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Ab s t r Ac t
Aim: This study was carried out to compare the effectiveness of biodentine, calcium hydroxide, and 2% chlorhexidine gluconate used along 
with resin-modified glass ionomer cement (RMGIC) as indirect pulp capping (IPC) materials in young permanent molars.
Materials and methods: In this study, 54 patients were selected. Among these patients, 72 young permanent molars were selected randomly 
in which IPC was required. These teeth were randomly categorized into three different groups and each group consisted of 24 teeth. The first 
group was group A consisting of teeth treated with biodentine, the second group was group B consisting of teeth treated with 2% chlorhexidine 
gluconate being followed by RMGIC, while the third was group C consisting of teeth treated with calcium hydroxide. All cases were subjected 
to follow-up for clinical and radiographic evaluation at 4, 8, and 16 months. The data were recorded and analyzed statistically by utilizing the 
Chi-square test.
Results: After 16 months, 95.83% of cases in group A consisting of teeth treated with biodentine showed successful results both clinically 
and radiographically. While 87.5% of cases in group B consisting of teeth treated with 2% chlorhexidine gluconate being followed by RMGIC 
showed successful results. And finally, 91.66% of cases in group C consisting of teeth treated with calcium hydroxide showed successful results.
Conclusion: Biodentine can be efficiently used as an IPC agent in young permanent molars although all three materials were effective in IPC 
with a non-significant difference statistically. This study highlights the success of IPC in young permanent molars and the choice of better 
IPC material can be biodentine.
Clinical significance: Indirect pulp capping is one of the procedures in which preservation of carious affected dentin nearest to the pulp is carried 
out to protect the pulp. Several new IPC agents like biodentine have been introduced. Hence, it is necessary to evaluate their effectiveness.
Keywords: Biodentine, Calcium hydroxide, Indirect pulp capping, Resin-modified glass ionomer cement.
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In t r o d u c t I o n
Vital pulp treatment (VPT) is a procedure carried out to protect 
and preserve pulp tissue that has been damaged but has not been 
destroyed by conditions such as carious tooth, physical trauma, 
and invasive restorative procedures. This is quite significant for 
management of teeth in young patients where development of an 
apical portion of the root is incomplete.1 Indirect pulp capping (IPC) 
is one of the main processes of vital pulp therapy. It is a method 
in which preservation of affected carious dentin nearest to the 
pulp is carried out to prevent the exposure of the pulp. Then this 
layer of dentin is covered with a material that helps in formation of 
reparative dentin and protection of pulp.2 Several studies in recent 
times have shown that there is a huge success in preservation of 
young permanent teeth after carrying out IPC. The average success 
rate has been around 90%. Moreover, there are fewer chances of 
negative outcomes both clinically and radiographically.3

Conventionally the most commonly used material in IPC is 
calcium hydroxide. This has been due to the alkaline pH of calcium 
hydroxide and its biocompatible nature that signals remineralization 
at the junction of pulp and dentine.4 A very important drawback of 
calcium hydroxide is an increased chance of solubility due to less 
adhesive properties with dentin.5 As a result some materials like 
resin-modified glass ionomer cement (RMGIC) that have additional 
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adhesive properties have been introduced.6 It has been found that 
RMGIC are effective as IPC agents in adverse conditions such as 
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minimum thickness of remaining dentin in teeth severely damaged 
by large carious lesions. Such an effect of RMGIC can be attributed 
to their additional adhesive properties with dentin and their 
antimicrobial properties.7 A new development in recent times is the 
use of chemical antiseptic namely chlorhexidine gluconate (CG). It 
is believed to be an important aspect of antimicrobial therapy of 
the oral cavity as it is commonly used as an irrigation system and 
intracanal medical agent.8 

Recently, a new bioactive material called biodentine has been 
introduced as an artificial substitute to dentin. This new material 
has several additional features like resistance to microleakage in 
restoration of large carious tooth resulting in minimal sensitivity 
observed postoperatively. Biodentine also helps in increasing 
the mineral deposition and the density of bridge between pulp 
and dentine. It was observed that biodentine is no less than glass 
ionomer cements in terms of sealing property. But it has added 
advantage that there is no need for dentin conditioning as observed 
in the case of GIC treated cases.9

Keeping in mind the better characteristics of biodentine, the 
current study was carried out to compare biodentine, calcium 
hydroxide, and 2% chlorhexidine gluconate with RMGIC as IPC 
materials in young permanent molars.

MAt e r I A l s A n d Me t h o d s
In this study, 54 young adult patients aged between 12 years 
and 18 years reporting to the outpatient department of Indira 
Gandhi Government Dental College and Hospital, Jammu were 
selected. Informed consent regarding the study was obtained 
from the patients’ guardians. Clearance was obtained from 
ethical committee. The study was extended from January 2019 to 
June 2020. Only healthy subjects with no systemic disorder were 
included. The study sample included young permanent molars 
in which there were deep caries that were closer to the pulp. 

Moreover, only those subjects were selected who did not gave 
a history of spontaneous tooth pain and there was no tenderness 
observed on palpation and percussion. The radiographic criterion 
for the selection of subjects was the presence of deep caries 
approaching pulp but the lamina dura was intact and there was 

no root resorption. Among these patients, 72 young permanent 
molars were selected randomly in which IPC was required. These 
teeth were randomly categorized into three different groups and 
each group consisted of 24 teeth. The first group was group A 
consisting of teeth treated with biodentine (Septodont, Mumbai, 
India), the second group was group B consisting of teeth treated 
with 2% chlorhexidine gluconate being followed by RMGIC (GC Fuji 
ІІ LC, Tokoyo, Japan), while the third group was group C consisting 
of teeth treated by calcium hydroxide (Dycal, Mumbai, India). All 
cases were subjected to follow-up for clinical and radiographic 
evaluation at 4, 8, and 16 months. 

tr e At M e n t Pr o c e d u r e

First Appointment
First of all, there was a complete clinical and radiographic evaluation 
of the selected teeth. After that, there was an administration of 
local anesthesia using 2% lignocaine for the teeth which were 
to be operated. A rubber dam was placed. Rinsing of the cavity 
was done with water and then it was air-dried. After that caries 
indicator (Ultradent Sable Seek) was put in the cavity prepared to 
distinguish between the infected dentin and the affected dentin. 
Areas showing affected dentin were not removed while that of 
infected dentin was removed. All the cavities were treated by a 
single clinician along with two assistants.

In group A, the liquid of biodentine was added to powder 
of capsule according to the manufacturers’ instructions. After 
that, there was a trituration for 30 s. The mixture obtained after 
trituration was then put in the prepared cavity (Fig. 1). The 
material was placed up to the occlusal level and then adjustment 
was made at the occlusal level. Then in group B, first of all, there 
was placement of 2% chlorhexidine gluconate over the base of 
prepared cavity for 60 s. After this, there was a proper placement 
of liner of RMGIC into the cavity followed by light curing for 
60  s. Finally, the entire cavity was restored with composite in 
increments (Fig. 2). Finally in group C, there was placement of 
calcium hydroxide over the base of cavity which was followed by 
placement of liner of GIC. Then cavity was completely restored 

Figs. 1A and B: (A) Preparation of the floor of cavity for placement of biodentine; (B) biodentine placement at the floor of the cavity after preparation 
of floor of cavity
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Figs. 2A and B: (A) Pretreatment with RMGIC; (B) posttreatment with RMGIC

Figs. 3A and B: (A) Pretreatment with calcium hydroxide; (B) posttreatment with calcium hydroxide

with composite (Fig. 3). It was taken proper care that a radiograph 
was taken in every group after the clinical procedure. 

Second Appointment
After 4 months, there was an evaluation of the subjects clinically. 
After that, some adjustment was made in the teeth treated with 
biodentine in group A. In the first appointment, the cavity was 
completely filled with biodentine. In the second appointment, 
there is removal of biodentine such that it is present at the base 
only. Then there was an etching of the base material for 15 s. It was 
rinsed with water and then air-dried. Then there was an application 
of bonding agent followed by complete restoration of the cavity 
with composite. 

Follow‑up
The patients belonging to all the groups were recalled at 4, 8, 
and 16 months. At each follow-up, there was complete analysis 
focusing on the clinical history, proper clinical and radiological 
examination. Clinical examination also included recording the 
response of treated teeth to cold and hot stimuli. Teeth were 
considered radiographically normal when the lamina dura was 
intact, there was no root resorption and there was an absence of 
periapical radiolucency. Treatment was considered a failure when 
there were features suggestive of irreversible pulpitis or tooth 
necrosis either clinically or radiographically present. In such cases 
where there was a failure of IPC, proper endodontic procedure was 
carried out. The data was recorded and the Chi-square test was 
used for statistical analysis.

re s u lts
In group A, all 24 teeth showed successful results both clinically and 
radiographically at 4 months and 8 months follow-up. However, 
at  16 months follow-up it was found that one tooth developed pain 

and swelling at the adjacent soft tissues suggestive of treatment 
failure. The same tooth showed a radiographic failure of treatment. 
However, that tooth was clinically and radiographically normal 
at  4 months and 8 months follow-up. Then the proper endodontic 
procedure was carried out to treat that tooth. Overall the success 
percentage was 100% at 4 months and 8 months follow-up while 
it was 95.83% at 16 months follow-up (Table 1, Graph 1).

In group B, 23 teeth showed successful results. However, one 
tooth developed pain and a further increase in the decay of tooth 
suggestive of treatment failure. That tooth showed the failure of 
treatment radiographically also. The tooth was subjected to further 
endodontic treatment. The study was continued on remaining 
23 teeth. At 8 months follow-up 22 teeth out of 23 teeth showed 

Graph 1: Data showing the success and failures of IPC with biodentine 
on follow-up at different time intervals
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Table 1: Data showing the success and failures of indirect pulp capping (IPC) with biodentine, resin-modified glass ionomer cement (RMGIC), and 
calcium hydroxide on follow-up at different time intervals

Group A: biodentine Group B: RMGIC Group C: calcium hydroxide

4 months 8 months 16 months 4 months 8 months 16 months 4 months 8 months 16 months

n 24 24 23 24 23 22 24 24 23

Successful 
clinically 24 24 23 23 22 21 24 23 22

Successful  
radiographically 24 24 23 23 22 21 24 23 22

Unsuccessful  
clinically 00 00 01 01 01 01 00 01 01

Unsuccessful 
radiographically 00 00 01 01 01 01 00 01 01

Percentage of 
success 100 100 95.83 95.83 91.66 87.5 100 95.83 91.66

Graph 2: Data showing the success and failures of IPC with RMGIC on 
follow-up at different time intervals

successful results. However, one tooth again developed pain and 
swelling suggestive of treatment failure. Adequate endodontic 
treatment was performed for that tooth also. Now the sample size 
got reduced to 22 teeth. At 16 months follow-up 21 teeth out of 22 
teeth showed successful results while again one tooth was found 
to show a failure of treatment. Overall the success percentage was 
95.83% at 4 months follow-up, 91.66% at 8 months follow-up, and 
87.5% at 16 months follow-up (Table 1, Graph 2).

In group C, all 24 teeth showed successful results both clinically 
and radiographically at 4 months follow-up. At 8 months follow-up 
23 teeth showed successful results as one tooth developed pain and 
pus discharge suggestive of treatment failure. The sample size of 
the study got reduced to 23. At 16 months follow-up 22 teeth out 
of 23 teeth showed successful results while again one more tooth 
was diagnosed to be grossly decayed tooth showing failure of 
treatment. Overall the success percentage was 100% at 4 months 
follow-up, 95.83% at 8 months follow-up, and 91.66% at 16 months 
follow-up (Table 1, Graph 3).

A Chi-square test was used for statistical analysis. The 
Chi-square and p-value obtained were 2.03 and 0.354, respectively 

Graph 3: Data showing the success and failures of IPC with calcium 
hydroxide on follow-up at different time intervals

at 4 months and it was 2.02 and 0.344, respectively at 16 months 
follow-up which specifies that all three materials were effective in 
IPC with not much difference. However, biodentine was proved to 
be more successful clinically and radiographically (Table 2).

dI s c u s s I o n
In the current study, all three IPC materials were effective in IPC 
with no statistically significant difference. However, biodentine 
was proved to be more successful as an IPC agent. Hirschman 
et al. and Nowicka et al. conducted a study in which biodentine 
was used as IPC material and found that biodentine was quite 
effective in IPC.10,11 Soliman et al. also conducted a study in young 
permanent teeth and found that the success rate was 100% when 
biodentine was used as an IPC agent.12 Conducted a study in 
which they analyzed the response of pulpal tissue in primary teeth 
when biodentine was used as IPC agent after 7, 28, and 90 days. 
The results obtained from the study conducted by concluded 
that biodentine possesses bioactive properties, and it causes 
regeneration of dentinal tissue and there is no inflammatory 
response in the pulpal tissue.12
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materials namely biodentine, calcium hydroxide, and RMGIC with 
2% chlorhexidine were compared for their effectiveness in IPC in 
young permanent molars.

In the present study, biodentine was found to be a better IPC 
agent although the other two materials were also statistically 
similar in their results. It has been noticed that biodentine forms 
hydroxyapatite crystals at the margins due to which it provides 
better integrity of the margins. Generally, microleakage is 
responsible for infection of pulp leading to impairment of success of 
vital pulp therapy. This problem is not observed when biodentine is 
used as a pulp capping agent. It is due to the excellent sealing ability 
of biodentine.12,23 Calcium hydroxide acts as a pulp capping agent 
because there is hard tissue formation as a result of inflammatory 
response against the irritant nature of calcium hydroxide. But in the 
case of biodentine, hard tissue formation is noninflammatory as it 
is due to their compatibility with cell recruitment. It was stated that 
the necrotic layer formed as a result of calcium hydroxide appears 
to be larger than other bioactive materials like biodentine.23 

The limitation of this study was that histological examinations 
were not carried out. More studies involving histological 
examination with longer follow-up periods and larger sample size 
should be conducted for better results. 

co n c lu s I o n
Biodentine exhibited the highest success rate as compared 
with calcium hydroxide and RMGIC liner in conjunction with 2% 
chlorhexidine gluconate as a disinfecting solution. This study 
highlights the success of IPC in young permanent molars and the 
choice of better IPC material can be biodentine.
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