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ABSTRACT 

Aim:  

To evaluate the clinical efficacy of Biodentine and Mineral trioxide aggregate as pulp 

capping materials for indirect pulp capping in carious permanent teeth.  

Materials and Methods:  

Twenty-four molars of twenty-four patients with deep caries lesions, diagnosed with 

reversible pulpitis were subjected to indirect pulp capping treatment. They were randomly 

divided into two groups, Biodentine group (12 teeth) or MTA group (12 teeth). Lot 

randomization of two was employed to allocate the treatment materials. Patients were 
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recalled at one, three and six months to evaluate the clinical success of the treatment 

outcome. 

Results:  

In statistical trial/study, the pulp capping materials gave different success rate, 100% success 

in the Biodentine group and 91.67% success in MTA group. 

Conclusion: 

In our study in the materials tested at 1 month, 3 month and 6-month follow-up, - Biodentine 

is better than MTA.   

Clinical Significance:  

The findings of this study could promote the reliable pulp capping material for treatment of 

deep carious lesions by conservative approach rather than opting endodontic management. 

Keywords: Indirect pulp capping, MTA, Biodentine  

INTRODUCTION 

Concepts and treatment principles of deep 

carious lesions are an area of debate and 

constant change because the traditional 

concept of complete caries removal in very 

deep preparation has been challenged. 

Complete carious dentin removal may not 

be a prerequisite to arrest caries 

progression. Inadvertent exposure of the 

pulp in an attempt to completely remove 

caries would result in direct ingress of 

microorganisms into the pulp which could 

substantially reduce the successful 

outcome. Studies reveal that residual 

microorganisms in dentin after superficial 

caries removal could evoke a mild 

inflammatory response in the pulp which is 

considered beneficial for pulp 

regeneration.1 Management of the deep 

carious lesion should be aimed at resolution 

of the inflammation and preservation of 

pulp vitality.2 

Indirect pulp capping is a procedure in 

which only infected dentin is removed, 

leaving a thin layer of affected dentin as 

complete caries removal could result in 

pulp exposure and lining the cavity floor 

with a suitable capping material and 

maintenance of a patent seal against 

microleakage by an intact restoration 

ensuring complete lesion sterilization and 

tissue regeneration.3 Indirect pulp capping 

is performed in one step or two step 

procedures decided by case selection and 

clinical requirement.4  

The search for an ideal pulp capping 

material has led researchers to investigate a 

plethora of dental materials. These include 

calcium hydroxide (CH), zinc oxide, 

calcium phosphate, zinc phosphate and 
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polycarboxylate cement, calcium 

tetracycline chelate, antibiotic and growth 

factor combination, calcium phosphate 

ceramics, emdogain, bioglass, 

cyanoacrylate, hydrophilic resins, 

hydroxyapatite, resin modified glass 

ionomer and mineral trioxide aggregate 

(MTA).5 

Numerous materials have been used 

throughout the years for pulp capping. 

Calcium hydroxide is considered to be 

traditional and regarded as the evidence 

based universal standard material for the 

vital pulp therapy. Desirable characteristics 

of Calcium Hydroxide include initial high 

alkaline pH, which is responsible for 

stimulating fibroblasts and enzyme 

systems. Calcium Hydroxide acts by 

promoting the pulp tissue defence 

mechanism and repair by initial matrix 

formation by newly differentiating 

odontoblast type cells, the proliferation of 

extracellular matrix vesicles, and 

subsequent calcification followed by 

mineralization process.6,7 The drawbacks of 

Calcium Hydroxide comprise weak 

marginal adaptation to dentin, degradation 

and dissolution over time. Dentin formation 

subjacent to Calcium Hydroxide can also 

characterize tunnel defects. Histologically 

Calcium Hydroxide demonstrates 

cytotoxicity in cell cultures and induces cell 

apoptosis. However, long-term clinical 

studies have shown that Calcium 

Hydroxide products are resorbable over 

time and dimensionally unstable.8-10  

MTA is a calcium silicate-based cement 

that was developed in 1993. It is composed 

of tricalcium silicate, tricalcium aluminate, 

tricalcium oxide, silicate oxide, and other 

mineral oxides.11 Mineral trioxide 

aggregate (MTA) is a calcium silicate 

material-based pulp capping agent. MTA 

stimulates hard tissue formation by 

sequestering growth factors and cytokines 

embedded in the surrounding dentin matrix. 

MTA demonstrates excellent marginal 

adaptation to dentin.12 However, its long 

setting time, poor handling properties, high 

material cost, and the discoloration 

potential remain a challenge for using as an 

ideal pulp capping material.13 

Biodentine is an improved calcium silicate-

based cement that was introduced in 2009. 

The powder components include tricalcium 

silicate, calcium carbonate, and zirconium 

oxide. The liquid contains calcium 

chloride, which is used as a setting 

accelerator and water-reducing agent. It 

sets in approximately 12 min and causes 

significantly less tooth discoloration.14 

Biodentine promoted a significantly higher 

amount of reparative dentin formation 

without any pulpal inflammation.15-17 

However, there is a lack in studies that 

evaluate the clinical outcome of indirect 
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pulp capping with Biodentine and MTA. 

The study reported herein comprised a 

clinical trial to evaluate the clinical efficacy 

of Biodentine and MTA as pulp capping 

materials for indirect pulp capping in 

permanent teeth. 

MATERIALS AND METHODS 

Study Design and Participants 

This was a randomized clinical trial with 2 

parallel experimental groups. The project 

was evaluated and approved by the ethics 

committee of the Karpaga Vinayaga 

Institute of dental sciences.  The selected 

patients were adults with age between 19 to 

40 years.  All patients were informed of the 

benefits, risks, and alternative treatment 

choices before enrolment in the trial. All 

participants signed to give their assent, and 

signed the informed consent form. All the 

procedures were performed in the 

Department of conservative Dentistry and 

Endodontics of Karpaga Vinayaga Institute 

of dental sciences, located in Chengalpet 

district, Tamilnadu, India. 

Inclusion and Exclusion Criteria 

The inclusion criteria were patients 

between 19 and 40 years of age with deep 

carious lesion not exposing pulp in a 

permanent molar, with complete radicular 

growth, and with pulpal testing that was 

compatible with normal pulp or reversible 

pulpitis. The exclusion criteria were 

patients with Irreversible pulpitis, Apical 

Periodontitis, systemic and/or neurologic 

pathology, teeth with radiologic signs of 

internal resorption or pulpal calcifications, 

no restorable teeth, and pulpal bleeding on 

carious exposure. 

Determination of the Sample Size 

The sample size was determined 12 per 

group as described by Steven A. Julious, 

the minimum sample size required for a 

pilot design is estimated to be 12. Overall, 

24 participants were enrolled.  

Clinical Procedure 

30 patients with deep caries were diagnosed 

with deep dental caries and 24 patients 

were selected for the trial. Tooth sensitivity 

was assessed by means of thermal (Endo 

Ice, Hygienic; Coltene/Whaledent AG, 

Altst€atten, Switzerland) and electrical 

stimuli (Digitest II, Parkell, USA). 

Preoperative radiograph, RVG was taken to 

assess periodontium and hard tissue, Local 

anesthetic (2% lidocaine hydrochloride 

with epinephrine 1:80,000; Lignospan, 

Septodont, France) was administered by 

buccal infiltration (Maxillary teeth) or by 

Infra alveolar nerve block (Mandibular 

teeth) to the teeth selected for the 

experiment.  A rubber dam was used for 

isolation in all cases (Hygienic; 

Coltene/Whaledent, USA). Complete 

removal of the caries was achieved 

mechanically by means of a sterile BR 31 

ball round bur (Mani Inc,Japan) that was 
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mounted in a slow speed handpiece and 

manually with a sterile caries removal 

spoon (GDC, INDIA). Caries removal 

continued until the dentin offered resistance 

to hand excavation with the dental spoon or 

the bur. If bleeding occurred in this 

procedure due to pulp exposure, the tooth 

was not included in the study. At this point, 

the tooth was allocated by lot method to 

one of the experimental groups by using a 

Microsoft Excel (Microsoft Corp) table. 

Experimental Groups 

In group 1, MTA (White MTA, Angelus, 

Brazil) was mixed in accordance with the 

manufacturer’s instructions. The mixture 

was placed with a MTA carrier in the floor 

of cavity. 

In group 2, Biodentine (Septodont, France) 

was mixed in accordance with the 

manufacturer’s instructions. The mixture 

was applied in the prepared cavity with the 

technique as used in group 1.  

The layer of the different experimental 

materials placed in the cavity prepared 

measured 2 * 2 mm approximately. 

Provisional restoration with IRM was 

completed over the experimental materials. 

Final restoration was done with direct Glass 

ionomer cement (GC gold label IX, GC 

corporation, Japan), and occlusion was 

checked at one month recall visit. 

Clinical follow-up examinations were 

performed at baseline,1month, 3 months 

and 6 months. In each clinical follow-up 

examination, sensitivity tests (thermal and 

electrical) and a percussion test were 

performed. Radiographic follow-up 

examinations were performed at baseline, 3 

months and 6 months. 

Clinical success was defined as a tooth with 

no pain, normal sensitivity tests, no facial 

edema, no internal or external resorption, 

no periradicular disease, periodontal 

ligaments of normal width, and no fistula. 

Statistical Analysis 

The data was compiled in Microsoft excel 

sheet and subjected to statistical analysis 

using SPSS (Statistical package for the 

social sciences software) version 21. Chi-

Square test was applied. The level of 

significance was kept as < 0.05.  

Results 

A total of 30 patients were included. 

Eighteen male patients and six female 

patients were included. 19 Mandibular 

molars and 5 maxilary molars. Twelve 

molar teeth underwent indirect pulp 

capping with MTA, and  twelve molar teeth  

with Biodentine.  

At the 1month and 3 months follow-up, 

there was 100% clinical success. At 6 

months, there was1 failure (1 in the MTA 

group).  

Discussion 

Preservation of the pulp is extremely 

important for various reasons; to allow 
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odontoblasts to deposit reparative dentin 

between the pulp and the dressing material, 

and to maintain pulp function. This study 

was focused on the use of dental materials 

to preserve the vitality of the dental pulp in 

permanent molars. This trial was conducted 

to evaluate the efficacy of MTA, 

Biodentine and Calcium Hydroxide in 

indirect pulp capping of permanent molars 

by clinical and radiographic assessment 

during six months follow up. Calcium 

hydroxide was used because it has been the 

gold standard material for pulp preservation 

treatments (indirect pulp capping, direct 

pulp capping, and pulpotomy) for many 

years. Calcium Hydroxide has several 

disadvantages, unsatisfactory adherence to 

dentin, dissolution over time, and multiple 

tunnel defects in the dentin bridges.18,19 

However there is a paradigm shift in the 

preference of clinicians for pulp capping 

materials from calcium hydroxide to MTA 

because of its predictable effects.20 Min et 

al  demonstrated that MTA is superior to 

CH in terms of inducing the dentinogenic 

process in human pulp capping.21 Some 

other authors have reported that MTA 

forms dentinal bridges more frequently and 

of greater thickness than those formed by 

CH.22-24 However, MTA also has some 

drawbacks; it has a long setting time that 

prevents completion of the treatment in 1 

visit; it includes bismuth oxide as its 

radiopacifier, which seems to cause tooth 

discoloration, so it is no longer indicated in 

esthetic treatments; and it is difficult to 

manipulate.13,25,26 

Recently, different calcium silicate–based 

materials have been developed to counter 

the limitations of MTA. Among them, 

Biodentine stands out for its 

biocompatibility, rapid setting, mechanical 

strength, ability to bond to dentin, and easy 

manipulation.27-29 In our study, we found 

100% success in the Biodentine group and 

91.67% success in the MTA group. 

Nowicka et al also reported similar clinical 

results for both MTA and Biodentine in 

premolars extracted for orthodontic reasons 

after 6 weeks of follow-up.30 However, 

their teeth were caries free, and the 

literature shows that bacteria are the main 

cause of pulpal infection.31 In our study we 

have attempted to assess the efficacy of two 

different pulp capping materials in a more 

challenging clinical scenario where the 

outcome is unpredictable because of 

variability in the bacterial load, virulence 

and diversity. 

It is very important that researchers attempt 

to identify the prognostic factors that 

favour a better outcome for carious teeth 

after pulp capping procedures rather than 

after artificial exposures in sound dentin.32 

The exact mechanisms by which Calcium 

Silicate materials induce formation of a 
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dentin bridge are not fully understood.33 It 

is known that they release calcium 

hydroxide  as a by-product, but unlike pure 

Calcium Hydroxide, which dissolves over 

time, Calcium Silicate materials are 

relatively stable, promote dentin bridging, 

and are probably able to seal the injured 

pulpal tissue.34,35 The inflammation that is 

induced by these materials is only short-

term, less severe, and less extensive than 

that induced by Calcium Hydroxide.36 The 

major limitations of the research described 

herein were the small sample size and the 

short length of the evaluation period, but it 

is a clinical study, indirect pulp capping in 

carious permanent molars to compare MTA 

and Biodentine. Our results showed 

statistically significant difference among 

the materials tested at 3- and 6-month 

follow-up. Biodentine is better than MTA 

for indirect pulp capping.   

REFERENCES: 

[1] Gruythuysen RJ, Vanstip AJ, Wu 

MK. Long-term survival of indirect 

pulp treatment performed in 

primary and permanent teeth with 

clinically diagnosed deep carious 

lesions. J Endod. 2010; 36: 1490-

93. 

[2] Miyashita H, Worthington HV, 

Qualtrough A, Plasschaert A. Pulp 

management for caries in adults: 

Maintaining pulp vitality. Cochrane 

Database Syst Rev. 2007; 18: 

CD004484.   

[3] Jordan RE, Suzuki M.  

Conservative treatment of deep 

carious lesions. J Can Dent Asscc. 

1971; 10: 134-39. 

[4] Lakeshell E, ridell K, Cvek M, 

Mejare I. Pulp exposure after 

stepwise versus direct complete 

excavation of deep carious lesions 

in young posterior permanent teeth. 

Endo Dent Traumatol. 1996; 12: 

192-96. 

[5] Bogen G, Chandler NP. Vital pulp 

therapy. In: Ingle’s endodontics. 

Ingle JI. 6th edn. Onterio, BC 

Decker Inc, 2008, pp 1110-30 

[6] Bjørndal L, Reit C, Bruun G, 

Markvart M, Kjaeldgaard M, 

Näsman P, et al. Treatment of deep 

caries lesions in adults: Randomized 

clinical trials comparing stepwise 

vs. direct complete excavation, and 

direct pulp capping vs. partial 

pulpotomy. Eur J Oral Sci 2010; 

118:290-7. 

[7] Briso ALF, Rahal V, Mestrener SR. 

Biological response of pulps 

submitted to different capping 

materials. Braz Oral Res 2006; 

20:219-25.  



A. Shafie Ahamed et al                                                                                                                           Research Article  
 

 
384 

IJBPAS, December, Special Issue, 2021, 10(12) 

[8] Browning WD. Update: Approaches 

to caries removal. JERD 2015; 

27:383-96. 

[9] Chang P, Yan L, Li R, Lu L, Li B. 

Evaluation of chemomechanical and 

traditional mechanical caries 

removal in indirect pulp capping of 

symmetric primary molars. Nan 

Fang Yi Ke Da Xue Bao 

2011;31:1568-70. 

[10] Corralo DJ, Maltz M. Clinical and 

ultrastructural effects of different 

liners/restorative materials on deep 

carious dentin: A randomized 

clinical trial. Caries Res 

2013;47:243-50. 

[11] Lee SJ, Monsef M, Torabinejad M 

(1993) Sealing ability of a mineral 

trioxide aggregate for repair of 

lateral root perforations. J Endod 

19, 541-544. 

[12] Eskandarizadeh A, Shahpasandzadeh 

MH, Shahpasandzadeh M, Torabi M, 

Parirokh M. A comparative study 

on dental pulp response to calcium 

hydroxide, white and grey mineral 

trioxide aggregate as pulp capping 

agents. J Conserv Dent 

2011;14:351-5. 

[13] Parirokh M, Torabinejad M. 

Mineral trioxide aggregate: a 

comprehensive literature review–

part I: chemical, physical, and 

antibacterial properties. J Endod 

2010;36: 16–27. 

[14] Vallés M, Roig M, Duran-Sindreu 

F, Martínez S, Mercadé M (2015) 

Color stability of teeth restored 

with Biodentine: a 6-month in 

vitro study. J Endod 41, 1157-

1160. 

[15] Nowicka A, Lipski M, Parafiniuk 

M, Sporniak-Tutak K, Lichota D, 

Kosierkiewicz A et al. (2013) 

Response of human dental pulp 

capped with Biodentine and 

mineral trioxide aggregate. J 

Endod 39, 743-747. 

[16] Nowicka A, Wilk G, Lipski M, 

Kołecki J, Buczkowska- Radlińska 

J (2015) Tomographic evaluation 

of reparative dentin formation 

after direct pulp capping with 

Ca(OH)2, MTA, Biodentine, and 

dentin bonding system in human 

teeth. J Endod 41, 1234-1240. 

[17] Jalan AL, Warhadpande MM, 

Dakshindas DM (2017) A 

comparison of human dental pulp 

response to calcium hydroxide and 

Biodentine as direct pulp-capping 

agents. J Conserv Dent 20, 129-

133. 

[18] Seltzer S, Bender IB, Ziontz M. 

The dynamics of pulp 

inflammation: Correlations 



A. Shafie Ahamed et al                                                                                                                           Research Article  
 

 
385 

IJBPAS, December, Special Issue, 2021, 10(12) 

between diagnosticdata and actual 

histologic findings in the pulp. 

Oral Surg Oral Med Oral Pathol. 

1963;16:969–77.[PubMed: 

14049126] 

[19] Aguilar P, Linsuwanont P. Vital 

pulp therapy in vital permanent 

teeth with cariously exposed pulp: 

a systematic review. J Endod 

2011;37:581–7). 

[20] Hilton TJ. Keys to clinical success 

with pulp capping: a review of the 

literature. Oper Dent 

2009;34:615–25. 

[21] Min KS, Park HJ, Lee SK, et al. 

Effect of mineral trioxide 

aggregate on dentin bridge 

formation and expression of dentin 

sialoprotein and heme  oxygenase-

1 in human dental pulp. J Endod 

2008;34:666–70. 

[22] Aeinehchi M, Eslami B, 

Ghanbariha M, Saffar AS. Mineral 

trioxide aggregate (MTA) and 

calcium hydroxide as pulp-

capping agents in human teeth: a 

preliminary report. Int Endod J 

2003;36:225–31. 

[23] Min KS, Park HJ, Lee SK, et al. 

Effect of mineral trioxide 

aggregate on dentin bridge 

formation and expression of dentin 

sialoprotein and heme oxygenase-

1 in human dental pulp. J Endod 

2008;34:666–70. 

[24] Faraco IM Jr, Holland R. 

Response of the pulp of dogs to 

capping with mineral trioxide 

aggregate or a calcium hydroxide 

cement. Dent Traumatol 2001; 

17:163–6.  

[25] Islam I, Chng HK, Yap AU. X-ray 

diffraction analysis of mineral 

trioxide aggregate and Portland 

cement. Int Endod J 2006;39:220–

5. 

[26] Dammaschke T, Gerth HU, 

Zuchner H, Schafer E. Chemical 

and physical surface and bulk 

material characterization of white 

ProRoot MTA and two Portland 

cements. Dent Mater 

2005;21:731–8. 

[27] Tziafa C, Koliniotou-Koumpia E, 

Papadimitriou S, Tziafas D. 

Dentinogenic responses after 

direct pulp capping of miniature 

swine teeth with Biodentine. J 

Endod 2014;40: 1967–71. 

[28] Kim JR, Nosrat A, Fouad AF. 

Interfacial characteristics of 

Biodentine and MTA with dentine 

in simulated body fluid. J Dent 

2015;43:241–7. 

[29] Camilleri J. Staining potential of 

Neo MTA Plus, MTA Plus, and 



A. Shafie Ahamed et al                                                                                                                           Research Article  
 

 
386 

IJBPAS, December, Special Issue, 2021, 10(12) 

Biodentine used for pulpotomy 

procedures. J Endod 

2015;41:1139–45. 

[30] Nowicka A, Lipski M, Parafiniuk 

M, et al. Response of human 

dental pulp capped with biodentine 

and mineral trioxide aggregate. J 

Endod 2013;39:743 

[31] Kakehashi S, Stanley HR, 

Fitzgerald RJ. The effects of 

surgical exposures of dental pulps 

in germ-free and conventional 

laboratory rats. Oral Surg Oral 

Med Oral Pathol 1965;20:340–9. 

[32] Schwendicke F, Brouwer F, 

Schwendicke A, Paris S. Different 

materials for direct pulp capping: 

systematic review and meta-

analysis and trial sequential 

analysis. Clin Oral Investig 

2016;20:1121–32. 

[33] Min KS, Park HJ, Lee SK, et al. 

Effect of mineral trioxide 

aggregate on dentin bridge 

formation and expression of dentin 

sialoprotein and heme oxygenase-

1 in human dental pulp. J Endod 

2008;34:666–70. 

[34] Nair PN, Duncan HF, Pitt Ford 

TR, Luder HU. Histological, 

ultrastructural and quantitative 

investigations on the response of 

healthy human pulps to 

experimental capping with 

Mineral Trioxide Aggregate: a 

randomized controlled trial—

2008. Int Endod J 2009;42:422–

44. 

[35] Ferk Luketic S, Malcic A, Jukic S, 

et al. Coronal microleakage of two 

root-end filling materials using a 

polymicrobial marker. J Endod 

2008;34:201–3. 

[36] Iwamoto CE, Adachi E, Pameijer 

CH, et al. Clinical and histological 

evaluation of white ProRoot MTA 

in direct pulp capping. Am J Dent 

2006;19:85–90. 


