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AbstrAct

Background: The purpose of this research was to assess 
the antibacterial activity of a new bioceramic pulp capping 
material (endosequence root repair material [ERRM]) against 
the main cariogenic bacteria: Salivary mutans streptococci (MS) 
and lactobacilli and compare the results with mineral trioxide 
aggregate (MTA) and calcium hydroxide (Dycal).

Materials and methods: The isolation of MS group bacteria 
and Lactobacillus (LB) spp. from stimulated saliva was 
performed with in-office caries risk test bacteria dip slide test. 
Endosequence root repair material, MTA (ProRoot MTA), and 
Dycal were used as pulp capping materials. Mutans Streptococci 
and LB were scattered on the agar dishes with a swab. The 
pulp capping materials under study were placed in the wells 
and prepared in the agar, immediately after mixing. The dishes 
were incubated for 24 hours at 37°C. The growth inhibition zones 
were recorded and compared for every material and bacterial 
strain. One-way analysis of variance test was done to compare 
the development of growth inhibition of selected bacteria against 
testing materials. Post hoc Tukey honest significant difference 
was conducted to compare each material group.

Results: All the three selected pulp capping materials were 
found to inhibit the bacteria LB and MS. The antibacterial activity 
of ERRM and ProRoot MTA was significantly better than the 
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Dycal. Against MS, ERRM and MTA showed no statistically 
significant difference. Mineral trioxide aggregate showed 
significantly better inhibitory activity against LB.

Conclusion: Endosequence root repair material and MTA had 
superior antibacterial properties against the main cariogenic 
bacteria: MS and LB compared with Dycal.

Clinical significance: A pulp-capping agent having good 
antibacterial properties can have better success rate in 
maintaining the vitality of the tooth while treating deep carious 
lesions in patients.
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INtrODUctION

The vitality of the pulp is important for the maintenance 
of the structural integrity and normal physiological 
characteristic of teeth. As our understanding of the 
significance of pulp in tooth health increases, methods 
for maintaining pulp vitality throughout caries treatment 
even after exposure during caries elimination are in great 
request.1,2 Pulp capping is the primary technique for 
preserving vital pulp; however, the achievement rate of 
this method at some stage during the treatment of deep 
caries is low at only 33%.3 The presence of bacteria is 
the predominant purpose for failure.4 Microorganism 
positioned in deep caries can result in severe inflammatory 
reactions inside the pulp or even cause pulp necrosis.5 So, 
the prevention of bacterial infections is a critical objective 
for improving pulp capping treatment in cavities with 
deep caries.
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The ideal pulp capping material should have anti-
bacterial activity and the capacity to form mineralized 
tissue.1 Currently, the most common pulp capping 
materials used clinically consist of various formulations 
of calcium hydroxide [Ca(OH)2] and mineral trioxide 
aggregate (MTA) combination. Mineral trioxide aggre-
gate has been shown to induce much less pulp inflam-
mation and more dentin bridge formation in addition 
to providing advanced structural characteristics com-
pared to Ca(OH)2.6,7 The higher performance of MTA 
in comparison to Ca(OH)2 may be due to persevered 
dissolution of Ca(OH)2 paste, which has a prolonged 
irritant impact (release of basic ions) on pulp tissues.8 
Even though Ca(OH)2 and MTA promote the formation 
of mineralized tissue, they lack accurate antibacterial 
residences,9,10 and consequently, cannot save from the 
bacterial infection that typically ends in treatment failure 
in cases of deep caries. Thus, a unique pulp capping 
material that gives a combined great antibacterial 
efficacy and the capacity to induce mineralized tissue 
formation is highly preferred.

Endosequence root repair material (ERRM) is a new 
bioceramic pulp capping material that has been recently 
introduced by Brasseler, USA (Savannah, GA). The term 
bioceramic material denotes the mixture of calcium 
phosphate and calcium silicate that is valid for dental 
application. The material is supplied as a premixed 
product to the clinician with a reliable and homogeneous 
material.11,12

The purpose of this research was to assess the 
antibacterial activity of a new bioceramic pulp capping 
ERRM against the main cariogenic bacteria: Salivary 
mutans streptococci (MS) and lactobacilli (LB) and compare 
the results with MTA and calcium hydroxide (Dycal).

MAtErIALs AND MEtHODs

The pulp capping materials in this study were: ERRM 
(Brasseler, USA), ProRoot MTA (Dentsply DeTrey GmbH, 
Germany), and Dycal (Dentsply Caulk, Canada). The agar 
diffusion method13 was used to evaluate the antimicrobial 
activity of the testing materials.

cariogenic bacteria Isolation

Caries risk test bacteria chair-side test (Ivoclar-Vivadent, 
Liechtenstein) was used to isolate MS and LB by means 
of selective culture media from the saliva. The bright 
green agar surface and the blue agar surface are designed 
for the determination of LB and MS in saliva or plaque 
(MSB Agar) respectively. After taking an agreement from 
volunteers in dental clinics in the Faculty of Dentistry, 
Jazan University, paraffin-based sticks (1 minute) were 
used for stimulating saliva. The latter was collected in 

a sterile flask (2 ml on average). At the bottom of the 
vials the tablets of NaHCO3 were placed. The vials were 
then seeded immediately in the laboratory based at 
Department of Microbiology, Faculty of Dentistry, Jazan 
University, Kingdom of Saudi Arabia. The test vials were 
placed in the incubator for incubation at 37°C/99°F for 
48 hours. The density of the MS and LB colonies was 
compared with the corresponding evaluation pictures in 
the enclosed model chart.

Agar Disk Diffusion test

Ten petri dishes formerly sterilized were prepared and 
contain Mueller-Hinton agar in necessary volume to 
obtain 5 mm thickness. The isolated bacteria were adjusted 
to equal 0.5 McFarland reaction, and then distributed on 
the dishes with a swab. For every dish, three wells were 
made with a sterilized metal tube of 4 mm diameter to 
receive the testing materials. The materials under study 
were mixed according to the manufacturer’s instructions 
and positioned inside the wells immediately after mixing. 
Immediately after setting of the materials, the agar plates 
were incubated at 37°C for 24 hours. After 24 hours, the 
formed inhibition zones around the wells containing the 
materials were recorded. All examinations were made 
three times, and the outcomes were the mean estimation 
of the three records. One-way analysis of variance 
(ANOVA) test was done to compare the development 
of growth inhibition of selected bacteria against tested 
materials. Post hoc Tukey honest significant difference 
(HSD) was conducted to compare each material group.

rEsULts

The three studied pulp capping materials showed a 
considerable inhibitory effect against MS group bacteria 
and LB (Graph 1).

Graph 1: Means of inhibition zone diameter (mm) of testing 
materials against selected bacteria (ANOVA = 0.000)
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Table 1: Comparison of the testing materials on each bacteria separately

Sum of squares df Mean square F
Lactobacillus Between groups 224.933 2 112.467 198.471

Within groups 6.800 12 0.567
Total 231.733 14

Mutans Streptococci Between groups 509.200 2 254.600 363.714
Within groups 8.400 12 0.700
Total 517.600 14

ANOVA: Analysis of variance; df2/F: Test value

Table 2: Multiple comparisons (Tukey HSD) of selected bacteria against tested pulp capping materials

Dependent  
variable (I) Sample (J) Sample

Mean difference 
(I – J) Std. error Sig.

95% confidence interval
Lower bound Upper bound

Lactobacillus ERRM ProRoot MTA –2.600* 0.476 0.000 –3.87 –1.33
Dycal 6.600* 0.476 0.000 5.33 7.87

ProRoot MTA ERRM 2.600* 0.476 0.000 1.33 3.87
Dycal 9.200* 0.476 0.000 7.93  10.47

Dycal ERRM –6.600* 0.476 0.000 –7.87 –5.33
ProRoot MTA –9.200* 0.476 0.000 –10.47 –7.93

Mutans 
Streptococci

ERRM ProRoot MTA –1.400 0.529 0.052 –2.81 0.01
Dycal  11.600* 0.529 0.000  10.19  13.01

ProRoot MTA ERRM 1.400 0.529 0.052 –0.01 2.81
Dycal  13.000* 0.529 0.000  11.59  14.41

Dycal ERRM –11.600* 0.529 0.000 –13.01 –10.19
ProRoot MTA –13.000* 0.529 0.000 –14.41 –11.59

*The mean difference is significant at the 0.05 level

A one-way ANOVA (Table 1) using Statistical Package 
for the Social Sciences 20.0 was conducted to know the 
activity of ERRM, ProRoot (MTA), and Dycal for inhibition 
of LB and MS. A highly statistically significant difference 
was obtained (p = 0.000). Post hoc comparisons using the 
Tukey HSD test (Table 2) indicated a significant difference 
in the inhibition activity of LB among three materials, with 
the order of inhibition as ProRoot MTA > ERRM > Dycal 
(mean difference 2.6, 6.6, 9.2, p = 0.00). ProRoot MTA was 
found to have highest inhibitory activity of LB.

A significant difference was found for MS inhibition 
between ProRoot MTA and Dycal (mean difference 13.0, 
p = 0.00) and ERRM and Dycal (mean difference 11.6, 
p = 0.00), but ProRoot MTA and ERRM were not signifi-
cantly different for MS (mean difference = 1.4, p = 0.052). 
ProRoot MTA was found to be better than Dycal for MS 
inhibition.

DIscUssION

In pulp capping failure the primary etiological agents 
are represented by bacteria.14 The antibacterial effect of 
dental materials has been broadly evaluated with the 
agar diffusion test.14-16 The method of agar diffusion 
test permits direct contrasts of materials against tested 
microorganisms. However, a major drawback of this 
method is the impossibility of distinguishing between 
microbiostatic and microbicidal materials.17

Streptococcus mutans and LB are significant pathogens 
creating human dental caries.18 Consequently, they were 
decided for assessment of the antibacterial activity of the 
materials arranged in this study. 

The antibacterial action of pulp capping materials 
has been previously tested. Calcium hydroxide is still 
viewed as the reference material for pulp capping, 
because of its antibacterial properties and its ability to 
affect enzymatic responses, prompting the development 
of dentin bridge. Recently, MTA has been proposed as 
a suitable material for pulp capping, on the premise 
of its natural properties. Mineral trioxide aggregate 
causes less inflammation than calcium hydroxide and 
stimulates the differentiation and proliferation of pulp 
cells, along these lines encouraging the development of 
a more structured mineralized barrier.19 Based on these 
qualities, MTA is currently considered the “best quality” 
material. However, it has two major disadvantages, i.e., 
the longer time required for setting and the requirement 
for moisture during setting.19-21 

Endosequence root repair material paste (ERRM 
paste; Brasseler, USA) is a premixed bioceramic material 
recommended for perforation repair, apical surgery, 
apical plug, and pulp capping.22 Both ERRM putty and 
paste have shown similar in vitro biocompatibility to both 
gray and white MTA.23,24

In the present study, all the materials tested demon-
strated zones of bacterial inhibition but with various 
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diameters. Regarding Dycal, these results confirmed the 
antibacterial activity of calcium hydroxide, as reported in 
previous studies.19,25 However, in this study, this activity 
was significantly lower than MTA and bioceramics. The 
antibacterial action of calcium hydroxide-based materials 
relies on the ionization that discharges hydroxyl particles, 
bringing about an increase in pH. Cell layer proteins of 
the microorganism may be reversibly or irreversibly 
inactivated by a high pH. Furthermore, long-term clinical 
studies have reported fluctuating achievement rates, 
because of the persistence of an inflammatory process 
and cytotoxic impacts.26 

According to the findings in the present study, MTA 
and bioceramics were the best against MS and LB and 
were significantly different from Dycal. The antimicrobial 
activity of MTA seems to be associated with elevated 
pH. Torabinejad et al27 observed an initial pH of 10.2 
for MTA, and rising to 12.5 in 3 hours. It is known that 
the pH levels in the order of 12.0 can inhibit most of the 
microorganisms, including resistant bacteria, such as 
Enterococcus faecalis.28 These findings can support our 
results in this study regarding MTA. The antibacterial 
property of ERRM may be attributed to its high pH 
value (12.5), hydrophilic nature, and its active calcium 
hydroxide diffusion.

The new bioceramic ERRM may offer a pulp capping 
material with antibacterial activity, and this hypothesis 
was confirmed by the results obtained in the present 
study. 

cONcLUsION

According to the results of the current study, the anti-
bacterial activity of ERRM against MS was comparable 
between ERRM and MTA and higher than Dycal. 
Lactobacillus was inhibited by ERRM that was superior 
to Dycal and inferior to MTA.
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