitting diode (LED) 10 10 10
Plasma arc lamp (PAL) 10 10 10
A e E e B
5 ™ I o N St
e A % 5 o £ e
yul 1 P T i- i “‘H\
8 | smp gy RS ] { I ""‘*-?7\\-‘
= O T, b ¥
% = :-'l,-" e ‘bq-“--..-.‘ E 1 # ,l..l"‘ri & -
E “. ..;: -\‘-l-ﬁ'l'u'ﬂ.l ki Ij'.‘q:‘:'-
- LRV
o ' T m m wm wm w1
: Tere fiaeci . Tirea (3az)

Fig. 1. Line graph of strain of buccal surface of
each group in LED curing group.

2) AAJLE 5%
A FEWsl ST 2L WioR & AFsta
AR 60705 Aol whet T2 R

&t{tH(Table 1).
275 2148 A & vied § BT FHs 300,

600 grit silicone carbide paper$} polisher(JISICO, Korea)

g ol g3t} eedulsiol 3 m x 3 m 2719 WA FAL
wEAAT wEH YL 37% AeE 44 F Single

bond® Axelstz, WA 3 mm, o] 2 me] Z2jddd &S
FHlete] R FAska Filtek Z350TM & A€
el whet FHskst

4R Bt SR Bgt & wbsA 7] (A, Korea) &
0|83} load scale 100 kgF, cross head speedE £% 1 mm
2 Axste] AdAds s S8kt

SHE A gk A T2 a3 o] gate] A F SHE #%
= O Ao R Wra T8 gE F3lA] MPaz gkttt

M. oA+ M
1. X|H 2] strain Hist &X

1) Light-emitting diode(LED) 5% o

(1) FHol|A o] W3}

LED 353 72| A7kl w2 g™ 9| strain W3S Fig. 1
o A ag=zz Jehfgith 1 gAR 43 [ TelME 3=
AL % 80 pebA] A== Fla Holthrt o] & Azt whek
A3 FHashe FEe Bo FAT 2 HAR S-S 179

20

Fig. 2. Line graph of strain of lingual surface of
each group in LED curing group.

pge

1 @A FZzAA = 80 we7tA] AFE AT 2
Al BZAA] 100 pe7tA] AgE o] 7V & A8 o F
o}, 3PAI R A8 [ Fx2A} o] FolA &= 9k 55 e,
70 re, 78 petA| SAA R FUlete dS Ho Fo
(Fig. 1).

Qo
ot
(e}

(2) AWl A 9] Hs}

A9 strain ©3E Fig. 20 YeRi. gwe] Hsle}
o] FARE FFE B FAT [ ellA] 3 90 et S
7Vetaa, [ welAe Fua 72 100 pe7bA] S71E 2
o} [ gy 7R 2 80 we7lr] dAH o2 S7kete
FE Bl FUAH(Fig. 2).

(3) 2AIHl|A 2] W3}

LA strain B18HE Fig. 3o et [ FollAe 3
ZA} T MM 3] kst 25 peoll A Hulghs Holal o] F A4
o B F A Aot 2
b BFEA FA3] S7Fsk] 80 wertAl AAEATE Al Tbo]
Aol whel A8 AAs. [3S F2AM] g bda 5
7Vt b AlZte] Aol mpef gHasislon HEA R 45
o] A& dojuhs FE Hof FH(Fig. 3).

(4) YA A 2] W3}

QAW strain W3S Fig. 49 JepT}. [ 2ol & 3
ZAbe} A Aol oyt H 40 e A S7FeIA T AIZE
o Ao we} gh5o] Aoyttt [ wellA e F2AMS 8 7
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Fig. 3. Line graph of strain of mesial surface of
each group in LED curing group.

Fig. 4. Line graph of strain of distal surface of each
group in LED curing group.

Table 2. Mean and standard deviation of surface stress of each group in LED curing (unit : MPa)
Surface Stress
Buccal 4.45 + 2.66
Group 1 Linggal 572 = 4.08
Mesial 2.27 £ 0.67
Distal 437+ 2.19
Buccal 6.22 + 1.20
Lingual 6.38 + 1.47
Group I1 Mosial 197 + 1.91
Distal 9.51 + 8.85
Buccal 4.94 + 145
Lingual 4.43 + 0.83
Group I Mosial 2.95 + 2.39
Distal 3.19+1.54
A% 4% PP ndon Azl A4S 4% FFE HE 2) Plasma are lamp(PAL) %53 7
F7Fetath. IS o0& ool HsiA ta A& 4719 4= (1) FHolA o] s}
Fde B FA(Fig. 4) PAL %53 9] Azt W& @] strain M3}E Fig. 5
of A adzZe JeRiSIth | ZelAE B2AL T 75 ek
(5) Aol vhehet 2 WA PIe Bolthl olF At ek N3 Fashe
LED 3zAl 2ellA] 2F Aol et §2o] iz 153 P Ho] AT 2 AR FHS [ vt 2 1 &
AE Table 2] UehRAT. [ 29 @¥le] Uehd g2 2 7 B2ANGE 45 7] ABE QT 2 B2 F2A41) 80

+ 4.08 MPa, 24I¥

3 GAHE 4.37 £ 2.19 MPacl
ATk 1o ool vehd 39 = 6.22 £ 1.20 MPa
ojglen, dHdME 6.38 £ 1.4 A= 1.97
+ 1.91 MPa, 94HdA = 9.51 £ 8.85 MPaclth. I
o FHo] VRt g8l 27+ 4.94 + 1.45 MPaollx, 4
W& 4.43 + 0.83 MPa, 24" 2.95 + 2.39 MPa 18|31

AHE 3.19 = 1.54 MPacl it
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pe7}A AE RS 1L Eee =2A AAe] Faeit 3
AR A M2 FE2AE o] FolA= F9F 20 re, 40 re,
85 pe7tA] dAA 0.7 STksle FeE Hef FATH(Fig. b).

(2) AoA o] Wz}

Am ol strain W3S Fig. 60 YeRAIT. gwel W3t}
o] AR S Ho] FA) [ FollA L 80 weriA] S
7¥etRaL, [aeM e 60 w7k 57k ot I+ LED 2
AREEE ol AR S Bol 9101 30 e, 60 e, 85 e
7T dAA o7 Frtele Fds Bl U (Fig. 6).
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Table 3. Mean and standard deviation of surface stress of each group in PAL curing (unit:MPa)
Surface Stress
Buccal 5.60 + 1.61
Lingual 4.92 + 1.00
Group 1 Mesial 473 + 521
Distal 9.26 +9.24
Buccal 3.98 £ 1.17
Lingual 6.15 + 0.89
Group I1 Mesial 3.82 + 3.02
Distal 3.01 +1.70
Buccal 7.54 + 2.26
Lingual 7.94 + 3.88
Group II1 Mesial 2.59 + 2.14
Distal 6.74 + 7.87
] T
T I B ’E i R - il e o TR
-_'__ g i P £ T s o, ; = .. a mq':""\- ""v."‘\--\,--\....\__,‘_nﬁ_
i 4 3 :{?w—,- -.x' e i, - 4 1 %‘-‘.‘“‘\
=i M, - B | - ‘»«M
1 = e e, £ ¥
I =y el
[ "

Fig. 5. Line graph of strain of buccal surface of
each group in PAL curing group.

(3) A H A o] Wt

AW strain WS Fig. 7o JERAAT [ 2ol
ZAF AF 40 7] FA3) gaeiion ol F i @
2. [PolMe 13 355 5 18 e, 2% 3%
28 w7t Z7YATHL ol Alzke] Aol whet |23
g o g gasigt. [3e 13 324 4% 12 e, 23}
BZAF 23 pe 28T 37} BEAF 50 pertA] STkt
the 23 vhbA 3 Alzbe] Al wht At 3 @ R
FERAL AIEE BAES St} ol F A&AH o R §hEy
FdE 2o FUAH(Fig. 7).

N
T o o
NV )

(4) L4lHol A o] W3}

A9 strain M8k Fig. 8ol eIt [ welAe Fx
AL} FAlel -80 pe7tA]l 43| sttt Al A E =
FE Ho Tt [FoldE F2AF AR $43 e
2 ZTreithrt Alzte] Aol mt fadle e Bof F
o [% 279 fARE S Ho F9lon 74 e
[#2ch 48 etk (Fig. 8). TAmel e}t nptrpx
2 AJZEo] Aol mh} §hEE = FEe Hol 9T

N
>

22

Fig. 6. Line graph of strain of lingual surface of
each group in PAL curing group.

5) A e 2
PALE B2AIE ZoIA] 7k el vhebet $2<) 92t

FHAE Table 39 YR [ 2] ol vehd 289
A7) 5.60 £ 1.61 MPa, W& 492 + 1.00 MPa, 24

Mo 473 + 521 MPa 282 9AHLE 926 + 9.24 MPa
oldtt. w9 el vehd g3 A7]& 398 + 1.17
MPaelglen] AHe 6.15 + 0.89 MPa, 24H& 3.82 +
3.02 MPa, 94%-& 3.01 = 1.70 MPaclit}h. M9 &%
o Yehd g8 A7|E 7.54 £ 2.26 MPao|lx, AL
7.94 + 3.88 MPa, 241W-& 2.59 + 2.14 MPa 281 94

He G674 + 7.87 MPao|ith.

3) 7+ Al A o] FzAP] o] 2 o] A7) vlu

BRI FRel wel 2w 7 2w o) A7
Table 4 JERATE. 2F X|Hel] Yepd g2e] =7
A7) F5ol wel £73t Mann-Whiteny TestZ A%
3}, 28 FHHo R FHS o] FHoATE FERA] e
Foll & &= zto|7h frolskAl VERTH(p<0.05).
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Table 4. Statistical analysis between curing unit in surface of each group (unit:MPa)
Surface Grou Curing Unit Mann-Whiteny Test
P LED PAL p value
I 4.45 + 2.66 5.60 £ 1.61 0.827
Buccal surface 1I 6.22 £ 1.20 3.98 £1.17 0.033*
111 494 + 145 7.54 + 2.26 0.157
I 5.72 £ 4.08 4.92 £ 1.00 0.655
Lingual surface 1I 6.38 = 1.47 6.15 £ 0.89 0.724
111 443 + 0.83 7.94 + 3.88 0.157
I 2.27 + 0.67 473 £ 521 0.827
Mesial surface 1I 1.97 £ 1.91 3.82 = 3.02 0.275
111 2.95 + 2.39 2.59 + 214 1
I 4.37 £ 2.19 9.26 £9.24 0.827
Distal surface 1I 9.51 + 8.85 3.01 £ 1.70 0.289
111 3.19+1.54 6.74 +£ 7.87 0.724
Table 5. Statistical analysis among surfaces stress of each group (unit
Surface Stress
Buccal 5.03 £ 2.06
_ Lingual 542 + 3.16
Group 1 Mesial 3.50 = 3.59
Distal 6.82 + 6.58
Buccal 532 £ 1.61
Lingual 6.25 £ 1.07
Group II Mesial 2.90 + 2.47
Distal 6.72 £ 7.22
Buccal 6.42 £ 2.27*
_ Lingual 5.93 = 2.98
Croup III Mesial 2.74 + 2.05°
Distal 471 £ 5.04
(* : p€0.05 from Mann-Whitney test)
| |
W E N =
et I Y § = e
q y Ay Qx ' N =] q-k"‘—h“r_h
S ., 3 =] T L
N T R, Nl
": . -H-IJ"—,\_, F""‘\_r_' " B 1 H‘-\-\""‘H—\. i
y .'\-u._._hw (L. ¥ o
i %h_“'-.'."'—"\-'-_-_--—wt:: -

Fig. 7. Line graph of strain of mesial surface of
each group in PAL curing group.

Fig. 8. Line graph of strain of distal surface of each
group in PAL curing group.
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Table 6. Mean and standard deviation of shear bond strength of each group (unit : MPa)

Group Mean = SD
1 step Group I 124 + 2.8

LED 2 step Group 1I 12.8 + 3.8
3 step Group III 89+ 26
1 step Group I 164 + 5.3

PAL 2 step Group 1I 12.2 + 3.3
3 step Group III 120 £ 5.7

Table 7. Statistical analysis among step procedures in each group

Group [ Group II Group IIT
Group 1
Group 11 -
Group 111 * *

o] P} FFAAE Table 50 e}
Aok, 2t Aol Yehd g= o] A7|7ke] fro)2E Kruskal-

Wallis testZ 753 Mann-Whiteny Test® 2+ #3+e] &
& HASth. 3T PR A o] Py 2

g Ul FH= 194, 2%741, JHAZ o] S
12 =

LEDS} PAL 3ZAP
T3t AP S AR F kA 2}
3 7tz Hiw EFWUAE Table 691 YERIATH

LEDE #x2AR oA [ o] AdES Jdee
2.8 MPa%ie ]I:rLO 12.8 + 3.8 MPa%ix, Il
2.6 MPaz T = 2] u]8] tha 29k

SD

PALZ FZA}sH —,1’—01]1\1 [ #o] A 70515 16.
5.3 MPa°liH, T+ 12.2 + 3.3 MPa°l¥x, T

12.0 + 5.7 MPaZ yelstor, [ o] tE F 7o H
& = el

zr 4011*1 239 AgdAdstwo] g 2342 549
JJr

te] fe27F D52 E<lskal, Mann-Whiteny
Gig

o%mmlm

l

Al sk

2 Yehsom (Table 7)(p{0.05), PAL %

Ao
JqME =4 e g AGEwe] foate gle A

= YERstH(p»0.05).

)v_]_‘_,

AHEH LED ZAlrd 1—‘5 Kruskal-Wallis %—1

o 2
Az gl |23} Hoﬂ Ml EASR LD o
A

24

= o] &3 HE 1980 el S A=A
. Be] vhFe 468+20 mEA FEMolth Fho
2 92 B3 23 35 AR AERT =
(camphoroquinone)©]Y #A%=(diketone) 5% 32k 2% “JH
2 ZA3A 7 veolu]mod velm g o] E(N, N-dimethy-
laminoethyl methacrylate) 9} 22 B|H&FE 33} olqlzle] 4
sAgo R A A Z whg-o 2 Fito] JRAlETEY . B
Tgo] AlAEE FEAE s ST FEES Sl
33 FHARE Al HHA AR AR van der
Waals' distance7} #4xsHA| w0} &e]4] 50] Lol
o} o]f e BT 52 FEA Wk ol Aol /A = &
S BUAA JAH R FEE WATE B oAk, Al
3 T
%

5%, Acke] % S5} 2e B
2

»

FEA ke £E39 L $333 A v F23 2l

e, SEE AR @A 28 dehs
x|ole] AztHE R} =34

S AFAE GARAN A ol A

o % ¢ 5.5-7.8 MPa
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A

59 & A5 Aokt AR AHA F24d A3t (adhesive
bonding) < J}J/] st v nA] &S o F9le A

PA= = Ao < glvka sl SRS 9Fs F
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As Rolgte Mol 2Ajtste] AFE ATt a8y A%
AV Bold S o o] A oAl dEke & S A
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Ag A $HE AF 4E7EA9 Alzte] 2025 24| &
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a8 Bouschlicher 572 13%9 5% F= 53 3t
de #5747 Aol7t gt sl ol & A+ 2%

M= &g = Ik & A7 A3l A LEDY PALS] %

)

o A= & teir = frolgh xfo] & Holz] ggten o]
o tieh < o
PALE o]&3 53719 Al 7189 BFq71 w8l
THFEo] 2AY 9 AU the Peutzfeldt 5792 A< ¥lw
3 B 2 AFXNE 0|9 AR S ol Fa glen
AT AzrF FES] FEEATE Bt 23 Afol7t vehd 4
= dohz AZE Q). T3 Duret™ 2 W& F=9] tungsten-
halogen lampE AH-SHA HH =¥ F3o2 3] Bt
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Abstract

A STUDY OF POLYMERIZATION SHRINKAGE OF COMPOSITE RESIN ACCORDING TO
FILLING METHODS USING STRAIN GAUGE

Eung-Hag Kim, Jong-Soo Kim, Seung-Hoon Yoo

Department of Pediatric Dentistry, School of Dentistry, Dankook University

The purpose of this study was to compare the polymerization shrinkage of several filling methods using
strain gauges.

In this study, a light-emitting diode(LED) curing unit(Elipar Freeligh2, 3M EPSE, USA) and plasma
arc lamp(PAL) curing unit(Flipo, LOKKI, France) were used for curing, Filtek Z350™(3M EPSE, USA)
composite resin was used for the cavity filling.

Sixty permanent bicuspid teeth, that were extracted for orthodontic treatment, were studied. The cavi-
ties were prepared on the occlusal surface and were filled using the following methods :

1) bulk filling, 2) parallel filling, 3) oblique filling

The strain was recorded on the buccal, lingual, mesial and distal surfaces and the strain values were
computed into stress values.

The shear bond strength of each filling method was tested using a Micro Universal Testing machine.

The results can be summarized as follows:

1. In the strain changes, all LED and PAL curing groups showed an increase on the buccal surface and
a slow decrease as time elapsed.

2. In the strain changes of the mesial and distal surfaces, the decreases and increases were shown re-
peatedly and reduced as time elapsed.

3. There were no significant statistical strain changes among filling methods in the LED or PAL curing
groups.

4. There were significant statistical strain changes between the LED and PAL curing groups on the
buccal surface(p<0.05).

5. From the shear bond strength results, in the LED curing group, filling method 3 showed lower sur-
face stress than filling method 1 and 2(p<0.05). In the PAL curing group, there were no significant
statistical strain changes between each filling method.

6. The surface stress of each group was lower than the shear bond strength.

Key words : Strain gauge, Composite resin, Filling method, Polymerization shrinkage, Shear bond strength
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