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Ion Release and Antibacterial Activity of Calcium- Fluoride
Releasing Self-Adhesive Resin Cement and Conventional Self-
Adhesive Resin Cement: An In-Vitro Study

Heba M. Sabry', Yasser F. Gomaa’, Asmaa Abdel-Hakeem Metwally’

Aim: To investigate the ion release and antibacterial activity of calcium-fluoride releasing self-adhesive resin cement and
conventional self-adhesive resin cement.

Materials and methods: Forty specimens were prepared and divided into two groups according to the cement type: (Group I)
calcium-fluoride releasing self-adhesive resin cement (TheraCem®) and (Group II) conventional self-adhesive resin cement (Nova
Resin). Each group was separated into 2 subgroups; According to the type of test that were performed: subgroup for ion release
assessment of fluoride, calcium and phosphorus (n= 10) and subgroup for Antibacterial assessment against Streptococcus Mutans
(n=10). A direct contact test was carried out to assess bacterial growth. Calcium and phosphorus ions were analyzed using inductively
coupled plasma mass spectrometry (ICP-MS) whereas fluoride ions release was analyzed by ion chromatography (I C). Data was
collected and IBM SPSS Statistics for Windows, Version 23.0 used for analysis. using the student’s 7-test, Two-Way ANOVA test
and Spearman’s correlation coefficient. The significance level was set at P < 0.05.

Results: For ion release test, Group I showed statistically significant higher mean F, Ca and P ion release than Group II (P <0.001).
For antibacterial activity test, Group II exhibited a statistically significant difference in mean bacterial count when compared to
Group L. (P <0.001).

Conclusion: calcium- fluoride releasing self-adhesive resin cement (TheraCem®) has more antibacterial properties than
conventional self-adhesive resin cement (Nova Resin) since it releases calcium, phosphorus and fluoride ions.
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Introduction

Since cements function as sealing
agents along the finishing lines of prepared
abutments for fixed partial dentures,
improper cementation can lead to
microleakage of oral fluid, potentially
causing bacterial complications and the
formation of secondary caries.!

Researchers have found substantial
evidence that fluoride, phosphorus and
calcium can prevent cavities. Thus,
embedding antibacterial properties in dental
adhesives can improve the remineralization
process and suppress the growth and activity
of microorganisms linked to caries at the
tooth-restoration interface.!

All fluoridated adhesives will aid in
preventing demineralization and enhancing
remineralization if they continue to release
fluoride 2. Even a small quantity of fluoride
delivered continually around the tooth can
minimize demineralization of the tooth's
tissue.’

Deionized water is regarded as a more
specific medium than artificial saliva and
other acidic media for assessing the release of
Ca and F ions from the examined cement
samples.!

A micro gap between the prepared
tooth margin and fixed prostheses allows
plaque deposition and cariogenic bacterial
colonization, resulting in secondary caries *
.Streptococcus Mutans were selected as it is
the primary causative agent for dental caries,
which remains one of the most prevalent
diseases affecting humans. Additionally,
Streptococcus Mutans is routinely employed
in assessing the antibacterial efficacy of
restorative materials.’

As a result, the goal of this research
was to evaluate fluoride, calcium and
phosphorus ions and antibacterial activity of
two self-adhesive resin cements.
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Materials and Methods
Specimens’ preparation

Forty disc-shaped samples of the two
resin cement (n =20) were constructed by
filling a split teflon mold (6 mm height x 4
mm diameter) for Ion Release test in
accordance with Nicholson, et al.2021° and
(3 mm height x 6 mm diameter) for Direct
contact test for antibacterial activity
following Gao , et al.2023 6. After application
of separating medium using disposable tips
until the mold is filled.

After placement of the cement in the
mold, Mylar matrix strips were placed on the
top of the specimen to obtain a smooth
surface. The recommended time for curing
resin cement following the manufacturer’s
instructions was 20 seconds. All specimens
were removed from the mold after setting and
finished with finishing strips.

Study design and sample grouping

Samples, were divided into two major
groups based on the cement being tested:
(Group I) Calcium-Fluoride Releasing Self-
Adhesive resin cement (TheraCem®) and
(Group II) Conventional Self-adhesive resin
cement (Nova Resin). Materials
manufacturer, Composition, brand name and
lot number were represented in (Table 1).
samples were divided into two subgroups in
relation to the type of test that were
performed: Ion Release Test (n=10),
Antibacterial Test (n=10).

Ion Release Test

Ten specimens for each resin cement were
prepared and a nylon thread was inserted into
each cement specimen during setting. After
final setting, each specimen individually was
immersed and suspended vertically by nylon
thread in centrifuge tubes filled with 20 mL
of deionized water following Nicholson, et
al.2021°. This procedure is repeated at
different periods (1, 14 and 28 days).
Afterwards, stored samples were gathered



and analyzed using Inductively coupled
plasma mass spectrometry (ICP-MS) for
Calcium and Phosphorus ions and Ion
chromatography (IC) for Fluoride ions

Table 1: Materials composition and their
Manufacturer
Material Composition Manufacturer | Lot Trade
Name Number Name
Self- Powder: Calcium Imicryl, 23A343 Nova Resin
Adhesive Aluminum Konya,
Resin Fluorosilicate, Barium | Turkey
Cement Oxide, Zinc Oxide.
(Nova Liquid: Polyacrylic
Resin) Acid, Acid itaconic,
Acid Copolymer Aqua
Solution, Tartaric
Acid, Paraban,
Deionized Water.
Self- Calcium Base (Filler) BISCO, 2300111767 | Theracem
Adhesive 20-50% Schaumburg,
Resin Glass (Filler) 30 - 50% | U.S.A.
Cement Dimethacrylates 20 —

(Theracem) | 50%

10
methacryloyloxydecyl
di-hydrogen phosphate
(MDP) Ytterbium
Fluoride 5 - 15%
Amorphous Silica 1 —
5% Initiator 1 -10%

Deionized Ultra-Pure Water B - 4800 OMBO080 BIO -
water. DNase / RNase - Free | verviers, CHEM
Deionized Water Belgi
Direct contact test for antibacterial

activity

Following Demirel, et al.2019 7,
Streptococcus Mutans (Strain SG - 1,
accession: PP412038), provided by Assiut
University Mycological Centre (AUMC),
was used in this investigation. Each disc of
the cement was put into a test tube filled
with 20uL bacterial suspension (1.2x10
$CFU/ml) and placed above each sample.
The tube was then incubated vertically.
During incubation, the evaporation of the
suspension liquid provides those bacteria
had direct contact with the examined
substance. Then 3ml of tryptic soy broth
was added to each tube and stirred for a
few minutes. After 48 hours of incubation
at 37°C, colonies were recorded and
CFU/mL calculated.
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Statistical analysis

The numerical data was provided
as means and standard deviations (SD).
The U test was used for comparison
between two groups. A Two-Way
ANOVA test was utilized to evaluate the
influence of material type, time and
interactions on mean ion release.
Significance was set at P < 0.05.

Results
Ion Release
Fluoride (F)

As general data revealed, Group II
showed statistically significantly lower mean
F ion release than Group I (P < 0.05).

Regarding (Group I), there was a
statistically significant change in mean F ion
release by time. Pair-wise comparisons
revealed that there was a statistically
significant increase in mean F ion release at
one day (1492 =+ 1.6) followed by a
statistically significant decrease in mean F
ion release after 14 days (5.9 £ 0.3) then there
is non-statistically significant change in mean
F ion release after 28 days (7.7 £ 1.6)

Regarding (Group II) there was a
statistically significant increase in mean F ion
release at one day (51.9 + 1.4) followed by a
statistically significant decrease in mean F
ion release after 14 days (11.4 £+ 0.9) followed
by a statistically significant increase in mean
F ion release after 28 days (17.8 = 1.9).

Calcium (Ca)

Regarding (Group I) there was a
statistically significant change in mean Ca
ion release by time. Pair-wise comparisons
revealed that there was a statistically
significant increase in mean Ca ion release at
one day (339 + 04) followed by a
statistically significant decrease in mean Ca
ion release from 14 days (3.2 £ 0.6) to 28
days (4.4 +0.3).

Regarding (Group II) there was a statistically
significant change in mean Ca ion release by



time. Pair-wise comparisons revealed that
there was a statistically significant increase in
mean Ca ion release at one day (36.4 = 1.9)
followed by a statistically significant
decrease in mean Ca ion release from 14 days
(1.5+0.3) to 28 days (2 £ 0.6).

Phosphorus (P)

Group 1 showed statistically
significant change in mean P ion release by
time. Pair-wise comparisons revealed a
statistically significant increase in mean P ion
release at one day (127 + 1.4) followed by a
significant decrease in mean P ion release
after 14 days (16.8 £1.9) and 28 days (7.8
+0.9).

Moreover, group II revealed a
statistically significant change in mean P ion
release by time. Pair-wise comparisons
revealed that there was a statistically
significant increase in mean P ion release at
one day (64.7 = 2) followed by a statistically
significant decrease in mean F ion release
after 14 days (23.7 £ 1.9) However, the mean
P ion release after 28 days (26.6+ 1.5)
showed statistically significant higher value
compared to 14 days (Table 2) (Figure 1).

lon Release
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Figure 1: Column chart represents mean and SD
values for F, Ca and P ion release on different time
intervals
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Table 2: Mean and standard deviation (SD) values
of F, Ca and P ion release at different time intervals.

Time F ion Caion Pion

Interval

(Day/s) | Mean | SD | Mean | SD | Mean | SD
Group | 1 1585 [ 15[ 199 [19 [ 2427 ] 19
I 14 2441 | 17 1309 [ 14 | 1741 | 19

28 167.5 14 | 27.7 1.8 | 2139 | 1.9
Group | 1 140.3 1.5 10.2 1.8 146.3 1.3
II 14 2116 | 1.6 | 11.1 1.1 | 1323 | 1.8

28 1716 | 19 | 217 12 [ 1443 [ 19

Results of Antibacterial activity

Group II showed statistically significant
higher mean bacterial counts (6.26 + 0.46)
than Group I (1.94 + 0.32) (Figure 2).

Nova TheraCem

Figure 2: Column chart represents mean and SD
values for bacterial counts in the two groups.

Correlation between Ca, F and P ion
release and bacterial counts

There was no statistically significant
correlation between Ca, F, P ion release and
bacterial counts at all observation periods
except after one day where there was a
statistically significant inverse (negative)
correlation between F 1ion release and
bacterial counts (Correlation coefficient = -
0.715, P <0.001). An increase in F ion release
after one day is associated with a decrease in
bacterial counts and vice versa (Table 3)
Figure (3).
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Table 3: Descriptive statistics and results of In the current study, we utilized

Spearman’s correlation .coefﬁcient for correlatif)n calcium-fluoride releasing resin cement

lc)sflv;f:n Ca, F and P ion release and bacterial (TheraCem) that has been claimed to

Ton Time Correlation | P-value generate crystalline calcium hydroxide,
(day) coefficient (p) potentially strengthening the mechanical

Ca 1 -0.051 0.830 interaction between the cement and dentin.
14 -0.365 0.113 It has antibacterial properties and may
28 -0.362 0.116 release Ca and F ions, which help

F 1 0.715 <0.001* remineralize tooth structures. As a result, it
1 0 1 is deemed a bioactive substance, Tavangar
> 0356 TREE et al., 2022.'% and Youssef et al., 2023. !

b ; 0398 0% TheraCem is a self-adhesive resin
o 503 0570 cement featuring Ca’ and phpsphate ioqs
= Yo 5 qutafa et al., 2021..12. Their release is

reliant on the filler given by the cement;

%o 7 7 . . .
+ Significant at P < 0.05 therefore, the existence of this element is

related to the cement's major components
: = and the fluoride ion. All these ions
. - contribute to the remineralization process ,
Zahra’a et al., 2021."

Inductively coupled plasma mass
spectrometry (ICP-MS) is a potent chemical
analysis instrument that employs plasma to
ionize materials, allowing them to achieve

CFU
i

= % % greater accuracy and sensitivity in detecting
| ° ions in biological samples without requiring
- - - - - — - complicated sample preparation, Moirana et
F ion release al.’2021.14
Figure 3: Scatter diagram representing inverse The ion chromatography (IC)
correlation between ions release and bacterial method was preferred over gas
counts . .
chromatography and ion-selective
. . electrodes because it can detect free fluoride
Discussion

ions and monitor low levels of fluoride,
which other approaches cannot Aparajitha et
al., 2021. 15

Deionized water was chosen as a
medium in our research because it is widely
accessible and efficiently exhibits fluoride
release from materials without the
interference of minerals or organic
molecules observed in other solutions. It is
one of the most specific ways to estimate
fluoride emission from dental materials.
Additionally, more fluoride is emitted in
deionized water than in artificial saliva, Al
samollyet al.,2021.'¢

Self-adhesive cement has received a
broad appeal due to its reduced working
time. Currently, various adhesive cements
offer optimum adhesion and uniform film
thickness, Roesch-Ramos et al., 2022.%
Calcium-fluoride-releasing  self-adhesive
resin cement is considered a superior type of
resin cement due to their ability to release
ions like Ca, F and P. This ion release
property has various positive consequences,
including inhibition of  bacterial
development, remineralizing tooth structure,
and reducing secondary caries formation,
Conti et al. 2023.°
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This study revealed that after one
day of immersion in deionized water, Group
IT had a statistically significant lower mean
F ion release than group 1. After 14 and 28
days, group II demonstrated statistically
significantly greater mean F ion release than
group I. This finding is consistent with
Raafat et al., 2018."7, who discovered that
extended contact with the storage media
increases fluoride ion escaping through
cement pores and fractures.

Our findings demonstrated that there
was a statistically significant increase in
mean Ca ion release after 14 days, followed
by a statistically significant reduction after
28 days. However, the mean Ca ion release
after 28 days showed a statistically
significant higher value than the one-day
amount of Ca ion release, suggesting that
theracem's high calcium ion release may be
therapeutic for the pulp, as calcium may
promote growth factor-mediated deposition
of pulpal dentin Huang et al.,2020.'®

In this research, we apply the direct
contact test, which is a quantitative approach
for assessing the influence of direct contact
between the material and bacteria on
microbial survival in a standardized vitro
environment. This test is useful since it is not
impacted by the cement's diffusivity or
dissolution, allowing it to overcome some of
the drawbacks of the agar diffusion method
Kato et al., 2023.1°

The most prevalent cause of failure
in fixed dental restorations is secondary
caries along the margins AlSahafi et al.,
2020.% Streptococcus Mutans got selected
as the test microorganism because it causes
secondary caries. Streptococcus Mutans
have been used in various studies to evaluate
the antibacterial characteristics of dental
materials Demirel, et al., 2019.2" and Kar et
al., 2021.%2

The current study's results against
Streptococcus Mutans employing a direct
contact test revealed that group I (Theracem
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)had higher antibacterial activity compared
to group II (Nova resin).

Group I (TheraCem) had a
statistically significant higher mean F ion
release compared to group II (Nova resin).
As stated by Gamal et al., 2024.! the
fluoride content of restorative materials
could be related to their antibacterial
activity. Numerous studies have revealed
that fluoride ions are effective as well as
helpful in preventing and managing caries at
particular doses. Fluoride suppresses the
growth of oral streptococci in vitro.

The current study's antibacterial
results against Streptococcus Mutans
are in line with the study of Lila-Krasniqi et
al., 2022.2, who discovered that group I
(Theracem) has antibacterial properties
against Streptococcus Mutans and plaque
development, as well as protecting
properties for secondary caries, which are
primarily owing to continuous fluoride
releasing effect.

In line with Auginaiteé, et al., 2023.4,
the anticariogenic effect of fluoride is well
established because of their capacity to
remineralize tooth structure. Fluoride may
potentially interfere with Streptococcus
Mutans' metabolic function. Fluoride
inhibits bacterial enolase. Fluoride prevents
bacterial growth and acid production by
interfering with their metabolism.

Conclusion

Within the limitations of this study, we can
conclude that:

1. Calcium - fluoride releasing self-
adhesive resin cement (TheraCem®) has
antibacterial  activities  greater  than
conventional self-adhesive resin cement
(Nova Resin).

2. Greater quantities of calcium,
phosphorus, and fluoride ions are released
by calcium-fluoride releasing self-adhesive
resin cement (TheraCem®), particularly
during the early stages of immersion.
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