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— ABSTRACT

THE EFFECT OF VISCOSITY, SPECIMEN GEOMETRY AND ADHESION ON THE LINEAR
POLYMERIZATION SHRINKAGE MEASUREMENT OF LIGHT CURED COMPOSITES

In-Bog Lee, Ho-Hyun Son, Hyuk-Chun Kwon, Chung-Moon Um, Byeong-Hoon Cho*
Department of Conservative Dentistry, College of Dentistry, Seoul National University

Objectives. The aim of study was to investigate the effect of flow, specimen geometry and adhesion on
the measurement of linear polymerization shrinkage of light cured composite resins using linear shrinkage
measuring device.

Methods. Four commercially available composites - an anterior posterior hybrid composite Z100, a pos-
terior packable composite P60 and two flowable composites, Filtek flow and Tetric flow - were studied. The
linear polymerization shrinkage of composites was determined using bonded disc method and non-bond-
ed free shrinkage method at varying C-factor in the range of 1~8 by changing specimen geometry. These
measured linear shrinkage values were compared with free volumetric shrinkage values.

The viscosity and flow of composites were determined and compared by measuring the dropping speed of
metal rod under constant load.

Results. In non-bonded method, the linear shrinkage approximated one third of true volumetric shrink-
age by isotropic contraction. However, in bonded disc method, as the bonded surface increased the linear
shrinkage increased up to volumetric shrinkage value by anisotropic contraction. The linear shrinkage value
increased with increasing C-factor and approximated true volumetric shrinkage and reached plateau at
about C-factor 5~6. The more flow the composite was, reduced linear shrinkage was measured by compen-
sation radial flow.

Key words : Anisotropy, Polymerization shrinkage, Bonded disc method, Flow, C—factor, Light cured composites

I. M & 2o,

ofe] Ax3AbE0] ol FHFEFS Fol7] A A=

FEE FTEY B FTHA 2~5%9 AA = & GHAE ANESAY filler AAE HAE] Y 2
o Ado. o]dd TS S FEA] s wE8E 712 sfon B2 AfAEe] 5 A FHrEY
A S8 SAAA HEY A E 7o EEY oF = o) AU 47171 S8 A elu slow start poly-
g Alolof| WA 712E JHHL 4 9o Ao ugre merization, delayed cure®} Z& olg] 44 7Ee T
Hegd "o mA| A4S {2 ¢ Qv o] Ad) 75 AANA b gy o] Al 48] idEA Fun
T Fuigkgo|u o] 3492 X|5aE FREL AE 7HA oA % @& HA] A7} dolgith, whaka] E3H|ZIe

o] =82 20034 HEUETEY A E4HATH (03-2003-023-0) Aol ol o] 70121 R3],

457



LHBHX| BHEZES}S] ] Vol 28, No. 6, 2003

3kl A1 2el g

=8
12 @A77 A& A7 APs 1

e}

THEEY $4S T2 mercury dilatometertt water
dilatometerg AH&-ste] AAWSE SHsAY S A5
o] H|ZHEE AUBNALE 2ATHY T2 o]
S 0l HARES Sote AYS HaE ot &

ko S I B S e 1 R = e o e R s
25 47] (LVDT, linear variable differential trans-
former) Y strain guageg‘r Ze W9 34 AAE o &3t

oq A ?soi %—Q—Z]:__,Z_T% _z]';x% 3 T xﬂ A B e z o7 ﬁ./\].o],#

wigol itk 18y o] ¥ ‘ﬂ% %“o“ﬂ.‘ﬂ = (isotropic
contraction) o] WA Zgout fr8st a¥x %et 7
= AA FEG AAAY ZopA] = T o] Qe
Watt‘—:‘”“”“ Davidson51#16%0] A}&3} X33
4
a3

1-r1 ujrt

5% 24 A AS oA} 7 89 3 ANE o

dlol 48 FY45E 398 o8 AdFFoR
e WS o 88T o] BS o BAY AHREH %k
) Oy wde, - Bef s (@, N )

Z FolR 1L ap7} HjwA Fong A SREo AlF Al
AF e FABH %=30,2 AXFSHE g Ad55
o Azt FHY . 2y ol g wAI7E A HskEw Ald
WellA BE Weke g 5342 45 (isotropic contrac-
tion) ©] dojuti= AA 7} wkEE oo} gt} 1311,} A xﬂ

2E % 92 Aold GiaLe A=d 2
A

7l AR J)afe £
HgR A Aelel, ﬂ 5 EE %ﬁ%—o& e
5 24| Ag}ets npEEo) _}%‘6‘]—@ SFe t2a FHR 5
019l A|AY radial Wk 422 axial Wk B]3le]
A3e 4 vl 9ot w3 P /\] Hol| ZH-g-3l= FE ]
oz on olg

JFo 2 SAgkol XLOV\WL} A e 5
& B3 Hzlo] 71zl Mg o] ek By
A 3 l‘i—;ﬁ?}fﬂ SRS 7HA 2t

Feilzers'”2 Vaseline ©|U grease < #2A1E A
ato] A2k wljA] FoRA FEd ek A 24E Huojet
Zo] SHHA 4% (isotropic free shrinkage)S fr=3ke]
AP435 S0 3uE ALFSER ALt

Feilzers'®, Watts*"** o 28} C-factor (configu-
ration factor, bonded surface area/free unbonded sur-
face area) 7} 3L bonded disc method™ ©i49} % LO]
&3} composite Atele] F 2ol FE8] AW radial W
o F5& A9 FA| 2 v Fa F2 vertical WE F
Fto] dojup A F35H|= A9 AA F5H|d A5t
AL/Lo = V/Vo #A 7} o] F A& Bastglnt,

e AFAEC] " Watt, 9+ Cash™ 7} AI2He bonded

2 %0
an)
Ho
i
=Y

=10

458

) ri
o

& o
< 4
2o

o 4

A
i

disc methodZ ©]&
gt A45drEHES
Aqr= Haé-?é%% Xﬂ@-’ﬁ%

, yo 1o
3
>
g o

MR e
(e @ 1 g

2

KU jo mid mn

r
Zi
b
L
O
T
§
f.:
2
e
& ol

(
=

N\
i
fijlo
2

Y
ol
ol
=l
o

i

Ay
ox rl

o %

2,
g rir

It

>
o
£
ot
ofN
e
¥
e
u

>
o
S
O

¢ o
2

o~
N
> do rf
dlm
ox
o,
ol
ok
2

‘ol

e
o
=

ofy
hus
>
K\
X
2
oftt
ofy
%
>
o A
(e3

|

—|~
o,
10

i sy o

Mnorr

2t oo
g
= 2
L0 o

O 08 %
T
fo i
f
1o
o
o
o
=
[
ok
>
¥
rir
o%
o
!

N

B A BN nE Sai s AAET
ao] o 2H A7) QAN 2% on)E S
2o AGszoH o)t 9}54 s

/|

) 110"
rir —\)
ol

ﬂ]ﬂloBL
oi&
L o oy
M, ot o
RO A oo

NEZeezs ég at7] 918 Wattét Cash'™7}F A&
i3} o] LVDTE ol &3te] d35dr5S AS &+
A= FAE ARt (Fig. 1-a).

Micrometer (Mitutoyo, Kawasaki, Japan) 7} @&
vertical stage (Micro Motion Technology, Bucheon,
Korea) 7%l LVDT probe AX-1 (Solartron
Metrology, West Sussex, UK)E “&staL LVDT probe
stlole NS EES & e 999 F570] YA
o 549 spele 53Rl AEE 37171 S 3
ZA719] tip o] Y28k},

A" LVDT probe® + Imm HElelA 0.1#m ©]st=
o] #zle] 4 0] 7hFsitt.

Probe9 calibration& vertical stage o B8 UE
micrometerg ©]-&3te] €AY 10V/mm (10mV/pm)
7bHESE st A A SR A9 53 ZHE
AA Fgol AAY 2 ZE National instrumentAl
(Mopac Expwy, Austin, TX, U.S) 2| Data acquisition
board?! PCI-60245 7A tAEA s vkl § 9A] &
Ake] dlolH g5 9 EAAZE o] Labviews 01%0}04
B & A=At



A=, AlHZE T2 FEe| 7Rt #EE BEtHAle] MEFETEY X0 0/XE JE

Fig. 1-a. The structure of instrument to measure linear

shrinkage.

Table 1. Materials used in this study

Fig. 1-b. The geometry of composite specimen
sandwiched between two glass plates. Polymerization
shrinkage creates axial (vertical) and radial (horiz-

ontal) contraction of the specimen.

Materials Code Batch number Type Manufacturer

7100 71 20030216 Ant-post composite 3M Co., St, Paul, MN, USA

P60 P6 20030129 Post packable 3M Co., St, Paul, MN, USA

Filtek Flow FF 20010305 Flowable 3M Co., St, Paul, MN, USA

Tetric Flow TF F09392 Flowable Vivadent AG, Schann, Liechtenstein
2. A= Spacer stop Atele] ATl 22.5mm=E wiZhd weke] 4

2 Agd e A4 4 hybrid composite$! 7100
(71), flowable composite$! Filtek flow (FF) ¢} Tetric
Flow (TF), Z8l1 X458 packable composite$!
P60 (P6) & AHE&3IAt} (Table 1). F2Abe] o] &4 %
ZAP)& vl 23] VIP (Bisco Inc., Itasca, 1L, USA)
ojt},

DAY 3759 %

AlEEH © 5 lmm, 7F2 75 mm, AIZ 25mme] &

173§ slide glass (Marienfeld, Germany) 9]l &34
= &% 234 T 7t=e A=7F 242 18mm, T

£ 42 T UE slide glassE ©]83le] floA +&

(Fig.1-b). AA=SIAE AlA] FA = O}EH% slide glass
9} #Z: cover glass 7PEAE] Aleloll £91 0.5mm, Imm
FAY FE5A wireZ © spacer stope@ ZHHT}

o7} 25.5mm¢! cover glassS] & € & WS 7 43
A 2Astd Hulek] flexibilitys 8838ttt C-factor
& gefsbr] e Eazle] && HSAA dise FE
AR A71E g3t} Cfactore] 2HE AlA9 FAE
HSAANE G5 § glov dddt 358 21& 97
At FAE 0.5mm (C-factor 3-8 ¢l < 1mm (C-
factor 3.5 °|ah) 2 1A F AlHC] A 55 D8It
H2 AE 2mmelA H A|F 8mm Al 2 A|HE| A7
£ WY (B2 tip A& ol Z A,
M2 n]A]E bondinge] &3 #As] 98 3
J52 free linear contraction®] dolg & UE= slide
glass9 cover glassol HHAHE vl 2 & A2 akel b
neEy g Exste] EdEzIH glass Ato]e] F-2to]
=S AT T ARSI (Non-bonded disc method),
o2 159 glass plates sandblasting ¢ & E2 A3
Ax & BAte 2 (4% hydro fluoric acid gel, Bisco,
Inc., Schaumburg, IL, U.S.A.) 2 ¥3F F24A171 & gA]
=2 A3 % F silane (Bisco, Inc., Schaumburg, IL,
U.S.A) 22 90z et At glasset H3|Z] Ao
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Bonded disc method

NYFFEAHIAZ S99 71, P6, FF, TR T35
o] 3§82 C-factor 7} 6 & W Fig. 29F 2}, C-factor 7}
walete] W 71, P6, FF, TF 9 4853555 4%
o] £X& Fig. 3-a, b, ¢, d & Table 2 o Yeh} 9l
NYPFFr5ES CHactor’t 6 F2A FF7F 4.13% =
P 2 & B9 TF, 71, P6 9 oIt Ad5d<r
% SR Z4E THTFEY o|ENE ALt ol
S

&5 ‘345}7} A=A golry] S 719 4+, 549 A AY5EE S Table 20 Ve ot
%?'f}fr% o] gato] AN FHTEE (d(shrink- 719 7% C-factor 7} 0.6 4 W AITTFZEL
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Table 2. Volumetric polymerization shrinkage and linear shrinkage of composite resins at varying C-factor
True Calculated Experimental Linear Shrinkage
Volumetric Linear Bonded disc method non-bonded
Shrinkage Shrinkage C-factor (D/2h)
34 4-5 5-6 6- 0
Z1 2.71(0.14) 0.91(0.05) 2.43(0.10)  2.61(0.14)  2.63(0.09) 2.72(0.07)  0.90(0.12)
P6 2.01(0.10) 0.68(0.03) 1.88(0.06)  1.90(0.01) 1.98(0.06) 2.01(0.02)  0.77(0.09)
FF 4.41(0.10) 1.49(0.03) 4.0000.23)  4.05(-) 4.24(0.15) 4.13(0.14)  1.22(0.13)
TF 4.10(0.27) 1.39(0.09) 3.43(0.25)  3.54(0.09) 3.71(-) 3.72(0.03)  1.24(0.20)

S.D. in parenthesis

N=5 in volumetric shrinkage measurement, however the number of samples varied in linear shrinkage measurement.
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Fig. 2. Linear polymerization shrinkage curves of

composites as a function of time at C-factor = 6.
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FFQ 7% 9A] Cfactor7} 0.72%4 “H 0.83%9 A¥+=

&g Ho o 3H HYP55E B <
factor7} 71l whel AgEEe] 57 P 1] C-factor’} 5
oFHEIE Y o T7FIAl @1 plateau® o] Fu A&
ZE 4.41% ol T84 E3t9tth (Fig. 3¢, Table 2).
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Fig. 3. Linear polymerization shrinkage of composites measured using bonded disc method. The linear shrinkage value

increased with increasing C-factor and approximated volumetric shrinkage and reached plateau at about C—factor 5~6.

a) Linear shrinkage of Z1 as a function of C-factor.

¢) Liner shrinkage of FF as a function of C-factor.

b) Linear shrinkage of P6 as a function of C-factor.

d) Linear shrinkage of TF as a function of C-factor.
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Non-Bonded disc method

Vaseline2.& 2|3t A& glass plate9} A9 Ate]of
A 2to] glo] bonded surface’} EA8HA] Lo B2 Fig. 4-
ab.c,d 9 Zo] 1| AF9 Wzl = (5 D/2he] W3}
Z 9% WA g3 vud I APrEEES HE
% 719 ASE AQFSEEZTH At J3585E

(@)

(©)

TL SHAE B2 (p0.01), oL gi%le
H FEch o 2 2 EE E_MD}‘ FF, TF9| 7
e oS APk 2ok Fo4 A B S E A
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=
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[\

Peak shrinkage rate time ( eak time, P.T.) < 7|&
o7 o ZHE AIFFTEFEE o] Cfactord] 2ol
o o e WAHA ek (Fig. 5, Table 3), FF7F
Hi 2.10 22 719 1.19 2 29 58 £57) ="}

EIY R H=E P6, Z1, TF, FFe o2 7439
vt 24 o] AskEEE FE7F 4.857Tmm/s2 7H3
740l ?szli P67} 0.013mm/s2 7H 5 A4S 1
Jt} (Table 4, Fig. 6).

Q 101' r\r

>

(b)

(d)

Fig. 4. Linear polymerization shrinkage of composites measured using non-bonded disc method with Vaseline. The linear

shrinkage is not affected by specimen diameter and is approximated the theoretical linear shrinkage value calculated from

true volumetric shrinkage value.

a) Linear shrinkage of Z1 as a function of specimen geometry.
b) Linear shrinkage of P6 as a function of specimen geometry.
¢) Liner shrinkage of FF as a function of specimen geometry.

d) Linear shrinkage of TF as a function of specimen geometry.
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Table 3. Cure speed based on Peak Time (P.T.) of comp-
osites at varying C-factor

Peak Time C-factor

(sec) =3 3-6 6- Mean

71 1.24(0.15)  1.15(0.22) 1.17(0.09) 1.19(0.15)
P6 1.21(0.13)  1.07(0.19) 1.11(0.17) 1.13(0.14)
FF 2.19(0.18) 2.11(0.20) 2.05(0.16) 2.10(0.19)
TF 1.55(0.17)  1.47(0.24) 1.36(0.14) 1.46(0.17)

S.D. in parenthesis

Fig. 5.Peak time (peak shrinkage rate time) of Z1 as a
function of C-factor.
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Table 4. Consistency (viscosity) based on the flow of comp-
osite resins

Speed (mm/s) Relative flow

71 0.295(0.036) 1

P6 0.013(0.006) 0.05
FF 4.857(0.431) 16.49
TF 3.854(0.740) 13.08

Relative flow is the flow value normalized to that of Z1
S.D. in parenthesis.
N=5

Fig. 6. Relative viscosity of composites based on flow
normalized to Z1.
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