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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 (Z100, Z250, DenFil, Tetric Ceram, ClearKil) and a nanofill composite
(Z350) were used to make disc-shaped specimens of 2 mm 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 25T (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

7100 Z1  Resin: Bis-GMA, TEGDMA 3M ESPE,

(Lot 5XY) Filler: 66 vol%, 0.01 - 3.5 um, zirconia/silica St Pau], MN, USA
2250 Z2  Resin: UDMA, BissGMA, BissEMA, TEGDMA 3M ESPE,

(Lot 6MFJ) Filler: 82 wt% (60 vol%) 0.01 - 3.5 um zirconia/silica St Paul, MN, USA
7350 Z3 Resin: UDMA, Bis-GMA, Bis-EMA, TEGDMA 3M ESPE,

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

0.6 - 1.4 un agglomerated zirconia / silica nanoclusters
consisting of agglomerates of primary zirconia / silica
particles with size of 5 - 20 nm '
Denfil DF  Resin: Bis-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, Bis-EMA, 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
2350 is the same as Filtek Supreme (body) as sold in the US market.

= /]

1.53 mm
3y €
”
3 mm | 10 man Slide glass
1

(a) (b)

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.
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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
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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

ffg_%f (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).

we ight

Figure 4. The flow tester.

F &Y H= G676 = EAEAE (loss tangent, tan 0) Z
AN EA-Y A A T B2 Y Y] (energy loss/energy
stored) & 2] n| 3t}

Zy A g A3 339 &2 sl9en SAE AR
B straing W42 31= G 7 tan 0 9 7* 3 Gl b
bk =

3. Squeeze test

= ATE vmsly] 93 EFEAE s 3RS
233190, Ad 2 Mg 22 RI9 57 8 m
parallel plates Atoldll £ 44 plateE 3t plate H 2
m o XA F, HFY A8E AANAY. R
(residual normal stress)o] &AL YA, A plated
0.5 m/sS] £ A BN 3 2 s ¢ &
i JER}E normal stressE S350 g AR 2 2
Tof %3 58 Fho] HAHRIY g vludhed A
At 25" CollA Zt Bzl tha) Al A S5t

4. Flow test

62 mn® ¢ B3| pasted flow tester (Figure 4) 9
AX A7) 3 1865.5 gmd] FAE 7 Haog S
<18 U1 S AEE BF5Eety g A= &
A, 25" ColA AR Fo Edexl g Z7] Al |
A 248t

5. 84l =4

7t B3 #z19] SHUES one Way ANOVAS®} post-
hoc test® A% 4 O}C}i (F94< @ = 0.05) strain
sweep test, squeeze test, 121 flow test A<} SRI
o] #AHPAE LolB 7] Y3 spearman correlation analy-
sis¥ non-linear regression analysisg A3} 8}t
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. &lsdn
1. SEIZI2] slumping resistance index (SRI)

SRI= 0.33 - 0.96 Ale] &2 Uebller Z1 { DF { Z2 (¢
CF { TC ( Z3 ¢ &A1& Z7}8t9t} (Table 2, Figure 5).

{¢]

2. SHTSAH 2t Fefa|Xl A 2] Hetd

A AT ¢ A8 ASF G'= ¥BY (strain)©]
Z713te me} F7kehe A3 B 1 FUHES 589
219 F57 we} zte]7) UAT} (Figure 6.a, b). &4
AE, tan 0 = WY Z7lo i3l 4 AFEE tfE ¢
£ E30 (Figure 6.¢).

AGAAAS ¢} BAAE p*E strain = 0.08 oA
DF (Z1(Z2(CF{TC(Z3 £22 Z7I3l% ey, Adt
BAAT G DF(CF(Z1{Z2{(TC(Z3 €22 &
ettt £AEAE tan 0 & TC ( Z3 ( Z1 { DF ( 22 ¢
CF o]%{t} (Table 2).

B 1M E strain = 0.08 € W A A9
SRI & Hlwalin). o)+ guoz gzl fg2as drE
Ho= #7802 strain = 0.5 9 7 & ¥¥o|
dhe) 2] ek A4 slumping $ollE Y54 HE ol 7}
AR &7] w&o|tt,

3. squeeze testol| 2fst =aidIel BT

B Ao ALEE 6 F BEAXIY normal stresse
0.31 - 1.59 wn 9] & YERITE. TC7t 7H¢ & normal
stress & YeIWled 73 ) DF ) Z2 ) CF ) Z1 & °|
t} (Table 2).

4. Flow test

orzttlo] B A A tyA7e] A4 11.9 - 19.7 mn
o] TC{DF {Z3{ 72 ( CF ( Z1 £ 2 & F7}3I¥}
(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

Z1 1110 (497) 1541 (769)* 1.37 (0.099) 302 (145)°
72 1538 (39)" 2477 (46)* 1.58 (0.107) 464 (7)°

Z3 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 10563 (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

71 0.31 (0.09)* 19.7 (0.50)° 0.33 (0.11)
72 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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, SRISH AHAAAT G7 (R = 0.94) ol 73 49
FHBAE BT (Table 3). ®£3 SRI &< normal
stress (R = 0.71), Ag&44+ G" (R = 0.7]) &%
AT E 2. o SA-”AE tan 6 (R = -0.37),
flow testoll ¢]&t spreaded diameter (R = 0.49) &

< AATE HEY. E3xle] SRIE A4
7 Gl Y3t 4oz YgdE y = alnxx) (W ¢ 22
H| A8 Jogarithmic regression curved] 2z F3&ich
(Figure 7).

SRI

Figure 5. Slumping resistance index (SRI) of
composites imprinted with square shaped molds.
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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 SR

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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Atole] AHAQ FET} gzl GEAY digd WFes
A3 kol gk A7} wjFojrp™? AEH oz AThAF
of g A2 FAG g7 ddME FE filler tech-

= whAd FAA HF ) gg) AR
T2 22 filler Z0MA F2 H7] A Y] G3E B
=0}, o]ALR 72 ¢ 73 9l- normal stress #to] #1217]
2 AT U Z1 B A 2 3% YEE RS
AR 4 9ok v 71, 72 ¢ BAAEE Yk fillerE
7H 73 o Blef 4 )

SRI #4273 )TC)CF )72 )DF ) 71 &£2 2 4%}
of FAXAGHEHANN SHE FHH Ao} #EdE B
It FAGRAEAST G'(R = 0.7), AHHAT G7 R
= 0.94)). o|& SRI7} &4 3} o] el Fe & 3| 53t
v A, 123 FAT 2ol 29 3Fd Agste 4Z

o] &A= Aol g o

7t 42o| glE plasticd A4S Fo&) SRIgt H &
FEATE BQ Ao g AIZHET Figure 894 Hol+ Hl
9} 2o FAEAM A3} SRl £ GF v]A8 logarith-
mic curve y = aln(x=x.)(y: SRI, x: AYHZA+ G,
a: Alg)dl F3=EA v 4 At o] AL SRIZF A
A7t 7Vl met w27 F7kete] HAdo] & @9
A& plateaudl] =28t A& HoFr}

S A8 HAL spatula FEjS 7|FE o] &3
shearing, pluggerg °]43t T+2i3 A ¥+ (packing)
F2F, syringe-typed £7]4A ¢&Est= B3 717U
brushg ¢|43ld &A= (wiping) 5% 5 T2 vloksh
22 ¥33th, B Aol 33 squeeze testy A EA
oA &3 & A E& e A vwsl=d Ags}
ot SAIAAGEEE v A £ slumping resis-
tanceE A3t 44 4 vk CF & 53] A3 e
Z & loss tangent #t= 7FX =t (Table 2), o]¢} #H3}
o EAME e 72 9 ¥|5@ WHH | normal stresste 71
B H[R AR @ gE EhE o2 B oY
g Z3E B3l CF o] AolA F2& ol Adlo] Ao
& el & AL, agH 274 Al A4 g
Ae &2 Aolet &5 4 i

EARAE tan 091 SRI 2ol FHBAE HolA] &sh
ot (R = -0.37). E4EAE tan 07} 37130
A Bla] AAAF7E dA LR Fhete Blola, o]
AL W €= 2dE e AUAZE AR EE AuA B 2
A8E UehdY, 284 2 tan 0 #o] 2 AAS Y

o,

X 258Xl0) =5t M slumping resistance} KIEMY

AL oflth, FHE A tan ov B4 AA|Y A=

SRI= &%27}
syringed| A T U2 B FF dksta 2837
o]z} ZA-97F Jok. 2y mEgt 77k oA A5e T
AA 23 dFHl § foldiA AErt. & AFol|A
SRI= 25°C, Q171 3 & %ol Z4HJL & 5 sty §
7F ¥z SRIE HE 4 vt 1822 SRI € AAE
m SRI (25 °C, 3 min)$ 2ol A3 £xo 33t AH0]
g g3,

%3 monomer? &7 v&, filler 3, 23 A7)
o} 2o pA R0 Wslel Agel H7HAIEe] SRIY 7]A]
= G tele] A7 o 288 AR Als Y

219 slumping® F-EH AT

= g B39 slumping resistance index
(SR)E +317] Y3k B3R pasted] H2 imprints

= 7S =98t SRIE ER¥E oA dE
M oldAQl 2AE 7K ARE AYdte Hld 783
AR #4343l SRIE AR wel 24 Aozt Q)
dqem 71 ( DF ( Z2 ( CF { TC < Z3 ¢ «A%9.
Slumping resistances X|#-&- H&#%1o] Aol o)
AR 1, AGAAAF G} 723t AT S Bt
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X2 Est3Xlol =8 X slumping resistance® HEMM

x|otg SgteTlel S8 M slumping resistance2t MEt

2 A+ 53 By A9 slumping resistance® 2AT & 9= WS M, 1 #84S ks 98
rheometerE o] &8 49 B339 o8] #3384 A2 slumping resistance?] F& #HAAS Y ’5'] A} Bkt
Y-85 = hybrid composites (Z100, Z250, DenFil, Tetric Ceram, ClearFil) ¢ nanofil composite (Z350)& 2 mm 57
o 24 BoFo] AJHOZ HEQY. ALE e vl S P 430 dRor g A3 E Y T A5E 9A
]749' A FFE3AY (no-slump) 25 C o)A 3 —~.r:7J w2} 8k Zof) B8 S0} (slumped). 8 A= F53HE A
= A T laser 3-D profilometer & FH2] ¢ GAHS AQ]ct Slumping A & g9 Zol9 vlE 3l slumping
resistance index (SRD @ AosiAd). 7t Bgyjde] £33t A A AdAd S 4317 $18] 843 rheometer € 0831
FRNHATAET squeeze testE AT HE flow testE Attt BAAAGEE & g Ao}
SRIY] 43 H#dA] S AR S8 FHESE 39

ORI =

oA 7ER] 9| A &9l SRI gtell= &) 7 At (Z100 < DenkFil € Z250 ¢ ClearFil { Tetric Ceram < Z350). SRI & A&
AR EDASF G 9 7HE 2 ¢ 3BBAE 227 Tan 0 SRIS ZAIA7E YIS SRIE £4 71kl that A% 2
o AY s F gk Aot} o] Eqint.

& A7 =YE imprint method®t SRIT E3 20| slumping H& &S A @sksidlon B8z 2249 Hr}
E ”132 AHEE 4 9T

F20{: Slumping resistance, ZE, HAA, FA8 2234
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