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A NEW METHOD - REAL TIME MEASUREMENT OF THE INITIAL DYNAMIC VOLUMETRIC
SHRINKAGE OF COMPOSITE RESINS DURING POLYMERIZATION

In-Boglee DDS M3, PhD.
Cepartment of Conservative Dentistry, College of Dentistry, Secul Maticnal University

The polymerization shrinkage of composite resing is an important drawback although the composites have
many advantages mere esthetic and conservative than metallic restoratives ete.

The purposes of this research were to develop a new meagsurement method and to manufacture an instru
ment that can measure the initial dynamic velumetric shrinkage of composite resing during pelymerization.
The instrument was basically an electromagnetic balance that constructed with a force transducer using
position sensitive photo detector(PSPD) and a negative feedback serve amplifier of propertional deriva
tive(PD) controller. The velumetric change of composites during pelymerization was detected continuously
as buoyancy change in distilled water by means of Archimedes s principle. It was converted to continuous
electrical veoltage gignal in real time. The signal was properly conditioned and filtered and then it was
stored in computer by a data acquisition(DAQ) board.

Ev using this electronic instrument, the dynamic patterns of the polymerization shrinkage of eight com
mercial(Z 100, DenFil, AeliteFil, Z 250, P 60, SureFil, Synergy compact, and Tetric ceram) composite
resing were measured and compared.

The results were as follows.

1. From this project of developing instrument, the ability has been achieved that can acqguire and process
data of electrical signal transformed from various physical phencmencn by using temperature, displace
ment, phete, and force trangducer. As a consequence, the ingtrumentation and meagurement system
used to analyze the physical characteristics of various dental materials In dental research field can be
designed, manufactured and implemented in lab.

2. This instrument has some advantages. It was ingensible to temperature change and could measure
true dynamic velumetric shrinkage in real time without complicated process. It showed accuracy and
high precision results with small standard deviation.

3. The pelymerization shrinkage of compesites was significantly different between brands and ranged from
2.47% to 3.89%. The order of polymerization shrinkage was as follows, in order of increasing shrink
age, SureFil, PE0, 2250, 2100, Synergy compact, DenFil, Tetric ceram, and AeliteFil.

4. The polymerization shrinkage rate per unit time, dVol%/dt, showed that the nstrument can provide
an indirect research methed for pelymerization reaction kinetics.
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Fig. 2, Driver servo amp clrcuit.
Table 1. Commposites used in this study,
Comnposites Code Batch no. Manufacturer
21040 Z1 CHG 3M Co., St. Paal, MN TUSA
Denfil DF FAO3 Verlcom, Seoul, Forea
P60 P& 2300 M Co., St Paul, MN, USA
AeliteFil AR (49218 Bisco Ime., Thasca, IL, USA
2250 Z2 JAF M Co., 56, Paual, MN, TISA
Surefil SE 981022 Dentsply, York, Pa, USA
Synergy compach SC 7838 Coltene |, Altstatien, Switzerland
Tetric ceram TC AlBZ38 Vivadent AG, Schanmn, Liechienstein
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Table 2. Volumstric polymerization shrinkage of
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Table 3. Shrinkage values of scomposites measured
by using different methods in other research,

Polymnerization shrinkage (%)

Code - -
1rmin Srnin

Z1 2, 18({} (6} 2.68(0.05)
DF 380043 2.98(0.02)
P& 240,03} 2.470.12)
AF 3. 17(0 10 3.82(0.16)
Z2 (011 2.43(0.11)
SF 1. 8(}((} (5} 247011
S0 220011 2.94(0.16)
TC 2 51(0 () 3.3800.19)

Number in parenthesis is standard deviation.

Fig. 3. Comparison of the polymerization shrinkage of
7-100, DenFil, Aelitefil and P-60.

Composite volumetric shrinkage %

7100 2.7 2504 2.3 2.12(0.34®

AelitaFil 3.7 3.7

Tetric ceram 2.66(0.2)*

SureFil 2.3%

Method ACCU- | VDT ACCU- a5
VOL  (linometer)  VOL pycnometer

Mumber in parenthesia is standard deviation.
BEach data have been meagured in condition of different light
intensity. cure time and elapsed time.
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Fig. 4. Polymerization shrinkage rate of Z-100.
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Fig. 5. Polymerization shrinkage rate of DenFil.

Fig. 7. Polymerization shrinkags rate of P-60.
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Fig. 8. Polymerization shrinkage of composite resins.
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