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ABSTRACT

Evaluation of polymerization shrinkage

in bulk fill composites

Jang Seul-Gi
Advisor : Prof. Min Jeong-Bum, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Tooth-colored composites have established themselves worldwide
as the restorative material of choice. The composite resin
generates contraction stresses which affect the cavity margin.
In the clinical situation, these stresses are responsible for the
composite pulling away from the margin, creating a marginal
gap. Bulk fill resin-based composites were developed for
posterior restorations: fast and easy placement and durability.
These bulk filling materials need excellent low shrinkage stress
values as the bulk layering does not allow a compensation of
the cavity's C-factor by layering in increments. The aim of
this study was to compare a bulk fill resin-based composite
(Venus Bulk Fill) and a hybrid composite (Filtek Z250), in

terms of polymerization shrinkage strain and microleakage.
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The strain gauge method was used for the determination of
polymerization shrinkage strain. Specimens were divided by 2
groups according to composite materials. Filtek Z-250 (Z250,
3M ESPE) was used a conventional methacrylate-based composite
and Venus Bulk Fill (VB, Heraeus Kulzer) was used as a bulk
fill resin-based composite. Measurements were recorded at
each 1 second for the total of 800 seconds including the
periods of light application.

For the microleakage test, class I cavity with enamel margins
prepared in human molar teeth (5x3x3mm) were restored in
bulk (VB and Z250) and incremental layer (Z250), applying the
same energy density used in the contraction strain test. The
specimens underwent 500 thermocycles 5C and 55C. After imme-
rsion in 2% methylen blue for 24hours, specimens were sectioned
twice and dye penetration score was recorded. Polymerization
shrinkage strain and microleakage were analyzed by one-way
ANOVA/Tukey's test.

The polymerization shrinkage strain of VB was higher than
7250, but did not show significant difference (p ) 0.05). In the
microleakage test, there were not significantly different among
groups (p > 0.05).

Within the limitation of this study, significant differences
between VB and 7250 were not found for polymerization

shrinkage strain and microleakage.
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1. &8 =5 W82 (polymerization shrinkage strain) &3

(1) A1 A=

2 dFoAs dE2TCE 54 methacrylate 7139 H53H= Filtek
7250 (Shade A2, 3M ESPE, St. Paul, MN, USA)< AR3lia, As
T2 bulk fill HFHA] Venus bulk fill (Universal shade,
Heraeus Kulzer, Hanau, Germany)< AR&3ssich 7 w2k 10709 A4
< =98l eH(n=10).

917 10 mm, W7 7 mm 3go] 3 mme] ofm e FHE FH|sta T3] v
2 Microetcher (Denville engineering Inc., USA)S o]&sle] 50 sm
aluminum oxide powder® 5%7} sandblasting A=3t ¥, 30%7t 32%
ik z AbAl Alelssic), 89 ©|w2 cyanoacrylate adhesive (SOKKI,
Japan)® 2~E#Ql Ale]A|(Strain Gauges, Kyowa Electronic Instruments
Co, LTD, Tokyo, Japan, Lot No.Y4387S)& -z s}sict. Alo]#|e] Ae]
= 1mn, A7]AgLS 119.6 + 0.492, Alo]A] elxk= 2.09 + 1.0% KAt

T3l WHy =3eals AR 3k A#AR Single Bond (3M
ESPE, St. Paul, MN, USA)E AHE&sldx =7 FxA7] Spectrum
800 (Dentsply Caulk, Milford, DE, USA)E AR&-3ke] 400 mV/crie] 37¢
2 10%7r FFgstadct.

=3}

(2) Hgux =4 2

N2
o 4

A|Hel| HzE A~EHQ AR)AE AEHS 2YEE A (Strain-Meter
PCD-300A Kyowa-Electronic Instruments Co, LTD, Tokyo, Japan)

o AAA7IAL FFd Ao 273k Ao TS e 9 olyA|
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(Figure 1).

Curing light source

Cavity to be filled with composite

Polyester strip e s Y s O

Acrylic ring E
Strain monitoring device

Strain gauge

Figure 1. The test setup used for post-gel shrinkage strain measurement.

23l Strain meter sofrware-PCD 30A (Kyowa-Electronic Instruments
Co, LTD, Tokyo, Japan)E 53 ZH5elol dle|elE AF3stdct. dHole=
Ay A Z2gelo g Wk g Z3)sie] HA5HT)

(4) A4

Zb 7o FENA 40%, 800%ol 7 i+ 7] 5 Wy xolE w|n, Hr}
37] ¢ one-way ANOVAZ AHg31sl3, Tukey test® AFF-714S alsict



2. OJMI5=&(Microleakge) &4

(1) X|o} #1] 8l ¢}5 FA
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fa
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>,
i

slo] mghdlell LAl Aol 5 m, A Zo] 3 mn, zo] 3 me 15 o}5S ¥
stk ool AR AokE Xl FRet F4 Wl we FAk9e 3 1F

(2) 3Rl £4 9 B
obpo]l FAF HolE 32% <QAEeR 30&7F AMFA] AR F 1027 A,
S8, Ax A, AZAZ Single Bond (3M ESPE, St. Paul,
MN, USA)E A43tdar, 400 wW/cie] 37wz 2027 353 3ksict. 53
A4 T4 2 FFE2 Table 13 o] AJdsisict. T3 F H3elxl w42

yellow diamond resin finishing bur® #hi-2]¢} AvlE A ddsteict.

Table 1. Resin filling and light curing methods for each group

Group n Resin filling and light curing methods
1. Venus bulk fill 8  3mm bulk filling -) 40s light curing
2. 2250 bulk 8  3m bulk filling -) 40s light curing

1m horizontal filling -)10s light curing -)
3. 7250 increments 8  1mm horizontal filling -)10s light curing -)
1m horizontal filling -)20s light curing

(3) A= =4



£ #9E nail varnish® o83l 23] =% Zxsrl 2% Methylene
blue G4 &qof| 2447t et H7he F AlHS 525 Bl AHstedch

Al h-2 A& thololE e Y Aaa s ARgEte] =2 WA, A weke R
2o} A5 upel Aekste] 2719 AkdS A9l 7 Aol g5, A5

2o A 7t AL v ABEE P 7 (OPMI® pico, Carl Zeiss, Germany)2

t}H(Table 2)
7y & U Eshs AlES olvkegE vl EeA (70%, 80%, 90%, 100%)2-

AR F Azxsla, WZFo g FEsle] FE-SEM (S4700, Hitachi, Japan)2&
7zt EEy 2o} AxA] Alole] AW-S s H(15KY, x30, x1000).

Table 2. Criteria for degree of microleakage

Score Criterion
0 No leakage
1 Leakage restricted to the enamel
2 Leakage into the dentin
3 Leakage to the base of the cavity and beyond

7+ o] vlATE AeE W7B] $8l one-way ANOVAE AHE-shslar,

st

o

Tukey test® AFEZAA
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m. AgAx
1. =& == HEE (polymerization shrinkage strain)

BT ATl dAA R AN T Aol AWEFE 5319,
A7kl e} =55 FHAaste ASS Hoddh 53 T 2] FHdo 9A-E
Toal= Ho A7HS Venus bulk fille] 17.08 7250°] 9.57% 9}
(Figure 2)

1000
M
i 500
C
r 0 “‘ T 1time(s)
o ‘&UD 200 300 400 500 &00 700 800
s -500 L R e 7250
t “'\ _ Venus
™ bulk fill
r -1000
a \%_
- -~ U 0 D e o
n

-2000

Figure 2. Polymerization shrinkage strain versus time
composites.

% 40%, 800xol4 H3telxle] 53§ 5
Art. 40%94 Venus bulk fill®] 53 45 HIE>
$ar, 7250 -199.1 123.92 m/m= 33+
Heeke Venus bulk fille]
-1411.6265.19 m/m3itt. Venus bulk fill¢]
AAHp > 0.05).
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curves for resin

Table 3| A3}
& 178.2177.39 m/m=
3 SzAee A3}
TaFAkel AR o’k Abel= §lsith(p ) 0.05). 80030lA
-1618206.33 mm/m, Z2500]
5 WHyske] 72508} A



Table 3. Means, standard deviations and test significance on polymerization
shrinkage strain («n/m) of resin composites (Mean + SD, un/m)
Venus bulk fill 7250
Post-gel shrinkage at 40s 178.2+177.39aA  -199.1+123.92aA
Post-gel shrinkage at 800s -1618+206.33bB -1411.6+265.19bB

Analysis per row = differences between groups are identified with different
lower case letters (p < 0.05).

Analysis per column = differences between post-gel shrinkage times are

identified with different upper case letters (p  0.05).

2. OJM|+=Z(Microleakge)

7 o] vAlFE A o3 AsttH(Table 4). 2F w27 vlAlFE ¥]ael|A]
Venus bulk fill o] 7} =9k, 7250 bulk i, Z250 increments ¥
o ® vepgdtl ey o Alelel] FAISTA R {3 Apol= vpehA] 9ok
tHp > 0.05).

Table 4. Microleakage scores of each group

Group n Score (Mean £ SD) p value
Venus bulk fill 32 0.34 £0.60 0.839
Z250 bulk 32 0.16 £0.37 0.212
Z250 increments 32 0.09+0.30 0.066

HAFEET) 2o} Alo] AWE SEMOZ 333 A= Figure 33 #rh.
Hubg oz ofsgh AH3E H ot Venus bulk fill 2 <Fs A-ellA]
(Figure 3B), Z250 bulk w2 ¢k& %, 3prel#l(Figure 4C and 4D),
7250 increments & oFssHioll A (Figure 5D) 7ol Ihzb= gl



SRR

1.00mm

¢ . > _ i
J3-M 15.0kV 12.0mm x1.00k SE(V) 50.0um 50.0um

Figure 3. SEM images of Venus bulk fill group
A Whole cavity B: Upper cavity C: Middle cavity D: Lower cavity
(A: Original magnification x30, B,C,D: Originalmagnification x1000)



Figure 4. SEM images of Z250 bulk group
A: Whole cavity B: Upper cavity C: Middle cavity D: Lower cavity
(A: Original magnification x30, B,C,D: Originalmagnification x1000)
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J2-1 15.0k\

Figure 5. SEM images of Z250 increments group

A: Whole cavity B: Upper cavity C: Middle cavity

D: Lower cavity
(A: Original magnification x30, B,C,D: Originalmagnification x1000)
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