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Abstract

Objectives: The shear bond strength of three glass ionomer cements (GIC) to enamel and dentine was evaluated.
Study Design: Sound permanent human molars (n=12) were grinded perpendicular to their axial axes, exposing
smooth, flat enamel and dentine surfaces. The teeth were embedded in resin and conditioned with polyacrylic acid
(25%; 10s). Twenty four specimens of each GIC: Fuji IX (FJ - GC), Ketac Molar Easymix (KM — 3M ESPE) and
Maxxion (MX - FGM) were prepared according to the Atraumatic Restorative Treatment (ART) (12 enamel and
12 dentine), in a bonding area of 4.91 mm2 and immersed in water (37°C, 24h). The shear bond strength was tested
in a universal testing machine. Non-parametric statistical tests (Friedman and post-hoc Wilcoxon Signed Ranks)
were carried out (p=0.05).

Results: The mean (£sd) of shear bond strength (MPa), on enamel and dentine, were: KM (6.4+1.4 and 7.6+£1.5),
FJ (5.9£1.5 and 6.0+1.9) and MX (4.2+1.5 and 4.9£1.5), respectively. There was a statistically significant differ-
ence between the GICs in both groups: enamel (p=0.004) and dentine (p=0.002). The lowest shear bond value for
enamel was with MX and the highest for dentine was KM (p<0.05).

Conclusion: It is concluded that KM has the best adhesion to both enamel and dentine, followed by FJ and MX.
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Introduction

Glass ionomer cements (GIC) were introduced in the
1960s, and since then their clinical applications have
been improved. This was mainly due to their chemical
bonding to tooth hard tissues, biocompatibility, fluoride
release, as well as their ability to influence the reminer-
alization of carious lesions (1,2).

Improved GIC, with higher powder: liquid ratios, may
have enhanced mechanical properties. Such glass iono-
mers are indicated for atraumatic restorative treatments
(ART), which is patient friendly, and causes less dis-
comfort for the patients (3). GICs have enhanced prop-
erties of the highly viscous glass ionomer cements are
based on improved chemistry (4). However, some GIC
restorations may still be susceptible to wear and frac-
ture.

New improvements to GICs are frequently put on the
market, amplifying the spectrum of materials used for
restoration. These relatively new materials, such as
Maxxion (FGM), still need to undergo additional tests,
such as adhesion to the tooth structure, to further ex-
plore their clinical applications. This is of particular
importance, especially for developing countries, to am-
plify the use of such materials and, therefore, broaden
the applications of the atraumatic restorative treat-
ment. Therefore, the aim of this study was to compare
the shear bond strength to enamel and dentin, of three
highly viscous glass ionomer cements: Fuji IX (GC, Eu-
rope), Ketac Molar Easymix (3M-ESPE, Germany) and
Maxxion (FGM, Brazil).

Material and Methods

Sample preparation

Enamel and dentine samples were prepared. Freshly ex-
tracted non-carious unrestored permanent human mo-
lars (n=12) were selected for the shear bond tests. The
roots were removed perpendicular to the long axis of
the tooth, using a low-speed diamond-disk with water
coolant. The teeth occlusal surfaces were grinded flat
using 320, 600 and 1200-grit silicon carbide abrasive
paper, under constant running water, on a polishing ma-
chine (Buehler Ecomet V, Buehler Ltd, Lake Bluff, IL,
USA), in order to obtain flat smooth enamel surfaces.
The dentine surfaces were also grinded, as described,
to obtain =5 mm tooth disks, containing enamel on one
side, and dentine on the other. The tooth samples were
then mounted in poly(methyl methacrylate) resin.
Preparation of Glass lonomer Cements

Standard polyethylene disks with a 4.91 mm? orifice
were clamped onto the tooth samples and were used as
molds. The GIC “restorations” were prepared while the
teeth were kept in a warm and humid environment, gen-
erated by a water bath at 37°C. The tooth samples were
placed on a support such that the upper part of the sam-
ples was above the waterline, exposing a dry surface to

e407

Shear bond strength of 3 GIC to enamel & dentine

carry out the restorations. The lower part of the samples
was still in contact with the warm water, which main-
tained the temperature of the sample.

The surfaces were conditioned with the polyacrylic acid
Ketac Conditioner (3M ESPE) for 10 seconds. It was
then washed with three cotton pellets dipped in water,
at room temperature, then dried with three clean pellets,
according to ART procedure (5).

The GICs tested were Fuji IX (FJ, GC corporation, Ja-
pan), Ketac Molar Easymix (KM, 3M ESPE, Germany)
and Maxxion R (MX, FGM, Brazil). All GIC restora-
tions were prepared according to the manufacturer’s
instructions. The hand mixing time was standardized
at 30 seconds for all GICs. In case of overfilling, the
excess was removed immediately using a carver. A hu-
mid paper towel was placed over the samples after 1'/,
minutes to keep the teeth moist.

A time of 3!/, minutes was allowed for the GIC initial
setting, and then the samples were placed completely
under water. The clamps and polyethylene disks were
removed after 20 minutes. The samples were kept in the
water bath at 37°C for 24 hours.

The tooth samples were reused after the shear bond test
by removing the glass ionomer remnants by wet grind-
ing.

Shear bond test

The samples were placed vertically on a support to
shear off the specimen. Each GIC specimen was load-
ed in a universal testing machine (ACTA Intense, the
Netherlands) with a cross-head speed of 0.5 mm/min.
The force, in Newton (N), required to displace the GIC
restoration was recorded and then the bond strength
(Megapascal [MPa]) was calculated by dividing the
shear force (N) by the area of adhesion (4.91 mm?).
After the shear test, all tooth samples were examined
under a light microscope for remnant parts of glass
ionomer.

A total of 24 specimens of each GIC were tested, 12 on
enamel and 12 on dentine.

Statistical analysis

The values for the bond strengths were only accepted
in a range of [(x-20)<n<(x+20)] to maintain the 0.05 sig-
nificance. A normal distribution test for the values was
carried out. Friedman’s test was used to find possible
significant differences between the GIC in the enamel
and dentine groups. A post-hoc Wilcoxon Signed Ranks
test was later performed to find possible differences be-
tween the materials in the same group, and within each
glass ionomer in both enamel and dentine.

Results

When observed under the light microscope, almost all
fractures were largely cohesive in the glass ionomer, in
both groups, enamel and dentine (Table 1).

The GIC that had the highest mean bond strength to



Med Oral Patol Oral Cir Bucal. 2011 May 1;16 (3):e406-10.

Table 1. Mean shear bond strengths (MPa) and standard deviation
(SD) to enamel and dentine for different glass ionomer cements.

Tooth Surface Glass Fuji IX Ketac Mf)lar Maxxion
Tonomer Easymix
Mean 59° 6.4 42°
Enamel
(SD) (L5) (14) (L5)
Mean 6.0° 76° 49
Dentine
(SD) (19 (13) (15)

 Different small letters denote statistically significant difference
(p<0.05) between glass ionomers in the same group (rows).

T

T T
Fuji IX Ketac Molar Easymix Maxxion

Fig. 1. Shear bond strength distribution (median and range)
of the glass ionomer cements to enamel.

I T T
Fuji IX Ketac Molar Easymix Maxxion

Fig. 2. Shear bond strength distribution (median and range) of
the glass ionomer cements to dentine.
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both enamel and dentine was Ketac Molar Easymikx,
followed by Fuji IX and Maxxion. All GICs had higher
bond strength values in dentine, however, this was only
significant for KM.

The data did not present a normal distribution (Fig. 1,
2), therefore, Friedman’s test, and a post-hoc Wilcoxon
Signed Ranks test, were carried out. Statistically sig-
nificant differences were found between the GICs’” bond
strengths to enamel (p=0.005) and dentine (p=0.011) as
demonstrated in table 1.

Discussion

The glass ionomers mainly used for ART restorations
have high powder: liquid ratios and, therefore, higher
compressive strengths (6,7). This study followed other
results presented in the literature, which established that
the GICs have higher bond strength to enamel, than to
dentine (8,9). Extensive tests have been carried out us-
ing Fuji IX, but Ketac Molar Easymix and Maxxion are
relatively new, and although some tests have been car-
ried out (10), further mechanical tests are still required
for their use as ART restoration material.

In order to test these glass ionomer cements for future
field trials, the methods were carried out using the ART
protocol, thus justifying the use of cotton pellets for
washing and drying the restoration areas (5). Although
the protocol also suggests placing a protective layer of
petrolatum over the GIC restorations, to test the dif-
ferent cements on enamel and dentine using the same
tooth specimen, the samples used in this study were not
covered with petroleum jelly. Such a layer could con-
taminate the tooth samples with traces of organic com-
pounds, reducing the chemical adherence of the differ-
ent cements to the tooth structures.

Similarly, the GIC samples were kept in a 37°C water
bath, and despite the fact that samples stored in oil have
greater mechanical strength than those stored in water
(10), lubricant storage or coating was not possible due
to the re-use of the tooth samples. It has been observed
that storage in water causes softening of the cement’s
outer layer (11,12), but hardness values increase with
storage time due to migration of ions from the core to
the surface, suggesting that samples more than Imm in
depth are not vulnerable to storage fluids (11). There-
fore, it could be suggested that the bonding interface
between the GIC and the enamel, or dentine, would not
be greatly influenced by the surrounding water. On the
other hand, if the results in this study were to have been
influenced by the storage in water, we may suppose that
bonding values would be higher in ART restorations in
field applications, where a lubricant coating is recom-
mended. Also, although petroleum jelly coating reduces
the water uptake by the GICs by fifty percent, it has
been suggested that nail varnish is a better protective
agent (13).
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Studies testing shear bond strengths of GICs to dentine
have found values ranging from 1.32-4.10 (14,15). In our
study, these values were higher, in the range of 4.9-7.6
MPa, which may represent some improvement on the
highly viscous GICs developed for ART. Higher bond
strengths (12-15 MPa) using microtensile bond testing
were reported. However, these high values reflect the
use of samples with a smaller interface area between the
GIC and dentine (16).

In order to standardize the re-use of the teeth samples,
grinding was repeated after each experiment to remove
the layer of the GIC previously tested. Thus a clean
smooth surface for new tests was obtained. As a result
of sample grinding between tests, the dentine surface
used for subsequent adhesion would be a few microme-
ters closer to the enamel-dentine junction. However the
grinding would not affect the results and some points
support this argument: First, all GIC adhesion tests to
dentine were carried out in the outer half of the dentine
whereas adhesion tests to enamel were carried out in the
inner half of the enamel. Second, the calcium and min-
eral content in the middle area of the dentine shows only
small variations. The calcium/mineral content decreas-
es in dentine only in the region within 400um from the
dentine-enamel junction (DEJ) (17). As the GICs form
a chemomechanical bond with the calcium and mineral
content present in the tooth structure, and this content
varies in dentine only when very close to the DEJ, it
may be suggested that the adhesion values found in the
present study did not vary so much due to the mineral/
calcium content of the grinded dentine. Thus, such small
differences in depth of the dentine could have caused
only small variations in the adhesion values.

In in vivo restorations, the GICs are mainly used to
restore carious dentine lesions and to seal fissures (5).
Hence, the restorations performed in ART field trials
remain in place because of adhesion to dentine, as well
as to enamel. Also, the GIC restoration bonds not only
to dentine on the cavity floor, but also on the walls of the
cavity. This possibly covers a complete range of prism
structure. Moreover, if the bond strength is greater
when the tubules are parallel to the bonded interface
than when the tubules are cut perpendicularly (18), it
may be suggested that, in clinical situations, the bond
strength is much greater on the cavity walls than on the
cavity floor.

It is important to state that the samples were kept in wa-
ter throughout the experiment. It has been observed that
in vivo dentine has tubules mainly filled with dentinal
fluid and odontoblastic processes, so the use of water as
a means of storage may have altered the permeability of
the dentine, thus causing potential differences between in
vitro studies and in vivo results (19). Such a lack of vital-
ity of dentine in in vitro studies may limit the possibility
of extrapolating these findings to in vivo situations.
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In accordance to previous studies (1,8), most fractures
analyzed under the light microscope after the shear tests
were largely cohesive rather than adhesive. This may
be due to the low resistance to early wear, and the for-
mation of glass ionomer matrix (20). Therefore, part of
the glass ionomer remained adhered to the tooth struc-
tures, while part was broken at the interface GIC-tooth.
This suggests that the bond strengths between the GICs
and the tooth could be greater than the present results,
also due to the chemical bonding (9). In spite of sugges-
tions by Mitra (1), as well as Kleverlaan et al. (10), that
the use of light cured glass ionomers or the use of heat
supply from light curing devices increases the overall
cohesive strength of the materials, ART is intended to
enable dentists to carry out restorations in areas dis-
tant from electrical sources. Therefore, the use of light
cured glass ionomer cements or heat supplying devices
to increase success rates of the restorations may not be
globally viable.

Inverse correlation between mechanical strength and
fluoride release has been previously described in the
literature, suggesting that materials exhibiting high
fluoride release values have poorer mechanical proper-
ties (7). Therefore, the glass ionomer Maxxion (FGM)
could have a greater fluoride release than the other glass
ionomer cements, which could explain the lower values
observed in this study. On the other hand, GICs have
shown to remineralize — or even hypermineralize —
dentine lesions, possibly due to fluoride that is released
from the cement restorations and retained on the cari-
ogenic biofilm (2).

Although Maxxion had lower shear bond values than
Fuji IX and Ketac Molar Easymix on both enamel and
dentine, in in vivo ART restorations, a better perform-
ance could be expected if satisfactory surface protection
is carried out, thus lessening water absorbance. Never-
theless, more tests using this cement are required, and
more research on this topic ought to be carried out.
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