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ABSTRACT

SLUMPING RESISTANCE AND VISCOELASTICITY OF RESIN COMPOSITE PASTES

Hee Yeon Suh, In Bog Lee*
Department of Conservative Dentistry, School of Dentistry, Seoul National University

The aim of this study was to develop a method for measuring the slumping resistance of resin composites
and to relate it to the rheological characteristics.

Five commercial hybrid composites (2100, Z250, DenFil, Tetric Ceram, ClearFil) and a nanofill composite
(Z350) were used to make disc-shaped specimens of 2 mn thickness. An aluminum mold with square shaped
cutting surface was pressed onto the composite discs to make standardized imprints. The imprints were
light-cured either immediately (non-slumped) or after waiting for 3 minutes at 25C (slumped). White
stone replicas were made and then scanned for topography using a laser 3-D profilometer. Slumping resis-
tance index (SRI) was defined as the ratio of the groove depth of the slumped specimen to that of the non-
slumped specimen. The pre-cure viscoelasticity of each composite was evaluated by an oscillatory shear test
and normal stress was measured by a squeeze test using a rheometer. Flow test was also performed using
a flow tester. Correlation analysis was performed to investigate the relationship between the viscoelastic
properties and the SRI.

SRI varied between the six materials (Z100 { DenFil ¢ Z250 < ClearFil { Tetric Ceram < Z350). The SRI
was strongly correlated with the viscous (loss) shear modulus G * but not with the loss tangent. Also,
slumping resistance was more closely related to the resistance to shear flow than to the normal stress.

Slumping tendency could be quantified using the imprint method and SRI. The index may be applicable
to evaluate the clinical handling characteristics of composites. (J Kor Acad Cons Dent 33(3):235-245, 2008])
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Table 1. The resin composites used in this study

Product Code Composition Manufacturer
7100 Z1  Resin® Bis-GMA, TEGDMA 3M ESPE,

(Lot 5XY) Filler: 66 vol%, 0.01 - 3.5 um, zirconia/silica St Paul, MN, USA
7250 72 Resin: UDMA, Bis-GMA, Bis-EMA, TEGDMA 3M ESPE,

(Lot 6MFJ) Filler: 82 wt% (60 vol%) 0.01 - 3.5 um zirconia/silica St Paul, MN, USA
7350 73  Resin: UDMA, Bis-GMA, Bis-EMA, TEGDMA 3M ESPE,

(Lot 5BR) Filler: 78.6 wt%, nonagglomerated 20 mm silica particles St Paul, MN, USA

0.6 - 1.4 um agglomerated zirconia / silica nanoclusters
consisting of agglomerates of primary zirconia / silica
particles with size of 5 - 20 nm
DenkFil DF  Resin: Biss=GMA, TEGDMA Vericom CO.,
(Lot DF7819630) Filler: 80 wt% Anyang, Korea
Barium aluminosilicate (average particle size: 1)

Fumed silica (average particle size: 0.04)

Tetric Ceram TC  Resin: UDMA, Bis-GMA, BissEMA, TEGDMA Ivoclar Vivadent AG,
(K 14249) Filler: 79.0 % wt Schaan,
Barium glass, ytterbium trifluoride, Liechtenstein

Ba-Al-fluorosilicate glass,
highly dispersed silicone dioxide,
spheroid mixed oxide particle size 0.04 - 3.0, mean particle size 0.7
ClearFil AP-X CF Kuraray Medical Inc.
(Lot 917AB) Okayama, Japan
7350 is the same as Filtek Supreme (body) as sold in the US market.

25 mm Aluminum Mold
1.53 mm
_— «—
Composite
3 mm 10 mn Slide glass
1 mm

@) ()

Figure 1. (a) Dimension of the aluminum mold used to imprint on composite discs.
(b) The procedure to make an imprint on a composite disc with the aluminum mold.

“slumped” imprinte] 7]AFoA E71A] L] ARl E <] g 2. 8 ™ ezl MEHM (viscoelasticity) 58
o}, SRIE= 0 oA 1AFe]9] 32 YERH, SRI gkol 1o]2}

= A& A8 slumping HA %52, SRI #e] 02 AL 379 SRI #3 $3 A e Afele] #HAS A
#43] slumping®lo] He 2 o v] g}, T3t7] Y&l 3 Ad rheometer (AR 2000, TA
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| Specimen

D BET -

Figure 2. (a) The laser 3D profilometer used to
scan the surface profiles of the replica stone casts
of composite discs before and after slumped.

-

Figure 2. (b) 3D profiles of before and after slumped of composite discs of Z100 at 25° C.
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Initial surface topography of Z100 imprinted
with a square shape mold

Height (mm)

] s N
VAN CR -

2 . 6 8 1

Horizontal dimension (mm)
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Azt FetHAe &t & slumping resistance2t HEHY

Post slumping surface topography of Z100

Height {mm)

Hs Ls

Horizontal dimension (mm)

(b)

Figure 3. Representative line profiles of before and after slumped of composite discs of Z100 at 25°C.
(a) Initial surface topography of Z100 right after imprinted with a square shaped mold.
(b) Post slumped surface topography of Z100 after three minutes.

The slumping resistance index (SRI) was defined as

Hels (Hi, Li: before slumping heights of the highest

and lowest point from the base line respectively: Hs, Ls: after-slumping heights of the highest and lowest

point from the base line respectively).

Figure 4. The flow tester.

F 3 =676 = £ A E (loss tangent, tan 0) £
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stored) & 2] W] gt
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knks St

3. Squeeze test
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S ATk, 25° CollA] z Egte el dhaf Al A S7g skt

4. Flow test

62 m’ 2] B2 pasteE flow tester (Figure 4) ©ll
AAA7]2 1865.5 gme] FAE 7171 HAo= E3tex
= 13 S 7t FAAES F5gsta drlY J4E &
Attt 25 ColA AAAl Fof E3tezlel tizl 2t7] Al ¥

# 27315
5. £7 241

7t 53k g9 SHFAES one way ANOVAS} post-
hoc test® AFE A4 3F¥ 3L (Fel4F @ = 0.05) strain
sweep test, squeeze test, 121 flow test 229} SRI
o] FHY S Lotr 7| 94l spearman correlation analy-
sis9} non-linear regression analysisE Al &3}t
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1. =gtellEle] slumping resistance index (SRI)

SRI+= 0.33 - 0.96 Ale] #k& vehion 71 ( DF ( 72 ¢
CF (TC( 73 9 =M Z S7I8Ith (Table 2, Figure 5).

FHol et zko]7b AT (Figure
AE tan 0 & ¥l Z7ld o
< 29t} (Figure 6.c).

AGANAG 79 BAHE 7*= strain = 0.08 A
DF(Z1 {72 (CF{(TC( 73 &£o& Z7lalgon, A
BAS G E DF(CF(Z1 (72 (TC ( Z3 £2& Z
7¥etgith. SABAE tan 6 & TC ( 23 ( Z1 { DF ( Z2 ¢

pLL—

CF o]l (Table 2).

B Ao E strain = 0.08 < wo] Heky =39}
SRI #= vttt o) dAe g H fx3a s Qv|g
o= A SR strain = 0.5 o 77k 2 ®go] &
e A9k AA] slumping FollE &F-olA] WgHo] 718
A A ¢&7] ot}

3. squeeze testol| 2|5t St Zlo

B AT A 6 T 58X 9 normal stresse
0.31 - 1.59 wn ] 3= JEPiTH TC7L 78 2 normal
stress #= YEIW ™ 73 ) DF ) 72 ) CF ) Z1 = ©|%l
t} (Table 2).

4. Flow test

HakE o] HAZ P gz A% 11.9 - 19.7 m
013 TC { DF ( Z3 ( Z2 { CF ( Z1 2.2 Z7}slid
(Table 2).

Table 2. a) The elastic (storage) shear modulus G’, viscous (loss) shear modulus G”, loss tangent Tan 9, and
complex viscosity 7* of composites at the frequency of 1Hz, strain of 0.08 in the strain sweep test at 25°C

Storage modulus G~

Loss modulus G”

Composite Loss tangent tan 0 Complex viscosity 7°

(Pa) (Pa) (Pa.s)

Z1 1110 (497)* 1541 (769)° 1.37 (0.099) 302 (145)°

72 1538 (39)" 2477 (46)* 1.58 (0.107) 464 (7)°

73 18800 (1725)¢ 21753 (1067)* 1.16 (0.048) 4576 (307)¢

DF 626 (265)" 948 (194)* 1.60 (0.301) 181 (49)°

TC 8775 (1223)° 5085 (586)° 0.58 (0.013) 1620 (211)¢

CF 1053 (20)* 3072 (73)" 2.92 (0.024) 517 (12)

b) Normal stresses measured by squeeze test, spreaded diameter measured by flow test and SRl at 25°C

Normal stress

Spreaded diameter

Composite when pressed SRI
(Mp2) )
Z1 0.31 (0.09)° 19.7 (0.50)° 0.33 (0.11)°
7.2 0.92 (0.05)" 14.5 (0.47)° 0.81 (0.09)°
73 1.41 (0.13)° 13.6 (0.44) 0.96 (0.05)°
DF 1.37 (0.14) 12.0 (0.05) 0.61 (0.08)"
TC 1.59 (0.31)" 11.9 (0.06)" 0.95 (0.03)°
CF 0.38 (0.04) 16.1 (0.20) 0.84 (0.06)°
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Figure 5. Slumping resistance index (SRI) of
composites imprinted with square shaped molds.
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SRISF AHGASF G7 (R = 0.94) 3ol 78t ¢
FABAE EATE (Table 3). E3 SRI &< normal
stress (R = 0.71), AdeA+ G" R = 0.7]) 9=
AL Bt W SARAE tan 6 (R = -0.37),
flow testell €13+ spreaded diameter (R = 0.49) ¢+&=
S FHATE et 53R SRIE AEEA
T Gl gig Aoz YEllE y = aln(x—x)(d & 22
H) A& logarithmic regression curvee] 2 F-3¥ich
(Figure 7).

1e+5

T
FS

[Pa]

18+3 4

Loss Shear Modulus G”
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30+
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Figure 6. Rheological characteristics of composites as a function of strain at 25°C.

(a) Elastic (storage) shear modulus G” (b) Viscous (loss) shear modulus G~ (c) Loss tangent, tan ¢

Table 3. Correlation analysis between the various rheological variables and the SRl

o

G

tan 0

Spreaded diameter Normal stress

SRI

0.71

0.94

-0.37

0.48 0.71
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Figure 7. Logarithmic regression curve, y=aln(x-
x,), fitted on the SRI of the composites as a
function of viscous (loss) shear modulus G”.
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