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Introduction and objective: Glass ionomer cement, which was first
introduced in Dentistry in 1972, presents good qualities such as
aesthetics, fluoride release and adhesion to dental tissues. Because
of its preventive characteristics regarding to dental caries, glass
ionomer cement has been used for Atraumatic Restorative Treatment
(ART), as reported by Frencken and Holmgren [6], meeting the
principles announced by the World Health Organization (WHO)
for application to large population groups without regular access
to dental care. Material and methods: In this present study, the
abrasive wear strength of two glass-ionomer cements (Vidrion R®
and ChemFlex®) was evaluated through toothbrushing machine.
Classic® toothbrushes with soft bristles and Sorriso® dentifrice were
also used for the study. Results: Student-t test showed significant
difference between both groups, with t  _ value = 9.4411 at p <
0.05. Conclusion: It can be concluded that the wear rate caused
by toothbrush/dentifrice was higher for Vidrion R® (52.00 mg) than
ChemFlex® (5.57 mg).
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Introduction

In Dentistry, several dental restorative materials
have been evaluated regarding to resistance to
abrasive wear through toothbrushing assays. Among
these materials, glass ionomer cements, introduced
in 1972 by Wilson and Kent [15], combine a number of
important properties, such as adequate mechanical
resistance, good adhesion to dental tissues, capacity
of fluoride release, biocompatibility, aesthetic, etc.
In the following year, Kent et al. [9] registered
that the material had raised great interest among
dentists. Due to the preventive features regarding
to dental caries, glass ionomer cements have been
used in the approach so-called atraumatic restorative
treatment (ART), reported in 2001 by Frencken and
Holmgren [6], meeting the principles announced in
1994 by the World Health Organization (WHO) [16]
for application to large population groups without
regular access to dental care.

Volunteers linked to the Group of Study
and Research of Children’s Lead Poisoning
(short GEPICCB) of the city of Bauru, which
comprises Bauru Dental School and the Hospital
for Rehabilitation of Craniofacial Anomalies (short
HRAC) both of the University of Sao Paulo, have
performed the treatment using Vidrion R® glass
ionomer cement, whose presents a relatively low
cost compared with other similar cements. Few
studies on this material’s resistance to wear,
either by toothbrushing or by other method, have
been conducted. The simultaneous assessment of
two glass ionomer cements with different values
regarding to resistance to wear due to toothbrushing
could also include the aspects of the costs involved,
an important factor for public health, as pointed
out by Almeida et al. [1].

The aim of this study was to evaluate the
resistance to abrasive wear of two glass ionomer
cements through toothbrushing machine and use
of a dentifrice.

Material and methods

The environmental conditions of temperature
and humidity required by the American Dental
Association (ADA) specification no. 66 [2], in
1989, for dental glass ionomer cements; and, the
requirements of the International Organization for
Standardization (ISO) technical specification 14569-
1, established in 2007, regarding to toothbrushing
assays were applied in this order during the
specimen constructions and tests. The specimen
dimensions also follow the specification of both
aforementioned institutions.

The two restorative glass ionomer cements
tested were ChemFlex® (Dentsply DeTrey GmbH,
Germany) and Vidrion R® (distributed by S. S. White
Ltd., Rio de Janeiro, RJ, Brazil). By considering the
manufacturers’ instructions on the powder/liquid
ratio as 1:1, we used three powder portions (total
of 0.4641 g) and three liquid drops (total of 0.1155
g) for ChemFlex® and two powder portions (total
of 0.2700 g) and two liquid drops (total of 0.0684
g) for Vidrion R®, to construct the specimens with
the required dimensions.

In all weighing operations, an analytical scale
(model 2662 Sartorius-Werke, Gottingen, Germany),
with accuracy of 0.0001 g and maximum capacity of
200 g, was used. The mixture of the components was
executed following the manufacturer’ instructions
for both materials. Therefore, ChemFlex® was mixed
for 1.5 min and Vidrion R® for 1 min, by using
a cement spatula #24. The resulting mass was
immediately inserted within the cylindrical cavity
of the matrices constructed in polytetrafluorethylene
(PTFE) whose dimensions are seen in figure 1.
This was executed through the central orifice of a
supporting metallic stainless steel plate connected
to the matrix up to fill it with a small excess of
material.
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[All dimensions are expressed in milimeters]

Figure 1 - PTFE matrix scheme with its dimensions, at
cross-sectional cut

A polyester matrix strip was placed on the plastic
mass, which was fitted in the lower transversal
sulcus (0.1 mm deep) of the aforementioned
supporting plate. Then, digital pressure was applied
onto a glass coverslip placed over the polyester
strip, for 60 seconds. Following, this load was
replaced by a 250 g cylinder up to the material’s
setting, after 10 minutes, starting from the material
mixture. Just after the polyester strip removal, glass
ionomer’s exposed surface was protected through
cavity varnish (Vidrion V®, same manufacturer of
Vidrion R®). This was left to dry for 2 minutes,



when the excess material was removed through
scalpel blade. Following, the matrix was removed
from the supporting plate, exposing the others
material’s surfaces, where the cavity varnish was
similarly applied. After 15 minutes, each specimen
(glass ionomer/supporting matrix) was immersed
in deionized water within a flask until reaching 24
hours, the time when the material was considered
as mature.

Since ISO technical specification [8] states
that, for any study on materials’ wear through
toothbrushing, reference specimens be produced
with polymethylmethacrylate (PMMA) without
crosslinking agent, four of these specimens were
constructed.

Figure 2 shows the glass ionomer/supporting
plate set and its respective dimensions.
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Figure 2 - Scheme of the glass ionomer/supporting plate
(gray), at longitudinal (A) and cross-sectional (B) cuts;
arrows point to the lower transversal sulcus

Figure 3 displays the glass ionomer and PMMA
specimens with similar dimensions, as required
by ISO [8].

Figure 3 - Glass ionomer (above) and PMMA (below)
specimens linked to the supporting plate
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After 24 hour immersion in deionized water,
each specimen’s upper surface (glass ionomer or
PMA) was flattened by 600-grit and 1000-grit wet
sandpaper, always under copious irrigation with
deionized water, up to the specimen height was
reduced from 1.8 mm to 1.5 mm. To maintain
the parallelism between the specimen’s upper
and lower (supporting plate) surfaces, each one
was inserted into a 1.5 mm thickness slot of an
auxiliary stainless steel rule placed under every wet
sandpaper. Following, the specimen was washed in
a conventional ultrasound device, with deionized
water, for 1 minute, and stored in its flask until
toothbrushing assay, after 7 days.

Because the toothbrushing machine (figure 4)
contained 10 specimens at a time, we divided the
specimens into two sets of eight glass ionomer and
two PMMA specimens.

Figure 4 - Toothbrushing machine

Immediately after the assay, each one of the
ten specimens was dried with common absorbent
paper for 10 seconds and left to dry spontaneously
for 20 minutes, over the work counter, exposed
to the aforementioned environmental conditions.
Following, after all the specimens were consecutively
weighed three times and the arithmetical mean of
the obtained values, expressed in micrograms, was
considered as the specimen’s mass. The supporting
plate mass was subtracted from each value shown
at the scale; therefore, the initial mass value of
each specimen was registered.

We use soft-bristle toothbrushes model Classic®
(Colgate-Palmolive Ind. e Com. Ltda., Sao Paulo,
SP, Brazil), without their handles. Each toothbrush
covered one specimen. Therefore, toothbrushing
machine interior space comprises a supporting
bar for the toothbrushes. The toothbrushes (long
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axis parallel to the machine’s lateral surfaces) were
fixed into the machine’s arms, which moved from
anterior to posterior, resulting in back and forth
movements (cycles).

The dentifrice used in this study (Sorriso®,
Colgate-Palmolive Ind. e Com. Ltda., Sao Paulo,
SP, Brazil) was mixed to deionized water, at 1:2
ratio, in weight, as required by ISO [8], composing
a suspension placed within ten plastic syringes
inside the toothbrushing machine.

We defined that the specimens’ position in the
machine’s supporting bar would be identified by
numbers from 1 to 10, consecutively from left to
right of an observer’s front view. Therefore, positions
1 to 8 had the ionomer glass specimens and 9 to
10 the PMMA specimens.

Also, we defined that the dentifrice solution
would be directed towards the first seven glass
ionomer specimens as well as the last reference
specimen (number #10). The other toothbrushes
left (numbers #8 and #9) were irrigated only by
deionized water coming from the syringes.

The device was regulated to inject over each
specimen, at every 2 minutes, an amount of 0.4
ml of either deionized water or dentifrice solution.
The amplitude of the toothbrush movement was
adjusted for 20 mm and the load on the specimen
was about 300 grams-force (about 3N), according to
the manufacturer. Toothbrushing was performed at
a velocity of 4.6 cycles per second, for approximately
6 hours, up to complete a total of 100,000 cycles,
at room temperature of 37°C.

Figure 5 shows the action of some toothbrushes
on the specimens. After toothbrushing, each
specimen was washed in deionized water, for
about 5 seconds, up to visualization of dentifrice
elimination. Following, the specimen were again
washed in the ultrasound device to be weighed as
aforementioned cited. Then, the final mass value
was recorded.

Figure 5 - Action of the toothbrushes on the specimens

After the required homocedascity (homogeneity
of variance) was confirmed, only the first seven
specimen values of each group were submitted
to statistical analysis by Student’s t test. The last
three specimen values will be demonstrated only
for supporting the study’s discussion.

Results

The values (milligrams) of 10 specimens’ mass
of each group — ChemFlex/Sorriso (CS) and Vidrion
R/Sorriso (VS) — before and after toothbrushing
are shown in table I

Table I - Values (mg) of each studied group’s specimen
(S), immediately before (b) and after (a) toothbrushing

Groups
S ChemFlex/Sorriso Vidrio-n R/
Sorriso

b a b a
1 3.494 3.494 3.311 3.271
2 2.737 2.731 2.505 2.458
3 2.724 2.719 2.551 2.503
4 3.399 3.393 3.202 3.164
5 3.383 3.374 3.220 3.154
6 2.605 2.604 2.599 2.529
7 3.230 3.218 3.188 3.133
8 2.583 2.574 2.536 2.487
9 1.630 1.623 1.691 1.657
10 1.612 1.604 1.674 1.648

Statistical analysis was performed only in the
first seven specimens of each group. The mean values
and standard deviation are seen in table II.

Table Il - Values (mg) of the mass of the first seven
specimens (S) of each group, mean (m) and standard

deviation (sd)

Groups
S ChemF.‘leX/ Vidrion R/Sorriso
Sorriso

1 0.0 40.0
D) 6.0 47.0
3 5.0 48.0
4 6.0 38.0
5 9.0 66.0
6 1.0 70.0
7 12.0 55.0
m 5.57 52.0
sd 4.20 12.32




After the homogeneity of variance was
confirmed in both groups, the values were
submitted to Student’s t test, which found a
significant difference between groups, with value
of t, = 9.4411, at p < 0.05.

Accordingly, the wear rates caused by the
toothbrush/dentifrice used on both glass ionomer
were statistically different. A greater mass loss was
found for Vidrion R® (52.00 mg) than ChemFlex®

(5.57 mg).

Table III shows the last three specimens’
mass loss values of the tested groups.

Table Il - Mass loss values (mg) of the last three
specimens of both groups
Condition | Mass loss | Condition | Mass loss
8 oy
ChemFlex 9 8 Vidrion 49
R + water
+ water
9 PMMA + 9 PMMA +
7 34
water water
10 10
PMMA + 8 PMMA + 26
dentifrice dentifrice

Although these values were not submitted to
statistical analysis, some observations could be
done based on them. By analyzing the results of
the glass ionomers specimens brushed only with
water, ChemFlex® still presented a greater resistance
to wear (9 mg) than Vidrion R® (49 mg). PMMA
(already known as the most resistance material when
compared to glass ionomers) underwent little wear
in group 1 both with water (7 mg) and dentifrice
(8 mg). However, in group 2, the material presented
higher values, losing 34 mg with toothbrush+water
and 26 mg with toothbrush+dentifrice.

Discussion

ISO [8] demands that in any wear analysis
of restorative materials through toothbrushing,
PMMA is the reference material, which is a pure
acrylic resin without crosslinking agents. Therefore,
the aggressiveness index (ability to promote wear)
of different research’s methods would enable the
comparison of their results. However, generally
this comparison cannot be performed, because the
influencing factors are very varied, such as toothbrush
load on the material, toothbrush’s bristles flexibility,
the amount of dentifrice abrasive particle, toothbrush’s
velocity on the material, toothbrushing elapsed time,
and temperature during the process.

All glass ionomer specimens were always wet,
because the study of Cintra et al. (2008) [3] showed
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that glass ionomer specimens with less abrasive
resistance were those which undergone even small
dryness.

The use of the scale is a simple, precise method
as confirmed by Rios et al. [13].

The few studies on toothbrushing of glass
ionomer used the same conditions employed in our
study, employing in many times several toothbrushes,
dentifrices and/or reference substrates.

Notwithstanding, our results can be only
compared to those of Almeida et al. [1], in which
the same materials were assessed, at the same
conditions, except from the use of child dentifrices.
These authors found that Vidrion R® undergone
a markedly greater wear than ChemFlex® when
the dentifrice Tandy® had been used; when the
dentifrice Baby Barney® had been used, the material
undergone similar wear.

In 1997, Fabretti et al. [5] used exclusively
Plexiglass® (PMMA, Rohm and Haas Company,
Germany) as substrate. In the study, the authors
employed dentifrices and toothbrushes different
from ours, as well as the toothbrush’s cycle on the
substrate, velocity of the back and forth movement,
and time elapsed for toothbrushing.

Panzeri et al. [12], in 1979, assessed the
abrasive rate occurring in plexglass plates by 24
dentifrices associated with “soft” toothbrushes, in a
toothbrushing machine Pepsodent. Each plate was
evaluated regarding to the weight loss and rugosity
variation. The authors found that the dentifrices
caused varied wear rates, with the control (water)
presenting the lowest one, followed by non-abrasive
dentifrices.

On the other hand, Harrington et al. [7], in
1982, evaluated the abrasive wear undergone by two
glass ionomer cements - ASPA® (A. D. International
Ltda., London, England) and Fuji® type I (GC
Corporation, Tokyo, Japan), among 17 restorative
materials. Through a machine whose horizontal
axis spins at 120 rpm velocity making Oral B-60®
toothbrushes perform a horizontal movement on
the specimens, the authors found that the thickness
loss was 26.1 um (standard deviation of 2.08) for
ASPA® and 27.0 um (standard deviation of 4.44)
for Fuji® type I

Three years later, De Boer et al. [4] analysed in
vitro the dentinal wear caused by four dentifrices
whose particles were composed by CaCO, or Al(OH),,
with mean dimensions ranging from 1 to 15 um
and 8 to 13 um, respectively. Each toothbrush
executed a movement amplitude of 37 mm on
the specimen, with load of 200 gf, and machine
regulation for performing 1,000, 2,000, 5,000,
and 10,000 toothbrushing cycles. An amount of
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3 g of each original dentifrice was diluted into 7
ml of water. By verifying the thickness loss of the
specimens through a rugosimeter and the mass loss,
the authors concluded that the wear rate 1 always
was linearly related to the number of cycles. Wear
rate 2 was 1.4 times more severe with medium
flexibility toothbrushes, regardless the dentifrice
used; wear rate 3 was significantly different for all
four dentifrices; and wear rate 4 was higher for
dentifrices of greater abrasive particles.

Thomassewski et al. [14] examined different
glass ionomer cements indicated for ART, through
simulated toothbrushing test of 20,000 cycles.
Composite resin was used as control.

The report of these few studies aimed
to characterize the impossibility of results’
comparison.

Our study and the research of Almeida et al.
[1] were developed by one single researchers’ team,
with the same method, and the same toothbrushing
machine. The global analysis of the results of the
two studies makes us suspect that, as time goes
by, an alteration in the load, by which the machine
arms’ springs pushed the toothbrushes against the
specimens, would occur. Therefore, we decided
that in further studies, each restorative material
and PMMA will be placed at all 10 positions of
the machine.

Lambrechts et al. [10], in 2006, concerned
about in vitro Dentistry wear simulators capacity
of reproducing real conditions, cited 19 aspects
that they judged as complicating factors. Among
them it can be highlighted the aggressive agent
standardization, used load, number of cycles,
frequency of contact of the used agents (and their
duration), homogeneity of the used material, and
the presence of wear fragments.

A similar concern had been already
demonstrated, in 1997, by Momoi et al. [11] when
they evaluated the wear rate of glass ionomers in a
toothbrushing machine, in which each toothbrush
exerted a 3.4 N load on the specimen, at 160
cycles/min frequency, up to reach 20,000 cycles.
Aluminum hydroxide was used as abrasive. The
authors observed a non significant correlation with
the clinical results, because different processes,
such as abrasion, adhesion, fatigue and erosion
interact among each other.

Conclusion

According to the methodology used, it can be
concluded that Vidrion R® (mass loss of 52,0 mg)
presented a greater wear than ChemFlex® (mass
loss of 5.57 mg).
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