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Evaluation of cytotoxicity and adaptability of a 
novel bioceramic root canal sealer: An in vitro and 
scanning electron microscope study
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A b s t r a c t

Context: Cytotoxicity and adaptability are among the highly imperative tests that should be performed on a novel endodontic 
material to ensure its successful implementation in endodontic treatment.

Aims: Assess a recently introduced bioceramic root canal sealer CeramoSeal with TotalFill BC and AH plus sealers regarding 
the cytotoxicity and adaptability.

Materials and Methods: Five sealer discs were prepared for each sealer and their extracts were cultured in 96‑well plates 
containing human fibroblasts for 24 h. After their incubation, MTT solution was added to each well plate using an enzyme‑linked 
immunosorbent assay plate reader was implemented to calculate the percentage of viable cells. Thirty mandibular single‑rooted 
premolars were prepared using the Edge Endo rotary system, teeth were divided into three groups (n = 10) based on the sealer 
type: Group 1 CeramoSeal, Group 2 Totalfill, and Group 3 AH plus sealer. Teeth were sectioned longitudinally and viewed 
under a scanning electron microscope where the region with the gaps was identified and quantified as a percentage of the 
root canal’s overall area.

Statistical Analysis: One‑way ANOVA test was used for cytotoxicity, while Kruskal–Wallis and Friedman’s tests were used for 
adaptability.

Results: Ceramoseal statistically significantly showed the lowest viability, at high concentrations AH plus showed the highest 
cell viability, while at lower concentration Totalfill BC sealer showed the highest cell viability percentage. The gap percentages 
were statistically significantly higher in Ceramoseal group, there was no statistically significant difference between AH Plus and 
Totalfill groups.

Conclusions: Ceramoseal sealer exhibited the lowest viability and highest gap percentage compared to the other sealers.
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INTRODUCTION

Root canal sealers supplement the root canal obturating 
material by sealing all the root canal complexities and 
irregularities, hence effectively depriving any residual 

bacteria of the nutrients required for flourishing.[1] At 
present, a new calcium silicate‑based endodontic sealer has 
been introduced which according to the manufacturer can 
be successfully used in root canal obturation. Therefore, 
assessing the physical and biological properties of such 
bioceramic root canal sealers would be of great value.

Although endodontic sealers should be confined within 
the root canal space, unintentional extrusion of the 
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endodontic sealer beyond the apical constriction could 
occur.[2] The components of these sealers can behave as 
toxins, leading to periapical tissue damage.[3] All freshly 
mixed sealers exhibit some degree of cytotoxicity which 
on setting is markedly reduced until some sealers end up 
being inert.[4] This means that cytotoxicity tests are prudent 
when assessing new sealers.

The obturation method employed, along with the 
physical and chemical characteristics of the sealer, have a 
tremendous impact on how well the root canal sealer adapts 
to the dentinal walls and the gutta percha.[5,6] Therefore, 
proper evaluation of the adaptability of endodontic sealers 
is of utmost importance. Scanning electron microscopy 
offers advantages over other testing techniques, including 
the ability to view submicron defects at the required 
magnification and save microphotographs for final 
assessment.[7]

In the current study, Totalfill BC sealer was chosen 
as a comparator since it is also a premixed calcium 
silicate‑based sealer with the capacity to release calcium 
ions and exhibits good physical and biological qualities.[8] 
The epoxy resin‑based sealer AH plus was also selected 
because, for the past two decades, it has been regarded 
as the gold standard root canal sealer.[9] The hypothesis of 
the current study is that the Ceramoseal sealer has higher 
cytotoxicity value and gap percentages compared to the AH 
plus and Totalfill BC sealers.

MATERIALS AND METHODS

Materials
Three sealers have been selected for the current study; 
Ceramoseal Bioceramic sealer (DM Trust, Minya, Egypt) 
which is a bioceramic‑based single‑paste hydrophilic root 
canal sealer. It is composed of silicon dioxide, aluminum 
oxide calcium oxides, titanium dioxide, barium sulfate, 
calcium sulfate, and calcium carbonate in special particle 
size distribution of Nano and micro size. The other two 
sealers were Totalfill BC sealer (FKG, La Chaux‑de‑Fond, 
Switzerland) and AH plus epoxy resin sealer (Dentsply, 
New York, USA).

Methods
Cytotoxicity
Ninety‑six well plates of human fibroblasts were cultured 
and maintained in a humid condition of 5% CO2, 95% air 
at 37°C for 24 h. Full concentration (100%), 50% and 25%, 
12.5% and 6.25% diluted eluates from five sealer discs 
of each sealer were attained after immersing them in 
culture medium for 24 h and subsequently incubated 
in the cell culture well plates for 24 h. Following the 
removal of the media, the cells were washed with 
phosphate‑buffered saline and the MTT solution[10] 
(4,5‑dimethylthiazol2‑yl)‑2,5‑diphenyltetrazolium bromide; 

thiazolyl blue) was added to each well plate. Control 
samples containing medium alone were incubated similarly. 
Using an enzyme‑linked immunosorbent assay plate reader, 
optical densities were determined at 570 nm. All assays 
were repeated three times to ensure reproducibility.

The following formula was used to get the percentage of 
viable cells: (A/B) × 100 = percentage of viable cells. Where 
A represents viable cells in the experimental wells and B 
represents viable cells in the control well. Less than 30% 
of cell viability is regarded as severely cytotoxic, 60%–90% 
as somewhat cytotoxic, 30%–59% as moderately cytotoxic, 
and more than 90% as noncytotoxic.[11]

Adaptability
Thirty mandibular single‑rooted premolars were collected 
from the Ain Shams University teeth bank, after the 
acceptance of the Faculty of Dentistry Ain Shams 
University Research Ethical Committee with ethical 
number (FDASU‑REC 105).[12] Each tooth was subjected 
to mesiodistal and buccolingual radiographs to confirm 
the inclusion criteria which were the presence of a single 
canal and a well‑developed apex. The exclusion criteria 
were caries, previous restorations, calcifications, sharp 
curvatures, or resorption. The teeth were divided into 
three groups (n = 10) based on the sealer implemented 
in the obturation: Group 1 CeramoSeal, Group 2 Totalfill, 
and Group 3 AH plus sealer. All teeth were negotiated 
with a stainless steel endodontic #10 K file (Mani, Tochigi, 
Japan) and the entire root length was recorded followed 
by a subtraction of 1 mm to obtain the working length. 
Instrumentation was performed by Edge Endo rotary file 
system (Henry Schein, Albuquerque, USA) till file size 
30/0.06.

Using 5 mL of 5.25% sodium hypochlorite (NaOCl), canals 
were irrigated during their instrumentation with a side 
vented needle followed by 3 mL of 17% EDTA for 1 min to 
eliminate the smear layer’s inorganic portion, followed by 
3 mL of 5.25% NaOCl for 1 min to eliminate the organic 
portion of the smear layer. One last rinse of 5 mL of saline 
for 1 min was performed. Samples were obturated using 
gutta‑percha cone size 30/0.06 (Diadent, Gyeonggi‑do, 
South Korea) using single‑cone obturation technique then 
4 mL of Coltosol F temporary filling (Coltene, Switzerland) 
was placed to provide a proper coronal seal. Radiographs 
were taken for each tooth in a mesiodistal and a buccolingual 
direction to confirm the absence of any voids. Samples 
were kept in an incubator at 37°C and 100% humidity. To 
ensure complete setting of the sealer for 10 days.[13] On 
an Isomet machine (Buehler. Illinois, USA), samples were 
longitudinally sectioned in a buccolingual direction using 
a water‑cooled diamond blade. Marginal gap adaptation at 
the sealer and root dentin interface was evaluated using a 
Scanning Electron Microscope (SEM) (Quanta 250, FEI, The 
Netherlands) with a magnification of ×500. The samples 
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were mounted on an aluminum stub, gold sputter coated 
and viewed under SEM at the coronal, middle, and apical 
thirds. Each canal third was examined using Image J image 
analysis software (LOCI, University of Wisconsin, USA), 
and the gap percentage was measured at the sealer‑dentin 
interface. Using color code thresholding, the gap region 
was highlighted. Before calculation, a binary image 
representing the required gap area was created. After 
calculating the gap area was fractionated as a percentage 
of its overall area[14] [Figure 1].

One‑way ANOVA test was used for cytotoxicity, while 
Kruskal–Wallis and Friedman’s tests were used for 
adaptability.

RESULTS

Cytotoxicity
As regards the concentrations 100, 50, and 25; a 
statistically significant distinction existed between the 
groups (P < 0.001, effect size = 0.957), (P < 0.001, 
effect size = 0.948), and (P < 0.001, effect size = 0.961), 
respectively. When the groups were compared pairwise, 
the Ceramoseal exhibited the statistically substantially 
lowest viability percentage and AH Plus showed the 
statistically significantly highest viability. Total Fill 
exhibited a significantly lower percentage compared to the 
AH plus [Figure 2].

For concentrations 12.5 and 6.25, there was a statistically 
significant difference between the groups (P < 0.001, 

effect size = 0.975) and (P < 0.001, effect size = 0.966), 
respectively. Pair‑wise comparisons between the groups 
revealed that the Ceramoseal group showed the statistically 
significantly lowest viability. AH Plus showed statistically 
significantly lower values compared to the total fill which 
showed the statistically significantly highest viability 
percentage [Figure 2].

Adaptability
Pair‑wise comparisons between the groups revealed that 
a statistically significant difference was seen among the 
groups at the coronal, middle, and apical levels, where the 
Ceramoseal showed the statistically significantly highest 
gap percentage. Between AH Plus and Total Fill, there 
was no statistically significant variance; both displayed 
statistically significantly smaller gap percentages [Table 1].

DISCUSSION

Accurate assessment of the biocompatibility as well as 
the physical properties of any novel endodontic sealer is 
of prime importance to successfully and safely implement 
it in clinical practice. The hypothesis of the current study 
was fulfilled as Ceramoseal was found to have statistically 
significantly higher cytotoxicity and gap percentage values 
compared to the other groups. In cytotoxicity investigations, 
extracts from endodontic sealers are diluted to varying 
degrees. The dilution is warranted because the leachable 
substances gradually lose concentration as the material 
comes into contact with tissue due to the extracellular 
fluids present in the periapical tissues.[15] The Ceramoseal 

Figure 1: Scanning electron microscope images at magnification ×500 representing Ceramoseal at (a) coronal, (b) middle and 
(c) apical third, AH plus at (d) coronal, (e) middle and (f) apical third and Totalfill at (g) coronal, (h) middle, and (i) apical third

d

h i

c

g

b

f

a

e



Emam, et al.: Cytotoxicity and adaptability of a novel bioceramic endodontic sealer

329Journal of Conservative Dentistry and Endodontics  | Volume 27 | Issue 3 | March 2024

showed significantly the highest cytotoxic values followed 
by the Totallfill and the lowest was the AH Plus sealer 
at the 100, 50, and 25 dilution percentages. The higher 
cytotoxic effect of high concentrations of the calcium 
silicate‑based sealers compared to the AH plus sealer could 
be attributed to their higher solubility rate. Totalfill has 
been found in the literature to be more soluble than the 
AH plus sealer.[16‑18] Also, the highly alkaline pH medium 
created by the bioceramic sealers can also attribute to its 
cytotoxic effect on the fibroblasts.[19] Raising the pH level 
can cause damage to the cytoplasmic membrane, DNA, 
and proteins, which can lead to the death of bacteria as 
well as the host cells.[20] Results of the current study are 
consistent with Loushine et al. who found that at the 24‑h 
period, the cytotoxicity of Endosequence BC sealer was 
greater compared to AH Plus and justified that by the more 
extended final setting time of the bioceramic sealer that 
could lead to the components leaching over a prolonged 
period and negatively influence cell viability.[21] A portion 
of the toxicity of the AH plus sealer can be explained by 
the resin’s polymerization process and the presence of the 
epoxy resin itself as a component.[22] At lower concentrations 
of 12.5 and 6.25, the Totalfill BC sealer showed the least 
cytotoxic effect and highest viability followed by AH plus 
and finally, the Ceramoseal showed the least viability and 
highest cytotoxicity. López García et al.[23] and Malta et al.[24] 
accredited the compatibility of the Totalfill BC sealer to the 
elution of the calcium ions and the proprietary additives in 
the bioceramic paste that play a vital role in the improved 
biocompatibility of the material.

Several factors that integrate together can ultimately 
determine the degree of adhesion of the filling materials 
to dentine. These factors are the intermolecular surface 
energy and cleanliness of the adherent which is the dentin, 

the surface tension and wetting capacity of the adhesive 
which is the sealer.[25] These factors affect the degree of 
a material’s dentinal tubule penetration.[26] The present 
study revealed that Ceramoseal showed the statistically 
significantly highest gap percentage. AH Plus and Total Fill 
did not differ statistically significantly, they both presented 
statistically significantly lower gap percentages. The 
superior adaptability of the Totalfill BC sealer is clarified 
by the hydration products of the calcium silicate sealer’s 
alkaline caustic effect, which has been shown to break 
down the interfacial dentin’s collagenous component. 
This could therefore make it easier for sealers to enter the 
dentinal tubules,[27] which is also in agreement with Patri 
et al.[13] The AH Plus sealer showed favorable adaptability 
results due to its chemical bonding to root dentin, the 
sealer forms covalent bonds between the collagen of the 
dentin and epoxy resin.[24] When comparing the root thirds, 
AH plus and Totalfill sealers demonstrated larger gaps at 
the apical level compared to the coronal level. The reduced 
diameter as well as the density of the dentinal tubules at 
the apical region justifies the disparity. The oval shape of 
the premolar root canal may be a contributing factor to the 
higher mean gaps at the apical region.[28]

CONCLUSIONS

1. Ceramoseal bioceramic sealer showed significantly 
the lowest number of viable cells with the highest 
cytotoxicity values at different concentrations. At 
higher concentrations, AH plus showed the highest 
cell viability, while at lower concentrations, Totalfill BC 
sealer showed the highest cell viability percentage

2. Ceramoseal showed statistically significantly the 
highest gap percentage. Between AH Plus and Total Fill 
sealers, there was no statistically significant variation 
in adaptability.
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