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ABSTRACT
Comparison of Antibacterial Effects of Pulp Capping Materials

Background: The aim of this study is to evaluate the antibacterial
effects of six different pulp capping materials on Streptococcus
mutans, Lactobacillus acidophilus and Enterococcus faecalis
bacteria in different time periods.

Methods: In our study, the antibacterial effects of TheraCal LC
(BISCO Inc., USA), Dycal (Dentsply Tulsa Dental, USA),
Biodentine (Septodont, France), Calcimol LC (Voco GmbH,
Germany), Activa (Pulpdent Corporation, USA) and MTA Angelus
(Angelus, Brazil) were tested against strains of S. mutans (ATCC
25175), L. acidophilus (RSKK 03037) and E. faecalis (ATCC
29212) using the disk diffusion method. Each of the materials
was hardened in standard, 5 mm diameter, hollow sterile discs
prepared beforehand in line with the manufacturer's
recommendations. The materials extracted from the discs were
placed in sterile sample containers. The materials placed in the
sample containers were disinfected under UV light device for 20
minutes. The materials were placed in petri dishes containing the
study isolates that were inoculated into the media at 2.5-3 cm
intervals and homogeneously distributed. The same procedures
were repeated for each microorganism in 10 separate petri
dishes. The inhibition zone diameters around the discs that were
left to incubate for 24-48 hours at 37°C were measured in
millimeters. Statistical analysis of the data was performed using
one-way analysis of variance (One Way ANOVA), Kolmogorov-
Smirnow, Levene tests and Bonferroni tests.

Results: At the end of the study, the tested materials showed a
statistically significant antibacterial effect on all bacterial strains
used (p <0.05). MTA Angelus material showed the highest effect
on all three bacterial groups compared to other pulp capping
materials. Calcimol LC agent had the greatest effect on L.
acidophilus, while other agents used in the study showed the
greatest effect on S. mutans. The antibacterial effect of all pulp
capping materials used in the study was found to be higher at the
end of the 48th hour than at the end of the 24th hour, but there
was no statistically significant difference (p> 0.05).

Conclusion: We think that the antibacterial effect of pulp capping
agents against S. mutans L. acidophilus E. faecalis bacteria,
which is involved in the formation and development mechanism
of caries, will contribute to the preservation of pulp vitality.
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Pulpa Kaplama Materyallerinin  Antibakteriyel Etkilerinin
Karsilagtirimasi

Amag: Bu calismanin amaci, alti farkl pulpa kaplama materyalinin,
farkl zaman dilimlerinde Streptococcus mutans, Lactobacillus
acidophilus ve Enterococcus faecalis bakterileri Uzerindeki
antibakteriyel etkilerini degerlendirmektir.

Gerec ve Yontemler: Calismamizda TheraCal LC (BISCO Inc.,
ABD) Dycal (Dentsply Tulsa Dental, ABD) Biodentine (Septodont,
Fransa) Calcimol LC (Voco GmbH, Almanya) Activa (Pulpdent
Corporation, ABD) ve MTA Angelus (Angelus.Brazil)
materyallerinin antibakteriyel etkileri, disk diflizyon yéntemi ile S.
mutans (ATCC 25175) L. acidophilus (RSKK 03037) ve E. faecalis
(ATCC 29212) suslari kullanilarak degerlendirildi. Materyallerin her
biri, Ureticinin 6nerileri dogrultusunda &énceden hazirlanmig
standart 5 mm c¢apinda i¢i bog steril disklerde sertlestirildi.
Disklerden cikarilan materyaller sterii numune kaplarina
yerlestirildi. Numune kaplarina konulan malzemeler UV isik cihazi
altinda 20 dakika sureyle dezenfekte edilerek, 2.5-3 cm araliklarla
inokule edilen ve homojen olarak dagitilan calisma izolatlarini
iceren petri kaplarina vyerlestirildi. Ayni islemler 10 ayn petri
kabinda her bir mikroorganizma icin tekrarlandi. 24-48 saat
37°C'de inkubasyona birakilan disklerin etrafindaki inhibisyon zon
caplan milimetre olarak o6lculdu. Verilerin istatistiksel analizi, tek
yonli varyans analizi (One Way ANOVA), Kolmogorov-Smirnow
Levene testleri ve Bonferroni testleri kullanilarak yapild.

Bulgular: Calismanin sonunda, test edilen materyaller, kullanilan
tim bakteri suslan Uzerinde istatistiksel olarak anlamh bir
antibakteriyel etki gdsterdi (p <0.05). MTA Angelus materyali,
diger pulpa kaplama materyalleri ile karsilastinidiinda her Ug¢
bakteri grubu Uzerinde en ylksek etkiyi gdstermigtir. Calsimol LC
ajani L. acidophilus UGzerinde en buylk etkiyi gdsterirken,
calismada kullanilan diger ajanlar en blylk etkiyi S. mutans
Uzerinde gostermistir. Calismada kullanilan tim pulpa kaplama
materyallerinin antibakteriyel etkisi 48. saat sonunda 24. saat
sonuna goére daha yuksek bulundu ancak istatistiksel olarak
anlamli bir fark yoktu (p> 0.05).

Sonug: Curlklerin olusum ve gelisme mekanizmasinda yer alan S.
mutans, L. acidophilus, E. faecalis bakterilerine karsi pulpa
kaplama ajanlarinin antibakteriyel etkili géstermesinin pulpa
canliiginin korunmasina katki saglayacagini distinmekteyiz.

ANAHTAR KELIMELER
Antibakteriyel etki, Disk diflizyon yéntemi, Pulpa kaplama ajanlari

Vital pulp treatment is a treatment that aims to preserve
the pulp that has been damaged due to deep caries,

trauma or restorative procedures but has not lost its
vitality and to maintain the vitality of the pulp. Covering
the remineralizable decalcified dentin tissue with a
biocompatible material and stimulating tertiary dentin

production are frequently performed treatment
procedures in dentistry in asymptomatic teeth with the

risk of pulp exposure during the removal of caries.'?

It is stated that vital pulp treatments can be applied to
reversible or partially inflamed teeth. Careful evaluation

of the pulp condition is extremely important in the
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success of the treatment.* Sensitivity and pain tests
and radiographic diagnosis can be a good indicator of
the condition of the pulp. In vital pulp treatments, an
adequate blood supply and a healthy periodontium are
required to maintain the viability of the pulp. In
addition, bleeding control, following disinfection
protocols and covering with an appropriate pulp
capping agent are other success criteria.®

Caries occur as a result of degradation of the dental
biofilm layer by acidogenic and aciduric bacteria.
Therefore, by reducing the number of bacteria and
their activities, it is expected to restore ecological and
metabolic balance, promote remineralization and stop
the progression of the carious lesion.®

Streptococcus mutans, Lactobacillus acidophilus and
Enterococcus faecalis bacteria are blamed for tooth
decay. Streptococcus mutans, which are frequently
observed in the oral flora, are shown as the main factor
in the onset of tooth decay.”® The high number of
decayed teeth is explained by the fact that it is
acidogenic and aciduric.® Lactobacillus acidophilus,
which ferment sugars into lactic acid, are gram positive
bacteria. Although these bacteria are detected in quite
a large number of patients with active tooth decay,
they are not solely responsible for the onset of decay
since they are not among the first colonized bacteria.
However, it is shown as the main factor in the
progression of caries.'™ ' Enterococcus faecalis, a
facultative anaerobe, are gram (+) streptococci.
Enterococcus faecalis are bacteria frequently observed
in the secondary infection of endodontically treated
teeth.

In vital pulp treatments, it is aimed to prevent the
progression of caries and the re-activation of the caries
left in the cavity. First of all, the relationship between
decay and oral environment should be cut. Then, the
infected dentin tissue should be removed and the
number of microorganisms should be reduced. Finally,
caries progression should be prevented with
biocompatible and kariostatic filling material."

Various pulp capping agents are preferred in these
treatments. The Dycal pulp capping agent used in our
study is calcium hydroxide material used as a
protective lining under restorative dental materials,
cements and other base materials, as well as used
directly and indirectly in filling the canal. It has
advantages such as providing radiopacity, fast and
easy mixing, resistance to acids and stimulation of
secondary dentin formation.'

TheraCal LC light-cured, resin-modified calcium
silicate filler liner; it has been developed as a protective
base material under the composite, amalgam and
cements with direct and indirect pulp capping. It
consists of a mineral part containing calcium oxide,
calcium silicate, strontium, silica, barium sulfate and
barium zirconate, and a resin part containing Bis-GMA

and polydimethacrylate. TheraCal LC provides
significant calcium release. TheraCal LC acts as an
insulating / barrier and protector for the pulp complex.'®

The powder structure of the Biodentin material, which is
our other pulp capping agent used in the study,
consists of tricalcium silicate, dicalcium silicate, calcium
oxide, calcium carbonate and zirconium oxide providing
radiopacity. Tricalcium silicate is the main ingredient,
dicalcium silicate is the second main ingredient. It is a
biocompatible and bioactive material used in dentin
destruction. It provides superior sealing by completely
replacing dentine in both crown and root.'®

Calcimol LC is a light-curing, radiopaque, one-
component material. It contains urethane
dimethacrylate resin, calcium dihydroxide and

TEGDMA. It can be used as a base under indirect pulp
capping and all filling materials."”

Activa material contains zirconia, CAD/CAM, lithium
disilicate and glass ceramic particles. It forms mineral
apatite crystals at the tooth interface and acts as a
barrier against microleakage, which is the main cause
of secondary caries.™

MTA Angelus, main components; tricalcium silicate,
tricalcium aluminate, tricalcium oxide and silicate oxide.
It is indicated in cases of root canal lateral and furcation
perforation, internal resorption, retrograde canal filling,
pulp covering, and pulpotomy for incomplete teeth.'®

Many different study methods are used in studies where
antibacterial effects are evaluated. Although disc and pit
agar diffusion methods, E-Test and dilution tests,
automated and molecular studies are among the
methods used, disk diffusion method is often preferred
because of its low cost, ease of application and the
opportunity to compare more than one material at the
same time.®

The aim of this study is to evaluate the antibacterial
activities of six different pulp coating agents (TheraCal
LC, Dycal, Biodentine, Calcimol LC, Activa, MTA
Angelus) against S. mutans, L. acidophilus and E.
faecalis bacterial strains that are effective in caries
formation mechanism.

MATERIALS AND METHODS
Pulp Capping Agents Used in the Study
Table 1.

Materials tested for antibacterial activities in the study

TheraCal LC BISCO Inc., USA 1900000716
Dycal Dentsply Tulsa Dental, USA 27425
Biodentine Septodont, France B22596
Calcimol LC Voco GmbH, Germany 1848310
Activa Pulpdent Corporation, USA 180530
MTA Angelus Angelus, Brazil 43956
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Supply and Preparation of Microorganisms

Our study was carried out in Ankara University
Faculty of Medicine, Department of Microbiology. The
microorganisms used were obtained from Ankara
Refik Saydam Hygiene Center. In this study,
standard, lyophilized, E. faecalis (ATCC 29212), S.
mutans (ATCC 25175), L. acidophilus (RSKK 03037)
strains were homogenized with 5 ml physiological salt
solution (PSS). It was inoculated in BHI (Brain-Heart
Infusion) broth for E. faecalis and S. mutans strains,
and MRS Broth (Man, Ragosa & Sharpe) for L.
acidophilus strain. It was left to incubate for 24-48
hours in an oven (Heraeus, Germany) with CO2 at
37°C. After 48 hours, the bacteria whose growth was
controlled by Gram stain were passaged on BHI agar
and MRS agar solid media. Then, it was kept in an
oven with CO2 at 37°C for 24 hours. After the
incubation, bacterial colonies that were found to be
grown at sufficient levels were taken with sterile
swabs and bacterial suspensions were prepared in 3
ml PSS and 0.5 McFarland turbidity (1.5x108 CFU /
ml). 100 wul of bacteria suspension from these
solutions mixed with Vortex device (Biosan SIA,
Latvia) was spread on all surfaces of BHIA (Brain-
Heart Infusion Agar) and MRS broth agar solid plates
with sterile swabs.

Preparation of Samples

Standard hollow Teflon molds with a diameter of 5
mm and a height of 2 mm were used in our study.
The pulp capping materials of TheraCal LC, Dycal,
Biodentine, Calcimol LC, Activa and MTA Angelus
were placed into the hollow Teflon molds individually
and hardened in accordance with the manufacturer's
recommendations. The materials were placed on
petri dishes where microorganisms were cultivated at
2.5-3 cm intervals. The same procedures were
repeated for each microorganism in 10 separate petri
dishes. After the procedures were completed, it was
kept in an oven with 5% CO2 for 24-48 hours at 37 ° C
to reproduce the bacteria in the plaques.

Measuring Zone Diameters

The plates taken out of the oven were checked for
reproduction. The diameter of inhibition around the
discs was evaluated at 24 and 48 hours by measuring
with a millimeter inhibition zone scale. Measurements
were made from the two outermost points of the
inhibition ring formed around the disc. In order to
evaluate the results effectively, inhibition zone
diameters in millimeters were recorded by 2 different
physicians.

Statistical Analysis

In this study, mean and standard deviation were
given as descriptive statistics, and the conformity of

continuous variables to the assumption of normality
distribution was evaluated by Kolmogorov-Smirnow

Test and homogeneity by Levene Tests. One-way
analysis of variance (One Way ANOVA), which is
one of the parametric analysis tests, was used to
compare the differences between the means of
independent groups, and the Bonferroni Test for
multiple comparisons between groups. 0.05 was
used as the significance level while interpreting the
results; it was stated that there is a significant
difference when p<0.05, and there is no significant
difference if p>0.05.

RESULTS

In our study, it was aimed to compare the
antibacterial efficacy of six different pulp capping
agents using disk diffusion method at 24 and 48
hours. The placement scheme of the pulp capping
agents used in the study and the expansions of the
abbreviations are shown in Figure 1.

ABBREVIATIONS EXPANSIONS
T TheraCal LC

D Dycal

Bi Biodentine
S Calcimal LC
A Activa

MTA Angelus

Figure 1

Placement scheme of pulp capping agents and explanation of

abbreviations
The pulp capping materials used in the study,
TheraCal LC, Dycal, Biodentine, Calcimol LC, Activa
and MTA Angelus, were found to be significantly
effective for all three bacteria. The average and
standard deviation values of the inhibition zone
diameters of the pulp capping agents at 24 and 48
hours are shown in Table 2.

Table 2.

Average and standard deviation values of inhibition
zone diameters of pulp capping materials at 24 and
48 hours (n = 10)

24 970= 9=+ 730+ 620+ 680+ 1050+
hours 0,423 0,558 0,153 0,133 0,389 0342
S. mutans
48 980% 910+  740% 630 690+ 1060
hours 0,389 0,526 0,163 0,153 0379 0371
24 880+ 780+  670=  650% 640+  9,80=
hours 0,327 0,359 0,213 0,167 0,163 0,200
EEETIINE 8,90 + 7,90 = 6,80 + 660+ 650+ 990
hours 0,348 0379 0,200 0,163 0,167 0,233
24 850+ 760+ 660 620 610+  940=
hours 0,401 0,306 0,221 0,133 0,100 0,221
E. faecalis
48 860  770=  670= 630  620% 950
hours 0,400 0,335 0,260 0,153 0,133 0,224

It was observed that the size of the zone diameter
formed by the materials applied on Streptococcus
mutans bacteria at 24 and 48 hours were
respectively MTA Angelus, TheraCal LC, Dycal,
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Biodentine, Activa and Calcimol.

It was observed that the size of the zone diameter
formed by the materials applied on Lactobacillus
acidophilus and Enterococcus faecalis bacteria at 24
and 48 hours were respectively MTA Angelus, TheraCal
LC, Dycal, Biodentine, Calcimol and Activa.

The inhibition zone diameters of the pulp capping
materials used in the study on S. mutans, L.

acidophilus and E. faecalis bacteria strains at the 24th
hour are shown in Figure 2, and the inhibition zone
diameters they formed at the 48th hour are shown in
Figure 3.

S. Mutans L. Acidophilus E. Faecalis

Figure 2

Inhibition zone diameters formed by the materials used in the 24th hour

S. Mutans E. Faecalis

L. Acidophilus

Figure 3

Inhibition zone diameters formed by the materials used at the 48th hour

Comparison of Antibacterial Activities of Pulp Capping
Agents According to Different Time Sections

When the antibacterial effects of pulp capping agents
on S. Mutans were examined, it was seen that all
agents were significantly effective. In paired
comparisons, no statistically significant difference was
found when TheraCal LC was compared with Dycal
(p>0.05) and MTA Angelus (p>0.05) at the end of 24th
and 48th hours. When Biodentine was compared with
Calcimol LC (p>0.05) and Activa (p>0.05) at the end
of 24th and 48th hours, there was no statistically
significant difference. However, a statistically significant
difference was found with other pulp capping agents
(p<0.05).

When the antibacterial effects on L. acidophilus and E.
faecalis were examined, it was observed that all pulp
capping agents were significantly effective. In paired
comparisons, there was no statistically significant
difference when the TheraCal LC was compared with
Dycal (p>0.05) and MTA Angelus (p>0.05) at the end

of 24th and 48th hours, while the comparison of Dycal
agent with MTA Angelus (p<0.05) showed a statistically
significant difference. difference was seen. When
Biodentine was compared with Calcimol LC (p>0.05)
and Activa (p>0.05) at the end of 24th and 48th hours,
there was no statistically significant difference.
However, a statistically significant difference was found
with other pulp capping agents (p<0.05).

Comparison of Antibacterial Activities of the Same Pulp
Capping Agent According to Different Time Sections

The effect of all pulp capping agents used in the study
on Streptococcus mutans, Lactobacillus acidophilus
and Enterococcus faecalis bacteria at the end of the
48th hour was found to be more than the effect they
exhibited at the end of the 24th hour. However, when
the time periods were compared statistically, no
significant difference was found (p>0.05).

Comparison of Antibacterial Activities of Pulp Capping
Agents Applied in the Same Time Period According to
Different Bacteria

The applied TheraCal LC, Dycal, Biodentine, Activa and
MTA Angelus were found to have the greatest effect on
Streptococcus mutans bacteria both at 24th and 48th
hours. It was observed that Lactobacillus acidophilus
and Enterococcus faecalis followed respectively.
Calcimol LC material showed the greatest effect on
Streptococcus mutans bacteria both at 24th and 48th
hours, while its effectiveness was observed on
Enterococcus faecalis and Lactobacillus acidophilus
bacteria, respectively.

DISCUSSION

Microorganisms are considered as primary etiological
factors in endodontic and restorative diseases.
Protecting pulp with a correct and effective pulp
capping material is very important for the continuation
of pulpal vitality.? Therefore, Streptococcus mutans,
which is considered to initiate enamel caries,
Lactobacillus acidophilus, which is responsible for the
progression and development of caries, and
Enterococcus faecalis bacteria strains, which are the
most common bacteria in intra-canal infections, were
used in our study.

Pulp can be exposed mechanically during tooth
preparation or in traumatic injuries with the formation of
caries. In order to maintain the vitality of the exposed
pulp and the function of the tooth in the mouth, vital
pulp treatments gain importance. Pulp capping
treatment, which is the most applied vital pulp
treatment procedure, is a form of treatment in which the
tissue is covered with therapeutic materials in order to
protect the exposed vital pulp tissue against thermal,
chemical and harmful stimuli.??> The purpose of pulp
capping treatment is to maintain the vitality of the tooth
in the mouth by facilitating the formation of reparative
dentin in order to preserve pulp vitality and health.?
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The frequently preferred pulp capping materials
TheraCal LC, Dycal, Biodentine, Calcimol LC, Activa
and MTA Angelus were used in our study.

TheraCal LC is a visible light curing resin modified
calcium silicate based pulp capping material. It shows
good bonding with dentin and resin-containing
restorative materials. The release of hydroxyl ions (OH-)
from the material creates an alkaline environment that
prevents bacteria from living and reproducing. In
addition, it increases the pH of the environment and
causes irritation of the pulp tissue. Superficial necrosis
develops on the exposed pulp and mineralization is
stimulated against the necrotic area.?*2®

Dycal is a self-hardening, radiopaque calcium hydroxide
based material used in direct and indirect capping
treatments.?® It is accepted that the antibacterial
property of calcium hydroxide is formed by its
separation into calcium and hydroxyl ions in an
aqueous environment. Hydroxyl ions create an alkaline
pH environment unfavorable for the survival of bacteria
in the cavity, causing damage to the bacterial
cytoplasmic membrane and bacterial DNA, and
denaturation of bacterial proteins.?

The high pH of the MTA is attributed to the continuous
release of calcium and the formation of calcium
hydroxide®®? |t is thought that the antibacterial effect of
MTA is due to its high pH value and its ability to diffuse
well into the environment.*®* While MTA has an
antibacterial effect against some facultative bacteria, it
has been observed that it is ineffective against
anaerobic bacteria. It has also been reported to be
effective in preventing bacterial leakage.®'

Calcimol LC, another agent used in the study, is a pulp
capping material that releases calcium with light curing
resin. In addition to having an antibacterial effect,
calcium hydroxide in its structure induces dentin
remineralization and alkaline pH formation.3?

Biodentine has been developed to improve some
properties of MTA such as long hardening time and
clinical application difficulty. The pH value of Biodentine
increases up to approximately 12.5 thanks to the
calcium hydroxide released during the hardening
reaction. Due to this alkaline pH value, it has been
found that it shows antibacterial properties by
preventing the growth of microorganisms.3334

Activa material, developed as a combination of the
aesthetic and high physical properties of composites, is
a bioactive material. Since it contains resin-modified
glass ionomer, it can release fluorine and phosphate
ions and can be recharged. Changes in calcium and
fluoride ions provide a superior antimicrobial activity.35-%

Farrugia et al. found in their antimicrobial studies that
TheraCal LC showed more antibacterial effects than
Biodentine. Erfanparast et al. compared the

effectiveness of TheraCal LC and MTA materials in
direct pulp capping in their study on primary molar
teeth of 46 healthy children aged 5-7 years. After 6
and 12 months of follow-up, TheraCal LC was
found close to the MTA material with a 91.8%
success rate.®® Poggio et al. in their studies
comparing the antibacterial effects of pulp capping
agents, they stated that TheraCal LC inhibits
mutans more than Biodentine.®®

Bagis et al. found that Dycal material was more
effective on mutans than Calcimol LC in their study,
where they examined the antibacterial effects of
four different calcium hydroxide-containing pastes.
In addition, they stated that the effect seen at the
48th hour was greater than the effect at the 24th
hour. The result of this study supports our study.*

Fathy et al. in their study examining the
antibacterial effect of Biodentine and TheraCal LC
materials on Streptococcus mutans, reported that
both materials showed antibacterial effects on S.
mutans, but Biodentin was more effective*'

EIReash et al. stated that Activa material showed
more antimicrobial effect on Enterococcus faecalis
bacteria than Streptococcus mutans in their
studies. This suggests that ions released from
resin-based materials may affect the antimicrobial
potential in direct proportion to the decrease in pH
levels.*

Eldeniz et al. in their study examining the
antibacterial effects of pulp capping materials, they
reported that MTA has more antibacterial effect at
the end of the 24th hour compared to other
materials.** Hezaimi et al. in their studies
investigating the antibacterial effects of gray-
colored MTA and white-colored MTA on
Enterococcus faecalis and Streptococcus sangius
bacteria, they reported that the gray-colored MTA
had more antibacterial effects on Enterococcus
faecalis and that the effect increased in direct
proportion to the increase in concentration.* Luczaj
et al. evaluated the antibacterial effects of MTA
Angelus material on streptococcus species,
especially Streptococcus mutans, and it was
determined that it showed an antibacterial effect
against mutans.*® Zarrabi et al.,, Razmi et al,
Donyavi et al. observed that MTA has an
antibacterial effect on Enterococcus faecalis and
Streptococcus mutans bacteria.** Poggio et al.
compared the antibacterial effects of six different
pulp capping agents against three different types of
streptococci. MTA Angelus, Biodentine, Calcimol
LC, Calcicur, Dycal and TheraCal LC agents all
showed effects on Streptococcus mutans. In the
study, it was reported that the material that had the
most effect on S. mutans was MTA Angelus,
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followed by TheraCal LC, Dycal, Biodentine, Calcimol
and Calcicur, respectively (49). Our study is consistent
with the results of other studies.

Disk diffusion method is often preferred in antibacterial
research in dentistry. Although inexpensive and ease of
application are among the advantages of the method,
the type and duration of the effect of the tested agent
cannot be determined (50).

CONCLUSIONS

In our study, it was observed that MTA Angelus material
showed high antibacterial activity on S. mutans, L.
acidophilus and E. faecalis strains. TheraCal LC and
Dycal materials were determined to have antibacterial
activity close to the MTA Angelus material. In the light of
the studies conducted, it is thought that the use of these
pulp capping agents against S. mutans, L. acidophilus,
E. faecalis bacteria, which are involved in the formation
and development mechanism of caries, will be
beneficial and in this way, pulp vitality will be preserved.
It is also predicted that long-term clinical studies that will
be supported by in vivo studies will be beneficial.
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