
Abstract 

 

The aim of this study was to perform an in vitro comparative analysis of the antifungal activity 

of different bioceramic materials and endodontic sealers against the fungal species: Candida 

albicans, Candida glabrata, Candida tropicalis, and a mixed microbial culture medium. The 

materials were divided into groups: White MTA (GMTAB), Filapex MTA (GMTAF), HP MTA 

Repair (GMTAHP), Bio C Sealer (GBIOCS), Bio C Temp (GBIOCT), Sealer Plus BC 

(GSPBC), AH Plus (GAHP), Endomethasone (GENDOME), and Portland cement (GCP), 

and an agar diffusion test was performed. Via analysis of variance (ANOVA) and the Tukey 

test at 5% level, significant differences were found between the materials means, and when 

the materials were compared with each other, respectively. GENDOME showed the highest 

average among all materials. GMTAF exhibited better results than GMTAHP and GCP, and 

GMTAB and GAHP showed statistically significant differences after 7 days of incubation 

when compared to GCP. The other materials did not present statistically significant 

differences. Despite the limitations of this research, and based on the results of this study, 

it was found that Endomethasone had an excellent antifungal property against all tested 

microorganisms and mixed microbial cultures, while the AH Plus, Filapex MTA, Bio-C Temp, 

and White MTA inhibited fungal growth. However, the AH Plus and Filapex MTA sealers 

showed better results than the Bio-C Temp and White MTA. Bio-C Sealer, HP MTA Repair, 

Sealer Plus BC, and Portland cement did not exhibit antifungal activity against the tested 

microorganisms in addition to acting as substrates for the growth and morphogenesis of the 

tested species. 
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Introduction 
 

Microorganisms present in the root canal system (SCR) have been shown to be the main 

cause of failure of endodontic therapy. This is because of the microorganisms’ metabolic 

products and the effect of biofilm that can colonize the accessory canals, isthmus, apical 

deltas, and dentinal tubules. This makes it difficult to eliminate by instrumentation, the use 

of irrigating substances, or intracanal medication (1). 

Although endodontic therapy has been shown to be a predictable procedure with high 

success rates, failures may occur after treatment either by persistent infection or SCR 

recontamination sometime after endodontic intervention (2–3). 
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Although fungi can be found in primary endodontic infections, studies have shown that these 

eukaryotic microorganisms are found in secondary or persistent endodontic infections (4). 

Siqueira et al. (5) noted that secondary infections originate after professional intervention 

and are characterized by presenting a microbiota formed by microorganisms that were not 

present at the beginning of treatment. As the name implies, a persistent infection is one that 

remains despite the use of disinfection procedures and drastic changes in the 

microenvironment after the use of intracanal medications, irrigating substances, and the 

action of mechanical instruments. Persistent infections are considered the main cause of 

most endodontic problems such as persistent exudation and symptomatology, flare-ups, 

and failure of endodontic treatment (2).  

The microbiota associated with a persistent infection is usually composed of a single species 

or a smaller number of species than the primary infection. It has a predominance of Gram-

positive anaerobic bacteria such as Streptococcus sp., Parvimona micra, Actinomyces spp., 

Propionibacterium spp., Pseudoramibacter alactolyticus, and Lactobacillus sp(6). 

According to Persoon et al. (7), the participation of fungi in secondary or persistent 

endodontic infections ranges from 0.5% to 55% and they emphasize the need to search for 

endodontic substances and materials that are effective against these microorganisms. 

Although they are smaller in number compared to bacteria, they present enough aggression 

to maintain a periapical lesion owing to their ability to adapt to the environment, surface 

adhesion, hydrological enzyme production, morphological transitions, and biofilm formation 

(5). 

According to Lins et al. (8), a significant amount of research has been conducted on the 

antibacterial effects of endodontic cements, but few investigations on antifungal effects have 

been done. In the few experiments that have been carried out, the species tested was C. 

albicans. This was justified because it is the most frequent fungal species in infected 

channels; however, other species can be detected and consequently involved with the 

etiology of periradicular diseases. Thus, it is necessary to evaluate the inhibitory effects of 

new endodontic cements on fungi other than Candida albicans. 

The first bioceramic described in the literature was the MTA developed by Torabinejed in 

the 1990s at Loma Linda University, California, USA, initially to seal communications 

between the tooth and external surfaces (9). However, it was not until 1998 that mineral 

trioxide aggregate was introduced to the market after a large number of clinical indications 

and studies of its improved physical and chemical characteristics. MTA is indicated for pulp 

coating, pulpotomy, root perforation repair, internal resorption, and as retro obturator 

material (10). 
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According to Reiss-Araújo et al. (11) and Bodanezi et al. (12), the Portland cement (CP) 

used in civil construction was referenced as having a chemical composition and properties 

similar to those of MTA, thus triggering similar tissue reactions when studied. In animal 

models, several in vitro and in vivo research studies have been carried out in view of the 

possibility of extending the benefits of this material, which has a significantly low cost, to a 

larger portion of the population that needs complex but much lower-cost endodontic 

treatments. 

In 2009, bioceramics arrived to assist in resolving endodontic therapy failures. Bioceramics 

are becoming popular in endodontics as repair materials for root perforations and root-canal 

obturator cement owing to their excellent properties such as biocompatibility, chemical 

stability within biological environments, high pH, non-resorbing capability, easy handling, 

increased root resistance, and low cytotoxicity. In addition, bioceramics do not contract after 

insertion and will not result in a significant inflammatory response if overfilling occurs during 

the obturation process or root repair. These are all exceptional properties for any sealing 

material. An additional advantage of the material is its ability to form hydroxyapatite and 

establish a chemical bond with dentin (13–14). 

The bioceramic materials that have been recently used in endodontics have been studied in 

a limited manner with regard to their antifungal properties for the Candida albicans, Candida 

glabrata, and Candida tropicalis species. Therefore, it is important to study the antifungal 

properties in this new range of embedded bioceramic materials in the dental market. 

The objective of this study was to carry out an in vitro comparative analysis of the antifungal 

activity of Portland cement and eight endodontic cements (six bioceramic materials, one 

zinc oxide eugenol sealer, and one epoxy resin sealer) against three fungal species and one 

mixed microbial culture medium by the agar diffusion method. 

The null hypothesis of this study was that the groups would present equivalent results 

regarding the studied questions. 

 
Materials and Methods 

The research project of this work was initially submitted for consideration to the ethics 

committee of the Institution São Leopoldo Mandic-Campinas/SP. This project was exempt 

from being submitted for analysis because it is exclusively laboratory research without the 

involvement of human beings or materials under protocol number 2018/0997. 

In this research, an in vitro comparative analysis was performed on the antifungal activity of 

Portland cement and eight endodontic cements (six bioceramic materials, one zinc oxide 
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and eugenol sealer, and one epoxy resin sealer) against three fungal species and a mixed 

microbial culture medium. The agar diffusion test was the method used. Petri dishes 

containing trypticase-soy agar medium (TSA) were inoculated with each fungal species 

tested. Then, the plates were incubated at 37 C for 7 days in an aerobic environment. 

Since each cement was tested in triplicate for each of the three fungal species and for a 

mixed culture of human saliva, the N value was 36. Materials that were out of date were 

excluded from the study. 

The antifungal activity of these cements was evaluated according to work by Siqueira Jr. et 

al. (15) against three species [Candida albicans (ATCC 10231), Candida glabrata (ATCC 

90030), and Candida tropicalis (ATCC 750)] and a mixed microbial culture collected from a 

member of the microbiology lab. These initially lyophilized fungi were activated, cultured, 

and maintained in Trypticasein Soy broth (TSB) (Difco, Detroit, USA), and a 24-h culture 

was used as inoculum. For inoculum standardization, it was prepared in TSB medium 

according to a 0.5 McFarland turbidity, which for bacteria corresponds to approximately 1.5 

× 108 colony forming units/ml. 

The agar diffusion test was the method used by Siqueira Jr. et al. (15). Petri dishes 

containing TSA medium were inoculated with a 0.1-mL culture of each fungal species tested 

by sterile swabs rubbed across the surface of the medium. Human saliva was collected from 

a member of the microbiology laboratory, diluted to a concentration of 1 mL of saliva in 4 

mL of TSB broth, used as a comparative parameter for antifungal tests, and considered a 

mixed microbial culture. After the inoculation of saliva or cultures of each fungal species on 

the surface of the TSA medium, three 6-mm-diameter, 5-mm-deep holes (dictated by the 

thickness of the agar layer) were made on the same plate with a sterile metal hole punch. 

The entire experiment was performed in triplicate. 

The materials were manipulated according to the manufacturers’ instructions and deposited 

inside the holes in the TSA medium. In sequence, the plates were incubated at 37°C for 7 

days in an aerobic environment. After this period, the diameters of the microbial growth 

inhibition halos around the holes containing the materials were measured. 

For an overview of the antifungal activity of the materials tested, the obtained data were 

grouped and statistically analyzed by a Tukey test with a significance level of 5% (⍶ = 0.05) 

to verify if there was a statistical difference by comparing the means two by two, and by an 

analysis of variance (ANOVA) test with a level of 5% to verify if there were statistical 

differences between all means of the tested cements. 

 

Results 
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For a statistical analysis, the data considered were obtained from measurements of the 

diameters in millimeters of the fungal growth inhibition halos for the set of microorganisms 

employed in relation to the endodontic cements tested and the statistical similarities between 

cements. The average halos of the inhibition of fungal growth activity against the groups of 

bioceramics materials, zinc oxide eugenol sealer, epoxy resin sealer, and Portland cement 

for the 7-day incubation period are listed in Table 1. Since each cement was tested in 

triplicate for each of the three fungal species and for the mixed culture of human saliva, a 

value of N = 36 was considered for statistical analysis. GENDOME presented the largest 

average inhibition halo, while the smallest average halo was presented by GCP (Graph 1). 

Using the ANOVA for the tested cements, it was verified that there was a significant 

difference between the cement means (at a 5% level). 

Using the Tukey test (∆ = 5.93), comparing the means two by two at the 5% level, it was 

found that there were significant differences between the following: 

• The average of GENDOME was higher than those of GMTAF, GMTAB, GAHP, GBIOCT, 

GBIOCS, GSBC, GMTAHP, and GCP (marked on the chart with the letter a); 

• The average of GMTAF was higher than those of GMTAHP and GCP; 

• The GMTAB average was greater than GCP average; 

• The GAHP average was greater than GCP average; 

• The other averages had no statistical differences. 

 

Discussion 

For decades, researchers in the field of endodontic microbiology have focused on 

investigating the role of bacteria in endodontic pathologies. However, in recent years, 

research in this field has shown a growing interest in microorganisms from other kingdoms 

such as viruses and fungi. Among the fungi, species belonging to the genus Candida have 

the properties of a potential endodontic pathogen, as these yeasts can adapt to a variety of 

environmental conditions and adhere to many surfaces (4), including endodontic filling 

materials (5). In addition, C. albicans can produce hydrolytic enzymes, undergo a 

morphological transition, form biofilm, and evade modulating host defenses (16). 

Shaik et al. (17) described C. albicans as a significant fungal species that may play an 

important role in SCR infections. As expected, among Candida spp., C. albicans was the 

most prevalent species. The second most frequently detected species was C. tropicalis. 

These findings probably reflect the fact that C. tropicalis is the most commonly found 

Candida non-albicans species in the oral cavities of healthy individuals (18). 
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The success of endodontic intervention is directly related to the control of the microbial 

community present within the SCR. This depends on a number of factors such as the 

cleaning capacity of the endodontic instruments as described by Karatas et al. (19), the 

antimicrobial properties of irrigating solutions as reported by Siqueira et al. (20), the 

adaptability and hermetic sealing of gutta percha cones in the SCR as reported by Haupt et 

al. (21), and the antimicrobial properties of endodontic sealers as studied by Tanomaru Filho 

et al. (22). 

New instrumentation systems have improved their design allowing a larger contact area of 

the SCR, promoting a more effective cleaning and shaping. According to Simezo et al. (23), 

activation devices of irrigation solution, such as passive ultrasonic irrigation (PUI) and Easy 

Clean, are in constant development however, 11% to 15% of the canal walls still remains 

untouched (24–25). This means that a significant amount of microorganisms can remain 

inside the SCR after instrumentation (25–26). Thus, it is expected that obturation will 

promote an airtight seal, burying possible microorganisms that may have remained inside 

the SCR. In the presence of possible microorganisms, endodontic sealers may exhibit 

antimicrobial activity to eliminate such microorganisms. Based on this assertion and bearing 

in mind that fungi have been found in persistent or secondary endodontic infections (4–5), it 

is important to know the antifungal activity of endodontic filling materials, in particular that of 

recently released bioceramic endodontic materials. This is because they are in contact with 

the dentine walls and are often forced into areas of isthmus and ramifications, thus 

potentially being colonized by fungi resulting from infections. Understanding the antifungal 

activity of endodontic sealers and bioceramic materials may assist in eliminating or at least 

inhibiting fungal growth. Research on this subject is still incipient, and there are few reports 

in the literature because these bioceramics have recently been launched in the market. 

Endodontic filling materials have several components that may exhibit antimicrobial activity 

in the present experiment, such as Endomethasone zinc oxide and eugenol, 

hexamethylenetetramine and AH Plus epoxy resin, and the high pH of MTA and Bioceramic 

materials tested (27). 

In the present research, we used the agar diffusion test, which is an in vitro method known 

for the evaluation of antimicrobial activity as reported by De Bona et al. (28). This method 

allows for direct comparisons between materials and also indicates which material are most 

likely to have antimicrobial activity within the root canal system (29). One factor to take into 

consideration is that the results are highly influenced by the diffusibility of the material 

through the medium, according to Siqueira et al. (30). 
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In the analysis of the results of the present research, the null hypothesis was not accepted 

because it was found that only GENDOME exhibited inhibitory activity against all of the 

tested species and the mixed microbial culture. This was different from the results found by 

Siqueira et al. (15). In contrast to the results found by Kaplan et al. (31) GAHP showed 

antimicrobial activity against three species tested at 7 days of incubation: Candida albicans, 

Candida tropicalis, and the mixed microbial culture. 

The bioceramics GMTAB, GMTAF, and GBIOCT showed higher inhibitory results in the first 

3 days. Then, there was a decrease in the inhibition halo at 7 days against the Candida 

albicans species, but without statistically significant differences. This reduction in the 

inhibition halo can be explained by the neutralization of the high pH of the material and the 

buffering capacity of the culture medium. Similar results for MTA antifungal activity were 

found by Al-Hezaimi et al. (32), and Tanomaru FIlho et al. (22). However, according to a 

study by Siqueira & Sen (4), all Candida species showed high resistance to calcium 

hydroxide, although they do not contain calcium hydroxide in their composition. These 

bioceramic materials have calcium oxide, which interacts with the tissue fluids produced 

from Ca(OH)2. From this phase, the two materials act in the same way. The formation of 

calcium hydroxide resulting from the interaction of calcium oxide with tissue fluids has no 

effect on C. albicans, as these microorganisms have the ability to adapt to a wide range of 

pH values. In addition, calcium hydroxide solution readily provides the Ca++ ions required 

for Candida growth and morphogenesis. These mechanisms explain why calcium hydroxide 

is ineffective against the Candida species. 

GBIOCS presented inhibition halos only in the first 3 days, losing its ability to inhibit fungal 

growth at the end of the 7th day of incubation for the Candida albicans species. The negative 

results in the present study are possibly owing to insolubility, nondiffusion of the material in 

the medium of the culture containing agar, and the availability of calcium ions used by 

Candida as a substrate source. The GSPBC and GCP presented an inhibition halo only in 

the first 24 h; this can be explained by the formation and release of calcium hydroxide in the 

first several hours after the beginning of the prey chemical reactions. After this period, the 

calcium ions acted as a substrate for Candida growth and morphogenesis, as described by 

Siqueira & Sen (4). GMTAHP showed no inhibitory activity for Candida albicans. These 

negative results in the present study are possibly owing to the insolubility and nondiffusion 

of the material in the agar-containing culture medium. Mild inhibitory action or even the 

absence of antimicrobial effects have been reported for MTA (33). 

Emphasizing their antifungal efficacy, GENDOME, GAHP, and GMTAF showed activity 

against Candida tropicalis. Endomethasone presented the highest average of inhibition 
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halos owing to the presence of eugenol in its composition, whose antimicrobial activity was 

recognized by Siqueira & Gonçalves (34). By contrast, the GBIOCS, GBIOCT, GSPBC, 

GMTAHP, and GCP showed no activity at the end of the 7-day incubation period. 

As for the Candida glabrata species, no antimicrobial activity was observed for the GAHP, 

GBIOCS, GBSBC, GMTAHP, or GCP. GAHP has a compound called 

hexamethylenetetramine, which activates the resin setting, since it decomposes in aqueous 

medium, formaldehyde, and ammonia. Formaldehyde has excellent antibacterial activity 

(34); however, it is possible that its antifungal effects may be less pronounced than its 

antibacterial ones. 

Regarding bioceramics, no antimicrobial activity was observed for GBIOCS, GSPBC, 

GMTAHP, or GCP against C. glabrata. Siqueira & Uzeda (35) reported that the culture 

medium influences the diffusion capacity of the material. The alkalinity of calcium hydroxide 

does not seem to exert any antimicrobial activity against these microorganisms since these 

fungi have a high ability to adapt to their environment  with a wide pH variation, besides 

calcium ions seem to act as a substrate source. In contrast, GENDOME presented the best 

antimicrobial activity among the materials tested against Candida glabrata owing to its 

eugenol component. The bioceramics GBIOCT, GMTAB, and GMTAF showed antifungal 

activity at the end of the 7th day of incubation. 

Only the GENDOME, GAHP, GSPBC, and GBIOCS showed antimicrobial activity after the 

7-day incubation period for the mixed microbial culture. Eugenol present in GENDOME is a 

powerful antifungal agent. As previously described by Siqueira et al. (17), the dissociation 

of hexamethylenetetramine present in the resinous portion of GAHP when initiating chemical 

hardening reactions releases formaldehyde responsible for its inhibitory activity. Regarding 

the GSPBC and GBIOCS bioceramics, their antimicrobial activities against the mixed 

microbial culture were satisfactory at the end of the experiment.  

By contrast, the GMTAHP, GMTAF, GBIOCT, and GCP presentation forms seemed to 

interfere with the diffusion of the material in the culture medium, as they did not present 

antifungal activity at the end of the 7th day of incubation, besides the calcium ions released 

in the medium acting as a substrate for growth and morphogenesis of Candida species. The 

lack of inhibitory activity on the mixed (saliva) culture suggests that the incubation time may 

have played a decisive role in the antimicrobial effects, as calcium hydroxide and hydroxyl 

ions are released at the onset of chemical hardening reactions and become practically nil 

after prey. That is, it exerts its activity during the first several hours, and this activity 

decreases with time as the buffering capacity of the medium begins to neutralize the calcium 

hydroxide. 
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Based on the results obtained and according to the methodology employed in the present 

study, it was possible to verify at the end of the experiment that GENDOME showed the 

highest average of all tested materials, while GCP presented the lowest average. 

In view of these results, we can see the incipience of research regarding the antifungal 

activity of bioceramics materials recently launched in the market. Since research has just 

begun, it is difficult to directly compare current results with those of previous studies. 

Because the study subjects were recent bioceramics materials with little data available in 

the literature, further studies are needed to understand and evaluate their antimicrobial 

activity against those materials. 

 

Conclusion 

Despite the limitations of this research, and based on the results of this study, it was found 

that Endomethasone possesses an excellent antifungal property against all tested 

microorganisms and mixed microbial culture, while the AH Plus, Filapex MTA, Bio-C Temp, 

and White MTA  also promoted fungal growth inhibition. However, the AH Plus and Filapex 

MTA sealers showed better results than those of the Bio C Temp and White MTA . In addition 

to acting as substrates for the growth and morphogenesis of the tested species, Bio-C 

Sealer, HP MTA, Sealer Plus BC, and Portland cement did not exhibit antifungal activity 

against the tested microorganisms. 
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Table 1. Averages of fungal growth inhibition halos produced by different endodontic 

cements (mm) during 7-day incubation period. 
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Materials C. albicans  
ATCC 10231 

C. tropicalis  
ATCC 750 

C. glabrata  
ATCC 90030 

Mixed microbial  

GAHP 8.91 10.81 0 10.67 

GENDOME 26.66 27.62 30.09 12.52 

GBIOCS 3.43 1.62 2.29 12.04 

GBIOCT 8.76 1.57 9.90 0 

GSPBC 1.57 1.47 2.38 9.67 

GMTAHP 0 1.71 2.47 4.81 

GMTAB 8.19 1.71 17.76 3.71 

GMTAF 10.38 11.61 11.71 0.95 

GCP 1.52 1.43 2.43 0 
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Graph 1. Mean and standard deviation (mm) of diameter of fungal growth inhibition halos 

for set of microorganisms employed in relation to endodontic cements tested and statistical 

similarities between the cements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Matching letters between groups represent equivalent results. 

 GROUPS N AVERAGE Significance Standard 
Deviation 

B GENDOME 36 24.25 a 7.95 

H GMTAF 36 8.68      b 5.18 

G GMTAB 36 7.85      b c 7.14 

A GAHP 36 7.6      b c d 5.14 

D GBIOCT 36 5.08      b c d e  5.00 

C GBIOCS 36 4.83      b c d e f 4.86 

E GSPBC  36 3.78      b c d e f g 3.95 

F GMTAHP 36 2.25         c d e f g 2.00 

I GCP 36 1.33               e f g 1.00 

 


