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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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B3zl @E% H] ks 4 1 Ha} U}"ka Sl o
o g ] Egezle Heo s AP vkt = H3l
AEE =4 (load and measure diameter)dh= WY,
4% FAS 5 A Ao 9 Fol "WolAle £k
£ 2% (load and measure drop speed)dh= W, €%
SR B9 MeE o 289 IS 34 (press
with uniform speed and measure force) 3= ol 3
o a8y o] e RE B3R AUAd F=rt
= Hwd F e B AR AT @ et A

Hke &+ 31‘4
e (elasticity) = &3 (stress)o] ¥ (strain)el
Hl#|abe A9 Ad& 7helzin. ofd vl HAer 2
A M= &0l M &% (strain rate)dl| vl
‘—4_9,10J' E.b‘lgﬂ?(]_],]- 7o “‘?“T"i‘—q x]J,]-xH_u_L ?H/ﬂ,\% E]—é
= W Ad A Aot} 2 BRE AT o] &
Fe|zlo] e gl whg-sle 54 BT HAde A7)
o} ed 2 AT vl e 2A &S Lee 372 544
D154 (dynamic oscillatory shear test)S ©]-&3h
A727, Bz dxo me} flowable, low viscosi-
ty, medium viscosity universal hybrid, high viscosity,
packable 522 FEH 1 L F7Y BYAeldE=
A7 '] =719 vl g ztel7} Sltka Baskgint,
TFAF 5 A FFF o3 FAES FolHA FE
ot $9Z o|F1 finishing® polishingdl &85+ Azt
= 2o 374 aPH P TEH0= 3§17 93 A
FHJAHE-L “successive build up technique” & AHE-3C}
ol 27lde £ AFHE ol&s 94EY VIAE
A& F HE TolA wFHY nAg 74 FeE Al
e & o] 838t add-on &4 2
EE53 n T} %*L groove® g4l A
-+ plasticet 44 & o] &3}
EELH] xq% 7172 S FAstE Aolth o o, &
79 slumplng gro] AW FFF & w7hA] X2
A7F B8 e et e IdE fA8HA] RetE
2 Y 5 243 dnjel] oS B2 Alte] 20 HT o]
3 slumping 73 & S3azle] A7) g dojgt 2
FHARL gt & Ho] itk
a7l 7]l EekEA] 231 (non sticky)
Gl 48 F 527 ¥= 44 (slumplng resistance)
o] FQ3lth. Al-Sharaa®t Watts"= E3#%19] 7]7
et stickiness® &4 3] AlFel wah B2 kol 7k A&
< Hasigth 28y 2236 F938 slumping resis-
tancedl| tig+ 7= ==t
£ AT 542 53719 slumping resistance® &

o
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3, el rheometerg ©]-&3l 7%
¥ 2oy ale] oy %%Q—Zﬂl ‘é A3} slumping resistance
ofo] B3 #Ads Hole Ao, o|2H AMZE H3tE
Mell 83 7|2A25 Al Fstn
A

A g FAF FRECE AdEE o 7Y uni-
versal hybrid E3#%12} ¢ £7-2] nano filled 532%
o] & Aol AHEH AT 2 A5 codedt TAPE 2
A 23| A= Table 12 2t}

1. ZgtellEle] slumping resistance &3

L3 7 paste 62 m & spacer’} ZAE F 719 glass
slides® =2 2 mm F79) g3 2 AJAES WHEY
Agsta wjEg 29S Hee FH M Bl slide
glassoll B2 B+ AL W] fa WA Eo A2 Mylar
stripe 9] slide glass9t B3z Alelol] 719 ¥l
o AR 5715 7R @F0E F (Figure 1.a) 22
O3 2eke 532 Ads B8 &5 HEUH

(Figure 1.b). 3t seto] A|HE GFn|F Foho] 1 Ao
Ae AR FFEUL. B T T, FHE AANME non-
slumped 1mpr1nt7} HAEY. T2 sete] AlHS Fdo
B FE S 3A Y2 AAS. 28l AlEE 25 Col

A 3—r7F slump HE2 Ft) B5gste] “slumped
imprintE ATt F TFH AlHE B 3l Polyvinyl-
siloxane QI3AIZ ( Extrude@ Wash, Kerr, Orange CA,
USA) V<5 A5 5 & AM3 BAlES A&t
°l& 1 un¢] OH’E}EE Z ““ custom laser 3D proﬁlome—
ter Yol EHEL 1 m/s9] $EF scan dFo] FHe T
P& AA (Figure 2). ZF Szl i) Al 712
‘non-slumped A1# 2 Tl 719] “slumped AlH S A%}
sttt

Slumping Resistance Index (SRI)E
&ttt (Figure 3):

ohe 3t 2o] el

Hs-Ls

Hi-Li

714, Hi "non-slumped imprintellA 7]A -9}
14 Atele] AglE, Lie non-slumped” imprint2] 714
Fo|a E7AA9 AlE <udt}. Hee"slumped”
imprintel A 71AF-¢ H 1A Atole A E Lse
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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, BisTEMA, 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.

@) ()

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 ™ et Rl 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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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.

Instrument, New Castle, DE, USA)E ©]-43+ 523
A48 (dynamic oscillatory shear test)< Al&3ISAT
AHEE geometry= A5 8 me| quartz parallel plates %
o}, 4% ko] B&eH pasteE rheometere] sHY plate
o Y712 234 plater 3 plate 9 2.0 mm ﬂﬂoﬂ
AAAIZ Fol| BF pastes AA}AG. FFSH
(residual normal stress)o] AFFZl o] %o Z&F3h4
o = 1 Hz, A9ZZ (shear strain) 0.01 - 1 ¥ E 714
= strain sweep testE AlP3IATH S 2E& 25T
et

A3 AAREE A, oscillation frequency’} @ ©]aL
58 (stress)Z ¥ (strain)® ¢33k (phase differ-
ence)7t ¢ 2 WE T FEo] A= b3 2ol yehd

A~ o]]:]_
2R
At Wd (shear strain) 7(t) = 7o
2 (shear stress) o(t) =,

A
A

BAAHAS (complex shear modulus)
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«_ o(t) _ o ., _
G y(t) Yo ¢

=G +iG”"

a,
A (cos 0+ isin 0)

A7IN GT & 1 HA)AHAS (shear storage (real)
modulus) &, G” & &4 (31) ADASG (shear loss (imag-
inary) modulus) ofn| gt}

EA2HEAS (complex shear modulus)2] Z7]= ths
I} o] Fojxint,

¢ == @Y
J2l1 54 %E (complex viscosity) & 7 = C‘; 2
vebd 4 sl
G'S HATEA A4 (dlastic shear modulus) & 3-8 7} W
ko] A glo] AZH e duA e SAA Y =4
o] B4 & oJn] g}, G” (visoous shear modulus) S &4 o
AAE vletn] 2N 24dE e A9 S Aot
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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

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).

wr i gkl

P

Figure 4. The flow tester.

F 3 =676 = £ A E (loss tangent, tan 0) £
A EAe A4 B394 ¥ (energy lossenergy
stored) & <] v] gt}

Zt Azol el 3319 345 aiglen 349 AaT
E] straing M$E 3hs G, G, tan 0 & 77 3k Aof H]
w3t

3. Squeeze test

A2 B oo B vA 9w =X

= HAEE v fd Bede FA7ge HEE
A8t A8 2 A9 22 Folo] e 8
parallel plates /‘}O] o Ea 4 plateE 1Y plate ¢ 2
m o IXAIZ] & BEFe] ARE AA}AY. FFSE
(residual normal stress)©] AAE L YA A

0.5 m/s9] X2 PFAA BFelFE 3 2 B 3 €
] YEh = normal stressE S48t 3 A2
Tof| St g8 o] Bzl A =E vlust=d|
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
AAA712L 1865.5 gme| FAIE 7H HHow Bl
= 13 S 7t FAAES F5gsta drlY J4E &
Attt 25 ColA AAAl Fof E3tezlel tizl 2t7] Al ¥

# 27315
5. £7 241

7t 53k 79 SHFHES 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 Stz 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 7).
Figure 5. Slumping resistance index (SRI) of
composites imprinted with square shaped molds.
L1
R T !__..
N ¥ : e -
[ QT '_-I'l!-"l E %"‘" e :.
2_ s {1 S H
'E_. _ g g 3 - é:
i ] =
S STRin (a) - Sraar SRR (b)
q L]
Z
o + = =
E pa P ]
—— "
Weman B (C)

Figure 6. Rheological characteristics of composites as a function of strain at 25°C.

SRISH AddAAF G7 (R = 0.94) Ftll& 733 9k
AHABAE RAT (Table 3). T3 SRI #< normal

stress (R = 0.71),

Agtet

QR B HE

BAF GT (R = 0.71) 9=

AL Bt Wi SARAE tan 6 (R = -0.37),
flow testell €13+ spreaded diameter (R = 0.49) ¢+&=

Be RASE et ¥Puxel SRIZ

ZThA

i

A

T Gt Aog ells y = aln(xx) (W 9 2&
H] A& Jogarithmic regression curveo] 2 F-3¥ 3ok

(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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SRIE slumping #, $of QA7|HE & Zo]e] Hlgolth
ol A wke Ao HEHZIC] slump H= dole F
7k 4 01%7} ATh AR, A5 AA L FA o

AN 5 WY ol 2 35 ¢ Utk B4, B
o 849 Sl ) F WP AR Beld) oz

U5 Fobzd o ok F 4+ EFlM, Hs - Ls & 243t
of Z27A o= SRIZF Aopxint. BHZI HAEE 55
B8 Bol| Agsle] HPH JHE AT 5 A 3t
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Az AR AF F 7P 2 %2 B3 Z4A57F A
FET 2 g el on] mats SRIE 7MY 2 w7t
Aot (Table 2, Figure 5). Z1 & 72 o] B]8] @& &7

p

o)

ofl
¢

i
=
2
)

= ox

r1o ofl M iy rE

242

& G AAAF G2 7HA 718 FErt 2 A1
371 AL dRr1de o 24 %71%‘ filler?]
o, e, 37], ¥ 28] silanexd, fillers} #7712

A Ae2E filler YARE 32 8o &Py,
Filler 3t 57 } filler W] E7134 S7F, #2714
glass fibers& TUAA B2 S 7 A
o Lee 599 A4 A7} filler volume 7}l w
g} A Fgg o 7 F71ee A filler volume©] 25 o,
o] 22 3719 fillers AHESHH Aol 7hsh& Bt
28 fillere © 2 EHAE 7HA filler-712 A58

271 Aoz B, dudo Rt B BE 27
o] 34 AL 2L volume%Ae 4R Reko] 43
(spheres) ( Az (grains) ¢ &4 (plates) ¢ ”—.Eﬂﬁé

(rods) & o2 F7lste 222 ¥2lA i) &
fiber 9 22 2 QAR A5 Aol/A &< H
% ]DJE7]_ 7‘1;‘(_1@0910 13, 10).

AzAR Azl ofetd, 71 7 72 & 33 0. 01 -35
un®] zirconium/silica fillergs 7FAlY, 72 & Z1 <
TEGDMA Rttt & dA4< 7X= UDMA$} Bis-
EMA @415 Hi-ska 3tk (Table 1). 22|22 72 ©]
71 Bt} =2 A S /M Aeg d=2&8 g 9lo B o
T<] Azlel A et} (Table 2). 73 < 72 3 &
A 7NAR F4H] ot 73 2 20 m silica nanopar-
ticle?} 0.6 - 1.4 um 2712 agglomerated nano-clusters
& st sAAEAdEAN SE BAHEE 73 0
72 B}t 9.8 v it} UerlE 2719 fillers} flocculated
nano-clusters® Qe YAt s 2ol F71= 7] Wi
o2 A= 3 squeeze testlHE Z3 oA 71EH
normal stress?} Z2°l| Hl&l 1.5 8 A= ol =A] &%
t}. v DFe 7F B BAHEE 2924 normal
stress #2729 1.48 vlE Yepith, weba 2411 &
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—‘a ??]_' ‘T‘ 9}1’4—
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A flow test= S o A
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squeeze test = A8t = o Eﬁﬂ A E 8 mn 2]
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T, squeezing 3 4 filler YA
A2 %%JJr g7 A o] ghlekd Bigow
3k kol gt A3} wjifoltho Y ARHoR Ay
Ak HZI71 Aol M= F2 filler tech-
nology®] &S weth, vhHdl £24 Wy o3 A1l
2 2o filler ZANA F2 g3 dEkdg o] ke v
=t o] 0.2 72 9} 73 oA normal stress kol @7 ]
A ARl e 71 o 84 & #3E YEl= As
At 9t vk 71, 72 9] BAEEE Uk fillerE
7H 73 o] mle 24 At

SRI #=& 73 ) TC ) CF ) 7Z2 ) DF ) 7Z1 <22 7+&s}
of FAXAGEHAAN SHE s Aot A B
Foh (AEEAS G'R = 0.71), AFE8A4A4+ G7 (R
= 0.94)). o= SRI7} &7 Zo] el FeiE 3531
= Ad, 223 AT o] BHY sgdl Adete 44
o] A ek AR o8l A5 AUrk EHERY &
d2 slumping = AgsA| T b2 dH o= dF0|F
=X 93t imprint ¥ WE Ao def RO R 355}
© A%S 5gaxld Agsrlz ok, v AL
slumpmgoﬂ*‘ A&t imprint & o] RYFoZ Fo}
7FE Aol & plasticdt 2 & Folg] SRIgH o 2
HBAFE Bl Ao AFRHEY Figure 894 Hol& n}
o} o], B|AEAM ] A3 SRI & G ¥4 logarith-
mic curve y = aln(xx)(y: SRI, x: AHH3AF

Aol F3=A debd 4 et o] SRIZF A4
74]—r7} 7l ek WA Frtete] HAdo] =& o
A& plateaud] B3 A HolFr}

B3 Ao HHL spatula FEQ] 7TFE o] &3
shearing, pluggerg °|43 F+21 A ¥+ (packing)
4, syringe-typed] &719A ¢Edte 2, £V
brushE ©]&84 &&= (wiping) & & 22 thefat
TS oot B AFolA A squeeze teste FEA

dA B3-S oA B2 wfo] AL vwsl=d 435
o BRI AAREEE w3 4 T slumping resis-
tance® <&3sh=d A48 4 ot CF & 53] dude
2 2 loss tangent @< 7=l (Table 2), o]} ##s}
o BEAME e 72 < ¥]5:3 ¥ normal stresse 71

2,
=
o
>
ot
™ o
:(o

v

R

1l
o
o
T

;<_41
10
s

3} m)5g AER e g Uehls o8 B, ol
3l A7E B CF o] dAtollA F2& g #3lo] 2o
ok Well 2 AWM, wdH 224 Ao 47 e
Ae & Aozt d5d 5 3l

£AYAHE tan 09 SRI 7}0115 ABAE HolA| &
R = -0.37). £ARAE tan 07} S71ethe= A
ol H]a] WA ST AdlA o7 Z7kske Ao,

Ol 92 adys 01]1,1z]7} AAE = A BT
& VR 28u =2 tan 0 gho] w2 WS UE

riu S fmox0
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