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ABSTRACT

Aim Biodentine is a calcium-silicate based material that 
has been studied in recent years for a wide range of clinical 
applications in both Endodontics (pulp capping, pulpotomy, 
apexification, retrograde root end filling, repairing of root 
perforations and resorptions) and in Restorative Dentistry 
as a dentin substitute. The aim of this study was to review 
the physical-mechanical properties (porosity, setting time, 
compressive strength, bond strength/push-out bond strength, 
sealing ability, marginal adaptation, radiopacity, solubility, 
color stability) and biological properties (antimicrobial activity, 
biocompatibility, bioactivity) of BiodentineTM (BD).
Materials and methods BD has been analysed in its various 
physico-chemical aspects and mechanical and biological 
properties. 
Results Regarding biocompatibility, bioactivity, antibacterial 
properties, versatility, stability, sealing properties, compressive 
and flexural strength, BD fulfils the requirements. Its relatively 
easy  handling, low cost and faster setting are the major 
advantages of this material when compared to previous calcium 
silicate cements.
Conclusion Clinical studies of long term efficiency and high 
evidence are still lacking. BD has great potential to revolutionise 
the management in Restorative Dentistry and Endodontics, but 
also in Paediatric Dentistry, both for primary and permanent 
dentition.
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INTRODUCTION

Commercially available since 2009, BiodentineTM (BD) is a 
biologically active cement used in Dentistry, specifically 
designed as a “dentin replacement material” (1) because 
of its dentin like mechanical properties. Some changes 
were made to the basic composition of already known 

calcium-silicate cements (Mineral Trioxide Aggregate, 
MTA), to increase the physicochemical properties (1,2). 
In fact, BD coinciliates high physical and mechanical 
properties with excellent biocompatibility, as well as a 
bioactive behavior and wide range of clinical applications 
(3,4,5). BD has in fact a wide range of clinical applications 
in both Endodontic-Pediatric Dentistry (pulp capping, 
pulpotomy, apexification, retrograde root end filling, 
repair of root perforations and resorptions) and in 
Restorative Dentistry as a dentin substitute (3,5,6).
Through a critical analysis of the studies in the literature, 
this review aims to analyse the characteristics of BD, 
with particular attention to the physicochemical and 
biological properties of the material. 

COMPOSITION

BD is a two-component material (powder and liquid). 
Powder is contained in capsules and the liquid in 
pipettes. The powder is composed of tricalcium silicate 
(main component), bicalcium silicate (secondary 
component), calcium carbonate and oxide (filler), iron 
oxide (colouring agent) and zirconium oxide (radio-
opacifier) (3,7). The liquid is composed of calcium 
chloride (accelerator) and a water-soluble polymer 
(water reducing agent) (3,7). Powder and liquid can be 
mixed mechanically by a triturator for 30 seconds (7) at 
4000 rpm, until a creamy paste is formed. It is essential 
to respect the manufacturer’s instructions (preparation 
method, proportions powder/liquid) so as not to influence 
the mechanical properties and setting time (8).

CHARACTERISTICS

Density and porosity
BD presents a lower porosity than MTA due to low water 
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content in the mixing stage (9). Porosity is a fundamental 
factor because a larger pore diameter determines larger 
leakage and bacterial infiltration (9). De Souza et al. 
found no significant differences in porosity between 
other silicate-based cements (10).

Setting time
The setting time of BD is about 9-12 minutes (3). 
However, several authors reported different setting 
times. According to Jang et al. the setting time is about 
15±1 min (11) while according to Dawood et al. it is about 
13.1±1 min (12). When BD is compared with other calcium 
silicate cements, its setting time is shorter (9,13). This is 
mainly due to the presence of calcium chloride which 
acts as a reaction accelerator (3), but also due to the 
increased particle size and reduced liquid component of 
the material (14). 
A fast setting time results in less bacterial contamination 
and less material loss in the interface during the 
final processing stages (15). Both saliva and blood 
contamination increase the setting time of BD (1±6.51 
min and 16±8.21 min respectively) (6). 

Compressive strength
BD has the peculiar capacity of improving its compressive 
strength with time until reaching a similar range with 
natural dentin (290 MPa). During the setting of BD, 
the compressive strength gradually increases from 100 
MPa in the first hour, to 200 MPa within 24 hours, until 
reaching 300 MPa after one month (16).
Several studies show that the compressive strength of 
BD is higher than MTA (12,17), for the low water/cement 
ratio used, and the water-soluble polymer (14).
The exposure of BD to sodium hypochlorite did 
not modify the compressive strength, while 
ethylenediamenetetraacetic acid (EDTA) reduced the 
compressive strength of BD (18). The studies on the 
compressive strength in different pH environments were 
contradictory (17,19).
Several studies show higher hardness, flexural strength 
and elastic modulus than MTA (12,20,21). 

Microleakage, marginal adaptation and sealing ability 
BD has an excellent adhesion with the underlying dentin 
(22) that prevents bacterial microinfiltration in the entire 
thickness of the material (23).
Gjorgievska et al., comparing microleakage and marginal 
adhesion of different bioactive materials, found that 
both BD and glass ionomer cements have favorable 
results as dentine substitutes. However, scanning 
electron microscope analysis showed that the crystals in 
BD are more stably linked to the dentine surface (24). This 
excellent adaptability between BD and the underlying 
dentine is due to its micromechanical adhesion (1,22,24).
Micromechanical adhesion is caused by the alkaline 
effect during the setting reaction (7). 
BD releases calcium and silicon ions and creates a “mineral 

infiltration zone” along the dentin-cement interface (9). 
Furthermore, the sealing ability could increase for the 
apatite deposits, formed by the interaction between 
phosphate ions of saliva and calcium silicate-based 
cements (3).
Micromechanical adhesion, together with the small size 
of the particles and the reduced porosity of BD (25), has 
improved the sealing capacity and adaptability of BD as 
a root-end filling material. 
Some studies demonstrated that BD has a better sealing 
ability than MTA (25-27), others a comparable sealing 
ability (28) and a lower sealing ability than MTA (29).
According to a review, evidence-based data regarding 
the sealing ability of BD and MTA are lacking (13).

Bond strength and push-out bond strength 
BD presents low strength during the initial stages of 
setting (30). For this reason, according to Hashem et al., 
the placement of the final composite restoration should 
be delayed by at least two weeks after the application of 
BD, so that it achieves an adequate bond strength (30).
Also, BD should possess high push out bond strength in 
perforation repair to prevent the dislodgement of the 
material (9). Dislodgement resistance of BD could be 
related to a smaller particle size that has the potential 
to enhance penetration of cement into dentinal tubules 
with the formation of “mineral tags” (6,31).
BD’s push-out bond strength was significantly higher 
than MTA and was not significantly different when 
immersed in various endodontic irrigants (3.5% sodium 
hypochlorite, 2% chlorhexidine gluconate, saline 
solutions) (32). But the push-out bond strength decreases 
with the removal of smear layers in the root canal in 
calcium silicate cements (33) and decreasing pH form 
7.4, 6.4, 5.4 to 4.4 (34). Moreover, it was demonstrated 
how blood contamination had no effect on push-out 
bond strenght (35).

Radiopacity
Radiopacity is an important feature for an endodontic 
cement as these materials are often applied in small 
thicknesses and need to be easily distinguishable from the 
surrounding tissues (1). ISO 6876:2001 has established 
that 3 mm aluminium is the minimum radiopacity value 
for endodontic cements (22).
Grech et al. evaluated the radiopacity of calcium silicate 
and BD cements, and showed that all materials had a 
radiopacity value higher than 3 mm aluminium (14). 
However, radiopacity in BD was significantly lower than 
in other endodontic cements (20,36).
In BD the radio-opacifier is zirconium oxide, while in 
other calcium silicate cements this function is performed 
by bismuth oxide (3). The reason for this choice is due to 
its biocompatible characteristics, favorable mechanical 
properties and high corrosion resistance (1). However, the 
disadvantage is that zirconium oxide is not adequately 
visible in X-rays (3).
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Solubility
Grech et al. investigated the physical properties of BD 
and reported how it exhibits negative solubility values. 
This is due to the deposition of substances such as 
hydroxyapatite on the surface of the material in contact 
with biological fluids (14). 
According to ISO 6876:2001, studies confirmed that BD 
shows a solubility similar to that of MTA in the first days 
of exposure and it shows a marked increase after 10 days 
(20,37). Although the solubility values of BD were higher, 
this solubility occurred only on the surface exposed to 
the solution and caused a negligible dimensional change 
(38).

Colour stability
Valles et al. conducted an in vitro study to assess color 
stability of different calcium silicate cements, which were 
exposed to different light and oxygen combinations for 
5 days. The spectrometric analysis showed the chromatic 
stability of BD (39). 
Other studies show that BD maintains chromatic 
stability for up to 6 months and shows significantly less 
discoloration than MTA (40). According to several studies, 
sodium hypochlorite, chlorhexidine gluconate and blood 
can result in a perceptible discoloration in BD (40,41).

Biocompatibility and bioactivity 
Biocompatibility of dental materials is a major factor that 
should be taken into consideration for an endodontic 
cement that is directly in contact with biological tissues 
(1,23). A biocompatible material should exhibit a low 
toxicity and mild or no inflammatory reaction in the 
tissues (42). According to the study by Mori et al., BD 
showed an initial inflammatory response, but after 
2 weeks this was quickly followed by a stability of the 
tissues (42). 
Laurent et al. concluded that BD is a biocompatible, 
bioactive and non-cytotoxic material. The authors also 
showed how BD increased the cellular secretion of the 
growth factor TGF- β1, which promoted angiogenesis, 
recruiment of progenitor cells, cell differentiation and 
the synthesis of repair dentin (43). When placed in 
direct contact with the pulp, BD preserves pulp vitality 
(biocompatibility) and promotes proliferation, migration 
and adhesion of pulp stem cells (bioactivity) (44) and 
induces tertiary dentin synthesis (8).
Perard et al. assesed the biocompatibility of BD and the 
effects of BD/MTA on the expression of genes involved 
in odontogenic differentiation, matrix secretion and 
mineralisation, using three-dimensional multicellular 
spheroid cultures. The authors observed that BD and MTA 
may modify the proliferation of pulp cell lines and induce 
the formation of reparative dentine (45).
Several studies showed that BD can be safely applied in 
pulp capping treatment during vital therapy, thanks to its 
biocompatibility and pulp regeneration capacity (46,47).
Compared to normally used calcium hydroxide, BD has 

a higher capacity to induce regeneration of surrounding 
tissues and dentin bridge formation (48). Tran et al. 
demonstrated that BD induces in vivo the formation of 
a homogeneous dentin bridge at the site of the lesion, 
which is significantly different from the porous repair 
tissue induced by calcium hydroxide (48). 
Some studies demonstrated that BD has a better 
biocompatibility than MTA (49,50), but others showed 
that in this respect both materials are comparable (51,52).

Antimicrobial activity 
The antibacterial property of the BD and MTA is related to 
the high pH of these materials. This high alkalinity has an 
inhibitory effect on the growth of microorganisms and 
determines the disinfection of surrounding hard and soft 
tissue (9).
Several studies showed the significant antimicrobial 
efficacy of BD against Enterococcus faecalis, 
Streptococcus sanguis and Escherichia coli (50,53).

CONCLUSION

BD has great potential in revolutionising the management 
of the affected tooth in Restorative Dentistry, Pediatric 
Dentistry and Endodontics (5,8). A wide range of clinical 
indications have been published regarding the use of 
BD, but clinical studies reporting high evidence of its 
long term efficiency and high evidence are still lacking 
and further studies are needed to broaden the potential 
and future opportunities of this very promising material 
(4,13,22). 
BD has been analysed in its various physicochemical 
aspects and all studies fall in favour of its mechanical 
and biological properties. Regarding biocompatibility, 
bioactivity, antibacterial properties, versatility, stability, 
sealing properties, compressive and flexural strength, BD 
fulfils the requirements. Relatively easy material handling, 
low cost and faster setting are the major advantages of 
this material when compared to previous calcium silicate 
cements. 

REFERENCES

1  Malkondu O, Karapinar Kazandag M, Kazazoglu E. A review on Biodentine, 
a contemporary dentine replacement and repair material. Biomed Res Int 
2014;2014:160951. 

2 Maturo P, Costacurta M, Bartolino M, Docimo R. MTA applications in pediatric 
dentistry. Oral  Implantology 2009;2(3):37-44.

3 Padiken HS, Swathi. Biodentine: a review. IJSAR 2017;4(10):08-14.
4 Dawood AE, Parashos P, Wong RHK, Reynolds EC, Manton DJ. Calcium silicate-

based cements: composition, properties, and clinical applications. J Investig Clin 
Dent 2017;8(2):12195.

5 Allazzam SM, Alamoudi NM, El Sadek El Meligy OA. Clinical applications of 
Biodentine in Pediatric Dentistry: a review of literature. Oral Hyg Health 
2015;3(3):179. 

6 Rajasekharan S, Martens LC, Cauwels RGEC, Anthonappa RP, Verbeeck RMH. 



50

Docimo R, Ferrante Carrante V and Costacurta M.

© ARIESDUE March 2021; 13(1)

BiodentineTM material characteristics and clinical applications: a 3 year literature 
review and update. Eur Arch Paediatr Dent 2018;19(2):129.

7 Priyalakshmi S, Ranjan M. Review on biodentine-a bioactive dentin substitute. J 
Dent Med Sci 2014;13(1):13-7.

8 About I. Biodentine: from biochemical and bioactive properties to clinical 
applications. Ita J End 2016;30(2):81-8.

9 Kaur M, Singh H, Dhillon JS, Batra M, Saini M. MTA versus Biodentine: review of 
literature with a comparative analysis. J Clin Diagn Res 2017;11(8): ZG01-ZG05. 

10 De Souza ET, Nunes Tameirao MD, Roter JM, De Assis JT, De Almeida Neves A, 
De-Deus GA. Tridimensional quantitative porosity characterization of three 
set calcium silicate-based repair cement for endodontic use. Microsc Res Tech 
2013;76(10):1093-8.

11 Jang YE, Lee BN, Koh JT et al. Cytotoxicity and physical properties of tricalcium 
silicate-based endodontic materials. Rest Dent End 2014;39(2):89-94.

12 Dawood AE, Manton DJ, Parashos P et al. The physical properties and ion release of 
CPP-ACP-modified calcium silicate-based cements. Aust Dent J 2015;60(4):434-
44

13 Solanki NP, Venkappa KK, Shah NC. Biocompatibility and sealing ability of mineral 
trioxide aggregate and Biodentine as root-end filling material: a systematic 
review. J Conserv Dent 2018; 21(1):10-5. 

14. Grech L, Mallia B, Camilleri J. Investigation of the physical properties of tricalcium 
silicate cement-based root-end filling materials. Dent Mater 2013;29(2):e20-8.

15 Parirokh M, Torabinejad M. Mineral trioxide aggregate: A comprehensive 
literature review- Part III: Clinical applications, drawbacks, and mechanism of 
action. J Endod 2010; 36(3):400-13. 

16. Sarkar NK, Caicedo R, Ritwik P, Moiseyeva R, Kawashima I. Physiochemical basis of 
the biologic properties of Mineral Trioxide Aggregate. J Endod 2005;31(2):97-100.

17 Kayahan MB, Nekoofar MH, McCann A et al. Effect of acid etching procedures 
on the compressive strength of 4 calcium silicate-based endodontic cements. J 
Endod 2013;39(12):1646-8.

18. Govindaraju L, Neelakantan P, Gutmann JL. Effect of root canal irrigating solutions 
on the compressive strength of tricalcium silicate cements. Clin Oral Investig 
2017; 21(2):567-71. 

19. Elnaghy AM. Influence of acidic environment on properties of Biodentine and 
white Mineral Trioxide aggregate: a comparative study. J Endod 2014;40(7):953-
7. 

20 Kaup M, Schafer E, Dammaschke T. An in vitro study of different material 
properties of Biodentine compared to ProRoot MTA. Head Face Med 2015;2:11-6.

21 Natale LC, Rodrigues MC, Xavier TA, Simoes A, de Souza DN, Braga RR. Ion release 
and mechanical properties of calcium silicate and calcium hydroxide materials 
used for pulp capping. Int Endod J. 2015;48(1):89-94. 

22 Gul M, Vanamala N, H Murali Rao, Shashikala K. Bioceramics in endodontics: 
literature review of Biodentine and Mineral Trioxide Aggregate with case reports. 
IOSR-JDMS 2018;17(2):77-83

23 Ajas A, Babu A, Varighese JM, Amal S, Thaha KA. Biodentine - An alternative to 
MTA? Arch Dent Med Res 2016;2(1): 26-33.

24 Gjorgievska ES, Nicholson JW, Apostolska SM et al. Interfacial properties of three 
different bioactive dentine substitutes. Microsc Microanal 2013;19(3):1450-7.

25 Malhotra S, Hegde MN. Analysis of marginal seal of ProRoot MTA, MTA Angelus, 
Biodentine, and glass ionomer cement as root-end filling materials: An in vitro 
study. J Oral Res Rev 2015;7:44–9. 

26 Ravichandra PV, Vemisetty H, Deepthi K et al. Comparative evaluation of marginal 
adaptation of Biodentine™ and other commonly used root end filling materials - 
an in vitro study. J Clin Diagn Res 2014;8(3):243-5.

27 Chalas R, Mielko E, Wrobel JZ, Nowak J. A chemical activity evaluation of two 
dental calcium silicate-based materials. Curr Issues Pharm Med Sci 2015;28(2):89-
91. 

28 Bolhari B, Ashofteh Yazdi K, Sharifi F, Pirmoazen S. Comparative scanning electron 
microscopic study of the marginal adaptation of four root-end filling materials in 
presence and absence of blood. J Dent (Tehran) 2015;12(3):226-34. 

29 Soundappan S, Sundaramurthy JL, Raghu S, Natanasabapathy V. Biodentine 
versus Mineral Trioxide Aggregate versus intermediate restorative material for 
retrograde root end filling: An in vitro study. J Dent (Tehran) 2014;11(2):143-9. 

30 Hashem DF, Foxton R, Manoharan A, Watson TF, Banerjee A. The physical 
characteristics of resin composite calcium silicate interface as part of a layered/

laminate adhesive restoration. Dent Mater 2014;30(3):343-9.
31 Nagas E, Cehreli ZC, Uyanik MO, Vallittu PK, Lassila LVJ. Effect of several intracanal 

medicaments on the push-out bond strength of ProRoot MTA and Biodentine. Int 
Endod J. 2016;49(2):184-8.

32 Guneser MB, Akbulut MB, Eldeniz AU. Effect of various endodontic irrigants on the 
push-out bond strength of Biodentine and conventional root perforation repair 
materials. J Endod 2013;39(3):380-4. 

33 El-Maaita AM, Qualtrough AJE, Watts DC. The effect of smear layer on the 
push-out bond strength of root canal calcium silicate cements. Dent Mater 
2013;29(7):797-803.

34 Elnaghy AM. Influence of acidic environment on properties of Biodentine and 
white mineral trioxide aggregate: a comparative study. J Endod. 2014;40(7):953-
7. 

35 Aggarwal V, Singla M, Miglani S, Kohli S. Comparative evaluation of push-out 
bond strength of ProRoot MTA, Biodentine, and MTA Plus in furcation perforation 
repair. J Cons Dent, 2013;16(5):462-5.

36 Tanalp J, Karapinar-Kazandag M, Dolekoglu S, Kayahan MB. Comparison of the 
radiopacities of different root-end filling and repair materials. Sci World J 2013; 
594950.

37 Dawood AE, Manton DJ, Parashos P et al. The physical properties and ion release of 
CPP-ACP-modified calcium silicate-based cements. Aust Dent J. 2015;60(4):434-
44.

38 Singh S, Podar R, Dadu S, Kulkarni G, Purba R. Solubility of a new calcium silicate-
based root-end filling material. J Conserv Dent. 2015;18(2):149-53.

39 Valles M, Mercade M, Duran-Sindren F, Bourdelande JL, Roig M. Influence of light 
and oxygen on the color stability of five calcium silicate-based materials. J Endod 
2013;39(4):525-8.

40 Shokouhinejad N, Nekoofar MH, Pirmoazen S, Shamshiri AR, Dummer PM. 
Evaluation and comparison of occurrence of tooth discoloration after the 
application of various calcium silicate-based cements: an ex vivo study. J Endod 
2016;42(1):140-4.

41 Keskin C, Demiryurek EO, Ozyurek T. Color stabilities of calcium silicate-based 
materials in contact with different irrigation solutions. J Endod 2015;41(3):409-11.

42 Mori GG, Teixeira LM, de Oliveira DL, Jacomini LM, da Silva SR. Biocompatibility 
evaluation of Biodentine in subcutaneous tissue of rats. J Endod 2014;40(9):1485-
8.

43 Laurent P, Camps J, About I. BiodentineTM induces TGF-β1 release from human 
pulp cells and early dental pulp mineralisation. Int Endod J 2010;45(5):439-48.

44 Luo Z, Li D, Kohli MR, Yu Q, Kim S, He WX. Effect of BiodentineTM on the 
proliferation, migration and adhesion of human dental pulp stem cells. J Dent 
2014;42(4):490-7.

45 Perard M, Le Clerc J, Meary F et al. Spheroid model study comparing the 
biocompatibility of Biodentine and MTA. J Mater Sci Mater Med 2013;24(6):1527-
34.

46 Nowicka A, Lipski M, Parafiniuk M et al.. Response of human dental pulp capped 
with Biodentine and Mineral Trioxide Aggregate. J Endod 2013;39(6):743-7.

47 Awawdeh L, Al-Qudah A, Chakra R.J. Outcomes of vital pulp therapy using Mineral 
Trioxide Aggregate or Biodentine: a prospective randomized clinical trial. J Endod 
2018;44(11):1603-9.

48 Tran XV, Gorin C, Willig C et al. Effect of a calcium-silicate-based restorative 
cement on pulp repair. J Dent Res 2012;91(12):1166-71.

49 Jung S, Mielert J, Kleinheinz J, Dammaschke T. Human oral cells’ response to 
different endodontic restorative materials: an in vitro study. Head Face Med 
2014;10:55.

50 Ceci M, Beltrami R, Chiesa M, Colombo M, Poggio C. Biological and chemical-
physical properties of root-end filling materials: a comparative study. J Conserv 
Dent 2015;18(2):94-9.

51 Emara R, Elhennawy K, Schwendicke F. Effects of calcium silicate cements on 
dental pulp cells: a systematic review. J Dent 2018;77:18-36.

52 Nunez CM, Bosomworth HJ, Field C, Whitworth JM, Valentine RA. Biodentine and 
Mineral Trioxide Aggregate induce similar cellular responses in a fibroblast cell 
line. J Endod. 2014;40(3):406-11.

53 Bhavana V, Chaitanya KP, Gandi P, Patil J, Dola B, Reddy RB. Evaluation of 
antibacterial and antifungal activity of new calcium-based cement (Biodentine) 
compared to MTA and glass ionomer cement. J Conserv Dent 2015;18(1):44-6.


