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Rheological properties of dental resin cements during polymerization

Jae-Rim Lee', Jai-Bong Lee'*, Jung-Suk Han', Sung-Hun Kim', In-Sung Yeo', Seung-Ryong Ha?, Hee-Kyung Kim®
'Department of Prosthodontics and Dental Research Institute, School of Dentistry, Seoul National University, Seoul, Republic of Korea
“Department of Dentistry, Ajou University, School of Medicine, Suwon, Republic of Korea
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Purpose: The purpose of this study was to observe the change of viscoelastic properties of dental resin cements during polymerization. Materials and methods: Six commercially
available resin cement materials (Clearfil SA luting, Panavia F 2.0, Zirconite, Variolink N, RelyX Unicem clicker, RelyX U200) were investigated in this study. A dynamic
oscillation-time sweep test was performed with AR1500 stress controlled rheometer at 32 °C. The changes in shear storage modulus (G'), shear loss modulus (G"), loss tangent
(tan 0) and displacement were measured for twenty minutes and repeated three times for each material. The data were analyzed using one-way ANOVA and Tukey's post hoc
test (=0.05). Results: After mixing, all materials demonstrated an increase in G' with time, reaching the plateau in the end. RelyX U200 demonstrated the highest G' value,
while RelyX Unicem (clicker type) and Variolink N demonstrated the lowest G' value at the end of experimental time. Tan 0 was maintained at some level and reached the zero
at the starting point where G' began to increase. The tan & and displacement of the tested materials showed similar pattern in the graph within change of time. The displacement
of all 6 materials approached to zero within 6 minutes. Conclusion: Compared to other resin cements used in this study, RelyX U200 maintained plastic property for a longer
period of time. When it completed the curing process, RelyX U200 had the highest stiffness. It is convenient for clinicians to cement multiple units of dental prostheses simul-

taneously. (J Korean Acad Prosthodont 2014;52:82-9)

Key words: Dental resin cement; Rheological properties; Film thickness; Viscoelasticity

ME

AEAL Hd =S A flaiM e HEEE =
= ANE A2 BEEE A o] 9] 92]4]7]= A o]
Z 835t} 3 Aol M Fg o AMET} e8] v EHA]
%2 A5 duo AlgE AR R HE =L =4 X E
Crown®] 2 %EE’ Wdst7] el A E F3EE S7A71 AW
El=

—,—o}(oscﬂla‘uon loading), ¥=-& A A gt

2} 27)0] 7% (vibration) Y01, pressre

-
=
oo

ol
ol

m rlo rlr

ol

i

m
(¢ m}l_‘

o o LE:lo
-

22

BN
2
ox,
>,

l ‘”C}ii} A2

29 AX BT

F

o~

=l
B
i
'

Ju g
ol

2
o
m\l

l

T ox

og
k>
1o
__i
M
1o
tlo > rlo

1‘
i
k=l
o,

= ox 4, |

(

= o fo
fo g
>
o%

Qb rlr r
i,

= 57
|HES] 14

2] A7k

il
ox

o|X
N
N
Q‘L
R

5
rr

Hog

ox
gut
oX,

(] Ol'.O 1 ol
>

S~

=

%0,

1

rlo

BT 1 e = A W |

2 gy lo 2 |m

Al
o

*Corresponding Author: Jai-Bong Lee

Department of Prosthodontics and Dental Research Institute, School of Dentistry,

Seoul National University, 275-1, Yeongeon-dong, Jongno-gu, Seoul, 110-768, Republic of Korea
+82 22072 2661: e-mail, swallow@snu.ac.kr

Article history: Received March 10, 2014 / Last Revision April 14, 2014 / Accepted April 17,
2014

(© 2014 The Korean Academy of Prosthodontics

@ This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.org/licens-
es/by-nc/3.0) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

* This study was supported by the research grant No. 04-2012-0063 from the Seoul National University Dental Hospital Research Fund.

82

pISSN 0301-2875, elSSN 2005-3789



OITFR - Ol - BHEA - UE - OfolY - B2E - LY

A2k 2T AHES| FHSY 4T

A A 7] G 3FES m)F )

Ao & QlatolA AW E(ZPC)S} #| 7]
QLM (RMG)S} 2L A EV} HHAA 0 2 AFS-E A1 X
ool 318HA AT 814 Traba ©hx] BN 7] w o) X
X 9] FAIGE 7} 717ke] A Fol| oA T8 9z %
STk gk QlitolAA M ES] 7§ 7] §3= 2 A=

78k Fehzolo]

Zirconite, Variolink N, RelyX Unicem clicker, RelyX U200)7} A}-8-%|

ATHTable 1). & A FE2 25T £ 1C,60% 5= shol| A Al =

Akl Z| A of| e} &3h5] l T} Variolink N7} Panavia F 2.0 1 mL
syringeS- ©]-8-3f base} catalystS- 1:12] U] &2 £8351% T}

23 944 = &3kE g7 AelEC] St J AL #ats)

7] 913 AR1500 stress controlled theometer (TA instruments, Leatherhead,

2 A% AL ol

Surey, UK)E A1) 54 A3 73044192

A5t Fig 1)

A&

HT e AR, FE G, T WA S8lEA] & 2173 25 mm2| 5 7 2] % 3} & stainless steel plate” | AH-&-%] 2 31,
=448 P AN FE I glo] A 24T gle A plate A}o] €] A& 500 um = A stk 4 Wl 3=
= 7 HRA A E L] A}-go] A} F7beta QITh” o -] 3171 $13 Peltier plate®] 2 =+=32C & A% 319t} 025 mLe] &
%] A9l E = ANSIADA specification No. 9691 A A A| 1= A K. St A| 55 el L8] 58 5 1 Hzo) 2% F7], 3000 Nm
=& JUEE 7H7] Wl FE crowne] B¢ g A9} F o torque= 7 T & 7Fate] A7 HAAIR(G), &4 A

(seating)& oF7]8HA] E Tk 15 x] & A E o] 2k A

3} B A7kl JHL IR E A

Wy S g g2 d HA

)

G, &4 A E(tan0)2] M3 =S 7
WA 7| 2L 317 71A] A17HE70

sy 2

Selieh £ A4 58
0% A ¢ o o) %

Zb2te] A sl el <L

TFEo] dAeWy, g A ES] RS A dsf thE v 92F T 2075 S =
A= A fl3Aek o] A-¢] F2]2 con trolledstmssrheome— Sk HPH 0 2 3 A W] S 51l
terS o] &3 Thkeh | AN ES] A3t F e WSS

il
B8 934 99§ v w0 Bk

11, Tukey's post hoc test (=0.05) % A}~ 71 7%

2 0 2 A| ALl A A A=

A= dYufx) & P‘ﬁ“(OnewayANOVA) 3l 45+

AAlsESTh 37}
49112, Aok 2 2t

A7 = 3 Eh oAl ofxl S| 7te] A BA|E e K] Sl A
= Aldsksinh
o] d3tol| 67}4] @7 A|wl E(Clearfil SA luting, Panavia F 2.0, S AR AN ES] 73} F e 54 WstE =
Table 1. Dental resin cement materials included in this study
Mean particle
Material Manufacturer Bat. No. Composition Filler contents q
size (um)
RelyX U200 3M ESPE (MN, USA) 487972 Bi-functional (meth)acrylate 43 wt% 12.5
(Automix)
RelyX Unicem 3M ESPE (MN, USA) 474045 Bi-functional (meth)acrylate 70 wt% 12.5
(Clicker type)
Clearfil SA Luting Kuraray 0374AA Paste A : Bis-GMA, TEGDMA, 10-MDP, 44 vol% 25
(Clicker type) (Noritake Dental Inc., Hydrophobic aromatic dimethacrylate, S5 wt%
Okayama, Japan) Silanated barium glass filler, Silanated colloidal sillica,
di-Camphorquinone, Initiators, Benzoyl peroxide
Paste B : Bis-GMA, Hydrophobic aromatic dimethacrylate,
Hydrophobic aliphatix dimethacrylate, Silanated barium glass filler,
Silanated colloidal sillica, Accelerators, Pigments
Panavia F 2.0 Kuraray (Medical Inc., 0558AA A paste: 10-MDP, Hydrophobic aromatic dimethacrylate, 59 vol% 0.04 -19
Osaka, Japan) 0104AC Hydrophobic aliphatic dimethacrylate,
Hydrophilic aliphatic dimethacrylate, Silanated silica filler,
Silanated colloidal silica, di-Camphorquinone, catalyst, Initiator
B paste: Hydrophobic aromatic dimethacrylate,
Hydrophobic aliphatic dimethacrylate, Silanated barium glass filler,
Surface treated sodium fluoride, Catalyst, Accelerators, Pigments
Zirconite BIM LAB (Israel) 4194HBARCZKR  Bis-GMA, UDMA Oligomer, TEGDMA, 4-META, - -
(Automix) Methacrylated phosphoric acid esters,
[3-(Methacryloyloxy)propyl] trimethoxysilane, photoinitiator,
Co-initiator, Benzoyl peroxide, Barium aluminoborosilicate glass,
fumed silica
Variolink N Ivoclar vivadent P72407 (Base) Bis-GMA, UDMA, TEGDMA, 44 vol% 0.7
(Schaan, Liechtenstein) 68646 (Catalyst) Inorganic filler (barium glass, ytterbium trifluoride, 71 wt% 0.04-3.0)
Ba-Al-fluorosilicate glass, pheroid mixed oxide, Initiator,
Stabilizer, Pigment
Cehx| Bt AEte(x] 523 2%, 20144 48 83
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AR 1500 stress controlled rheometer
(TA instruments, Leatherhead, Surrey, UK)

Fig. 1. Dynamic oscillatory time sweep testing involves the application strain to a resin cement material and to record the resultant stress. The phase angle (0) and the ratio
of stress amplitude and strain amplitude allow the calculation of the shear storage modulus (G"), loss modulus (G"), loss tangent (tan 0) and other rheological variables.
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Fig. 2. The representative of shear storage modulus (G') of dental resin cements
investigated. The increase of G' means the progression of the cross-linking and entan-
glements of polymer chains. It means that the material shows the onset of elasticity
or loss of fluidity. Initial setting time is defined as amount of time until beginning
of the development of elasticity, such as increase of the value of G' or decrease of
the value of tan 0.
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Fig. 3. The representative of shear loss modulus (G") of dental resin cements inves-
tigated.
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Fig. 4. The representative of loss tangent (tan 6) of dental resin cements investi-
gated. The value of tan ¢ depends on the ratio of G" to G'. It represents loss of plas-
ticity and corresponds with tendency of displacement curve.
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Fig. 5. The representative of displacement of dental resin cements investigated.
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Table 2. The storage moduli (G') and loss tangent (tan 0) at different elapsed times, setting times for the dental resin cement materials during polymerization at 32C

. t=1min t=5 min t=20 min
izl G (Pa) tan & G (Pa) tan & G (Pa) tan &
RelyX U200 (Automix) 041 50.04 5.07E+06 0.10 733E+06 0.02
RelyX Unicem (clicker type) 2.81 18.46 341E+06 0.06 3.74E + 06 0.02
Clearfil SA Luting 255 21.66 1.71E+06 0.16 3.88E+06 0.01
Panavia F 2.0 346 16.14 1.14E + 05 0.24 4.65E + 06 0.03
Zirconite 0.30 81.45 4.59E +06 0.05 5.04E + 06 0.02
Variolink N 5791 3.83 5.75E+03 0.46 3.67E+06 0.01

Table 3. The initial setting time, setting time and G' at the plateau different elapsed times, setting times for the dental resin cement materials during polymerization at 32°C

Material Initial setting time (s) Setting time at T90 (s) Shear storage modulus (G') (MPa)
RelyX U200 197.50 (13.42) 538.13 (24.95) 7.25(0.22)
RelyX Unicem 150.16 (5.04)* 35270 (22.61) 3.73(0.11)
Clearfil SA Luting 156.73 (8.92)* 613.20 (5.45) 3.84(0.10)
Zirconite 168.22 (76.82) 356.46 (9.95) 5.02(0.07y
Panavia F 2.0 303.37 (5.23) 635.6 (14.57) 4.66 (0.10)
Variolink N 338.80 (11.20y 801.98 (24.86) 3.62(0.09)

* Numbers in parentheses are standard deviations.

The same superscript letters in the same column indicate no significant differences respectively (Tukey's post hoc test: P>.05).

Cehx| Bt AEte(x] 523 2%, 20144 48

85



o
=
E
O
=
OHI
rol
opi
1z
oy
0x
ol
2
re
0x
_QL
o>
ofu
oy
lor
ox

PPrhe AMES A8 o) 2440 G FE v1A)E 58
= A AT A B e AR 5HE 2 0ol

of gt} 2| 7§ AJHE Q] 2G|t} 3|7t F3kS

A& B (elastcity) 2] 2L B3] A B AFH)9)

21217 Batchelor®} Wilson®-& AFglo}ld 82 & AW ES] 73}
18- ] o} UL nA e ke A B 99 daw
7}~ A (parallel plate plastimeter) Z- ©]-8-3) t}. 3} 9k 3 g 9 7}
2EA 2 S 2Kflow rate) & 274 517 o= H-ZF T}, Plant
2 21 & Al (oscillating theometer) 2 AH&-8l F-, 1=, =4 1|

o i} 2 tjekal AWl E o] 354 2] W3}E H] w3t Vermilyea
5" 314 A =) (rotational viscosimeter) S AHE-3f Q17FoFAA R
E(ZPC)%} 2] 7} 2 82 9| o] E(polycarboxylate) A Wl E 2] 73 5}
F A% WekE 20, AEAS o 49 g Srd e
S G A% WS DA aoune] B Al
ofuh 404 5173 49 & AR . Loton 552 5
5] ram} piston penetrometer=. A 2 5 A & 7 L8kt 15
& crosshead speed S W S}A[ 7] o|H] AFo| X 2 H 5%
crosshead speedof| A THFgH Al E0] A &1 & #2319l 1, 2
FHEE 2] 98 A5 T35k Viachodimitropoulos 2}
Wilson®& 22 2-olo] v SHGsh e) k2B go] £ A
WEs g AMEe] e BAE AR 8 WY
%7 (displacement theometer) - A}%—'é}%} = 23
AR HRY NHE FID BAT 4 5ol A9 A
= ‘7‘%5 T 9}\9}\1—/}

Osman S4& 970 AMES TP thokek AMES] A=
nds 2 & FSHA S99l WakE Bae)
%7\ (controlled stress theometer)S- /\}%'6}9}1:}. A3 A3} 9l
Zotd Al E(ZPC)o} v] asto] 2|5l Al <
A el o A $459 S 2
o o] &3, A = = tan 09} 22 g 71A] T8 7)o 291y
O 2 & dSo] Btk

H T S-2 Ao 8% (controlled stress theometer) = ©| -&-5}
& ARIES] §HA 542 1] A8 B ATE
Bis s sl AERE] $EA] AT F
24 Fol A7 9 FE1) S QA0S olshehe
83}t Peltier plate A}o] o] 14 H E32] At S 7fska
2 ykgol AR we} 1 WS sl alel B S
U]Aﬂtﬂ- ZJE]—/H tﬂﬂé /\1/\]7]-oi 71—;(]2:3_:1— %9 ol )
wl2 e 4 Slef Aol A% AT 4 ek
2 AE §E 7+ gol DAL 2
o e HEE ol 2 5 SIeh. 5. S0} 5572 0l &
AAZEo R Tkt et A 542 RUE & 5 3l 5]91‘“/}-

o

4
I

a2 E—o]

[l

£ 5
::rirl’yl'n-IEOEEE

>

>~F

ﬂ
94 FHAE) A3 AT me} AN A B v A A P2
Aol ot o] s S0 48 GG v
o
=

Ak maha) 54 A7 A% N8 S B 2 < Bl A

I

86

vlo] Qoft Aol 54 Wshg w8 45 9l
] AR 1500 stress controlled theometerZ o] -3+ =4
A5 53l H AMES] Ak F2t G, G, tan
% ataact.

A ZA 2] A AT &2 &3-S 8 B 3} Peltier plate AFol] £31%
A BE So%E 5 4T platert e] QA ARl 5Hg e <]
1% A e -2-2) (oscillaory shear strain) - 713151 T}, gkek 100%2] g+
A 2 A7 B9 ﬂ%ﬂﬁ%ﬁﬂ@ﬁﬂﬂ%ﬂﬁ%
S wolth WA A 2] 72 9] 4k xHphase angle)i= 90" o] v,
AAE0-90° Abol 9] 9 atE B Flo|th x| & # 7 A]
A BAZ 23 ukSo] AT WA A7t v}
331, 94 2K phase angle, )} 71 Z(0)e] W 87} w2
2 Ba 9Rsk W E o v e B Aol A9
A 3Tl A7ke] gh& Are 4 sl

oﬂzﬂﬂ‘

oL

Im ox, OlO
NI

o rlr

14
O g

et
il

ot = rS& o

ox _E ox
O_>|: :‘o
Mz ot
s 2

Total stress =0 + 7= A (E sin @t + 7% @ cos wt)
= AJE” + (1 wy (cos O sin @t + sin 0 cos @)
= || o || sin(wt+0)
{llox| =AJE+ oy}

Elastic component (E) = HAi*H cos 0

Viscous component (%) = % sind0

o) 42 5 A9H 27 ARES] G, G, tnd S T
T A G2 &9 A F 719 0ol 7T A A8 S7Fste] F
FH 0% g7l mRith o9 £ Az AUES] 35
@ 3 47 A (rowing chain) Ao o] 572 FHcrosslink) ) <)

7 (entanglement)o] P o1} -2 of] A 3}ak7] AR S gho =
FAE G @ S7hs LEAAFEY] Ak A B 4719
2185 ofm| gt F3k wh-g-o] $hu = o o] mAat A
I FRlo] dojuA] = G 3] 71 E Sl & o Aok A
SFAIZEE G 3] 715717100l =2ate B A 71712 €] AREe.
2% Utk 2, g3l Al E L] 7 3hih-g-o] 20-0]
A Aol M = Al e ] 31 QI 7] o] o] 'H A el A
© A% A A i gko] 9% Eget=t e AlRte
2 Gleict. A7 At AAITES AZARAA AN 3k
2] L7 2690 3 2 e AT AT 8 4
I} = Ato] o] & A E K3 THpost hoc test; r=0.118, P>
05). o] H Aol ALEH HZ AIHE = o] SFHANE =R 3}
6]—%4 1?51—‘14. 44—16’1— JJ.;GO] DCZ o]l/’l—\:]. 17] 721311_ }\]7]-%
#7187 el B gL Al A7) 2 e w el A
A BN = Fedde ol Astrtte] @52 Aot
RelyX Unicem¥} Zirconitet= T} & 21 A|dl Eof] H] 3| w2 4] =
glo] ¢+ 7 ¥ "bH of], Clearfil SA Luting®} Variolink N-& 4-53H-S-
o1A] 92 7§ vl 25 8] A syt 2l = At

B} 8 G o7 ARLES] A8 ¥ igdiy

Cetx| Bt AEte(x] 523 2%, 20144 48



OITFR - Ol - BHEA - UE - OfolY - B2E - LY

A2 BT AHES] REiEE 4

£ stiffness) & ©]1] gHe}” 2042-0] A F ol = ¥E-g-o] g i
A7) Wel] whA e} 32 F<te] GO gk vl makth
RelyX U2000] 7} =& G 3E-S Btk o] &= 3 3 71 vt
St A4S Hol= A 2.2 5 3 cement spaceg)= 717 5}el] 7t
=7h e S onah, crowne] 93 A 5919 2] A]
HEL] A A ol F= BA 7 )

27] A8} A17H Go] Z7er] Al &eke Al - 7ER 9] A7t
o2 Zolasitt o]zl e o] B HE AA Ee 584

=3

2go] 2 AR Sl st A0} FEE o] 2
2k BE A AMESIA A3 A3} gtel 7] A48 A2

o] A|ZAb A AAI gAY EE T T DA VEREA|RE
B Atolo] 2 4 B E B THr=0978)
£ B E(andy= F2 A1 T LD FEOR FAI7}
HJo}7} 00l £}l Bk Tndgke] 09 mdak A0l G gk
o] 271317 A2k A1 AL Zionited] tan 5%
7V & 224 % 1) 1 41300) mhek kel o Ziocniee)
25 2719 971 B4 A 0] 714 VT o) F andghe]
A2stal, Gol S7H 718717k 7P 7Et 2 A o= Hot
5 w2 A g o] T e S & o STt Zirconite= 32}
S A3/ Hol7] wliol crown®] £ sHA 914]
GG S kg0l AlRtEH w2 A] Zle)o]
o} oA A3t B = et A S A4
h= 717to] Ao} A Al 7to] A= wd o] $lof Zrconitew T
PH(single crown) ¢] 2] A}-§-0] 5= ¥ T} Zirconite?} 2] Variolink
N, Panavia F 2.07} RelyX U200-& 9 &l A7+ 5<tan 07} L3 gk
2 52 % ¢ 2.1 RelyX U200, Panavia F 2.0, Variolink N <=4 2 &=
< k= 7HlTh vl & A4 9] A == Zirconite H TF Z}A] W,
2o I A 2 FAE T AUthe 94 s
A Ak Z, At R]of] 22 87| Hell 4737l A Bok 21 =
2 A A o1 &-geh e do] s A B
&g AA7A E7HA] EtA Y 9] = ATk oA
o}l 9 27 7] ufj o] X]7}H& Y7 AHE = HEEA] g
| & 7] Aol Ag-sfof gkt Tan 6 ko] WSt = ke uf
w917} ol 63 59 ol 5 Ak W 14 nAS
ae o) Aol 63 Bk 77l AthAlo] A2 e )
&l =5 & 4} (rebound phenomenon)S- B} &l o ghc}, tEF St ut
$2 2037] 93] BE3E 271 o= Al alof B,
Bames 520|| 2]5}H A A Ao 3L n|x| = 249
E filler 4 A} =7 (filler particle size), 3 A} =L7] £ 3 (particle size dis-
tribution), filler2] volume fraction 5-2] & kS WHA| HT}* L HhA o
= filler 3o] 255 A7t oA A = filler 4212 &
W B4 2 B2 A (iregularities) S E-3A 01 @ 40 o8] A
F o} Filler®] surface roughness” | %7} &<=Z- particle-particle inter-
action®] Z7Fote] M =7t S7He = Aok Z42he] ek i
TE(G, G", tan 0)©] filler Y 2}2] A7)} F-A 1] (weight percenet),
fillere] 3™ 2= (surface roughness)e}e] A ol thgk F714 <1
Aol dod Ao r HAlth g o] A oA FEAM]

=212

N

1

<, ot (Y,

> o{M

>
rlr Y o2l _QL‘ ol
X0y
2o
>
o o

I o,
)

[¢}

o, ¥

mlo

Cehx| Bt AEte(x] 523 2%, 20144 48

o] suinkesssteelpte: 53}314] 2517] W) ol 5G] 9%
S Ak Wepd 2 AMES] fusE S4o 33
ol PAE GFE Frks] A8l F71H9 ol e
Aolh
A=
o)W Aol AHEE BE R AMEE A 2 T fu ek

A 9 2443 S Btk Az 28} A B A 24
of| Al A|A g Zh= ThE 3h2 ESth thE g7l AW ES} 1)
W3}o] RelyX U200 FZALS 614 & 2@l ’\]Zl Fo} 24
(plasticpvopeﬂl'ﬁﬁ)2 FABIA AL, A 8t 48 F 7 =2 A (igd-

ity, stiffhess) & HA T wHbA o 2] 7§ 9] A EE FAl ol el
of 3= 7% RelyX U2000] -8-8F 7l o & Atz H )

References

1. Jorgensen KD, Esbensen AL. The relationship between the
film thickness of zinc phosphate cement and the retention of ve-
neer crowns. Acta Odontol Scand 1968;26:169-75.

2. Wilson PR. The effect of die spacing on crown deformation and
seating time. Int J Prosthodont 1993;6:397-401.

3. Van Nortwick WT, Gettleman L. Effect of internal relief, vibration,
and venting on the vertical seating of cemented crowns. J
Prosthet Dent 1981;45:395-9.

4. Judge RB, Wilson PR. The effects of oscillating forces upon the
flow of dental cements. J Oral Rehabil 1999;26:892-9.

5. Piemjai M. Effect of seating force, margin design, and cement
on marginal seal and retention of complete metal crowns. Int J
Prosthodont 2001;14:412-6.

6. Jorgensen KD. Factors affecting the film thickness of zinc
phosphate cements. Acta Odonto Scand 2009;18:479-90.

7. de Freitas Oliveira J, Ishikiriama A, Vieira DF, Mondelli J.
Influence of pressure and vibration during cementation. J
Prosthet Dent 1979;41:173-7.

8. Park EK, Song KW. Rheological evaluation of petroleum jelly
as a base material in ointment and cream formulations with re-
spect to rubbing onto the human body. Korea-Aust Rheol J
2010;22:279-89.

9. Rosenstiel SF, Land MF, Crispin BJ. Dental luting agents: A re-
view of the current literature. J Prosthet Dent 1998;80:280-
301.

10. Diaz-Amold AM, Vargas MA, Haselton DR. Current status
of luting agents for fixed prosthodontics. J Prosthet Dent
1999;81:135-41.

11. White SN, Yu Z. Physical properties of fixed prosthodontic, resin
composite luting agents. Int J Prosthodont 1993;6:384-9.

12. Wilson AD, Lewis BG. The flow properties of dental cements.
J Biomed Mater Res 1980;14:383-91.

13. Vlachodimitropoulos H, Wilson PR. Characterization of the
development of elasticity in dental luting cements. J Dent
1998;26:173-6.

14. Osman SA, McCabe JF, Walls AW. Film thickness and theological

87



OITFR - Ol - BHEA - UE - OfolY - B2E - LY

A2k 2T AHES| FHSY 4T

15.

16.

17.

18.

19.

88

properties of Iuting agents for crown cementation. Eur J
Prosthodont Restor Dent 2006;14:23-7.

Lorton L, Moore BK, Swartz ML, Phillips RW. Rheology of Tut-
ing cements. J Dent Res 1980;59:1486-92.

Kious AR, Roberts HW, Brackett WW. Film thicknesses of re-
cently introduced luting cements. J Prosthet Dent 2009;101:189-
92.

Cook WD, Brockhurst P. The oscillating rheometer-what does
it measure? J Dent Res 1980;59:795-9.

Batchelor RF, Wilson AD. Zinc oxide-eugenol cements. I. The
effect of atmospheric conditions on rheological properties. J Dent
Res 1969;48:883-7.

Plant CG, Jones IH, Wilson HJ. Setting characteristics of lining
and cementing materials. Br Dent J 1972;133:21-4.

20.

21.

22.

23.

24.

Vermilyea S, Powers JM, Craig RG. Rotational viscometry of a
zinc phosphate and a zinc polyacrylate cement. J Dent Res
1977,56:762-7.

Pae AR, Lee HR, Kim HS. Effect of temperature on the theological
properties of dental interocclusal recording materials. Korea-Aust
Rheol J2008;20:221-6.

Lee HO, Lee IB. Rheological properties of polyvinylsiloxane im-
pression materials before mixing and during setting related to han-
dling characteristics. Korea-Aust Rheol J 2012;24:211-9.
Cook WD, Standish PM. Polymerization kinetics of resin-
based restorative materials. J Biomed Mater Res 1983;17:275-
82.

Barnes HA, Hutton JF, Walters K. An introduction to rheology,
Amsterdam; Elsevier, 1989.

Cetx| Bt AEte(x] 523 2%, 20144 48



ORIGINAL ARTICLE

X2 YZ A|HEQ| sty ME

OITHZ" - ORI - BHEAL - U

A& eta 2| g o A s o, ol s 9 A e, A SRR Y A IR A B )

o7 =5 2 04‘?4 B4 T3 A T AL AR AMES] e Aol Mgk wEst] 919 Zlo|th

o T2 2 UM 6 F7-2] o7 A] 9 E(Clearfil SA luting, Panavia F 2.0, Zirconite, Variolink N, RelyX Unicem clicker, RelyX U200)7} o]t 41 & of] A}-&-5]
21t} AR1500 stress controlled rheometerS- ©] 83l 32°C ol A =2 A1 7t 73 2} A] & (dynamic oscillation time sweep test)©] A] 3] ] At} 212t HAA|H E
o At A AGG), Ak £4 AGG"), £4 €Al E(tan 0), W1 9 -2 205 B9t 34 Wk 24319l v} 24 Aohe A X 24 2 Tukey's ho
test2 AFF 77 & Al 8 315 tha=0.05).

’E‘I'-} EEUNAME: & F A2t w2} G gto] S7Fskslan, HFAH o= P ol mdetitt. A T8 A1A oA RelyX U200 7+ =
< G5k YR 3L, RelyX Unicem (clicker type)#} Variolink NoJ 7H %2 G'gt-& WEF T Tan 09k W 9 2 A 9] = Attt Gol S7F

3171 AlFehE Al Al A 0 ettt o) = W9l o] 0] ok A4 3} 7 o] dA|shglon, 12 A7k %LHS’%‘EEU}.

AE: 2 A7) A RehX U200 THE 171 AMESE vl amste] 74 00 A7 B¢ 24 S §4 8, 28 $8 F /M & FE(igidiy) S B

Gopa ezl o] HA RS EAJo] Fa)of 5 7ol RelyX U2000] §-8-8 20 2 AL 2 eI}, (o) 65 71 & 28] ] 2014:52:62-9)

FQEO: A28 b AIE; 8 54 9 2 ey

* 2 A 2| o] R B © 2014 U 8] 7124 3} 3]

110-768 A& 27 A& 275-1 Aol ol a A] 2] o 2] 2} 5 4 3} @ ©] 22 AejololE|H A= e]o} A2AFEA-H]Je) 30 R 2hol Mol whe}

02-2072-2661: e-mail, swallow@snu.ac.kr o] &34l 4= 9l &t

Hu g 20149 3¢ 10Y / P u H F3 U 2014 49 14 / L w4 &) 2 2014

44 17¢

*ol mEe Aty A A Y AT A Te] A S ol A5 315 (No. 04-2012-0063).

Uietinl HeEiR] 528 2%, 20144 42 89



