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ABSTRACT

This study aimed to evaluate accumulative calcium ion release from new generation calcium releasing self-adhesive
resin cement (TheraCem®Ca) in different time and in two different pH, and the effect of calcium addition on the
substrate. MATERIAL AND METHODS: Six samples of self-adhesive resin cement, TheraCem®Ca cylinder in
shaped of diameter 3.7 mm and height 3mm, after material curing, the calcium release measure in two different pH.
Then three specimens for alkaline pH 7 and 3 specimens for acidic pH 5. Calcium ion measurement take in time
period of one day, seven days, fourteen days, twenty one days, twenty eight days, using colorimetric method to
evaluate the amount of calcium ion release using spectrophotometer. Three TheraCem®Ca self-adhesive resin cement
specimens bonded to three different substrate (enamel, dentin and zirconia) after 24 hours, the cement removed and
the specimen send with control specimens(enamel, dentin, and zirconia without any treatment) to Energy Dispersive
x-ray (EDX) to analyze effect of the calcium addition on these substrates. RESULTS: The result of this study proved
that, ability of self-adhesive resin cement to release calcium over period 28 days. In four time points there were no
significant difference in calcium ion release, but in 28day time period there were significant reduction calcium release
from the cement at pH 5 in comparison to pH 7 at p< 0.05. CONCLUSIONS: Self-adhesive resin cement has ability to
release calcium ion in time period of 28 days, and the effect of the change in environmental pH not occur until day 28
of the release, EDX analysis showed the resin cement contain phosphate ion which increase effectiveness of calcium
ion release from the cement.
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1.INTRODUCTION Caries around margin of existing dental restoration
) _ are one of the most critical aspect affecting indirect
Dental caries (DC) considered as the most prevalent  restoration, marginal discrepancy may exposed dental

dental health problem, because it affected nearly all age  cement to the oral environment and this increasing the
groups. It is multifactorial disease (1), many factors  risk of demineralization attack (3). Marginal gap allow
contributed in it" s development such as: cariogenic-  food accumulation around the crown restoration.
microorganism, substrate, host (teeth) and time. All  Bacteria from dental plaque penetrated the tooth cement
these factors combined to cause continuous mineral loss interface change the pH of oral environment around the
and permanent destruction of tooth structure, DC occur  margin of existing restoration. Finally, caries lesion is
due to loss balance between demineralization and re- formed (4-6) Saliva neutralize the pH and mechanica“y
mineralization process, when acids from cariogenic  clean the teeth in the oral cavity. pH control the process
microorganism present in dental plaque released and  of calcium and phosphate loss and gain from the tooth

lead to drop of the oral environmental pH, which allow structure (7). Saliva and biofilm fluid have high

other cariogenic species such as Streptococcus mutans concentration of calcium and phosphate, which lead to
to develop caries lesion (2) . continually ion deposited on enamel surface (8). But
continuous production of bacterial acid lead to increase
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demineralization ~ of calcium and  phosphate,
demineralization occur when pH drop below 6.5 for
dentin and 5.5for enamel (9).

Dental cements act as connection between the tooth
structure and the crown material. The development of
dental cements containing an antibacterial monomer,
calcium and phosphate Nano-particles used to reduce
dental caries and to induce re-mineralization, dental
cements consider ideal when it possess the following
properties biocompatibility, antibacterial activity, low
film thickness, low viscosity, minimal solubility,
sufficient working  time, no micro-leakage, have
comparable strength and stiffness to dentin (3,10).
Calcium silicate based-cements material are bioactive
and bio-reactive material capable of forming apatite by
using calcium silicate or calcium aluminates (11).

Hydration of bioactive material lead to the release of
a number of ions during setting stage and that reaction
on the surface of the materials can alter concentration of
the dissolve ions which in turn triggers an intracellular
and extracellular response, which lead to re-
mineralization , calcium silicate containing cement have
capacity to release hydroxyl (OH) ion, and calcium ion
and produced apatite like precipitates, when they come
in contact with phosphate containing physiological fluid
(12-17).

This study aims to evaluate accumulative calcium
ion release from new generation of self-adhesive resin
cement TheraCem®Ca in different time and at two
different pH condition. The null hypothesis there is no
significant differences in calcium ion release in time-
period and at two different pH conditions, and there is
no effect of calcium ion addition in self- adhesive resin
cement.

2. MATERIAL AND METHODS

Estimation of total Calcium in TheraCemCa Sample
of 0.0338 gr putted in ceramic basin and placed in
muffle furnace at 700 °C for at least one hour to break
down all organic materials of the resin cement, then the
material crushed to increase the surface area, and add 20
ml of concentrated H2SO4 ,1:1, and after filtering the
material, the volume completed to 20 ml. To analyze
total calcium from TheraCem®Ca using PFP7 Flame
photometer [JENWay]. Starting with preparation of
standard solution of 1000 ppm of CaCl2 and by
mathematical equation calculate the exacted calcium ion
in the material.

Six samples of TheraCem®Ca divided to two group
of three samples each at 7 and 5pH. The samples
prepared in Teflon mold of internal diameter of 3.7mm
and height of 3mm. After material curing for 40 sec. by
super LED, light cure, unite. Samples kept in phosphate
buffer solution and the pH adjusted to the desired pH
using hydrochloric acid. Calcium release measured by
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calcium CPC method from Biolabo, France (Ref-80004)
for 1day, 7 days, 14 days, 21 days, and 28 days at
570nm.

Three control specimens(without any treatment)
form enamel, dentin, and zirconia, with three
TheraCem®Ca self-adhesive resin cement, bonded to
three different substrate (enamel, dentin, and zirconia),
after 24hours the cement removed and the specimens
send to field emission scanning electron microscope,
with EDS MIRA3, TESCAN, CU filament, 0.154nm,
Czech Republic (EDX analysis) to detect the effect of
calcium addition on these substrates.

Data were represent as mean +SD; data analyzed
using Excel 2010. Paired two t-test were apply to show
the degree of significance at p<0.05 and less.

3.RESULTS

Calcium ion release from TheraCem®Ca self-
adhesive resin cement, over the time period of 1 day, 7
days, 14 days, 21 days, 28 days, at two different pH (7
and 5 respectively) as shown in (Table 1).

Table 1. Calcium ion release at pH (7 and 5) in vitrofor
different time intervals.

. . pH7 (Meanx " P-
Time period D) pH5 (Meanx SD) value
One day 52.7+ 6 44.6742.51 0.101
Seven days 85 +13.6 85.67+3.21 0.96
Fourteen
111+ 35 107.33+2.08 0.16
days
Twenty one |19 7451 122+4.36 0.11
days
Twenty eight 149+ 3 136.67+2.08 0.00
days

Paired two t-test show no significant difference in
calcium ion release at level(p>0.05) for 1day, 7days, 14
days, 21 days and at pH (7 and 5 Respectively), but
show high significant difference at the level of (p< 0.05)
for calcium ion release in ppm in 28 days-time period
Figure(1).
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Figure 1 Calcium ion release form TheraCem®Ca over
28 days interval at pH 7 (Blue) and 5 (Red).

EDX analysis of TheraCem®Ca bonded to three
different substrate showed that for enamel Ca+ ion form
(3.33Wt %), for dentin Ca+ ion form (2.48 Wt %), and
for zirconia (0.03 Wt %). Also Carbon and Nitrogen
form highest weight percent (Wt%) from the resin
components of the cement, P ion for enamel substrate
(4.83W1t%), for dentin (1.97 Wt%), for zirconia (0.12
W1%) enamel and dentin contain calcium and phosphate
ion in form of hydroxyapatite, but zirconia devoid of
them, SiO2 and traces of Na, Mg, F ion in form of
CaF2,S, Sr, Br are additive from the cements material.
In order to determine the Ca element composition of
individual tissue after one day of application of
TheraCem®Ca; Energy dispersive X-ray (EDX)
analysis was perform on different substrates (enamel,
dentin, and zirconia). The results of EDX showed that in
both enamel and dentine; Ca ion concentration
decreased due to action of the acidic functional
monomer, which cause demineralization of tooth
surface for 1st 24hoursof cement application, the
presence of Ca+ and P+ ions on zirconia surface due to
the cement application.
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Figure 2 EDX analysis of TheraCem®Ca resin cement
(A) Enamel control specimen. (B) TheraCem®Ca
bonded to enamel
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Figure 3 EDX analysis of TheraCem®Ca resin
cement(A)Dentin control specimen. (B)TheraCem®Ca
bonded to dentin.
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Figure 4 EDX analysis of TheraCem®Ca resin
cement(A) Zirconia control specimen(B) TheraCem®
Ca bonded to zirconia

4.DISCCSION

Bioactive material is heterogeneous group of
materials, employ different strategies with aim of
prevent formation of secondary caries, these material
bioactive effects can be either anti- microbial activity or
produce re —mineralization (18,19). Re-mineralization
process, based on soluble fillers which release calcium,
phosphate, fluoride and other ion (20), these ions can be
incorporated into demineralized dental tissues (21,22),
or precipitated within the defect at the interface between
the tooth and the restoration, and contributing to its
sealing (23). All calcium silicate containing cements
such as mineral trioxide aggregate (MTA) and
TheraCemCa formulations leached large amount of Ca+
ion, hydration reaction of the calcium silicate particles
triggers the dissolution of their surface, and formation of
calcium silicate hydrate gel and Ca(OH)2 together with
release of Ca+ and OH- ion (24). Self-adhesive resin
cements (SARCs) such as: TheraCemCa contain
functional phosphoric acidic monomer group (25,26),
which demineralize enamel and dentin, provide
adhesion to the tooth surface through micromechanical
retention and copolymerize with crosslinking monomer
(27). Initially, the cement become highly acidic and
hydrophilic for bonding as well as for adaptation to the
tooth surface, by providing demineralization to the tooth
surface (28), while the chemical reaction between the
acidic monomers with apatite and the ion release from
filler particles (Ca+, Ph+) neutralize the remaining acid
groups (25). the structure become neutral and
hydrophobic, TheraCemCa induce strong neutralization
reaction due to mineral contained, resulting in low
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hygroscopic expansion stresses this mainly of high
benefit in case when there is no dental substrate (only
restorative material) to help in neutralization process.
This process relies exclusively on the intrinsic
self—neutralization reaction of the cement (29,30), the
study proved that, there is continuous Ca+ ion released
from TheraCemCa in time period of 28 days, we
partially reject the null hypotheses because for
(1day,7days, l4days, 21days) there is no significant
difference in Ca+ ion release between the different pH,
but at 28days there is significant decrease in ion release
in acidic pH, occur due to TheraCemCa was more
resistant to aging in an acidic environment, because it
contains calcium silicate, after mixing, reaction started
at pH(4) and stabilized at pH(9)after 24hours (31),
neutralization provides low water absorption and
minimum hydrolytic degradation (25,32,26) beside the
other benefits of remineralization and fill the gaps
between the tooth and restoration. EDX analysis,
explain that TheraCemCa self-adhesive resin cement
contain Ca+ and phosphate ion in weight percent differ
from one substrate to other, related to amount of mineral
dissolved by functional acidic monomer and the filler
released from the cement itself, in case of zirconia this
material devoid of Ca+ and phosphate ions so the
presence of this element on its surface related to the
cement main components as well as fluoride ion. All
these ion help in re-mineralization process as mention
before.

5. CONCLUSIONS

With limitation of the study, self-adhesive resin
cement TheraCem®Ca has ability to continuous calcium
ion release for 28 days period, there is significant
decrease in ion release after 28days, due to the type of
filler contained, EDX analysis showed the resin cement
contain phosphate ion which increase effectiveness of
calcium ion release from the cement.
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