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Influence of Volume and Activation
Mode on Polymerization
Shrinkage Forces of Resin Cements

Sergio Kiyoshi Ishikiriama, Rafael Massunari Maenosono, Denise Ferracioli
Oda, Juan Fernando Ordofiez-Aguilera, Linda Wang, Rafael Francisco Lia
Mondelli

The concern with the polymerization shrinkage of restorative resin composites also
applies to resin cements. The aim of this study was to evaluate the influence of volume
and polymerization mode on forces generated during polymerization shrinkage (FGPS)
of resin cements. Two light-cured resin cements - Variolink I (VL; Ivoclar Vivadent) and
Nexus 3 (NX; Kerr) - and two self-cured resin cements - Multilink (ML; Ivoclar Vivadent)
and Cement Post (CP; Angelus) - were inserted between two rectangular steel bases (6x2
mm) with distance set at 0.1, 0.3 and 0.5 mm, establishing a variation of volume. These
steel bases were attached to a universal test machine with 50 kg load cell and forces (N)
were registered for 10 min. Values of maximum forces generated by each material were
subjected to two-way ANOVA and Tukey's test for individual comparisons (a=0.05). VL,
NX and CP developed increasing FGPS as the volume of material increased, while ML
presented the opposite behavior. It may be concluded that higher volume increases FGPS
even with a concomitant decrease of C-factor, unless the resin cements present lower
force generation rates as a function of time in combination with a low C-factor, resulting

ISSN 0103-6440

Department of Operative
Dentistry, Endodontics and
Dental Materials, Bauru School
of Dentistry, USP - University of
Sao Paulo, Bauru, SP, Brazil

Correspondence: Prof. Dr. Sergio
Kiyoshi Ishikiriama, Alameda
Octavio Pinheiro Brisolla, 9-75, Vila
Universitaria, 17012-901 Bauru,
SP, Brasil. Tel: +55-14-3235-
8365. e-mail: serginho@usp.br

Key Words: resin cement, dental

in stress relief and consequently lower values of FGPS.

Introduction

The evolution of indirect restorative systems has
widened their indications (1), increasing the importance
of luting procedures that promote adhesion, durability and
aesthetics. For this reason, resin cements became even more
relevant, since this group of materials provides improved
physical properties and aesthetics (2,3).

Despite these advantages, the use of resin materials
requires some care, especially as regards polymerization
shrinkage. Studies with restorative resin composites found
that forces generated during polymerization shrinkage
(FGPS) can affect the bond strength between tooth and
restoration (4) causing cracks, plaque accumulation and
even loss of restoration.

Some factors can modify or influence the development
of FGPS, among which the cavity configuration factor
(C-factor), volume of material and polymerization mode
have been intensively studied (5-10). Higher C-factor
may increase the intensity of FGPS due to the smaller
amount of free surface available for stress relief during
the polymerization process (6), while higher volume of
material may also increase FGPS due to the greater amount
of monomers forming polymeric chains (8). Volume is
considered especially important for light-cured restorative
resin composite, in which the pre-gel phase is shorter and
may not allow stress relief even with a lower C-factor.
Stress relief is time-dependent, and the shorter time for

stress analysis, polymerization.

polymerization process is responsible for generation
of higher forces of light-cured resin composites when
compared with the self-cured resin composites (11).

In this context, the role of volume and polymerization
mode on a luting procedure (high C-factor) with resin
cement are still not well established, and a better
understanding of the effect of these factors on the
generation of FGPS is essential to avoid failures caused
by disruption of adhesive bonding. The objective of this
study was to evaluate the influence of the volume and
activation mode on FGPS of resin cements. The tested null
hypothesis was that neither the volume nor the activation
system of polymerization reaction may influence the FGPS
of resin cements.

Material and Methods

This in vitro study involved the analysis of two factors:
volume (three levels) and material (four levels). The response
variable was determination of the force.

Resin cements used in this experiment, their composition
and activation modes are listed in Table 1.

In order to capture the FGPS of resin cements, two
rectangular steel bases (6x2 mm) previously blasted with
aluminum oxide were connected to the universal testing
machine (Emic DL 500; Emic Equipamentos e sistemas
de Ensaios. Ltda, Sdo José dos Pinhais, PR, Brazil) (12).
Only Multilink (ML), a ceramic primer without excesses,



was brushed on the surfaces of the steel bases, in order
to ensure polymerization of the material. According to
manufacturer, the primer introduces components for
polymerization reaction.

The upper steel base was attached to a 50 kg load cell
connected to the movable arm and the bottom steel base
was attached to a fixed base (Fig. 1). Distance between
bases was set at 0.1, 0.3 and 0.5 mm determining a
variation of volume and C-factor simultaneously (Table
2). C-factor was calculated by the ratio between free and
bonded surfaces.

Fifteen specimens for each resin cement, five for
each volume (n=5), were prepared in accordance to
manufacturer's instructions and set between the steel
bases. For dual cured resin cements, the beginning of force
registration coincided with the start of light activation,
which was performed with a LED light source (Blue Star 3;
Microdont, Sio Paulo, SP, Brazil) for 20's, with power density
(irradiance) of 1,100 mW/cm?2. For self-cured resin cements,
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the beginning of force registration was immediately after
their insertion between steel bases.

During polymerization of resin cements, forces
generated between the steel bases were recorded
continuously for 10 min, resulting in a chart of force (N)
x time (s) (Fig. 2).

Values of maximum force generated by each material
have been subjected to two criteria analysis of variance
with any individual differences pointed by Tukey's test
(p<0.05).

Results

Means and standard deviations of maximum FGPS of all
groups are expressed in Table 3. Three of four resin cements
developed increasing FGPS as the volume of material
increased. Only ML had the opposite behavior: lower FGPS
was generated as the volume increased.

Analyzing charts representing the FGPS (Fig. 2), it may
be seen that light-cured cements showed a rapid and
immediate induction of contraction forces, coinciding with
light activation, and a peak contraction coincident with
the light shutdown and consequent cooling of material.
Cement Post (CP) presented similar behavior with forces
being induced immediately after handling and insertion
of material between the bases.

Table 2. Distance between steel bases determining a variation of volume
and C-factor

Distance between steel bases Volume C-factor
Figure 1. Resin cements were inserted between two rectangular steel 0.1 mm 1.2 mm’ 15
bases (A) connected to the }Jnlversal test.mg mac.hm.e with a 50 kg load 0.3 mm 1.6 mm? 5
cell (B). For dual-cured resin cements, light activation was performed
on the 6-mm side of the steel base, allowing the transmission of light 0.5 mm 6.0 mm? 3
to the full extent of the specimen.
Table 1. Composition and activation mode of resin cements
Material Composition Activation
mode
Variolink 11 (VL) Bis-GMA, UDMA, TEGDMA, barium glass, ytterbium trifluoride, Light curing
Tvoclar, Vivadent, Liechtenstein Ba-Al-fluorosilicate glass, spheroid mixed oxide.
Additional contents: catalysts, stabilizers, and pigments.
Nexus 3 (NX) Uncured methacrylate ester monomers, Inert mineral fillers, Light curing
Kerr Corp., Orange, CA, USA activators and stabilizers, radiopaque agent
Multilink (ML) Automix: Dimethacrylate, HEMA, barium glass, ytterbium trifluoride, spheroid mixed oxide Self curing
Ivoclar, Vivadent, Liechtenstein Primer A: Aqueous solution of initiators
Primer B: HEMA, phosphonic acid, acrylic acid monomers
Cement Post (CP) Base Paste: Bis-GMA, TEGDMA, barium glass ceramic, fumed Self curing

Angelus, Curitiba, PR, Brazil

silica, tertiary amine, antioxidant, pigments

Catalyst paste: Bis-GMA, TEGDMA, barium glass ceramic, fumed silica, activator, stabilizers

Composition information provided by manufacturers. Bis-GMA = Bisphenol A glycidyl methacrylate; UDMA = Urethane dimethacrylate; HEMA =

2-hydroxyethyl methacrylate; TEGDMA = Triethylene glycol dimethacrylate.
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Discussion

Polymerization shrinkage forces are able to break
adhesive links between resin composite and tooth, causing
cracks, plaque accumulation and even loss of restoration
(4). Due to the increased use of resin cements, the FGPS of
these materials have been investigated (7,13-15).

The most used method to investigate FGPS was originally
described by Feilzer et al. (6) wherein the values of FGPS
are based on the deformation of a load cell. Variations of
equipment, shape and pretreatment of the steel bases were
proposed to provide more reliable results, although there is
still no consensus in the literature (5,7,16). The present study
used a methodology where two aligned rectangular steel
bases determined different volumes and C-factor at the
same time, varying the distance between them. The upper
steel base was attached to a load cell, and its deformation
during polymerization shrinkage provided accurate values
of FGPS with low standard deviation (12).

The tested null hypothesis was rejected for this study,
since increasing volume resulted in a gradual increase
of FGPS in three of four resin cements (VL, NX and CP)
despite the decreasing values of C-factor. These materials
had similar behavior to that of light-activated restorative
resin composites (8,17), where the faster polymerization
reaction caused by light activation did not allow for
stress relief even with lower C-factor values (18-20).

Table 3. Maximum force (N) (+ standard deviation) reached during the polymerization shrinkage of specimens

in different volume/C-factor

Feilzer et al. (11) attributed higher FGPS values of light-
cured resin composites to the lower flow capacity during
polymerization process.

Although the increasing volume associated with gradual
increase of FGPS is a common characteristic of light-
cured resin composites, only one self-cured resin cement
presented a similar behavior (Cement Post). A possible
explanation to this factis the high FGPS rate as function of
time presented by this resin cement, which probably avoided
stress relief even with lower C-factor. An opposite behavior
could be observed for the other self-cured resin cement
(Multilink). The characteristic of slower polymerization
reaction of this material results in lower FGPS, as more
free surfaces were available for stress relief (5).

Apart from the different behavior, self-cured resin
cements presented high values of FGPS. Probably, even for
the groups with reduced C-factor, the free surfaces were
insufficient to promote enough stress relief. According
to Feilzer et al. (6), a C-factor value higher than 2 may
result in FGPS able to compromise dentin/resin bond, and
may be considered a high C-factor. In the present study,
despite the variations of C-factor, all values were higher
than 2, which might cause the high FGPS values. It is likely
that with a lower C-factor, self-cured resin cements could
provide lower values of FGPS, however, these conditions
are not possible in a luting procedure.

Within the limitations
of this study, it is possible
to conclude that higher
volume determines an

Volume/C-factor 1.2 mm3/15

3.6 mm3/5

6.0 mm?/3 increase on FGPS of resin

Variolink 11 (dual cured) 7.85 + 0.50 (Aa)

Nexus 3 (dual cured) 9.65 + 0.43 (Ab)
Multilink (self cured) 21.91 + 1.00 (Ad)

Cement Post (self cured) 14.56 + 0.39 (Ag)

9.34 + 0.80 (Ba)
11.43 + 0.36 (Bb)
15.59 + 0.61 (Bc)

18.90 + 0.47 (Bd)

cements, even with a
concomitant decrease
of C-factor. When resin
cements with lower rate
of force generation as

13.09 + 0.93 (Cb)
12.45 + 0.39 (Cab)
11.87 + 7.42 (Ca)

20.57 + 0.48 (Co)

Different uppercase letters in the columns and lowercase letters in the rows indicate statistically significant

difference (p<0.05).
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Figure 2. Charts representing the tensions generated during the polymerization shrinkage of dual (A) and self-cured (B) resin cements. *S=Specimen.

328



C-factor, stress relief and consequently lower FGPS values
can be obtained.

Resumo

Preocupacdo com a contracdo de polimerizacdo de resinas compostas
restauradoras também tem sido associada aos cimentos resinosos. O
objetivo deste artigo foi avaliar a influéncia do volume e do modo
de polimerizacdo sobre as forcas geradas durante a contracdo de
polimerizacdo (FGPS) de cimentos resinosos. Dois cimentos de ativacdo
dual: Variolink Il (VL - Ivoclar Vivadent) e Nexus 3 (NX - Kerr) e dois de
ativacdo quimica: Multilink (ML - Ivoclar Vivadent) e Cement Post (CP
- Angelus) foram inseridos entre as duas bases de aco retangulares (6x2
mm) com a distancia ajustada em 0,1, 0,3 e 0,5 mm, estabelecendo uma
variacdo no volume. Estas bases de aco foram fixadas a uma maquina de
teste universal (Emic DL 500, com célula de carga de 50 kg) e as forcas
(N) foram registradas por 10 min. Os valores maximos de tensdes geradas
por cada material foram submetidas @ ANOVA a dois critérios, seguido
do teste de Tukey (p<0,05) para comparagoes individuais. VL, NX e CP
desenvolveram maiores FGPS quando o volume de material aumentou,
enquanto ML apresentou o comportamento inverso. Maiores volumes
aumentam as FGPS mesmo com reducdo concomitante do Fator-C, a
menos que o cimento resinoso apresente uma baixa taxa de geracédo de
forca em fungdo do tempo associado a um baixo Fator-C, o que resulta
em alivio das tensdes e consequentemente menores valores de FGPS.
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