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Setting Reaction
The reaction of the powder with the liquid leads to the setting 

and hardening of the cement. The hydration of the tricalcium silicate 
leads to the formation of a hydrated calcium silicate gel (CSH gel) and 
calcium hydroxide [14]. The cement located in inter-grain areas has a 
high level of calcite (CaCO3) content. The hydration of the tricalcium 
silicate is achieved by dissolution of tricalcium silicate and precipitation 
of calcium silicate hydrate. In general, it is designated by chemists as 
C-S-H (C=CaO, S=SiO2, H=H2O). The calcium hydroxide takes origin 
from the liquid phase. C-S-H gel layers formation is obtained after 
nucleation and growth on the tricalcium silicate surface. The unreacted 
tricalcium silicate grains are surrounded by layers of calcium silicate 
hydrated gel, which are relatively impermeable to water; thereby 
slowing down the effects of further reactions. The C-S-H gel formation 
is due to the permanent hydration of the tricalcium silicate, which 
gradually fills in the spaces between the tricalcium silicate grains. The 
complete hydration reaction is summarized by the following formula 
[14,15].

2(3CaO.SiO2) + 6H2O→3CaO.2SiO2.3H2O + 3Ca(OH)2

C3S CSH

Chemistry and Structure of Cement
The surface of the cement observed with the SEM one week 

after mixing is loaded by calcite–rich structures (CaCO3) of variable 
sizes. The calcite is a chemical or biochemical mineral crystallizing 
in the rhombohedra system (a=b=c; α, β, γ ≠ 90). Crystals of CaCO3 
diamond-shaped (or rhombohedra form) are observed at the surface. 
Taylor (1997) observed that calcium hydroxide crystallizes in the form 
of hexagonal plate or prism. The surface of CaCO3 crystals is rough and 
irregular. Therefore, CSH gel, considered as the matrix of the cement, 
and the crystals of CaCO3 are filling the spaces between grains of 
cement. Calcite (CaCO3) has two distinct functions: as an active agent 
it is implicated in the process of hydration and as filler it improves the 
mechanical properties of the cement [16].

The hardening process results from of the formation of crystals that 
are deposited in a supersaturated solution. Setting reaction of 3CaO.
SiO2 includes four elements: the unreacted particles of cement, surface 
products (CSH gel), the content of the pores (Ca (OH)2) and porous 
capillary space.

Properties of Biodentine
The electrochemical properties of this cement are due to the solid 

phase and ion mobility of free ions inside the pores filled with the 
electrolyte [17,18]. Impedance spectroscopy is a technique that allows 
studying the process of hardening of cement. This is a non-destructive 
method that may monitor the hardening process. The electrical 
resistance increases when the porosity of the system is reduced. The 
setting reaction of Biodentine leads to the formation of initial porosities 
that are gradually filled after several days by new crystal compounds. 
During this final step, the solid phase increases and finally reaches a 
maximum.

Compressive strength

A specific feature of BiodentineTM is its capacity to continue 
improving with time in terms of strength over several days until 
reaching 300 MPa after one month. This value becomes quite stable 
and is in the range of the compressive strength of natural dentine (297 
MPa) [19]. Grech et al. [20] studied that Biodentine showed highest 

compressive strength as compared to other tested materials due to its 
low water: powder ratio. According to Koubi et al. [21], Biodentine 
revealed good marginal adaptation until 6 months when used as a 
posterior restoration. 

Vickers hardness

Biodentin exhibits sufficient hardness to be used as dental material. 
After 2 hours, the hardness of biodentineTM is 51 VHN and reaches 69 
VHN after 1 month. In an interesting study, Camilleri [22] evaluated 
microhardness of Biodentine, Fuji IX conventional GIC and resin 
modified GIC and found that Biodentine exhibited excellent surface 
hardness when etched.

Flexural strength

High flexural strength is a definite pre-requisite for any restorative 
material for its long term efficiency in oral cavity. The 3 points bending 
test is used as a parameter to measure the flexural strength of a material 
and this test has a   high clinical significance. The value of the bending 
obtained with BiodentineTM after 2 hours was 34 MPa as compared 
with other materials such as 5-25 MPa for Conventional Glass Ionomer 
Cement; 17-54 Mpa for Resin modified GIC and  61-182 MPa for 
Composite resin [19]. Therefore, it has been inferred that the bending 
resistance of BiodentineTM is superior to conventional GIC, but still 
much lower than the composite resin.

Bond strength

As Biodentine is recommended for use as a dentin substitute 
and perforation repair material, it should have sufficient amount 
of push-out bcomposite reorar than the composite resin.
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