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ABSTRACT

THE EFFECT OF INTERMITTENT COMPOSITE CURING ON MARGINAL ADAPTATION

Yong-Hwan Yun, Sung-Ho Park*
Department of Conservative Dentistry, The Gaduate School, Yonsei University

The aim of this research was to study the effect of intermittent polymerization on marginal adapta-
tion by comparing the marginal adaptation of intermittently polymerized composite to that of contin-
uously polymerized composite.

The materials used for this study were Pyramid (Bisco Inc., Schaumburg, U.S.A.) and Heliomolar
(Ivoclar Vivadent, Liechtenstein). The experiment was carried out in class II MOD cavities prepared
in 48 extracted human maxillary premolars. The samples were divided into 4 groups by light curing
method: group 1- continuous curing (60s light on with no light off); group 2- intermittent curing
(cycles of 3s with 25 light on & 1s light off for 90s); group 3- intermittent curing (cycles of 2s with
1s light on & 1s light off for 120s); group 4- intermittent curing (cycles of 3s with 1s light on & 2s
light off for 180s). Consequently the total amount of light energy radiated was same in all the
groups. Each specimen went through thermo-mechanical loading (TML) which consisted of mechani-
cal loading (720,000 cycles, 5.0 kg) with a speed of 120 rpm for 100hours and thermocycling (6000
thermocycles of alternating water of 50C and 55T). The continuous margin (CM) (%) of the total
margin and regional margins, occlusal enamel (OE), vertical enamel (VE), and cervical enamel
(CE)) was measured before and after TML under a X 200 digital light microscope.

Three-way ANOVA and Duncan’ s Multiple Range Test was performed at 95% level of confidence to
test the effect of 3 variables on CM (%) of the total margin: light curing conditions, composite mate-
rials and effect of TML. In each group, One-way ANOVA and Duncan' s Multiple Range Test was
additionally performed to compare CM (%) of regions (OE, VE, CE).

The results indicated that all the three variables were statistically significant (p ¢ 0.05). Before
TML, in groups using Pyramid, groups 3 and 4 showed higher CM (%) than groups 1 and 2, and in
groups using Heliomolar, groups 3 and 4 showed higher CM (%) than group 1 (p ¢ 0.05). After TML,
in both Pyramid and Heliomolar groups, group 3 showed higher CM (%) than group 1 (p ¢ 0.05).
CM (%) of the regions are significantly different in each group (p € 0.05). Before TML, no statistical
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difference was found between groups within the VE and CE region. In the OE region, group 4 of
Pyramid showed higher CM (%) than group 2, and groups 2 and 4 of Heliomolar showed higher CM
(%) than group 1 (p { 0.05). After TML, no statistical difference was found among groups within the
VE and CE region. In the OFE region, group 3 of Pyramid showed higher CM (%) than groups 1 and
2, and groups 2,3 and 4 of Heliomolar showed higher CM (%) than group 1 (p € 0.05).

It was concluded that intermittent polymerization may be effective in reducing marginal gap forma-

tion. (J Kor Acad Cons Dent 32(3):248-259, 2007)

Key words: Intermittent polymerlzatlon Marginal adaptation, Polymerization shrinkage, Light

curing
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B A80E A2 shaded] 2714 35 B3 7& AL
319t} (Table 1).

7+ Aok 245 B4

39, AR BAglo] Aot Ao} 45, A 9 FA
Bo] 9= pAREE EXo 2 wAH Aot ATAE g4
o2 G40, Aolel U2 of BAE AAGD WD ALS
of B T & A% AT B ot 27A
2& A HololE = ﬁ}?— AHgstel P4 Z0R 3.5 m,
Zlo] 3 mZ A 27 =L WEA7l MOD =S g4t
ek (Figure 1).

F

Nﬂl
o:

u. FzAb

Ao} ok A F ot HAAE Cleafll SE bond
(Kuraray, Okayama, Japan)% A AR A A&

1 #$5g i o F 53 (Table 1) bulk %
Aatan FRAE Al BFxAle A4z $857):
ANT- A% BE2F (6027t A% F2AD; A27- 2% F
ZAL 12 B2 (902 AR A3 12 B2AL 12 %

BRA

A (1202 A8 A4 1% F2AH 2% S4ad (180

Table 1. Restorative materials used in this study

2 Al wet FFAF oM T HE F AUAF (9 36
J/ar)o] FUIEE FFAIE AT (Table 2).

7y FHE F 1209 AotE T on ) nf
E} THA] 2709 Aol 6704 el st Tt

F2A AN E A7 8 ] FET 230 A4 15
m®] Yo 7o) EAUn, AFE L} AAH o] AN
el 29 on timed} off timedl] whe} FHHN A2 54
5 WEH Aot AGIAE G FR2AE] Aol
QAN A FETA Qo= cycleZ2 TEE T Tt
(Figure 2).

#ZA71e Curing light XL 3000 (3M Dental
Product, St. Paul, MN, USA)Z A3t 1, 2o BT
o th3t monitoring Coltolux Light Meter (Coltene,

Figure 1. Schematic drawing of cavity preparation.

Material Manufacturer Lot No.
Heliomolar Ivoclar Vivadent, Liechtenstein E54834
Pyramid Bisco , Schaumburg, U.S.A 100014949

Table 2. List of investigated photoactivation methods with their curing cycles

group subgroup curing type Photoactivation method

1 Pyramid continuous Cycles of 60s light on with no light off for 60s
Heliomolar

2 Pyramid intermittent Cycles of 3s with 2s light on & 1s light off for 90s
Heliomolar

3 Pyramid intermittent Cycles of 2s with 1s light on & 1s light off for 120s
Heliomolar

4 Pyramid intermittent Cycles of 3s with 1s light on & 2s light off for 180s
Heliomolar
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7+ A8 zot2 gx At bur (Finale polishing sys-
tem, Ultradent, South Jordan, Utah)Z &u|7Z 3}l A
dnlgl & F4 1%7] (R&B, Daejeon, Korea) (Figure
3)ell A7t 2% olZ2¥Y #Hog At

24 3471 7YY Aoje) A% A FWAAREE 2
B39

Az Ao MAFTEE x 200 vl&Y dnA (Hirox,
Tokyo, Japan) 22 ot} #79] HMARYE AR #9
39th, Image Pro Plus (Media Cybernetics, Inc.,
Silver Spring, MD, USA)< AR&-3te] A3 Xol= HA|
WAz A 29 (29, AFH, xed)e] Hdo
o 2439t &% £ 7} F9< HAdA grlolt Ht
A 34, 7+ (Figure 43 7€ 59 28& A9 A%
HA (continuous margin, CM) (Figure 5)¢] Zol& &
A3ta ol 5 2} F-9)9] AA WA do|Z v § o] W

Figure 2. Upper view of the shutter appliance.
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B FA AR HE g9 A nTF (palatal

Figure 3. Metallic fixer with a tooth (R&B, Daejeon,
Korea).

AN

Figure 4. Gap on margin between the tooth and the resin (x 200).
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Figure 6. Chewing simulator (R&B, Daejeon, Korea).

cusp) & A2HE AE X9 F49 (central fossa)F- 7} vt
2xoz wgsA o}fﬂ\:} 720,0008] +%F, ¥ T 120
rpm®] 3AEHEE 10077 &< 5.0 ke 8152
BHERo g At adn 7 UY &x WalE XH??;
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MME 6,0003}. FAEIATHG. A& AdE %% l £
ZulE A2 A FY3 o s HAHA T E e}
E‘r. ol& At A4F gL e Bk ( Flgure 7).
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T AF AolE HY] A3 three-way ANOVAY
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AHI=ANNE 2 THAAM F-9E Zholoh 2| oA 2
Z+ AFolZ B7] A3 one-way ANOVASH Duncan' s
multiple range testE A &3t}
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Statistical analysisal

Figure 7. Experimental procedures.
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Y A 7 Al 1 A XVJ( £F ol AR L5 AE}
T8 QA MARE T} A, 7 Atolo] HAAT
E abol7t foide] slon, At Folgt 2tol7t gl
At (p < O 05) (Table 3).

Az &5 A PyramidllM e 1,2 720}k 34 o] ¥
@.@—‘?—7} 31932, HeliomolardlAe 178t 34
o] 3t (p  0.05). AR Hl@AME 22dA
Pyramid2.t} Heliomolar7} HAAA=s} S84 (p
(0.05) 1 99 FAM e AL Fxe gt (Table
4).

Table 3. Three-way ANOVA for 3 variables

SEEe 2HE FFE YEo| HANETO DjAls &

i

Az % T PyramidolAe 3we] 179 vig) ¥dF
S5l 47381991, Heliomolar®= 330] 13 vla] ©a
A7l 3190 (p € 0.05). A &5 & RE 24
A A BZE 2telE FoAk7t f1%iTt (Table 4).

2. £ AT

A% % A PyramidoMe n@H HAME 470

23 Hl3] & AAAP=E BYA (p <O 05), 9=
I A &AM = 2 FYAE HolX| E3Uth (Figure 8).

2e oM FdE v Al 1, 2, 3TA A2W o]
e HAAREE BAD (p ( 0.05), 47 F9d
Fro| A& Holx| gt} (Figure 8) (Table 5).

A2 &% A Heliomolard A& wdd AN 2, 47
o] 17el H3 w2 HAAFEE KA (p(0.05), UA
g Aedd e 27§93 Bolx &3ttt (Figure
9). 22 oA R Hlw A, 2FoM e 2 2H Wdo]

Source df Sum of squares Mean square F P value
Time 1 511.148 511.148 26.21 (. 0001
Group 3 635.733 211.911 10.86 (. 0001
Material” 1 143.634 143.634 7.36 0.0080
Error 90 1755.49 19.505
a): before or after TML (thermo-mechanical loading)
b): Pyramid or Heliomolar
Table 4. Mean total CM (%) of each group and DMR Grouping
Group Pyramid Heliomolar
Mean (Std Dev) DMR Mean (Std Dev) DMR
1 78.99 (3.49) B 81.05 (3.39) B
Before TML 2 79.31 (2.85) B * 84.56 (3.37) AB
3 84.84 (3.15) A 85.90 (1.67) A
4 85.23  (4.65) A 87.55 (4.71) A
1 73.78  (4.30) B 75.98 (5.46) B
After TML 2 76.40 (5.87) AB 79.64 (7.30) AB
3 81.62 (5.97) A 82.71 (2.72) A
4 79.01 (7.1 AB 81.37 (2.83) AB

CM: continuous margin, DMR: Duncan’ s Multiple Range Test, TML: thermo-mechanical loading

*: statistically significant difference between Pyramid and Heliomolar (p < 0.05).
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= 80 Ogroup2
* Ogroup3
CED 70 B ogroupd
60 H BIA}A
50
T QE VE

Figure 8. Marginal adaptations before loading in the
regions (Pyramid).

T: total margin, OE: occlusal enamel margin, VE:
vertical enamel margin, CE: cervical enamel margin
The letters represent the results of Duncan s Multiple

Range Test.
after TML(Py)
100
90
W group
P 1 O group2
80 =
§ Bgroup3
LE> 70 O group4d
AB A [AB| B|A A(AA AjAjA
60
50 ) . . ]
T OE VE CE

Figure 10. Marginal adaptations after loading in the
regions (Pyramid).

T: total margin, OE: occlusal enamel margin, VE:
vertical enamel margin, CE: cervical enamel margin
The letters represent the results of Duncan' s Multiple

Range Test.
WA A HA v & HMAYFEE EJ T (p
(0.05), 1, 3, 47olMe £ FYAE BolA sttt

(Figure 9) (Table 6).

A2t £% & PyramidolA= "i} HAdME 320l
1, 23] Hloﬂ & WAHPES BT (p <005> A%
w2 el e # fAE HOM &gk} (Figure
10). 2& oA 294 vm A, 2, 3TelA A2 W
o] & MAAREE g (p (0.05), 14Tl e F
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before TML(He)

100

CM(%)

OE VE CE

Figure 9. Marginal adaptations before loading in the
regions (Heliomolar).

T: total margin, OE: occlusal enamel margin, VE:
vertical enamel margin, CE: cervical enamel margin

The letters represent the results of Duncan s Multiple

Range Test.
after TML{He)
100
.90
M groupt
3 80 Ogroup2
< O group3
5 70 O group4
60 A|ALA
50
CE

Figure 11. Marginal adaptations after loading in the
regions (Heliomolar).

T: total margin, OE: occlusal enamel margin, VE:
vertical enamel margin, CE: cervical enamel margin
The letters represent the results of Duncan s Multiple
Range Test.

AE FYAE HojA] FUTh (Figure 10) (Table 5).
A2t % & Heliomolarol A& ZgHeAA 2, 3, 47]
19l B8 MARgEs} w3how (p € 0.05), A
ALHA e 2 FeAE EO] °L°‘ (*1gure 11).
oA 2o vl Al 13t  Wdo] 9
= ( (0. 05)



Table 5. Mean CM (%) of tooth regions and DMR Grouping (Pyramid)

SgEe 2 25 Yo HANET 0lAls 3%

Group Tooth Mean CM (%) before TML Mean CM (%) after TML
region Mean (Std Dev) DMR Mean (Std Dev) DMR

T 7899 (3.49 73.78  (4.30)

group 1 OE 79.21  (7.40) A 74.28 (8.13) A
VE 85.24 (3.23) A 7743 (4.63) A
CE 71.88 (5.84) B 68.01 (15.24) A
T 79.31 (2.85) 76.40 (5.87)

group 2 OE 77.53 (1047 AB 7715 (7.20) AB
VE 85.49 (8.30) A 81.77 (10.67) A
CE 69.53 (10.02) B 67.34 (13.88) B
T 84.84 (3.15) 81.62 (5.97)

group 3 OE 87.87 (7.52) A 87.45 (3.83) A
VE 87.50 (3.70) A 81.02 (10.62) AB
CE 75.50 (12.82) B 74.32 (12.74) B
T 85.23 (4.65) 79.01  (7.11)

group 4 OE 88.68 (7.55) A 82.79 (8.97) A
VE 86.76  (5.02) A 78.98 (13.77) A
CE 77.28 (12.34) A 71.21 (11.34) A

T: total margin, OE: occlusal enamel, VE: vertical enamel, CE: cervical enamel
DMR: Duncan' s Multiple Range Test

Table 6. Mean CM (%) of tooth regions and DMR Grouping (Heliomolar)

Group Tooth Mean CM (%) before TML Mean CM (%) after TML
region Mean (Std Dev) DMR Mean (Std Dev) DMR

T 81.05 (3.39) 75.98  (5.46)
group 1 OE 75.28 (11.64) A 67.03 (11.31) B
VE 87.44 (7.10) A 83.23  (5.58) A
CE 79.76 (12.55) A 76.19 (14.76) AB

T 8456 (3.37) 79.64 (7.30)
group 2 OE 86.53  (5.56) A 82.16  (8.59) A
VE 88.64 (9.29) A 8146  (5.20) A
CE 74.82 (4.16) B 7294 (15.21) A

T 8590 (1.67) 82.71 (2.72)
group 3 OE 82.39 (6.21) A 79.83  (7.03) A
VE 89.09 (7.50) A 84.93 (6.01) A
CE 84.57 (13.78) A 83.82 (8.50) A

T 87.55 (4.71) 81.37 (2.83)
group 4 OE 90.01 (7.87) A 81.12  (4.40) A
VE 87.40 (7.44) A 81.18 (3.52) A
CE 8395 (5.63) A 78.88 (6.24) A

T: total margin, OE: occlusal enamel, VE: vertical enamel, CE: cervical enamel
DMR: Duncan’ s Multiple Range Test
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BEFS] ZEE L Y0 HAKBE 0jAlE Fg

ol ¥ 242 FZT 5T Y A AT BRA A AR E o] &8t 1M A FFPAA 718 9% FF
W3 HAAREE v uwgdo e HEA F5F JgE ol Hie Aol o/ Ao AMEHE AE+= Pyramid
(Bisco, Schaumburg, U.S.A)$ Heliomolar (Ivoclar Vivadent, Liechtenstein)olch. 2x€ Aot 279 class
I MOD &+ 84 3 9 F AEE bulk 2432t Scycled wet SR All7- 9% 353 (6023
A& BZAN: A2T- 232 F2AL 12 B3 (902 AlF): AI3T- 12 F32AE 12 BAY (120% A19); A4 1
Z B2AL 2% Fabd (180% A3, A&AE A (R&B, Daegjeon, Korea) 2 7200003 2] £ 3 1209] 3
A&E 579 55T & whE X|olo] 60008 FARIHA 5.0 kg 35S ol 243} 2 HAF
T2 A Fopd vAdoR vhroja x 200 wi&e] B8 dvjA o et 9 e wd, dHd,
A& T A FAZE oA WA HdE S 6t

A AR T 7 FI AFZE A2 &5 AFE Aol& Br] Y3 three-way ANOVAS Duncan’ s multiple
range testE Al R, F-918 HAFF AT 2 LollM F-9P8 Aol o} zh F9foll A T3t 2ol & BI] 8 2=z
one-way ANOVAS} Duncan’ s multiple range test® A 83t (95% fel43).

AA HMAAEEE B, A3 &% HollE Pyramid®] 45 3, 47| 1, 27 ¥, Heliomolar®] 2% 3, 4%°] 1
ol vlE] AA) AR} S, A2 £F FolE Pyramid, Heliomolar &5 3] 1ol Hish A4 ¥
A7t 58140 (p € 0.05). BT vlmwoH e A2 & Aodle 23904 Heliomolar?} Pyramid®.tt HAA g
=7b $48R (p (0.05) 2 99 2elre FeA7) giglen, A &5 Fole BE TolA A8zt Fe27} ¢
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