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— ABSTRACT

measuring device.

metal rod under constant load.

sation radial flow.

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*
Cepartment of Coanservative Dantistry, College of Dentistry, Secul Natbicnal thiversity

Objectives. The alm of study was to investigate the effect of flow, specimen geometry and adhesion on
the meagurement of linear polymerization shrinkage of light cured compeosite resing using linear shrinkage
Methods. Four commercially available composites  an anterior poesterior hybrid compoesite 2100, a pos
terior packable compesite PB0 and two flowable composites, Filtek flow and Tetric flow  were studied. The
linear polymerization shrinkage of composites was determined using bended disc method and nen bond
ed free shrinkage method at varying C factor in the range of 1~8 by changing specimen geometry. These

measurad linear shrinkage values were compared with free volumetric shrinkage values.
The vizcosity and flow of composites were determined and compared by meaguring the dropping speed of

Results. In non bonded methed, the linear shrinkage approzimated one third of true velumetric shrink
age by isctropic contraction. Hewever, in bonded disc methed, ag the bonded surface increased the linear
shrinkage increased up to volumetric shrinkage value by anisctropic contraction. The linear shrinkage value
increased with increasing C factor and approximated true volumetric shrinkage and reached platean at
about C facter 5—~6. The more flow the composite was, reduced linear shrinkage was measured by compen

Key words : Anisotropy, Polymerization shrinkage, Bonded disc methed, Flow, C factor, Light cured composites
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Fig. 1-a. The structure of instrument to measure linear
shrinkage.

Table 1. Materials used in this study

HE, ABEY J2/3 Hxel £57) B Bl sHISme SE i He

Fig. 1-b. The geometry of composite specimen
gandwiched between two glass plates. Polymerization
shrinkage creates agal (verticall and radial (hoviz-
ontal) contraction of the specimen.

Materials Code Batch number Tvpe Manufacturer

Z100 Z1 20030216 Ant-post composite 3M Co., St Paul, MN, USA

P& PG 230129 Past packable 3M Co., St, Paul, MN, TJSA
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Table 2 \/olurnetric polymerization shrinkage and linear shrinkage of composite resins at varying C-factor

True Calculated Experimental Linear Shrinkage
WVolumetric Linear Bonded disc method nen-bonded
Shrinkage Shrinkage Cfactor (D/2h)
34 4-5 5-6 G- O

Z1 2.71(0.14) $4.91(0.05) 2430010 2610014 2.63(0.09 2720007 0.50(0.12)
P& 2.01(0.10 .68(0.03) 1.88(0.06) 1.90(001) 1.98(0.08) 2.01(0.02)  07700.09
FF 4.41(0.1%0 1.42(3.03) 40000.23)  4.06(-) 4.24(0.15) 4130014 1.22(0.13)
TF 4,1000.27) 1.32(0.09) 34300.26) 354009 371(-) 8.72(0.03)  1.240.20

S0, in parenthesis

N—% in volurnetric shrinkage measurement, however the mamber of samples varied in linear shrinkage measurement,
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Fig. 2. Linear polymerization shrinkage curves of
composites ag a function of time at C-factor = 6.
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BL B J=9 A¥5Eg v ol 2 e 29t ¢
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=8 441% e =e3tA £3589 (Fig. 3 ¢, Table 2).

(b)

cELNh

(d)

Fig. 3. Linear polymerization shrinkage of composites measured using bonded disc method. The linear shrinkage value

increaged with Increasing C-factor and approximated volumetric shrinkage and reached plateau ab about C-factor 5~6.

a) Linear shrinkage of 21 as a function of C-factor.
¢] Liner shrinkage of FF as a function of C-factor,

b) Linear shrinkage of P8 as a function of C-factor,
d) Linear shrinkage of TF as a function of C-factor,
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factor?t b | BFEH= © ol F7FEEA R plateans (p{0.05, Table 2).

o|F\ AHFEE 4.17% e =EA EIEY (Fig.

3 d, Table 2). Peak shrinkage rate time (peak time, P.T.) 2 7%

o7 g Y MPFEPEE=) U C factord] 39|

Non Bonded disc method o gt dEE BEER] 29 (Fig. 5, Table 3), FE7}
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ab.cd & 2o AlE X159 WEe= (£ D/2hy} Wl £ v, 2% 2y ZslE=s FE/T 4.85Tmm/AsE 7

2 9%E 24 g3 vgd 993 AYFSES UE TEAY] FUT PO/ 0.013mm/sE 7P 22 AL R

o, 719 ASe AFAFSEERY ANE AFESES ot (Table 4, Fig. 6).

EELEE N T )

(c) (d)

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

shrinkage is not affected by specimen diameter and is approzimated the theoretical linear shrinkage value calculated from
true volumetric shrinkage value,

a) Linear shrinkage of 71 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 Tirme (P.T.) of comp-

B, NHHY 320 Hue £57) IS8 SuHe HESHem0 FEY

i olAls HE

Tabled. Consistercy (viscosify) based on the flow of comp-

osites at varying C-factor osite resins
Peak Time C-factor Speed (mm/s) Relative flow
(sec) -3 3-6 G- Mean 71 {.285(0.036) 1
41 2400.18)  1.1500.22) 1.1700.09 1.19(0.15) FG (.01.3(0.0063 R
Pé 1 Z100.18)  1.0700.19) 1110017 1.13(0.14) FE 4.857(0.431) 16.49
FF 2130018 21100200 2.09(0.16) 2100019 TF 3.854(0.740) 13.08
( (3.24) ( (

TF 1550017 1.47(0.24) 1.36(0.14) 1.46(0.17)

5.0 in parenthesis

fege e o Lk

Fig. 5.Peak time (peak shrinkage rate time) of Z1 a5 2
function of C-factor.
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Fig. 6, Relative viscosity of composites based on flow
normalized to Z1.
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