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Background: Calcium silicate cements are hydraulic cements, routinely used for 
perforation repairs. During such repairs, these cements are invariably exposed 
to irrigating solutions. 
Aim: This study aimed to understand the effect of irrigating solutions on the 
hydration of calcium silicate cements.   
Materials and Methods: Sixty extracted teeth were taken and horizontal 
sections of 2mm were obtained. These samples were randomly divided into two 
groups viz. Biodentine and BioMTA Plus groups later these cements were 
condensed into the canal spaces and allowed to set until their setting time. These 
samples were further subdivided and allowed to encounter three irrigating 
solutions viz. Normal saline, 17% EDTA, and 2% Chlorhexidine for 5 minutes. 
These were allowed to mature in an incubator for seven days and subjected to 
Scanning Electron Microscopy and Energy Dispersive X-ray analysis. 
Results: The SEM analysis of the Biodentine/control group displayed a petal-
like appearance, with a Ca/Si ratio of 2. Whereas, the Biodentine/Normal saline, 
Biodentine/17% EDTA and Biodentine/2% Chlorhexidine group displayed 
crumbled paper-like appearance. The Ca/Si ratios for the Biodentine/Normal 
saline, Biodentine/17% EDTA and Biodentine/2% Chlorhexidine were 2.72, 1.6, 
and 4.21, respectively. In the BioMTA Plus group, all the SEM analyses displayed 
round crystalline structures in all groups. The Ca/Si ratio of BioMTA 
Plus/Control, BioMTA Plus/17% EDTA and BioMTA Plus/2% Chlorhexidine 
were 25.5, 17.42, 24.1, and 39.4, respectively. 
Conclusion: The study concluded that the irrigating solutions did not affect the 
hydration mechanism of Biodentine and BioMTA Plus despite the variations in 
the Ca/Si ratios and surface morphology. 
Keywords: Calcium silicate cement, Perforation repairs, Hydration, BioMTA 
Plus, Scanning Electron Microscopy, Energy Dispersive X-ray Analysis, Irrigating 
solutions, and Ca/Si ratios.  
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1. Introduction

Torabinejad pioneered tricalcium silicate cement, mineral 
trioxide aggregate (MTA), as a root-end filling material in 
the 1900s [1]. The original formulation consisted of 50-75% 
(wt.) calcium oxide and 15-25% silicon dioxide [2]. Upon 
trituration, these oxides formed tricalcium silicate, 
dicalcium silicate, tricalcium aluminate, tetra calcium 
aluminoferrite, calcium sulfate, and bismuth oxide [3]. In 
addition to root-end filling, MTA is also used for pulp 
capping, perforation repairs, resorptions, apexification and 
apexogenesis. Despite its clinical success, drawbacks like 
increased setting time, high solubility, difficult handling 
characteristics, and discolouration potential [4] prompted 
the development of modified mineral trioxide aggregate, 
BioMTA Plus. It is dispensed as powder and liquid and has a 
shorter setting time than its parent material. It chemically 
comprises calcium oxide, hydroxyapatite, oxides of silicon, 
iron, aluminium, sodium, potassium, bismuth, magnesium, 
zirconium, and calcium phosphate. The silicon and calcium 

compounds support tissue regeneration after wall 
perforation and intracanal resorption. It also contains 
hydroxyapatite, which integrates the compound into the 
bone structure [5]. 
 
Biodentine is a dentin replacement material and contains 
tricalcium silicate, calcium carbonate, zirconium oxide, 
calcium oxide, and calcium chloride [6]. The properties of 
Biodentine have been improved by incorporating an 
accelerator and softener and substituting bismuth oxide 
with zirconium oxide [6-8]. Compared to MTA, Biodentine is 
superior due to its excellent biocompatibility and 
bioactivity, sealing ability, and compressive strength [6,9]. It 
has decreased discolouration potential [10-12] and 
increased aesthetics [13]. These cements are widely used in 
pulp capping, perforation repairs, intracanal resorption, 
root-end filling material, pulp amputation, apexification, 
and apexogenesis [6,14]. 
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In the clinical case of perforations, the attempt to repair the 
defect prior to cleaning and shaping prevents iatrogenic 
damage to the peri radicular tissues caused due to the 
extrusion of irrigants, gutta-percha, root canal sealer, and 
contaminants [15].  
 
The commonly used repair materials, calcium silicate 
cements invariably encounter different irrigating solutions 
during cleaning and shaping. Lee et al. stated that 17% EDTA 
retards the hydration of mineral trioxide aggregate [16]. 
Nandini et al. suggested that 2% CHX should be avoided for 
24 hrs after placement of WMTA [17]. Guneser et al. 
concluded that 3.5% NaOCl, 2% CHX, and normal saline 
altered the surface topography of Biodentine but was more 
resistant to dislodging forces [18]. However, there are no 
studies evaluating the effect of irrigating solutions on the 
hydration mechanism of Bio MTA Plus. Thus, this study 
aimed to evaluate the effect of irrigating solutions on the 
hydration mechanism of Biodentine and novel Bio MTA 
Plus. 
 

2. Materials and methods 

BioMTA Plus (Cerkamed Company, Poland) and Biodentine 
(Septodont, France) materials were used in the study. Sixty 
extracted teeth were collected and were decoronated at the 
cemento-dentinal junction. The mid-root dentin was sliced 
horizontally to obtain a thickness of 2 mm. In each slice, the 
canal space was enlarged using gates glidden drill (MANI, 
INC) to size 6. These cut sections were divided randomly 
into two groups, Group 1: BioMTA Plus and Group 2: 
Biodentine, with 32 in each. 
 
Both BioMTA Plus and Biodentine materials were 
manipulated according to the manufacturer’s 
recommendations and condensed into the root canals of 
their respective group cut sections and were allowed to set. 
Then, the samples from each group were divided into four 
subgroups (A, B, C, and D) with 8 (n=8) in each based on the 
type of irrigating solutions. The samples were soaked for 
five minutes in normal saline, 2% Chlorohexidine (CHX), 
and 17% EDTA solutions (subgroups B, C, and D, 
respectively). Subgroup A is the control group that was not 
exposed to any irrigating solution. The samples of both 
groups were soaked in phosphate-buffered saline solution 
for seven days in an incubator at 37 degrees centigrade until 
testing. 
 
The samples were platinum sputtered and subjected to 
Scanning Electron Microscopy (SEM) and Energy Dispersive 
X-Ray (EDX) analysis at 6k magnification. 
 
The statistical analysis has been performed using SPSS 
(Statistical Package for Social Science) 26.0, USA. The one-
way ANOVA test has been used to statistically analyze the 
Ca/Si ratios obtained from the control and the other 
subgroups to understand the amount of hydration that has 
taken place. The confidence intervals were set at 95% with 
a P-value <0.05 being statistically significant. 
 

3. Results 

The SEM and EDX analysis of Biodentine and BioMTA Plus 
specimens are given in Figures 1 to 4. The scanning electron 
microscopy for the Biodentine control group showed 

uniformly arranged petal-like structures. The 
Biodentine/Normal saline group exhibited a crumbled 
paper-like appearance. The Biodentine/2% CHX group had 
a similar appearance to the control group, but two samples 
displayed needle-like crystals interspersed with granular 
amorphous structures. The uniformly distributed granular 
structures were observed in the Biodentine/17% EDTA 
group (Figure 1). 
 

The scanning electron microscopy for Bio MTA Plus/control 
group displayed small round granular structures. Bio MTA 
Plus/Normal saline, Bio MTA Plus/CHX, and Bio MTA 
Plus/17%EDTA showed similar appearances to that of the 
control groups (Figure 3). 
 
The EDAX analysis of both the groups of Biodentine and 
BioMTA Plus groups displayed peaks of Ca, Si, O, and P 
(Figures 2 and 4). However, the Ca/Si ratios of the 
subgroups showed variations. In the present study, the 
Ca/Si ratios of the BioMTA Plus group were shown to be 
higher than the Biodentine group. 
 
The Ca/Si ratio for Biodentine/control group was found to 
be 2 (Figure 2A). The Ca/Si ratio for Biodentine/Normal 
saline, Biodentine/EDTA, and Biodentine/CHX was 2.72, 
1.6, and 4.21, respectively (Figures 2B, 2C and 2D). The 
Ca/Si ratio for Biodentine/CHX group was greater than the 
Biodentine/Normal saline group followed by the Biodentine 
control group and Biodentine/17% EDTA (Figure 5). 
 
The BioMTA Plus/control group was found to have a Ca/Si 
ratio of 25.5 (Figure 2A). The BioMTA Plus/Normal saline, 
BioMTA Plus/EDTA, and BioMTA Plus/CHX have a Ca/Si 
ratio of 17.42, 24.1, and 39.4, respectively (Figures. 4B, 4C 
and 4D). Whereas the Ca/Si ratios for BioMTA Plus/CHX 
were more than the BioMTA Plus/control group, BioMTA 
Plus/EDTA group, and Bio MTA Plus/normal saline (Figure 
6).  
 
Though the subgroups have shown variations in terms of 
Ca/Si ratios, they were proven to be statistically 
insignificant (P-value >0.05). This means that the difference 
in the ratios of Ca/Si shown has no significant effect on 
hydration. 
 

4. Discussion 

The tricalcium silicate cements are also known as hydraulic 
cements as they mature in the presence of moisture. In the 
hydration reaction of MTA, tricalcium silicate and dicalcium 
silicate dissolves to form calcium silicate hydrate. The 
calcium silicate hydrate consists of calcium and silicon from 
the powder and hydroxyl ions from the mixing liquid. Upon 
completion of the hydration, a porous calcium silicate gel is 
formed. The calcium hydroxide is formed from the excess 
calcium ions leached from the powder particles [19].  
 
The hydration of Biodentine begins with the reaction 
between tricalcium silicate cement and water. It leads to the 
formation of calcium silicate hydrate gel on the cement 
particles and calcium hydroxide. Upon further hydration, 
the calcium silicate hydrate coats the unreacted powder 
particles and retard the reaction. The calcium carbonate 
acts as a nucleation site for calcium silicate hydrate that 
reduces the induction period [20]. 
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FIGURE 1. SEM images of Biodentine A) Control group, B) Biodentine/ Normal saline,  C) Biodentine/ 2% CHX,  D) 

Biodentine/ 17% EDTA. 

 
 
 
 
 
 

    

      
Figure 2. EDX images of Biodentine A) Control group, B) Biodentine/ Normal saline,  C) Biodentine/ 2% CHX,  D) Biodentine/ 

17% EDTA. 
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FIGURE 3: SEM images of BioMTA Plus. A) Control group, B) BioMTA Plus/Normal saline , C) BioMTA Plus/2% CHX,   

D) BioMTA Plus/17% EDTA. 

 
 
 
 
 

    

       
FIGURE 4. EDAX images of BioMTA Plus. A) Control group, B) BioMTA Plus/Normal saline , C) BioMTA Plus/2% CHX,  

D) BioMTA Plus/17% EDTA. 
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Figure 5. Ca/Si ratio mean plots of Biodentine 
  

Figure 6. Ca/Si ratio mean plot of BIO MTAPLUS 
 

 

The elements present in the hydration products attain 
their maximum concentration on the 7th day [21]. 
Hence, in the present study, the samples were allowed 
to hydrate for the same duration. 
 
The SEM images of the Biodentine/control group 
showed a petal-like appearance, in contrast to other 
studies [22-24]. The SEM images of the 
Biodentine/Normal saline group displayed a crumble 
paper-like appearance. Two samples of 
Biodentine/2% CHX showed needle-like crystals 
interspersed with granular amorphous structures and 
Biodentine/17% EDTA group displayed granular, 
amorphous structures. 
 
The SEM images of the BioMTA Plus/control group 
showed round granular crystalline structures. The 
other subgroups displayed similar morphology to the 
control group. 
 
The Ca/Si ratios indicate the amount of hydration that 
occurred.  The Ca/Si ratios greater than 1.5 indicate 
the presence of the hydration products. The Ca/Si 
ratios of all the subgroups were greater than 1.5, 
indicating that hydration has taken place [25]. 
The Ca/Si ratio for BioMTA Plus/EDTA group and 
Biodentine/EDTA group was found to be lesser than 
the control group similar to the study by LEE et al. 
[16]. The reason is that the EDTA is a known chelator, 
which chelates the calcium found in Bio MTA Plus 
cement thus, reducing the Ca/Si ratio. A similar reason 
can be explained for the Biodentine/ 17% EDTA 
subgroup. 
The Ca/Si ratio for Biodentine/Normal saline is 
greater than that of the control groups, as the higher 
concentrations of Na and Cl ions might act as a 
nucleation site for hydration [16]. Whereas the Ca/Si 
ratio for Bio MTA Plus/Normal saline group is lesser 
than the control group, further research is required to 
address this. 
As stated by Nandini et al. [17], CHX irrigation should 
be avoided for 24hrs after the placement of WMTA. 
However, in the present study, no such caution was 
observed as the Ca/Si ratio was found to be higher 
than the controls in both groups, suggesting that the 

hydration might not have been affected. Further 
research is required to address this and 
understanding of the concept. 
Despite the variations in the Ca/Si ratios and the 
surface morphology in the groups, there has been no 
statistically significant difference in the amount of 
hydration. 
 
This study did not evaluate the effect of blood or saliva 
contamination on the hydration mechanism. Further 
studies are required to understand this aspect. 
 
5. Clinical significance 

The present study analysed the effects of irrigating solutions 
on the hydration of tricalcium silicate cements during 
furcation repairs. As these repairs were attempted prior to 
cleaning and shaping, they inevitably come in contact with 
the irrigating solutions that might interfere with the 
hydration thus affecting the physical characteristics. 

 
6. Conclusion 

The effect of irrigating solutions on the hydration 
mechanism of calcium silicate cement has been discussed 
and concluded that there is no statistically significant 
difference in irrigating with the solutions used in this study. 
However, these cements must be allowed to be set until the 
manufacturers mentioned setting time to allow the 
hydration to occur. 
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