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SUMMARY
Introduction and aim: In the case of deep carious lesions, 
the preference for the selective excavation method has 
been increasing. It can be assumed that a small number of 
microorganisms persist in the soft dentine near the dental 
pulp. For this reason, it is recommendable to use a filling 
material with an antimicrobial effect. The aim of this in vitro 
study is to evaluate the antimicrobial effect of selected 
resin-modified calcium silicate (TheraCal LC, TheraCal 
PT) and calcium phosphate (ApaCal ART) cements, and to 
compare them with the reference material (Biodentine). 
Methods: Four groups of microorganisms were 
selected for this in vitro study: 1. viridans streptococci,  
2. Lactobacillus spp., 3. Enterococcus faecalis, and 4. Candida 
albicans. The antimicrobial effects of the materials were 
evaluated by measuring the width of the growth inhibition 
zone using the agar diffusion test. Subsequently, statistical 
analysis of the obtained data was performed. All these 
tests were conducted at the 0.05 significance level.

Results: Biodentine was verified to have antimicrobial activity 
against all selected microorganisms. ApaCal ART showed 
a low effect only against viridans streptococci, TheraCal 
PT showed similar activity, but additionally inhibited the 
growth of Lactobacillus spp. However, TheraCal LC showed 
antimicrobial effects against all tested microorganisms. 
In addition, for Enterococcus faecalis, Candida albicans, 
and Lactobacillus spp., the results were not statistically 
significantly different from those of the reference material. 
Conclusion: Resin-modified calcium silicate and calcium 
phosphate materials generally have lower antimicrobial 
potential than conventional calcium silicate cements. 
However, it is important to note that their activity varies 
among products. Of the materials tested in this in vitro 
study, TheraCal LC achieved the best results, similar to the 
reference cement.
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INTRODUCTION AND AIMS
In contemporary dentistry, the emphasis in 

the treatment of permanent teeth is primarily 
on preserving the vitality of the dental pulp, 
and therefore there are several different 
methods of excavation for the treatment 
of deep carious lesions that can affect this 
outcome. The types of excavation can be 
divided into two main groups: non-selective 
excavation and selective excavation. Non-
selective excavation (formerly complete or 
total excavation [1]) means the removal of 
all soft carious dentine from the peripheral 

and central parts of the cavity until hard, 
healthy dentine is reached. Hard dentine is 
characterized by resistance and a  creaking 
sound when using a sharp excavator or probe 
[2] and does not stain with detection dyes [3]. 
In recent years, there has been a tendency to 
move away from this type of excavation in the 
case of deep carious lesions due to the high 
risk of opening the pulp cavity and exposing 
the dental pulp [1, 2, 4]. Selective excavation 
(formerly partial or incomplete excavation 
[1]) involves the removal of carious dentine 
at the periphery of the cavity to hard, healthy 
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dentine, leaving a  thin layer of soft or firm 
dentine in the central part of the cavity. Soft 
infected dentine can be removed very easily 
using rotary or hand instruments without 
much effort. Firm or leathery dentine is 
demineralized but represents already 
minimally infected tissue, which can be 
removed with greater force with a  sharp 
excavator [2]. Both of these tissues (soft and 
firm dentine) are stained with a  detection 
dye [3]. Currently, there is a  growing trend 
to increasingly recommend this type of 
excavation for deep carious lesions, either as 
a definitive one-stage treatment or as part of 
a two-stage treatment (stepwise excavation, 
intermittent excavation). The emphasis on 
this type of excavation is growing in the 
professional literature, mainly because of 
the lower risk of exposure and irritation of 
the dental pulp during preparation [2] and 
also because a larger amount of hard dental 
tissues is preserved in this approach [4]. One 
of the pitfalls of selective excavation is the 
impossibility of standardizing the degree of 
excavation. Although the area of softened 
dentine should be as small as possible, it 
depends on the experience and preferences 
of the particular clinician, and in addition, 
the same dentist can remove more or less 
carious tissues in different cases when using 
the same type of excavation. Therefore, 
it is very difficult to determine the ideal 
amount of softened dentine that can be 
left in the cavity [3, 4]. Another pitfall is the 
impossibility of detecting chronic irreversible 
pulpitis and the resulting incorrect indication 
for making a  filling or performing indirect 
pulp capping in a  situation that requires 
a more radical treatment method [3]. In the 
case of deep caries, studies have shown the 
presence of bacteria in the dentinal tubules 
circumpulpally both before treatment and 
in many cases after selective excavation 
[5, 6]. Assuming that a  small number of 
microorganisms remain in the tissues, 
in order to stop the carious process it is 
necessary to prevent their access to nutrients, 
limit the space for their multiplication, and 
the production of toxins. This can be achieved 
by hermetically sealing the cavity using 
a suitable agent, which is used as a physical 
barrier between the dental pulp and the oral 
cavity. This material should have adhesion 
to dentine and any other filling materials 
[7]. Composite materials are the ideal choice 
for a  perfect hermetic closure of the cavity 
[3]. However, due to the proximity of the 
dental pulp, it is also appropriate to consider 

the use of a  material that is biocompatible 
and as minimally cytotoxic as possible to 
dental pulp cells, stimulates the formation 
of tertiary dentine, has remineralization 
potential (release of fluoride or calcium 
ions), and provides sufficient mechanical and 
chemical resistance. Last but not least, due to 
the presence and survival of bacteria in the 
dentinal tubules, antimicrobial properties 
are highly desirable [8, 9]. For long-term 
control, a  radiopacity higher than that of 
dentine is also desirable in order to assess 
the formation of a dentinal bridge.

Most of these required properties are met 
by the group of calcium silicate cements, 
which are also recommended for this 
indication today [1, 2]. These materials 
have been on the dental market since 
the 1990s [10] and their properties have 
already been thoroughly investigated [11]. 
Although these materials have very good 
properties, their use sometimes also presents 
certain disadvantages, including difficult 
handling, long setting time, or a  tendency 
to discolouration. Manufacturers have 
tried to eliminate or at least mitigate these 
negative aspects, and therefore, over time, 
many different variants of calcium silicates 
have been developed, which have similar 
composition and properties, but mainly 
try to compensate for the aforementioned 
weaknesses. For better clarity, calcium silicate 
cements can be divided into four groups:

1. Powder and liquid materials: This 
group includes all cements supplied in 
powder and liquid form, e.g., ProRoot® MTA 
(Dentsply, USA), MTA+ (Cerkamed, Poland), 
PD™ MTA White (PD dental, Switzerland) and 
many others, which must be mixed manually 
to a consistency of “liquid sand” [12]. Setting 
is ensured by a  hydration reaction (mostly 
tricalcium silicate with water) and the setting 
time is within a few hours. Due to the difficult 
handling and long setting time [13], these 
materials have already been surpassed in 
vitality-preserving procedures by newer 
materials, which are preferred for this 
indication.

2. Powder and liquid materials supplied 
in capsules: These products are prepared in 
capsules and mixed by machine just before 
use. The advantage is a more precise mixing 
ratio and better mixing of the material 
(and thus uniform hydration) [14, 15]. This 
group includes, for example, Biodentine® 
(Septodont, France), Harvard® MTA-Cap 
(Harvard, Germany), MTA Biorep (Itena, 
France) and others. In most cases, a simpler 
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method of application is ensured by the use 
of special application capsules. Biodentine 
can be used in the cavity as a  “dentine 
substitute” [16] and its advantage compared 
to the previous group is the addition of 
calcium chloride, which ensures setting 
within 12–15 minutes [17].

3. Premixed materials: These products 
are available in premixed form, the setting 
of which is initiated by the presence of 
moisture. They contain an admixture of 
calcium phosphate, and therefore they are 
often referred to as bioceramics. Depending 
on the different consistencies (sealer, paste, 
putty), they can be used in many indications. 
For procedures involving the preservation 
of vitality (especially for direct contact with 
the dental pulp), it is ideal to use the paste 
or putty form, which has good handling 
properties and can be immediately covered 
with a permanent filling material [18]. There 
is also a large number of different products 
from this group available on the dental 
market, e.g., NeoPutty™ (Avalon Biomed, 
USA), Wellroot™ PT (Vericom, Korea), 
Totalfill® BC RRM Putty (FKG, Switzerland) 
and others.

4. Hybrid materials – modified with  
resin: Although the handling properties of 
the previous two groups have been improved 
and the setting time has been significantly 
shortened, they still set within tens of 
minutes, which extends the total treatment 
time. The aim of the manufacturers was 
therefore to innovate the material so that 
it ideally sets immediately after application. 
For this reason, hybrids were created that 
are modified with resin and their setting 
is ensured either by light polymerization 
or dually, i.e., both chemically and by light. 
Recently, a  large number of these products 
have appeared on the market and are stated 
by the manufacturers as suitable for direct 
and indirect contact with the dental pulp. 
They contain various ratios of resin, calcium 
silicate or calcium phosphate components 
and radiopaque agents [19–21]. For 
example, Theracal LC® (Bisco, USA), Harvard 
BioCal®-Cap (Harvard, Germany), ApaCal 
ART® (Prevest DenPro, India) and others are 
available on the market.

It is clear that it can be difficult for a dental 
practitioner to navigate through this large 
number of different products and use 
them in the optimal indication. From the 
characteristics described above, it can be 
assumed that for procedures involving the 
preservation of vitality, it is ideal to use 

materials from the second, third, or even 
fourth group. In the case of resin-modified 
hybrids, which have been on the dental 
market for a  significantly shorter time, the 
question is how the presence of monomers 
affects the overall properties of the material 
(e.g., the cytotoxic effect in direct contact 
with cell culture is significantly higher than 
in conventional calcium silicates [20]). Given 
the above-described issues, the aim of this in 
vitro study was to evaluate the antibacterial 
properties of selected resin-modified 
materials, which we assume will be similar to 
or better than the reference sample.

Hypotheses
Null hypothesis A0: Selected calcium 

silicate or calcium phosphate materials 
modified with resin have the same or 
higher antimicrobial effect against selected 
microorganisms than conventional calcium 
silicate cements.

Alternative hypothesis Aa: Selected calcium 
silicate or calcium phosphate materials 
modified with resin have a lower antimicrobial 
effect against selected microorganisms than 
conventional calcium silicate cements.

MATERIALS AND METHODS
Materials

The reference sample for this study was 
BiodentineTM (Septodont, France), which is 
considered the gold standard used in vitality-
preserving procedures [16, 17].

From a  large group of resin-modified 
hybrid materials, the following were selected 
based on the type of setting and the 
particles used: TheraCal LC® (Bisco, USA), 
as a representative of light-curing materials 
with a calcium silicate component; TheraCal 
PT® (Bisco, USA), as a  representative of 
dual curing materials with a calcium silicate 
component; and ApaCal ART® (Prevest 
DenPro, India), as a  representative of light-
curing materials with a  calcium phosphate 
component (Table 1).

Methodology
Four groups of microorganisms were 

selected and included in the in vitro study: 
1. viridogenic streptococci (four strains 
of Streptococcus mitis, three strains of 
Streptococcus parasanguinis, and three strains 
of Streptococcus vestibularis), 2. Lactobacillus 
sp. (three strains of Lactobacillus gasseri, four 
strains of Lactobacillus jensenii, three strains 
of Lactobacillus crispatus), 3. Enterococcus 
faecalis, 4. Candida albicans. The experiment 
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included ten biological replicates for each 
of the four groups of microorganisms (i.e., 
4 × 10 different strains), which came from 
the collection of microorganisms of the 
Department of Microbiology, Faculty of 
Medicine and Dentistry, Palacký University 
Olomouc, and University Hospital Olomouc. 
To evaluate the antimicrobial effects of 
individual materials, an agar diffusion test 
was performed for these groups, and the 
experiment was carried out in parallel for all 
samples.

A mass spectrometer was used to identify 
microorganisms. A  small amount of the 
examined culture was transferred to the 
target of the MALDI plate using a  wooden 
toothpick. In the case of yeast, the test 
sample was first covered with 1 μl of 70% 
formic acid solution (Bruker Daltonics, 
Germany). In the next step, all samples were 
overlaid with 1 μl of matrix (Bruker Daltonics, 
Germany). After the reagents had dried, 
the plate was inserted into the Microflex LT 
instrument (Bruker Daltonics, Germany) and 
the protein mass spectrum determination 
process was started. The MALDI Biotyper 
program (Bruker Daltonics, Germany) was 
used to analyze the results.

Before testing, the isolate of each strain 
was inoculated onto Columbia blood agar in 
a separate container (plastic Petri dish with 

a diameter of 90 mm, Trios, Czech Republic) 
and incubated for 18–24 hours in a  large-
volume incubator (35 ± 1 °C, 5% CO2, PHCBi, 
Japan). The following day, several colonies 
of the given isolate were transferred to 
a  tube with sterile saline solution and the 
final density of the suspension was adjusted 
to 0.5 McFarland on the turbidity scale 
using a  DENSILAMETER-II turbidimeter 
(EMO, Czech Republic). This corresponds to  
1–5 × 106 CFU (colony forming units) in 1 ml. 
Then, the microbial suspension of the given 
strain was inoculated using a  cotton swab 
onto the entire surface of Mueller Hinton 
agar with horse blood in a separate container 
(plastic Petri dish with a diameter of 90 mm, 
Trios, Czech Republic). Subsequently, four 
wells with a diameter of 5 mm and a height 
of 4 mm (depth of the entire agar layer) were 
created in each of the 40 culture containers 
with inoculated agar, which were filled with 
ApaCal ART, TheraCal LC, TheraCal PT, and 
Biodentine samples under the conditions 
specified by the manufacturer (Fig. 1).

ApaCal ART, TheraCal LC, and TheraCal PT, 
materials in pre-mixed form in a syringe with 
a  cannula, were injected into the well and 
subsequently light-cured from a  distance 
of 2 mm for the time specified by the 
manufacturer using a  ValoTM curing lamp 
(Ultradent Products, USA) at a standard power 
of 1000 mW/cm2. Biodentine was prepared 
according to the manufacturer's instructions 
and applied to the well, where it chemically 
solidified within 15 min. The inoculated 
media were incubated for 24–48 hours in 
a large-volume incubator (35 ± 1 °C, 5% CO2, 
PHCBi, Japan). The diameters of the resulting 
growth inhibition zones were measured 
using a digital caliper after 24 and 48 hours 
of incubation (Fig. 2 and 3), and 5 mm (the 
diameter of the well with the material) was 
subtracted from the measured values. In 
the case of Lactobacillus strains, inhibition 
zones were measured only after 48 hours 
due to the typically slower growth of these 
microorganisms.
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Fig. 1
Diagram showing the 
localization of samples  
on the agar surface.

Tab. 1 Overview of selected materials.

Material Particle type Curing type Radiopaque filler 

ApaCal ART Tricalcium phosphate Light-curing Barium zirconate

TheraCal LC Calcium silicate Light-curing Barium zirconate

TheraCal PT Calcium silicate Dual curing Barium zirconate 
Ytterbium fluoride

Biodentine Tricalcium silicate Self-curing Zirconium dioxide
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Statistical analysis of data
The obtained data were statistically 

processed. Shapiro-Wilk normality tests 
verified that most of the values did not have 
a normal distribution.

The comparison of the four groups of 
materials was performed using the Kruskal-
Wallis test, followed by post hoc tests with 
Bonferroni correction to compare the 
investigated materials with the reference 
material.

For each material, the sizes of the inhibition 
zones for all groups of microorganisms were 
compared using the Kruskal-Wallis test in 
order to evaluate its antimicrobial effects 
against specific bacteria or yeasts. If the 
statistical results differed significantly, post 
hoc tests with Bonferroni correction followed 
for pairwise comparisons.

For each material, the sizes of the 
inhibition zones for each microorganism 
were compared when measured after 24 and 
48 hours using Wilcoxon tests.

All tests were performed at a significance 
level of 0.05. If the p-value was less than 0.05, 
differences were considered statistically 
significant and were marked in bold. 
Statistical processing was performed using 
IBM SPSS Statistics for Windows, Version 
23.0. Armonk, NY: IBM Corp.

RESULTS
Quantitative variables (means of inhibition 

zones) are presented using medians, 
minimum and maximum values, or means 
and standard deviations (SD).

The sizes of the inhibition zones are shown 
in the box plot in Figure 4. The horizontal 
line in the box represents the median value, 
the lower edge of the box represents the 1st 

quartile value, and the upper edge represents 
the 3rd quartile value. The brackets indicate 
the maximum and minimum measured 
values. Outliers (values that are more than 
1.5 times the interquartile range away 
from the quartiles) are plotted with circles. 
Extremes (values that are more than three 
times the interquartile range away from the 
quartiles) are plotted with asterisks.

A  comparison of the four materials is 
presented in Table 2. For all microbial 
strains at both measured times, the sizes of 
the inhibition zones within the group of all 
materials differed statistically significantly  
(p < 0.05).

Table 3 shows the comparison of 
individual samples with the reference 
material. In several cases, statistically 

significant differences were noted between 
the examined materials and the reference 
material.

The comparison of the antimicrobial 
effects of the materials against individual 
microorganisms is summarized in Tables 4  
and 5. The inhibition zones formed by ApaCal 
ART did not differ statistically significantly 
for individual microorganisms at the time 
of measurement after 24 or 48 hours. 
For TheraCal LC, they differed statistically 
significantly when measured after 24 and 48 
hours; the inhibition zones for Enterococcus 
faecalis were significantly smaller than those 
for Candida albicans and Streptococcus, other 
differences were not statistically significant. 
For TheraCal PT, the size of the inhibition 
zones differed statistically significantly 
only when measured after 48 hours, but 
post hoc tests did not show statistically 
significant differences; only the differences 
between Lactobacillus, Enterococcus faecalis, 
and Candida albicans were at the border 
of significance, where the antibacterial 
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Fig. 2
Viridans streptococci culture 
showing inhibition zones 
around TheraCal LC,  
TheraCal PT, and Biodentine.

Fig. 3
Candida albicans culture, 
inhibition zones around 
TheraCal LC, and Biodentine.
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effect against the Lactobacillus group was 
higher. The size of the inhibition zones for 
Biodentine differed statistically significantly 
when measured after 24 and 48 hours; the 
differences between all microorganisms were 
statistically significant, the highest effect was 
for Lactobacillus, followed by Streptococcus, 
Candida albicans, and the lowest effect was 
for Enterococcus faecalis.

A comparison of the size of the inhibition 
zones over time is shown in Table 6. The 
difference in the size of the inhibition zones 
after 24 and 48 hours for the ApaCal ART and 
TheraCal PT samples was not statistically 
significant for any microorganisms. For 
TheraCal LC and Biodentine materials, 
significantly lower values were found after 

48 hours compared to the measurement 
after 24 hours for the Candida albicans and 
Streptococcus groups.

DISCUSSION
Since selective excavation leaves softened 

dentine in the cavity, which may contain 
a  small amount of bacteria, it is desirable 
that the filling material has antibacterial and 
possibly antifungal properties [8]. The aim of 
this study was to evaluate the antimicrobial 
effect of selected calcium silicate and 
calcium phosphate cements modified with 
resins using an agar diffusion test against 
1. viridizing streptococci, 2. Lactobacillus 
species, 3. Enterococcus faecalis, 4. Candida 
albicans.

Fig. 4
Distribution of measured 
values of inhibition zone sizes 
(in mm) for all microorganisms 
after 24 and 48 hours for all 
tested materials: horizontal 
line in the box – median value; 
lower edge of the box – 1st 
quartile value (25th percentile); 
upper edge – 3rd quartile value 
(75th percentile); whiskers 
– maximum and minimum 
measured values;  
0 – outliers (more than 
1.5 times the interquartile 
range from the quartiles); 
* – extreme values (more than 
three times the interquartile 
range from the quartiles).

Tab. 2 Kruskal-Wallis test for comparing the four groups of examined materials. Values are given in mm, with p < 0.05 indicated in bold.

Material

pApaCal ART TheraCal LC TheraCal PT Biodentine

Time Microorganism Median Min Max Median Min Max Median Min Max Median Min Max

24 h

Enterococcus faecalis 0.00 0.00 0.00 0.00 0.00 7.12 0.00 0.00 0.00 0.00 0.00 9.92 0.018

Candida albicans 0.00 0.00 0.00 9.72 7.98 13.10 0.00 0.00 0.00 10.07 9.03 11.92 <0.0001

Streptococcus 0.00 0.00 7.79 8.38 7.56 12.73 0.00 0.00 9.25 11.06 10.15 19.08 <0.0001

Lactobacillus - - - - - - - - - - - - -

48 h

Enterococcus faecalis 0.00 0.00 0.00 0.00 0.00 7.07 0.00 0.00 0.00 0.00 0.00 9.86 0.020

Candida albicans 0.00 0.00 0.00 8.94 7.45 11.14 0.00 0.00 0.00 9.19 8.29 10.35 <0.0001

Streptococcus 0.00 0.00 7.70 7.98 7.23 12.43 0.00 0.00 8.54 10.8 9.91 18.13 <0.0001

Lactobacillus 0.00 0.00 0.00 10.34 0.00 24.77 3.83 0.00 19.53 18.10 11.52 30.51 0.0002

In
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n 
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ze
 in

 m
m

Material
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Viridizing streptococci are known as the 
main cariogenic pathogens [22], especially 
Streptococcus mutans, against which 
antibacterial activity has already been 
investigated [23–25]. However, in deep 
carious lesions, other genera of bacteria 
come to the fore; the species Streptococcus 
is present here to a lesser extent and there is 
greater variability of species, which can often 
be difficult to specify [26–28]. The aim of our in 
vitro study was to evaluate the antimicrobial 
activity against other selected species of 
oral streptococci (apart from S. mutans) that 

occur in deep caries, specifically the available 
strains of the species Streptococcus mitis (four 
strains), Streptococcus parasanguinis (three 
strains), and Streptococcus vestibularis (three 
strains). In this work, the species described 
above are included in one group of viridizing 
streptococci, since the aim was to evaluate the 
antibacterial properties of materials against 
these streptococci in general. The species 
Lactobacillus belongs to the dominant group 
in deep carious lesions, the main species 
being Lactobacillus acidophilus [29], however, 
according to the available literature, it is clear  

Tab. 3 Post hoc test with Bonferroni correction comparing the investigated materials with the reference material for all groups  
of microorganisms at 24 and 48 h. Results with p < 0.05 are indicated in bold.

Inhibition zone after 24 hours Inhibition zone after 48 hours

Enterococcus 
faecalis

Candida 
albicans Streptococcus Lactobacillus Enterococcus 

faecalis
Candida 
albicans Streptococcus Lactobacillus

ApaCal ART vs. 
Biodentine

0.092 0.0002 0.0003 - 0.092 0.0002 0.0003 0.0002

TheraCal LC vs. 
Biodentine

0.274 1.000 0.004 - 0.336 0.596 0.004 0.121

TheraCal PT vs. 
Biodentine

0.092 0.0002 0.0002 - 0.092 0.0002 0.0002 0.023

Tab. 4 Comparison of inhibition zone sizes for all microorganisms for each material using  
the Kruskal-Wallis test. Values with p < 0.05 are indicated in bold.

Material Measurement time p

ApaCal ART
24 h 0.126

48 h 0.104

TheraCal LC
24 h <0.0001

48 h 0.001

TheraCal PT
24 h 0.368

48 h 0.004

Biodentine
24 h <0.0001

48 h <0.0001

Tab. 5 Post hoc tests with Bonferroni correction for pairwise comparisons (E.F. – Enterococcus faecalis,  
C.A. – Candida albicans, S. – Streptococcus, L. – Lactobacillus). Results with p < 0.05 are indicated in bold.

TheraCal LC TheraCal PT Biodentine
24 h 48 h 24 h 48 h 24 h 48 h

E.F. vs. C.A. 0.0004 0.0004 1.000 0.022 0.006

E.F. vs. S. 0.0004 0.0004 1.000 0.001 0.001

E.F. vs. L. 0.078 0.078 0.001

C.A. vs. S. 1.68 0.786 1.000 0.114 0.012

C.A. vs. L. 1 0.078 0.001

S. vs. L. 1 0.270 0.012
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that there is a great variability of many other 
species [22, 26–28]. For this reason, the 
available strains of the species Lactobacillus 
gasseri (three strains), Lactobacillus jensenii 
(four strains), and Lactobacillus crispatus 
(three strains) were selected for our in vitro 
study. In the text, these strains are included 
in one investigated group of Lactobacillus for 
simplification and better clarity, as the aim 
was to evaluate whether the materials have 
an antibacterial effect in general against the 
species Lactobacillus. Enterococcus faecalis 
was chosen because this pathogen is often 
resistant to dental agents and, if present in 
a  carious lesion, often persists there even 
after treatment [30]. Candida albicans is 
also currently referred to as one of many 
potential cariogenic pathogens, and was 
therefore also included in this study [31].

Given that the available literature is mostly 
focused on antibacterial activity against one 
or two types of bacteria, the intention of this 
in vitro study was to combine in one research 
design both the main cariogenic pathogens 
[22] and also yeasts and bacteria, which 
are very resistant and can be problematic 
to remove [30, 31]. Another aim was to 
compare the effect of the investigated 
samples with a  reference material, which 
has been in clinical practice for a long time, 
and its properties have been thoroughly 
investigated [32, 33].

In evaluating the obtained results, the 
main problem for comparison with other 

publications was the lack of standardization 
of the methodologies. Many studies used 
completely different types of testing [29, 34], 
different incubation environments [25], in 
the case of the agar diffusion test, different 
culture media were used [24], or different 
times for measuring the inhibition zones 
were set [35]. Another difficulty may be the 
different virulence of the available bacterial 
strains, which were obtained from different 
sources, which is why the sizes of the 
inhibition zones were different when using 
similar methodologies [35].

Biodentine was found to have antimicrobial 
activity against all groups tested. This finding 
is consistent with other studies [23, 35–37]. 
The largest inhibition zones in the range 
of 11.52–30.51 mm were formed in the 
Lactobacillus group, followed by Streptococcus 
with values ranging from 9.91–19.8 mm, 
Candida albicans with values ranging from 
8.29–11.92 mm, and Enterococcus faecalis 
with values ranging from 0–9.92 mm. When 
compared over time, the zones decreased in 
the Streptococcus and Candida albicans groups 
after 24 hours from the first measurement. 
The sizes of the inhibition zones in all groups 
of microorganisms compared with each 
other and also after 24 and 48 hours in the 
case of ApaCal ART were not statistically 
significantly different, so it can be assumed 
that this material has similar antimicrobial 
activity against all microorganisms tested. 
However, these were mostly zero values, 

Tab. 6 Comparison of the inhibition zone sizes depending on the measurement time (after 24 and 48 h). 
Values with p < 0.05 are indicated in bold.

Material Microorganism p

ApaCal ART

Enterococcus faecalis 1.000

Candida albicans 1.000

Streptococcus 0.180

Lactobacillus

TheraCal LC

Enterococcus faecalis 0.317

Candida albicans 0.005

Streptococcus 0.005

Lactobacillus

TheraCal PT

Enterococcus faecalis 1.000

Candida albicans 1.000

Streptococcus 0.317

Lactobacillus

Biodentine

Enterococcus faecalis 0.068

Candida albicans 0.005

Streptococcus 0.005

Lactobacillus
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only Streptococcus had zones of 0–7.79 mm. 
When compared with the other samples 
examined, and especially with the reference 
material, it is clear that the antimicrobial 
potential of the ApaCal ART material is the 
lowest of all, more precisely, it is limited 
only to the Streptococcus group. Given that 
this is a relatively new product, about which 
only a limited number of studies have been 
published in the last five years, mainly 
evaluating physical properties [38, 39], 
bond strength to adhesive systems [40, 41], 
radiopacity [21], and possibly cytotoxicity 
[20], but not antimicrobial properties - it was 
not possible to compare the results of this in 
vitro study with another publication focusing 
on the same topic.

TheraCal PT showed the formation of an 
inhibition zone in the range of 0–19.53 mm 
for the Lactobacillus group, and 0–9.25 mm 
for Streptococcus, and no inhibition zones 
were formed in the case of Candida albicans 
and Enterococcus faecalis. No statistically 
significant differences were demonstrated 
over time for any group. However, in 
comparison with the reference material, there 
were also statistically significantly different 
(lower) values for most of the inhibition 
zones. Non-significant differences were 
only found for Enterococcus faecalis, where 
TheraCal PT did not form inhibition zones 
and growth restriction was also insignificant 
for the other materials. Although this is not 
a  new product, publications investigating 
this material mostly focus on bioactivity 
or cytocompatibility [19, 42, 43]. Only one 
publication also focused on the inhibition of 
Enterococcus faecalis growth, where TheraCal 
PT showed significantly higher antimicrobial 
activity than Biodentine, which does not 
match the result of this in vitro study [34]. 
The reason for the different results may be 
the choice of a  different methodology and 
the way of using the sample, since in the 
aforementioned publication the material was 
used to create an extract in an unsolidified 
form.

The antimicrobial properties against the 
other microorganisms studied could not 
be compared with the literature. However, 
according to this study, TheraCal PT can 
be described as a  material with better 
antimicrobial properties than ApaCal ART, 
but still not quite reaching the potential of 
the reference material.

TheraCal LC has been available on 
the dental market for over a  decade, 
and therefore its properties have been 

much more thoroughly investigated and 
described [44]. The antimicrobial effect has 
been compared in some publications with 
conventional base materials, mainly with 
calcium salicylate or glass ionomer cements, 
using different methodologies. For example, 
Moradi et al. reported similar activity against 
Lactobacillus acidophilus, Lactobacillus casei, 
and Streptococcus mutans for TheraCal LC 
as for light-curing calcium salicylate or glass 
ionomer cements, but lower activity than 
for self-curing calcium salicylate materials 
[29]. Given that the number of publications 
focusing on the antimicrobial effect of 
TheraCal LC has increased in recent years, for 
the comparison of this in vitro study, mainly 
publications focusing on the corresponding 
spectrum of microorganisms and comparing 
TheraCal LC with pure calcium silicate 
cements were selected. In our in vitro study, it 
was demonstrated that TheraCal LC exhibits 
antimicrobial activity against all groups 
examined, which is in accordance with other 
studies in which activity against the groups 
Lactobacillus [29], Streptococcus [24, 25, 45], 
and Enterococcus faecalis [24, 25]. Only in the 
case of activity against Candida albicans are 
no other publications available yet. When 
comparing TheraCal LC with the reference 
material, the differences in values are 
statistically significantly different only for the 
Streptococcus group; the results are similar 
in the other groups, although the inhibition 
zones for TheraCal LC were slightly smaller. 
This finding for activity against Lactobacillus, 
Enterococcus faecalis, and Streptococcus 
correlates with other studies [24, 35, 45]. 
In the case of the research by Niranjan 
et al., the sizes of the inhibition zones for 
the Enterococcus and Streptococcus groups 
were similar, while in our study they were 
significantly smaller for the Enterococcus 
group. The reason is probably the difference 
in the agar test methodology, since in our 
study blood agar was used for all the groups 
studied, while in the mentioned study Mueller 
Hinton agar was used for the incubation 
of the Enterococcus group [24]. Although in 
our study the sizes of the inhibition zones 
of the individual microorganisms were 
statistically significantly different, the values 
were higher than for the other materials 
studied and similar to the reference sample. 
It is therefore clear that TheraCal LC has 
the greatest antimicrobial potential of the 
products studied.

After evaluating all the results, the null 
hypothesis A

0 is rejected, since all the 
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materials studied do not have the same 
or higher antimicrobial effect against the 
selected microorganisms than conventional 
calcium silicate cements. Since they have it 
to varying degrees lower than the reference 
material, the alternative hypothesis Aa is 
accepted.

CONCLUSION
Calcium silicate and calcium phosphate 

resin-modified hybrid materials show 
a lower antimicrobial effect against selected 
microorganisms than conventional calcium 
silicate cements. For this reason, it is 
still more appropriate to prefer the use 
of unmodified calcium silicate materials 
in clinical practice. However, due to the 
significant difference in results between the 
individual samples examined, the statement 
about low antimicrobial capabilities cannot 
be generalized for all resin-modified hybrid 
materials. ApaCal ART shows almost no 
antimicrobial activity against selected 
microorganisms, TheraCal PT has better 
results, whereas TheraCal LC achieves the 
most pronounced antimicrobial effect. 
Based on this in vitro study, TheraCal LC 
can therefore be chosen as an alternative 
to conventional calcium silicate cements, 
however, further in vitro and in vivo studies 
are needed to more thoroughly investigate 
other properties of these materials.
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