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ABSTRACT 
Aim: to evaluate the bioactivity of Biodentine compared with ProRoot-MTA.  Methods: Standardized cavities were prepared in 20 dentin blocks 
and filled with either Biodentine or ProRoot-MTA(10 each). Each group was then subdivided into two subgroups; one was kept in deionized 
water, and the other in phosphate buffer solution (PBS) for 28 days. Bioactivity was determined at the material surface and material-dentin 
interface using Scanning Electron Microscope with Energy Dispersive X-ray. Results: Samples of Biodentine and ProRoot-MTA stored in 
deionized water showed microporous granular structure interrupted by few large hexagonal-shaped grains. Their surface elemental analysis 
showed similar main constituents including carbon, oxygen, and silicon with no statistically significant difference between both materials. 
Biodentine contained significantly more calcium than ProRoot-MTA. Unlike ProRoot-MTA, calcium and strontium were significantly decreased 
at the interface of Biodentine than that at the material’s surface. After 28 days incubation in PBS, an apatite layer was formed at both the 
material surfaces, and the material-dentin interface exhibited as globular structure with entangled rod-like appearance for Biodentine or 
circular-shaped with flower-like deposits for ProRoot-MTA. There was no significant difference in calcium/phosphate ratio between Biodentine 
(3.52±1.34 wt. %) and ProRoot-MTA (3.89±1.27 wt. %) filled samples. Conclusion: The immersion of Biodentine and ProRoot-MTA in PBS 
resulted in the formation of comparable apatite layer that wasn’t formed when these materials were immersed in deionized water indicating their 
bioactive property.   
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INTRODUCTION 

 
Radicular perforations negatively impact the outcome of root canal treatment(1, 2). In a two-year follow up study, 
around 40% of perforations sealed with Super EBA or amalgam failed (3). However, the use of Mineral Trioxide 
Aggregate (MTA) improved the success rate of perforation repair to 80% (4). This enhanced outcome has been 
attributed to MTA’s biocompatibility and bioactivity (5-7). 
 
Bioactivity reflects the ability of the material to release calcium ions, produce calcium hydroxide and form an 
interfacial layer between the material and dentinal wall leading to the deposition of apatite crystals over the surface 
of the material when it is placed in a synthetic tissue fluid environment such as phosphate buffer saline (PBS) 
(7).The ability of MTA to react chemically with the simulated body fluids in a manner compatible with the repair 
processes of the tissue leading to the deposition of apatite crystals at the material surface has been demonstrated 
confirming its bioactivity (8, 9). Nevertheless, the long setting reaction and difficult manipulation have been two 
main drawbacks of MTA(10). 
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Biodentine has been a recently introduced dentin replacement material that is claimed to be bioactive. It is composed 
of tricalcium silicate, dicalcium silicate, calcium carbonate, calcium oxide and zirconium oxide while the liquid 
component includes calcium chloride, a hydrosoluble polymer and water. It sets within 6.5-45 minutes (11, 12). 
Exposing immortalized murine cells to Biodentine led to their transformation to odontoblast-like cells confirming 
the bioactive capacity of the material (13). The formation of “Mineral Infiltration Zone” has been described at 
Biodentine-dentin interface (14). Few studies have reported that Biodentine led to more calcium release at its 
interface compared to MTA (15, 16). Further insight on this aspect has been needed in order to verify whether 
Biodentine possesses higher bioactivity compared to MTA.  
 
Combining Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray (EDX) provides qualitative and 
semi-quantitative assessment of the superficial calcium to phosphate ratio (Ca/P). Such tests have been used to 
assess the bioactivity of materials (17). Utilizing this approach, this study aimed at comparing the bioactivity 
potential of MTA and Biodentine when placed in PBS for four weeks. The null hypothesis was that there was no 
difference between both materials in their bioactivity. 
 
MATERIALS AND METHODS 

 
Twenty standardized blocks of radicular dentin (8x8x3 mm3) were prepared from recently extracted human single-
rooted teeth. In each block, a 4-mm diameter hole was prepared using carbide round bur # 2 under copious amount 
of water. Blocks were equally and randomly divided into two main groups; one group was filled with Biodentine 
(Septodont, Saint-Maur-des-Fossés, France), while the second one was filled with white ProRoot-MTA (Dentsply 
Tulsa Dental, OK, USA). Both materials were mixed according to manufactures’ instructions. The specimens were 
kept in an incubator at 100 % humidity and 37oC for 48 hours until complete setting. Each group was then equally 
subdivided into two subgroups; specimens were either immersed in deionized water or phosphate buffer solution 
(PBS) for 28 days. Each solution was refreshed every three days. After 28 days, the specimens were analyzed using 
SEM/EDX to evaluate the surface morphology and elemental composition of the materials’ surface as well as 
materials’ dentin interface. Ca/P was calculated for samples incubated in PBS, and compared between groups as an 
indication of bioactivity.  
 
The data were statistically analyzed by ANOVA and Tukey’s Post Hoc test for the elemental composition and 
student’s t test for Ca/P, respectively at significance level of 5%. 
 
RESULTS  

SEM results 
 
Figure 1 (A & B) shows the scanning electron microphotographs of Biodentine and ProRoot-MTA filled dentin 
samples after the incubation in deionized water for 28 days. Both groups exhibited multiple clusters of small grains 
producing a micro-porous granular morphology. Few large hexagonal-shaped grains, marked with vertical white 
arrows, were seen between these clusters. The surface of ProRoot- MTA also showed the presence of multiple 
scattered white dots, marked with a horizontal white small arrow- figure 1B. 
 
Figure 2 (A & B) shows the scanning electron microphotographs of Biodentine and ProRoot-MTA filled dentin 
samples after the incubation in PBS for 28 days. As seen from the figure, an apatite layer was formed on the entire 
surface as well as at the material-dentin interface for both materials. The granular surface of Biodentine was covered 
by an entangled rod-like apatite layer, indicated by a horizontal white arrow (figure 2A). ProRoot-MTA filled dentin 
samples however showed the presence of flower-like deposits, indicated by a vertical white arrow (figure 2B) on 
their surfaces.  
 
EDX results 
 
Biodentine samples showed significantly lower oxygen and calcium, but significantly higher carbon, sodium, 
phosphate, magnesium, manganese, strontium, zirconium and potassium when incubated in PBS than when 
immersed in deionized water. Meanwhile, the amount of silicon, chloride, arsenic, niobium and bismuth was not 
affected by the storage medium (Figure 2 C &E). 
 
ProRoot-MTA samples had significantly lower oxygen and bismuth amounts, but higher silicon, phosphate, sodium, 
aluminum, magnesium, potassium when immersed in PBS than when immersed in deionized water. Meanwhile, the 
amount of carbon, calcium, manganese, chloride, arsenic and strontium was not affected by the storage medium 
(Figure 2 D& F).  
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Comparing the elemental composition of the surface of Biodentine and ProRoot-MTA [Figure 1 (C-F)] revealed that 
there was no significant difference between both materials regarding potassium, manganese, arsenic, 
strontium,carbon, oxygen and silicon contents (P>0.05). Calcium content was significantly higher in Biodentine 
(32.3±5.24wt.%) compared to ProRoot-MTA (25.89±2.47wt.%). The opposite was true for bismuth. Regarding trace 
elements, Biodentine contained significantly greater magnesium than ProRoot-MTA. Sodium, zirconium and 
niobium were only detected in Biodentine samples while aluminum was only present in ProRoot-MTA. 
 
The analysis of the material-dentin interface in samples immersed in PBS for both materials showed that the amount 
of carbon, oxygen and silicon were significantly higher than those detected at the materials’ surfaces, whereas 
calcium and phosphate amounts were significantly lower (P<0.05). 
 
Regarding the calcium/phosphate ratio, calculated for the samples incubated in PBS, there was no significant 
difference (P=0.861) observed between Biodentine (3.52±1.34) and ProRoot-MTA (3.89±1.27) samples.  
 

 
Figure 1: Scanning electron microphotographs of Biodentine (A) and ProRoot-MTA (B) filled dentin samples 
incubated in deionized water for 28 days. Both samples showed micro-porous granular structures with clusters of 
minute grains interrupted with large hexagonal-shaped grains (vertical white arrows). There are scattered white dots 
(a horizontal white small arrow) of radiopaque constituents of ProRoot-MTA. Energy dispersed X-ray analysis of 
the elemental composition at the surface and material-dentin interface of Biodentine (C & E respectively) and 
ProRoot-MTA (D & F respectively) showed nearly similar composition but with different proportions of their 
ingredients. 
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Figure 2: Scanning Electron Micrographs of Biodentine (A) and ProRoot-MTA (B) filled dentin samples incubated 
in phosphate buffer solution for 28 days. Both samples showed the formation of an apatite layer on their surface. The 
surface of Biodentine-filled samples had a globular structure overlapped by an apatite layer of fiber or rod-like 
(horizontal white arrow) structure as tangled branches of a tree. ProRoot-MTA-filled samples however had circular-
shaped or flower-like deposits (vertical white arrow). Energy Dispersed X-ray analysis at the surface of both 
investigated materials (C and D) and their dentin interface (E, and F) revealed calcium phosphate deposits with 
similar composition but with different proportions of their ingredients. 
 

DISCUSSION  

Since the bioactivity of repair material is crucial for achieving an optimal outcome for the perforation repair process, 
this study compared the bioactivity of Biodentine and ProRoot-MTA when they were placed in PBS for an extended 
period of four weeks. Determining the Ca/P at the interface and surface of each material was used as an indicative of 
bioactivity.  
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The results indicated that Biodentine and ProRoot-MTA showed no significant difference in their carbon, oxygen 
and silicon ingredients. The calcium content of Biodentine was significantly higher than ProRoot-MTA. Aluminum 
was only detected in ProRoot-MTA; it was responsible for ettringite formation during the hydration reaction and 
final setting of MTA (18-20). The absence of aluminum from Biodentine, however, could be related to the active 
biosilicate technology employed to remove the impurities, and hence improve the biological characteristic of 
Bidoentine (21).  
 
As shown from SEM images, the white dots seen on the surface of ProRoot-MTA could be due to the presence of 
bismuth that normally was added as a radiopacifier (18). The high content of radioopacifier in ProRoot-MTA could 
be accounted to its long setting time (22). Biodentinehad zirconium and niobium has been indicated from elemental 
analysis. Recently, niobium was used as a filler in dental restorations; it increases radiopacity, microhardness and 
adhesive property. Niobium may also reduce solubility and setting time, but improve the dimensional stability and 
bioactivity of root canal materials (23, 24). Both Biodentine and ProRoot-MTA contained traces of manganese, and 
strontium. It was believed that these elements may help improve their biocompatibility (18).  
 
After incubation in phosphate buffer solution, the formation of an apatite layer was detected on the surface of both 
Biodentine and Pro-Root MTA as well as at the material-dentin interface for both materials. The apatite layer has a 
rod-like structure as tangled branches of a tree in the case of biodentine. The morphology of the apatite layer seen on 
Pro-Root MTA however, is different, becuase of its circular-shaped or flower-like deposits. The difference in 
morphology of the apatite layer could be attributed to the difference existing in their calcium and silicon constituents 
particularly at the dentin interface. Biodentine showed higher calcium and silicon than ProRoot-MTA (15). The 
calcium-silicon constituents of calcium silicate-based material could interact with dentin in the presence of 
phosphate buffer solution to form intrafibrillar apatite deposition, and tag-like structure that improve the material’s 
sealing ability (15). Regardless of this variation in the morphology of the apatite layer, its calcium/phosphate ratio 
was 3.52± 1.34 for Biodentine and 3.89 ± 1.27 for ProRoot-MTA. This ratio could indicate that this apatite layer has 
been a combination of hydroxyapatite and calcium carbonate as previously observed in other studies (25, 26). Based 
on the current results of bioactivity, there was no reason to reject the null hypothesis.  

CONCLUSION 
 

After the incubation for 28 days, both materials showed the formation of an apetite layer in their surfaces as well as 
at material-dentin interface. Ca/P ratio showed no significant difference between both materials in these layers. The 
similarity in Ca/P ratio between the two materials indicated similar behavior under similar conditions. Due to 
comparable bioactivity, Biodentine could be used as an alternative to ProRoot-MTA as a root repair material. 
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