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azhardentj@azhar.edu.eg Purpose: was to evaluate and compare fracture resistance of some contemporary glass
ionomer restorations (Amalgomer CR, EQUIA Fort fil and EQUIA fil) in class II cavities at
different time intervals. Materials and Methods: A total of 90 class II cavities were pre-
DOI: 10.21608/adjg.2019.5980.1037 pared in extracted maxillary premolars (n=90). The samples were divided into three main

groups (30 each) according to the materials; These three groups were further subdivided
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into three groups according to assessment time; 24 hours, one month and three months.
Each material was applied to the cavity according to manufactures’ instructions. Samples
were stored in artificial saliva for the study storage periods. At the end of each storage period
samples were subjected to thermocycling at 5°C and 55°C for 1000 cycles. The samples
were subjected to fracture resistance test using universal testing machine. Failure modes
were evaluated using stereomicroscope and micromorphology of fractured restorations and
tooth restoration interface were evaluated using Scanning Electron Microscope (ESM).
Results: the results revealed that the highest mean value recorded for Amalgomer CR fol-
lowed by Equia Fort fil while Equia fil recorded the lowest mean value. Also the results
revealed that the highest mean value recorded after three months storage followed by one
moth storage while one month storage recorded the lowest mean value. Conclusions:
Fracture resistance of cone temporary glass ionomers in class II cavities is affected by stor-
age for 3 months. Ceramic reinforced glass ionomer (Amalgomer CR) appears promising
regarding fracture resistance.
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EZZZ ﬁlmﬁl’ Glass ionomers were invented in 1969 and reported by Wilson and
fracture’resismncey Kent in the early 1970s in response to the need for a bland, adhesive
thermocycling filling material. It is the product of acid base reaction between an
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ion-leachable glass and an aqueous solution of
polyalkenoic acid. During the reaction, polyanion
in the liquid polymerized to a matrix cross linked
with metal ions to form a hard gel 2. Glass
polyalkenoates are materials made of glass powder
of aluminofluorosilicate combined with a water
soluble polymer. Such materials were called by
Kent as “glass ionomer” cements, and that name has
become popular in the dental field ®.

The original glass ionomer formulations devel-
oped in the 1970s failed to gain much interest from
dental clinicians. Those materials were water sensi-
tive, required extended setting time, and had weak
strength properties after hardening including (wear
resistance and fracture toughness). Although glass
ionomers have advantages of chemical adhesion to
tooth structure, fluoride ions release, biocompatibil-
ity and good coefficients of thermal expansion with
tooth structure, but the dentists did not support its
use as it has difficult handling, prolonged working
time, and proved not reliable in the long term use
because of poor durability 4.

Today, highly viscous glass ionomer cements
(GICs) (Equia, GC, Tokyo, Japan) when compared
to traditional GICs appeared to have superior physi-
cal properties due to good particle size distribution
and polyacid optimization, resulting in a high cross-
linkage in the GIC matrix ©

Equia Forte which combines a protective com-
posite coating with a filling component represents
the next step in the development of the proven
Equia concept. It is called glass hybrids (GHs)
and based on newly introduced hybrid technol-
ogy. Reinforcement of glass hybrids has evolved
by higher molecular weight acrylic acid molecules
and a second, smaller, and more reactive silicate
particles, which supposed to increase matrix cross-
linking. This, in turn, is suggested to improve the
material’s flexural strength. Furthermore, esthetic
appearance and wear resistance are supposed to
be improved by covering these restorations with a
resin layer .
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New generation of Ceramic reinforced GIC
was introduced for added durability which called
Amalgomer CR. Amalgomer CR is the first GIC
to launch with ceramic. Special process of treat-
ment and improvisation of the main glass lonomer
components, fluoroaluminosilcophosphate glass
and polyalkenoic acids is used for manufacturing ®.
Ceramic reinforced glass ionomer restorative mate-
rial was found to has physico-mechanical proper-
ties that are very similar and even higher than dental

amalgam ©,

It was found that the restoration resistance to
damage in oral environment affects their clinical
performance. The oral environment is likely sug-
gested to cause more pronounced filler degradation
than that caused by storage in distilled water (%,

Therefore, the study was conducted to evalu-
ate fracture resistance of some contemporary glass
ionomer restoration (Amalgomer CR, Equia Forte
fil, Equia fil) in class II cavities. Moreover micro-
morphological changes at the fractured restora-
tion surface and tooth restoration interface were
examined using Environmental Scanning Electron
Microscope (ESEM). Also failure modes were eval-
uated using stereomicroscope.

MATERIALS AND METHOD

A total of 90 extracted human maxillary premo-
lars were collected and examined for the presence
of cracks or any other defects using stereomicro-
scope. Flattening was done for both occlusal and
mesial surfaces using diamond disk mounted in
cutting machine Demco (Dentallmaintenanc CO,
Bonsall, calf. U.S.A, model E96) by cutting 1.5 mm
beneath the cusp tips and 1 mm from the mesial sur-
faces. Teeth were then embedded up to 2mm apical
to the (CEJ) using teflon ring (1.6 cm width X 2
cm height) containing chemically cured activated
acrylic resin. A long axis and occlusal plane were
adjusted using dental surveyor.

Cavity preparation; Class Il compound cavities
(occluso-mesial cavities) were prepared in all teeth
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with the desired cavity depth and width. The occlu-
sal box was 1.5 mm pulpal depth and 2.0 mm width.
The proximal box was 3.0 mm in height, 2.0 mm in
width and had a 1.5 mm axial depth " 90 degree
cavo-surface margins were adjusted. Roundation
was done for line angles; the facial and palatal cav-
ity walls were cut with parallelism between them
on both the occlusal and proximal portions of the
cavity. Similarly, both axial walls of the masial
and distal boxes were in parallelism with the tooth
long axis Straight fissure carbide bur (Number 012,
Komet Geber, Brasseler, Legmo, Germany) with a
high speed hand piece (NSK, Pana Air, Nakanishi
Inc Japan). Cavities dimension was standardized us-
ing mini size digital caliber. The samples were clas-
sified into three groups (30 each) according to the
restorative materials; Amalgomer CR (A1), Equia
Fort fil (A2) and Equia fil (A3). Each group were
further subdivided into three subgroups according
to storage time in artificial saliva; 24 hours (T1), 1
month (T2) and 3 months (T3). Composition and
manufacturing of the study materials are presented
in table (1).

Restorative procedures; A metallic matrix band
was shaped and placed. The band was held firmly
by matrix retainer against the proximal aspect being
restored. Each material was used as recommended
by its manufacturer.

In group (A1); Amalgomer CR specimen were
placed. The powder: liquid ratio (1 scoop: 1drop of
water) was proportioned immediately prior to mix-
ing. Mixing was done on glass slab using stainless
steel spatula. Mix was carried to the cavity using
non- stick aluminium instruments. The total work-
ing time was 90 sec. the beginning of mixing.

In group (A2 AND A3); Equia Forte fil and
Equia fil were placed. Both materials are provided
as capsule. Before activation the capsule was shaked
to loosen the powder, then plunger was pushed until
it was flushed with the main body to activate the
capsule. Immediately after activation, the mixing
was done for 10 sec. using amalgamator. The tritu-
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rated capsule was removed from amalgamator and
loaded into a metallic capsule applier. The mixture
was injected into the cavity through capsule nozzle.
The total working time was 75 sec. from the begin-
ning of mixing.

Finishing, polishing and coating the restora-
tion: Restorations were Finished and polished un-
der water spray using diamond burs and abrasive
disks. After finishing, the dust was sprayed away
then the specific coat for each material was applied
to the restorations using micro brushes. Curing was
done 10 seconds for each restoration surface using
light emitting diode (LED) light curing unit (high
power LED, optical fiber, light hood, lithium bat-
tery, power adapter and pedestal).

Storage of the specimens: Each main group
(n=30) was placed in a separate container of artifi-
cial saliva (PH 7+1) and stored at 37°C=1. Incubator
(37 8C; BR 6000; Heraesus Kulzer) was used to fix
temperature during storage periods. The artificial sa-
liva was replenished every 24 hours Y. Subgroups
(n=10) were removed from each main group at the
end of each storage period (24 hours, 1 month and 3
months) and then subjected to thermocycling at 5°C
and 55°C for 1,000 cycles. 30 sec. was the mainte-
nance time at each temperature, and 10 seconds was
the transferring time between the two temperatures
using thermocycler (THE-1100 SD Mechatroniks
thermocycler Germany).

Fracture resistance assessment:

Assessment of fracture resistance was done for
all the samples. Universal testing machine (Model
3345; Instron (Instron® Bluehill Lite Software)
was used for determining the samples Fracture re-
sistance. Fracture test was done 1.5 mm from proxi-
mal marginal edge with 1.5 mm round tip of me-
tallic rod at Imm/min cross-head speed (fig.1). An
audible fracture and sharp drop at load-deflection
curve recorded using computer software (Bluehill
Lite Software Instron® Instruments) were used for
manifestation of failure load. Newton was the unite
used for recording the load required to fracture.
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Fig. (1) Round tip for load application till fracture

Assessment of mode of failure:

Test of fracture was performed then examination
of the specimens was performed using optical ste-
reomicroscope with (40x) magnification to evaluate
the mode of failure. Three types of failure modes
were detected: 1. If failure was 100% of the bonded
interface between the tooth and restoration it was
referred as adhesive failure. If failure was 100% in
the material it was referred as cohesive failure while
if failure was partially in bond and partially in mate-
rial it was referred as mixed failure.
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Scanning Electron Microscope:

Selected samples surfaces were examined us-
ing Scanning Electron Microscope (SEM) at 400X
magnification for evaluating the morphological
characterization of the fractured surface of the ma-
terial. Also SEM analysis at 200 X magnification
was performed to evaluate gap width and morpho-
logical characteristic of tooth restoration interface
of the fractured samples.

Statistical Analysis

Data were offered as mean, median, standard de-
viation, minimum, maximum with 95% Confidence
Interval (95% CI) for the mean values. The effects
of types of materials, periods of storage and the in-
teraction between them on fracture resistance were
studied using ANOVA test. When significant was
found with ANOVA pair-wise comparisons were
done using Bonferroni’s post-hoc test. The signifi-
cance level was set at P < 0.05. Statistical analysis
was performed with IBM (IBM Corporation, NY,
USA) was used for statistical analysis.

Table (1) Composition and manufacturing of the study materials.

Materials and Brand Composition Manufacturer Lot No.
Amalgomer CR: Powder: Fluoroaluminosilicate glass, polyacrylic 111505-4
Ceramic reinforced glass | acid powder, tartaric acid powder and ceramic reinforcing powder.
ionomer Liquid: distilled water. Advanced Health Care,
(Amalgomer CR) & AH fil UK
LC Coat. AH fil LC coat: viscous resinous liquid contains hydroxy ethyl meth- | (sales@ahl.uk.com)
acrylate. AP 8074
EQUIA Forte Fil: Powder: Fluoroaluminosilicate glass, polyacrylic 1608081
Hybrid glass system acid powder, surface-treated glass.
(EQUIA Forte Fil & Liquid: aqueous Polyacryhc acid. (Filler Content % by weight/ % by GC, Tokyo, Japan
EQUIA Forte Coat). volume) Not available.
EQUIA Forte Coat: Nano filled resin matrix combines both conven-
tional &multifunctional MMA photoinitiators. 1507101
High-viscosity glass iono- EQUIAaFil: Powder: 95% strontium fluoroalumino-silicate glass, 5% 1704191
mer cement (GIC) re- olvacrylic acid
storative material system poly ry ) . GC, Tokyo, Japan
(EQUIA FIL & EQUIA Liquid: 40% a(s]ueous pc})llylacryllllc ac1;i. . )
Coat). EQUIA Coat: 50% Methyl methacrylate, 0.09% camphorquinone. 1604251
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RESULTS
Fracture resistance:

Effect of material type regardless the storage time:

Comparing the mean value at different times,
the result revealed that Amalgomer CR showed the
statistically significant highest mean fracture resis-
tance(632.9+£119.9).

There was insignificant difference between Equia
Forte fil (521.7+47.1) and Equia fil (488.5+74.6);
both showed the statistically significant lowest
mean fracture resistance values table (2) ( fig.2).

Effect of storage time regardless material
type: Comparing the mean values at different times,
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the result revealed that there was insignificant dif-
ference between the mean fracture resistance after
storage for 24 hours (507+70.1) and one month
(540+80.3). The mean fracture resistance after stor-
age for 3 months (596+135.4) showed the statisti-
cally significant highest mean value compared with
24 hours and one month values table(3) ( fig.2).

Failure modes:

After evaluating mode of failure, it was found
that the predominant failure type was cohesive frac-
tures in the three materials at different storage times
followed by mixed then adhesive type fractures.
It was found that adhesive increased with time.

Table (2): The mean, standard deviation (SD) values and results of two-way ANOVA test for comparison
between fracture resistance of the three materials regardless of storage time.

Amalgomer CR Equia Forte fil Equia fil P-value
Mean SD Mean Mean SD
632.94 1199 521.78 471 488.58 74.6 <0.001*

*: Significant at P < 0.05, Different superscripts in the same row are statistically significant.

Table (3): The mean, standard deviation (SD) values and results of two-way ANOVA test for comparison
between fracture resistance at different storage times regardless of material.

24 hours 1 month 3 months

P-value

Mean SD Mean Mean SD
507 ® 70.1 540" 80.3 596.54 1354 <0.001*

*: Significant at P < 0.05, Different superscripts in the same row are statistically significant
Mean fracture
. . resistance(N) —— —
Scanning Electron Microscope:- = T m=Amajgomer R

2T ~  ——————mEquiaForte

Scaning pictures showed fractured restoration
surface with reduced numbers and size of micro
cracks and porosities with increased storage peri-
ods. Also gap width at tooth restorations interface
appeared to be increased with time. (Fig. 3) repre-
sentative scaning pictures for tooth restoration in-
treface with Amalgomer CR as an example at dif-

ferent sorage periods.

—————mEquia
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Fig. (2) Bar chart showing effect of time and material type on
fracture resistances
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Fig. (3) a. SEM of Amalgomer CR at 24 hours storage, b. SEM of Amalgomer CR at 1month storage, c. SEM of Amalgomer CR

at 3month storage

DISCUSSION

Glass ionomer has several advantages includ-
ing chemical bonding, fluoride release and biocom-
patibility. On the other side it is a weak material
which make it is use in posterior region challenged.
Several modifications have been done in to increase
glass ionomers strength properties. Although failure
of dental restoration occurs due to fatigue caused by
repeated stresses with low value, but high stresses
may cause fracture of the restorations. Therefor
fracture toughness of high value is a very important
parameter for selection of restorative material iono-
mers result in several generations which supposed
to have high strength properties including fracture
toughness.

Ceramic reinforced glass ionomer (Amalgomer
CR) which provides the dental clinicians the
achieved benefits of glass ionomers in combina-
tion with amalgam strength properties. Glass hy-
brid (Equia Fort) is provided with second type of
silicate particles which smaller and more reactive
and acrylic acid with higher molecular weight
which supposed to improve the material’s mechani-
cal properties. A highly viscous conventional GIC
(Equia) with improved mechanical properties due to
optimizing polyacid and particle size distribution.

In this study the fracture resistance of contempo-
rary glass ionomers in class II cavities was tested. It
was found that the fracture resistance of the studied
restorative materials were noticeably different. The

highest fracture resistance showed with Amalgomer
CR which can be explained as follows; failure of
glass ionomers occurs by crack propagations as it
is brittle material. Amalgomer CR is a ceramic re-
inforced glass ionomer containing zirconia particles
in the form of nano particles. Zirconia has unique
property of a phase transformation from tetragonal
to monoclinic under stress. A 4% volume change
caused by this transformation produces a local com-
pressive stress. This stress stops crack propagation
through crack-opening tension offsets. This prop-
erty makes zirconia particles excellent material for
strengthening and increasing the material’s fracture
resistance. Also, ceramic filler is able to bond par-
tially with the matrix as suggested by manufacturer
UD, In addition to, presence of zirconia in form of
nano particles help in increasing fracture toughness
through crack pinning and deflection.

Besides, fracture resistance was found to be sig-
nificantly increased after three months storage. This
can be explained as follow; glass-ionomer cements
belong to a class of materials known as acid-base
cements. Concentrated solution in water is the me-
dia where Setting reactions occurs. Role of water;
acts as a medium for reaction in which leaching and
transportation of the cement forming cations occurs
to react with polyacid to form a matrix hydrates si-
liceous hydrogel and formation of metal polyacry-
late salts occurs. Water can be of two forms: first
form, which displaced by dessication and called
loosely bound water —second form, which is present
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in association with the hydration shell of the cat-
ion- polyacryate bond, especially that of aluminium
and some silica gel water and cannot be displaced.
The second form called tightly bound water and in-
creased with aging increasing the strength, elastic
modules and decreasing the plasticity . This could
account for the increased fracture resistance of glass
ionomer with time.

The Increased adhesive failure with the time can
be explained by the fact that the setting reaction of
glass ionomer cements is associated with shrinkage.
Tooth-glass ionomer adhesion interface do not re-
sist shrinkage-stresses which results in formation of
interfacial gap. Despite, water up take and swelling
of glass ionomer after storage for 24 hours leads to
expansion stresses (hygroscopic expansion) which
compensates shrinkage-stresses. Compensation of
hygroscopic expansion to shrinkage-stresses may
not be sufficient to completely close the formed
interfacial gap "¥. With time, water passes through
the formed interfacial gaps causing hydrolysis of
the restorative material with subsequent widening
of the interfacial gap and more adhesive failure.

SEM pictures support the result of increased
fracture resistance and adhesive failure with time. It
was found that the fractured surface of the restora-
tions showed reduced numbers and size of cracks
and porosities with increased storage time especial-
ly after 3 months. Also the gap width at tooth res-
toration interface appears to be increased with time
with predominance increase after three months.

CONCLUSIONS

Within the limitation of the present in vitro study
the following conclusions could be derived:

1. Recent contemporary glass ionomers have im-
proves fracture resistance.

2. Fracture resistance of cone temporary glass ion-
omers in class II cavities is affected by storage
for 3 months.

3. Ceramic reinforced glass ionomer (Amalgomer
CR) appears promising regarding fracture
resistance.
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