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Effect of step curing on the contraction stress and

marginal adaptation of resin restoration
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Resin—dentin interface at the bottom of the cavity(Group 1)
Arrow showed the tight marginal seal between resin(R) and dentin(D)

Resin—dentin interface at the wall of the cavity(Group 1)

Arrow showed the irregular marginal seal between resin(R) and dentin(D)
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Resin—dentin interface at the bottom of the cavity(Group 2)

Arrow showed the tight marginal seal between resin(R) and dentin(D)
Resin—dentin interface at the wall of the cavity(Group 2)

Arrow showed the tight marginal seal between resin(R) and dentin(D)
Resin—dentin interface at the bottom of the cavity(Group 3)

Arrow showed the thick adhesive layer with tight marginal seal
between resin(R) and dentin(D)

Resin—dentin interface at the wall of the cavity(Group 3)

Arrow showed the gap formed between resin(R) and dentin(D)
Resin—dentin interface at the bottom of the cavity(Group 4)

Arrow showed thick adhesive layer with the tight marginal seal
between resin(R) and dentin(D)

Resin—dentin interface at the wall of the cavity(Group 4)

Arrow showed the tight marginal seal between resin(R) and dentin(D)
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Arrow showed tight marginal seal with thick adhesive layer
Fig. 17. Resin—dentin interface at the wall of the cavity(Group 5)
Arrow showed the small gap formed between resin(R) and dentin(D)
Fig. 18. Resin—dentin interface at the bottom of the cavity(Group 6)
Arrow showed the hybrid layer with tight marginal seal between
resin(R) and dentin(D)
Fig. 19. Resin—dentin interface at the wall of the cavity(Group 6)

Arrow showed the tight marginal seal between resin(R) and dentin(D)
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ABSTRACT

Effect of step curing on the contraction stress and marginal adaptation of
resin restoration

Jong Whi Park, D.D.S., M.S.D
Advisor : Prof. Sang—Ho Lee D.D.S., M.S.D., Ph. D

Department of Dentistry, Graduate School of Chosun University

The purpose of this study was to investigate the effect of step—curing mode on
polymerization shrinkage and contraction of composite resin restoration. Class I cavities were
prepared on the extracted human premolars. The cavities were filled with Filtek
7—250"(hybrid resin, 3M ESPE, USA) and Filtek flow'"(flowable resin, 3M ESPE, USA)
and cured with one of the following irradiation modes; Halogen 40sec with continuous curing,
LED 10 sec with continuous curing, and LED 13 sec with step—curing.

Contraction stress was measured with strain gauge which was connected to TML
Datalogger M(TDS—102, SOKKI, Japan) and resin—dentin interfaces were observed by
scanning electron microscope.

The results of present study can be summarized as follows:

1. Composite resin restoration showed transient expansion just after irradiation of curing light.
Contraction stress was increased rapidly at the early phase of polymerization and reduced
slowly as time elapsed (P<0.05).

2. Filtek flow'™ showed lower contraction stress than Filtek Z—250" regardless of curing
modes.

3. LED step—curing mode showed lowest contraction stress in Filtek Z—250"™ compared with
other curing modes(P<0.05).

4. LED step—curing mode showed lowest contraction stress in Filtek flow'" compared with
other curing modes(P<0.05), but difference in contraction stress was not so greate as in
Filtek Z—250™.

5. Polymerization of composite resin by LED light with step—curing mode and halogen light

with continuous mode resulted in better marginal sealing than LED light with continuous mode.

On the basis of above results, we think that LED light with step—curing mode will provide the
reduction of polymerization contraction stress and the proper marginal seal of composite resin

restoration.
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1. 434

0.05% thymol &l Ry 90719 TAHE WA AFAE
812 Single bond™(3M ESPE, U.S.A)E A&l on 44 Bgdeld oz hybrid 9 2@
729l Filtek Z—250"(3M ESPE, U.S.A.)# flowable #@1%7¢l Filtek flow'"(3M ESPE, U.S.A)Z
AH&-3H T

B d g9 Y8 A" FxArE dEA Gz XL 3000™M(3M ESPE, USA),
LED #xA}7]1¢l Elipar Freelight 2'M(3M ESPE, USA)lon] Zgt4Ze] o3 388 A6
918 TML foil strain gauge®(FLK—1—11—1L, SOKKI, Japan)$} TML Datalogger M(TDS—102,
SOKKI, Japan)ES A}&3}%it}.

ol g3teth. Fobd W A

2. 239y

1 o5 94

aEWAET A0 burE AFESte] FAF wgwe wFE Austa Aol S wEFA|7|a ol E
AGaA gt F %S AU odF5e TR AR ZH2 3 mme AW ow dAsigon 2
o= 2 mm&E A H(Fig. 1).

Light

1mm

I

2mm

Strain gauge

3mm

Fig. 1. Cavity dimensions and experimental condition.

2) g 34 2 S

b5 WS 35% <AH(Scotchbond™ Etchant, 3M ESPE, U.S.A)O& 1523+ AHEA6la &
2% o] 20%7F AFe o oldo] xld] AxEA FEE JPEA 4FFTVE Eo] o-
A2 718 MEEs dxA A



Aobd A2 A]2~®9l Single bond™(3M ESPE, U.S.A)E Az3|A}e] A Ao upel Aol
Wol mxeh oy GHFVIE JPEA Eol ghA FaF HAA & F FEA FFEIA XL
3000™(3M ESPE, USA)&i 20%, LED #5719l Elipar Freelight 2" (3M ESPE, USA)&

23 AFRE AR FTA71 fiber tip X FEE FWAAM 1 mm F el 9
AAN A v hybridd kel el Filtek Z—250""3} flowable @l%9l Filtek flow & bulk &
Atk (Table 1).

Table 1. Classification of experimental groups according to the light source and curing mode

Grou Licht curine unit Light Composite Curing Light intensity No. of
oup & & Source Resin time (nW/cr) samples
1 XL 3000™(3M ESPE) Halogen g{fgom 40sec 400 15
2 XL 3000'™(3M ESPE) Halogen Filtek flow'™  40sec 400 15
Elipar Freelight 2™ Filtek
3 (3M ESPE) LED 7 _950™ 10sec 800 15
Elipar Freelight o™ . ™
4 (3M ESPE) LED Filtek flow 10sec 800 15
Elipar Freelight 2™ Filtek 200—800(5s)
> (3M ESPE) LED - o50m 13sec Lg00(8s) 1>
Elipar Freelight 2™ . ™ 200—800(5s)
6 (3M ESPE) LED Filtek flow 13sec —800(8s) 15
By B4 F Fig 29 2ol ol /4 2 Mo FFRL ARsA
mwW/Cm?
800 = ==~ mEn R
[) e
! $ —— Halogen
: ---- LED
600F i | e LED-2step
1
Intensity :L
of ||ght 400 L H
200 .
10 20 30 40  SEC
Exposure time
Fig. 2. Curing modes of light curing unit in this study
3) BT H e =4



ZA =0z A HL strain gauge(TML foil strain gauge™, SOKKI, Japan)Z X0}
o] &mol cyanoacrylate adhesiveM(SOKKI, Japan)& Alg3lo] 323131 leadsE Datalogger ™
(TDS—102, SOKKI, Japan)ol] d4dsto] A3 TH(Fig. 1, 3). % 8> A AJFo=2h

H 1% 4oz 1587 =439t}

| Eibess| TDS1026 &=

(A) (B)
Fig. 3. Strain gauge attaching to the tooth(A) and TML Datalogger (TDS—102, SOKKI,
Japan)(B).

I~= O =
4) #59 =E
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A9 58 & Hooke's laws ol&3dlo] Z} AlH o] 5o
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ol
2
21'4
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o

Stress(MPa) = Strain(€) X Elasticity of modulus

* Elastacity of modulus (Dentin) = 14.0X10° MPa
* Elastacity of modulus (Enamel) =40.0X 10" MPa

5) Fotd—5E A FAAAA A (SEM) o2

< low speed diamond wheel saw(Model 650, South Bay Tech., USA)Z FAH & HActs}t
o] polisher(Model 250, Bay tech)& Ah&ate] WS F=¢Al & & 0.5 % EDTAR 2%3}
WS AHEstal 3 =3(PS—1200, ParaOne, Korea) ##]gF & SEM(XL30 SERIES, Philips
Electronic Instruments Inc, USA)S. 2 &% T3 Aold Ato] Aol A E #2530
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1. &% 389 &4

BE oA F A AR FRE AAAQ ARFE Byt oF 60x FHE F43] F535)
Qom T oo|FoE o] Skl A MalEE S BT 47S Alele d aellA] 480% =
2 600x=7HA = 5 9ol A% FUksta o] olF R = t] ol fojdvte S flddth

(Table 2 Fig. 4).

Table 2. Contraction stress value(mean®S.D.) of each group according to the measuring time

T 2 3 4 5 6

60 sec 1.374+0.038  0.024+0.011  0.653+0.017  0.47240.023  1.5814£0.022  (.252+0.028

120 sec 2.000+0.194  0.033£0.026  1.547+0.039  0.635%0.032 1.800£0.087  0.422+0.037
240 sec 2.406+0.191  0.558+0.414  2.125£0.048  0.719+0.011 1.947£0.038  0.480+0.052
480 sec 2.558+0.091| 0.722+0.036  2.336+0.085  0.72940.009  2.045+£0.054  0.543+0.039
600 sec 2.561+0.086| 0.757+0.031| 2.403%0.134 0.718+0.100 2.084£0.021 | 0.542+0.049

‘ ‘ 0.687+0.033  2.095+0.017| 0.540%0.053

9000 sec 2.564+0.078| 0.763+0.030| 2.510+0.033

— : Showed no statistically difference on the based of final measurement(900sec) in each group

=
=
2
ro
SN

Hom Fyol #Alol Filtek 225002 FHg FEo] Filtek flow "& &
na FHgEol A delkion A SAAz AA Filtek Z-250"Vo2 FHEL @
Tz F Seo] 7k AA e THP<0.05). 900FAE Al 1
3} Filtek Z—250""< LED #9oz Fgg A 370 33 AL & F53549S wdh(Fig. 4).

Filtek flow' V& LED Yoz aAEZ Fgak A 6720 b2 o vls] d 54 Aztdol
AV Ee 5 §E #e Btk (P<0.05)(Fig. 4).
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\% 0.00 Group 2
= Group 3
2 -1.00
f=1
.S Group 4
gs
5 L
% 2.00 _ |—Groups
o
O -3.00[ Group 6
_4 OO L L 1
o 300 600 900

Time (sec)

Fig. 4. Contraction stress(MPa) development curves in each group during 15 minutes.

Filtek Z—250™0 & ZAd3g FollA= 240%%E LED #goz vAE ZFg3g A 570 thE
AL ol vlE) FostAl 5 S ol WAl "EEtH(P<0.05)(Fig. 5). 600% 7HA= =2 %
Ao g Sk 497k LED #4992 ol &ste] o Ao val 5 o] A et 900
zo| A& 2ol th(Fig. 5).

mm Halogen(Group 1)
MPa Z—250TM — LED(Group 3)
&m LED-step(Group 5)
3.0

Contraction
stress

2.0

1.0

60 120 240 480 600 900 Sec

Exposure time

Fig. 5. Comparison of contraction stress values in Filtek Z—250™
groups according to the method of curing.

Filtek flow & Z7 gk ol A= 24023 E LED #Yo = oA F3e 4 670 e AL
ol Wl FelatA £ FEel WA YEEtH(P<0.05)(Fig. 6). E7F 240% 7hA= LED 3¢
o7 FEg Al 4ol vhE AP ol wls] foleAl 5 ol AA dERRth(P<0.05) (Fig.
6). Zeu 600% o] FHEE 2l Fdow Tt F47t LED FdS ol st TRk B¢
of wlal 5 o] AA YEFEHH(P<0.05)(Fig. 6).
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M Filtek flow™ | S G

ez LED-step(Group 6)
3.0

Contraction
stress

2.0

1.0

60 120 240 480 600 900 Sec

Exposure time

Fig. 6. Comparison of contraction stress values in Filtek flow'™ groups
according to the methods of curing.

FA Az waelM, ZE FAPPHOIME BE A Aol ZA Filtek Z-250"0]

Filtek flow M®Bt} %3 8o] 34 YeEFWTH(Fig. 7)(P<0.05).

mm Halogen (Filtek Z-250™) @m Halogen (Filtek flow™)
MPa == LED (Filtek Z-250™) LED (Filtek flow™)
—— LED-step (Filtek Z-250™) LED-step (Filtek flow™)

3.0

B O B e T e T ) R —

1.0

Contraction stress

NN

900 sec

Exposure time

Fig. 7. Comparison of contraction stress values between Filtek Z—250™

and Filtek flow'™ according to the curing method at each measuring time.

2. FAAAEV S #F
BE oA 3 A g S Asel #Agle] o AdAE nder Has »olon(Fig,
10, 12, 14, 16, 18) 9H& WMol FxAF W3 #AAQlo] Filtek flow 'S FH3g o] o
8g WHS wolvh(Fig. 11, 15, 19). Filtek Z—250"™o % Z#sta 17k% #xA}7]91 LED
& AHgate]l ARG Al 3w Al 5 APl BAIglel = o] AlHAA ofF WA X



T AFold Alolo] Eo] FAHE AL #AFEQTH(Fig. 13, 17). Filtek Zz—250™Mo 5 ZHsta o

22 o Feket Al 12 A oks WolA e e BoFA s XAH(TFig. 9)



V.- Spot Magn
5.0 kV30 1000x 3

F1g 8 Resm dentin 1nterface at the
bottom of the cavity(Group 1). Arrow
showed the tight marginal seal between
resin(R) and dentin(D)

B]

Abc v Spot Magn Det Wiy l—|
500k\f30 1000x SE a4

20 pm. {
{

Fig. 10. Resin- dentln 1nterface at the
bottom of the cavity(Group 2). Arrow
showed the tight marginal seal between
resin(R) and dentin(D)

YAccV Spoi Magn

Det WD I—ﬂ zoum
suowaq 1000% - SE 49 I

\ S

Fig. 12. Resin- dentln 1nterface at the
bottom of the cavity(Group 3). Arrow
showed the thick adhesive layer with
tight marginal seal between resin(R)
and dentin(D)

_10_

Fig. 9. Resin-dentin interface at the
wall of the cavity(Group 1). Arrow
showed the tight marginal seal between

resin(R) and dentin(D)

£ AGE V. Spot Magn ©
L B00KY 30 1000K,
§ i ‘.

Fig. 11. Resin- dentln interface at the
wall of the cavity(Group 2). Arrow
showed the tight marginal seal between
resin(R) and dentin(D)

I -Acc ' Spot Magn - Det Wi
~ B.00KY 30 1000x. SE 4.7 %
: x ¥ v

Fig. 13. Resin-dentin interface at the
wall of the cavity(Group 3). Arrow
showed the incomplete marginal seal

between resin(R) and dentin(D)



o M t A
L8 A, S
Vadewv Sp‘m Magn et w TR o
: qoowac Jadox  SE 4d A
3 \ i

Fig. 14. Resin-dentin interface at the
bottom of the cavity(Group 4). Arrow
showed thick adhesive layer with the
tight marginal seal between resin(R)
and dentin(D)

1 \ \ \ \ ‘
v Spot Magn | Dat wn I——~—1—| 50 i
00 kv 810 500x | § SE 47 ( i

F1g 16. Resin- dentln 1nterface at the
bottom of the cavity(Group 5). Arrow
showed tight marginal seal with thick

adhesive layer.

AccV  SpotMagn D8t WD F—————H_ 20 um
5.00 KV 3.0~ 1000x = SE 49

Fig. 15. Resin-dentin interface at the
wall of the cavity(Group 4). Arrow
showed the tight marginal seal between
resin(R) and dentin(D)

\ : L
VACCV  Spot Magn - Dst WD I—*—I
BP0 RV 30 1000x SE 45

F1g 17 Resm dentln 1nterface at the
wall of the cavity(Group 5). Arrow
showed the incomplete marginal seal

between resin(R) and dentin(D)

F1g 18 Resm dentln 1nterface at the

bottom of the cavity(Group 6). Arrow
showed the hybrid layer with tight
marginal seal between resin(R) and
dentin(D)

Fig. 19. Resin-dentin interface at the
wall of the cavity(Group 6). Arrow
showed the tight marginal seal between
resin(R) and dentin(D)
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