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ABSTRACT 

Context: Vital pulp therapy is the treatment of choice for treating reversible pulpal injuries in both 

primary and permanent teeth for maintaining pulp vitality and function. Rationale of this treatment is 

based on the healing ability of the healthy pulp. Pulpotomy is vital pulp therapy in which a portion of 

vital coronal pulp tissue is removed surgically and the remaining radicular dental pulp is covered with 

a suitable material that protects the pulp from further injury and promotes healing. 

Aim: To histologically evaluate the pulpal response of teeth treated with pulpotomy.. 

Methods and Material: The search identified 20 publications out of which 14 were excluded. Out of 

the 14 studies excluded, 3 were animal studies, 5 studies were on pulp capping and in 6 studies 

histological analysis was not done. The number of articles included were eight. The outcomes 

evaluated were dentin bridge formation, soft tissue changes, inflammatory changes. A detailed search 

was done in five databases namely Pubmed, Scopus, Cochrane, Lilacs and Science Direct. 

Results: Within the limitations of the study, it may be concluded that biodentine had a similar effect 

of dentin bridge formation like MTA and both showed less pulpal response and inflammation. 

Formocresol, Theracal and ferric sulfate on the other hand, caused more pulpal inflammation with 

almost negligible dentin bridge formation. 

Conclusion: MTA and Biodentine had similar results. The average follow up of various studies were 

8 weeks to 6 months. In order to get more accurate results, longer follow up periods and more number 

of clinical trials are to be conducted. 

 

Keywords: pulpal response, pulpotomy, diseases, quality of life 
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INTRODUCTION 

Vital pulp therapy is the treatment of choice for 

treating reversible pulpal injuries in both primary 

and permanent teeth for maintaining pulp vitality 

and function (Asgary et al. 2018)Rationale of this 

treatment is based on the healing ability of the 

healthy pulp. Pulpotomy is vital pulp therapy in 

which a portion of vital coronal pulp tissue is 

removed surgically and the remaining radicular 

dental pulp is covered with a suitable material 

that protects the pulp from further injury and 

promotes healing.(Li et al. 2019) Successful 

pulpotomy procedure depends not only on the 

correct diagnosis of the inflamed dental pulp, but 

also on  the selection of an effective and 

biocompatible medicament.  

The ideal capping material should be bactericidal 

and harmless to cells and surrounding structures, 

promoting healing of the pulp tissue. Many 

different pulpotomy agents are available in the 

market. The most commonly used one is MTA 

(Mineral Trioxide Aggregate). MTA was first 

discovered by Mohamoud Torabinejad in 

1993(Torabinejad, Parirokh, and Dummer 2018) 

ProRoot MTA is mainly composed of tricalcium 

silicate, dicalcium silicate, tricalcium aluminate, 

tetracalcium aluminoferrite, and bismuth oxide. 

When applied directly onto the pulp, MTA as a 

bioactive material with high sealing ability 

stimulates the formation of dentinal bridge and 

leads to pulp healing, yielding high clinical 

success rate (Silva et al. 2019). However, MTA 

has a long setting time and poor handling 

properties and may lead to tooth discoloration.  

RetroMTA (BioMTA, Seoul, Korea) consists of 

calcium carbonate (60%–80% wt%), silicon 

dioxide (5–15 wt%), aluminum oxide (5–10 

wt%), and calcium zirconia complex (20–30 

wt%). This material has a setting time of 180 

seconds, which can be beneficial for single-visit 

treatments (Bakhtiar et al. 2018).Investigating 

cell viability and attachment directly on human 

pulp cells and the release of calcium from the 

material were similar to those with ProRoot 

MTA. Additionally, the levels of vascular 

endothelial growth factor, angiogenin, and basic 

fibroblast growth factor were similar to those 

obtained with ProRoot MTA. When RetroMTA 

was evaluated in pulpotomy, continuous calcified 

barriers were formed in dog teeth after 4 weeks, 

showing that the material may be used for 

pulpotomy in the clinic (Kang et al. 2015) .A 

single clinical trial was performed with 

RetroMTA in 3 to 10-year-old children 

undergoing primary teeth pulpotomy. After 12 

months, the clinical and radiographic results with 

RetroMTA were similar to those of MTA, 

indicating a very high success rate.(Divya et al. 

2019) 

In some countries, formocresol has been 

considered a low-cost  alternative pulp capping 

material, due to its high clinical  and radiographic 

success rates (Moretti et al. 2008). Biodentine is 

a tricalcium silicate–based restorative cement 

used for direct and indirect pulp capping. It has 

mechanical properties comparable to those of 

dentin and can be used as a dentin substitute in 

both the crown and root. Biodentine is bioactive 

and nontoxic as tested on human pulp cells and 

provides marginal sealing by adhering to both 

dentin and enamel. (Nishanthine et al. 

2022)When applied directly onto the pulp in 

entire tooth cultures, it induced mineralization 

within the pulp  and complete dentin bridge 

formation after 6 weeks in human teeth (Cuadros-

Fernández et al. 2016). In addition, clinical trials 

have reported a high clinical success rate of 

pulpotomy with Biodentine comparable to that of 

ProRoot MTA. Clinical case reports have 

demonstrated a dentin bridge barrier formation 

when Biodentine was applied in partial 

pulpotomy of fractured mature teeth.(Cuadros-

Fernández et al. 2016; Nowicka et al. 2013) 

TheraCal is a new light-cured, resin-modified, 

calcium silicate–filled base/liner material 

designed for direct and indirect pulp capping. 

(Pandiyan et al. 2022)It contains 45 wt% mineral 

(Type III Portland cement), 10 wt% radiopaque 

agent, 5 wt% hydrophilic thickening agent, and 

45% resin. (Bakhtiar et al. 2017)Mechanical 

properties analysis indicates that TheraCal has 

the greatest compressive and flexural strengths, 

whereas Biodentine has a higher stiffness and 

flexural modulus.(De Rossi et al. 2014)TheraCal 

has been reported to be toxic to pulp cells in vitro. 

In addition, an extensive inflammatory reaction 

was observed in 75% of the cases 4 weeks after 

TheraCal application in dog teeth, whereas a 
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complete dentinal bridge was formed only in 

33% of the teeth. 

Considering the diverse outcome finding 

reported by pulp capping material, it is 

imperative to explore and gather evidence to 

suggest the suitable pulpotomy agent/material.  

 

Aim 

To histologically evaluate the pulpal response of 

teeth treated with pulpotomy. 

 

Research Question 

What is the histologic pulp response after 

application of different pulpotomy material? 

 

Null Hypothesis 

Pulpotomy agents do not cause pulpal response 

in teeth treated with pulpotomy. 

 

Alternate Hypothesis 

Pulpotomy agents cause pulpal response in teeth 

treated with pulpotomy. 

 

Pico 

Population- Pulpotomy treated primary and 

permanent teeth 

Intervention- Other pulpotomy agents 

Comparison- MTA 

Outcome- Dentin Bridge Formation 

                  Pulpal Tissue Organisation 

                  Pulpal Inflammation. 

 

MATERIALS AND METHODS 

The reporting of this systematic review was 

guided by the standards of the Preferred 

Reporting Items for Systematic Review and 

Meta-Analysis (PRISMA) Statement. 

Search strategy and Sources- A detailed search 

was done in five databases namely Pubmed, 

Scopus, Cochrane, Lilacs and Science Direct. 

The search queries were formulated in the 

databases with PICO format. 

 

Search number Search terms Results Time 

#7 (((#1) AND (#3)) AND (#4)) AND (#5) 50 23:13:30 

#4 (((((((dentin bridge formation) OR (hard 

tissue barrier formation)) OR (soft tissue 

inflammation)) OR (pulpal tissue 

inflammation)) OR (soft tissue 

organisation)) OR (pulpal tissue 

organisation)) OR (pulp tissue 

inflammation)) OR (pulp tissue 

organisation) 

15,110 23:08:52 

#5 (((((((((((calcium hydroxide) ) OR (other 

pulpotomy agents)) OR (other pulpotomy 

agent)) OR (bioceramic agent)) OR 

(bioceramic agents)) OR (formocresol)) 

OR (Theracal)) OR (Biodentine)) OR 

(iRoot BP)) OR (iRoot SP)) OR (Portland 

cement)) OR (Modified portland cement) 

4948 23:12:14 

#2 ((((((((((other pulpotomy agents) OR 

(pulpotomy agents)) OR (formocresol)) 

OR (biodentine)) OR (theracal)) OR (iRoot 

BP)) OR (iRoot SP)) OR (portland 

cement)) OR (modified portland cement)) 

OR calcium hydroxide 

21,891 23:01:20 
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#3 ((MTA) OR (ProRoot MTA)) OR 

(RetroMTA) 

11,182 23:02:38 

#1 ((((((((pulpotomy treated teeth) OR 

(pulpotomy treated tooth)) OR (vital pulp 

therapy)) OR (vital pulp therapy treated 

tooth)) OR (pulpotomy treated molar)) OR 

(pulpotomy treated premolar)) OR (vital 

pulp therapy treated teeth)) OR 

(pulpotomy treated primary teeth)) OR 

(pulpotomy treated primary tooth)) OR 

(pulpotomy treated permanent tooth)) OR 

(pulpotomy treated permanent teeth) 

2225 22:56:28 

 

 

 

Eligibility Criteria 

Inclusion Criteria 

Only studies which are Randomized Clinical 

Trials. 

Pulpotomy performed in primary or permanent 

teeth. 

Partial or full pulpotomy performed. 

Only studies in which teeth with closed apices 

were considered. 

 

Exclusion Criteria 

Review articles, case reports, in vitro studies. 

Animal studies. 

Studies in which MTA was not used as one of the 

pulpotomy agents. 

Studies in which teeth with open apices were 

considered. 

Pulpotomy performed on incisors. 

 

Selection of studies 

The selected studies were analysed based on the 

inclusion/exclusion criteria and imported to a 

reference managing software. After removal of 

duplicates, the title and abstract of the remaining 

records were screened independently for 

eligibility.  

 

PRISMA flow chart  

Kindly use recommended the PRISMA flow 

chart  
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List of Excluded studies 

 

S no. Author/ Year Reason 

1. Lee et al. 2016 Animal study 

2. Lopes et al. 2019 Animal study 

3. Prabhakar et al. 2019 Animal study 

4. Caicedo et al. 2006 Pulp capping 

5. Nair et al. 2008 Pulp capping 

6. Sawicki et al. 2008 Pulp capping 

7. Alicja et al. 2013 Pulp capping 

8. Hegde et al. 2017 Pulp capping 

9. Moroto et al. 2007 No histological analysis done 

10. Moretti et al. 2008 No histological analysis done 

11. Vivien et al. 2009 No histological analysis done 

12. Cameron et al. 2010 No histological analysis done 

13. Silva et al. 2019 No histological analysis done 

14. Mariano et al. 2020 No histological analysis done 

 

Outcome measures 

Variables of interest table 

 

S no. Variables of Interest (Based on histological analysis)  

1. Dentin bridge formation  

2. Pulpal Inflammation 

3. Soft tissue organization 
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Data Extraction 

Data of the included studies was extracted using 

a customized data extraction form. Data extracted 

consisted of the following: 

Article identification information – Authors, and 

Publication year, Type of Study 

Baseline demographic data – Age, Sex of 

participants. 

Study Characteristics – Sample size, tooth on 

which pulpotomy was performed, Follow-up 

period, groups and number to teeth per group. 

Outcome of Interest – Dentin Bridge Formation, 

Soft tissue organisation, pulpal inflammation. 

(Kindly explain, which outcome measure 

(continuous or dichotomous or any other values) 

were collected ) 

 

Description of studies 

The search identified 20 publications out of 

which 14 were excluded. Out of the 14 studies 

excluded, 3 were animal studies, 5 studies were 

on pulp capping and in 6 studies histological 

analysis was not done. 

 

TABLE 1: General Information of included studies 

No  Author/ 

Year 

Type of study Age group Sample 

size 

(N/n) 

Type of teeth Study group 

1) Daya Srinivasan et 

al.  2011 

Randomized 

Clinical Trial 

4 to 6 years  10/4+4+

2 

Deciduous canines Group1- MTA 

Group2- 

Formocresol 

Group3- 

Carious teeth 

2) Dipti Bhagat  

et al. 

2016 

Randomized 

Clinical Trial 

12 to 18 years  30/15 Premolars Group 1-MTA 

Group2- 

Portland Cement 

3) Bakhtiar 

 et al. 

2017 

Randomized 

Clinical Trial 

18 to 32 years  27/9 Maxillary & 

Mandibular 3rd molars 

Group1-MTA 

Group2-Theracal 

Group3-Biodentine 

4) Bakhtiar  

et al. 

2018 

Randomized 

Clinical Trial 

18 to 32 years  22/11 Maxillary and 

Mandibular 3rd molars 

Group1-ProRoot MTA 

Group2-RetroRoot 

MTA 

5) Marina Azevedo 

et al. 

2018 

Randomized 

Clinical Trial 

5 to 9 years  31/16+1

5 

Primary Maxillary and 

Mandibular molars 

Group1-MTA 

Group2- 

Ferric sulfate 

6) Meslmani et al. 

2020 

Randomized 

Clinical Trial 

7.5 to 9 years  60/30 Primary maxillary and 

Mandibular molars 

Group1-MTA 

Group2-Modified 

Portland Cement 
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Characteristic table of Included articles 

 

No Author/

Year 

Groups Type of 

teeth/N 

Pulp 

Therap

y 

perfor

med 

Follow 

up period 

Scorin

g 

criteria  

Soft tissue 

organization 

Pulpal 

Inflammatio

n 

Dentin 

Bridge 

Formation 

Conclusion 

1. Daya 

Sriniva

san et 

al. 

2011 

Group1- 

MTA 

 

Group2- 

Formocre

sol 

 

Group3- 

Carious 

teeth 

Decidu

ous 

canines

/10 

Pulpoto

my 

6 months No 

specifi

c 

criteria 

1)MTA 

→Pulp stones 

were more 

numerous in 

pulp 

compared to 

Formocresol. 

 

2)Formocreso

l 

→Pulp stones 

were less 

numerous in 

pulp than 

MTA  

1)MTA 

→Less 

inflammator

y cells 

infiltrate the 

pulp. 

 

2)Formocres

ol 

→More 

inflammator

y cell 

infiltrates 

the pulp. 

 

 

1)MTA 

→Amorphou

s 

eosinophilic 

layer of 

dentin bridge 

formation 

seen. 

 

2) 

Formocresol 

→No dentin 

bridge 

formation 

seen 

MTA had 

better 

biological 

properties 

and better 

dentin 

bridge 

formation 

capacity 

than 

formocresol. 

 

2. Dipti 

Bhagat 

et al. 

2016 

Group 1-

MTA 

 

Group2- 

Portland 

Cement 

Premol

ar/30 

Pulpoto

my 

6 months Cox et 

al. 

criteria 

1)MTA- 

→7 teeth 

scored 1 

→2 teeth 

scored 2 

→6 teeth 

scored 3 

 

2)Portland 

Cement- 

→8 teeth 

scored 1 

→7 teeth 

scored 3 

1) MTA 

→11 teeth 

scored 1 

→4 teeth 

scored 2 

 

2) Portland 

Cement 

→10 teeth 

scored 1 

→5 teeth 

scored 2 

1) MTA 

→7 teeth 

scored 1 

→2 teeth 

scored 2 

→6 teeth 

scored 3 

 

2) Portland 

Cement 

→8 teeth 

scored 1 

7 scored 3 

Portland 

cement may 

serve as 

effective and 

less 

expensive 

MTA 

substitute 
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3. Bakhtia

r et al. 

2017 

Group1- 

MTA 

 

Group2- 

Theracal 

 

Group3- 

Biodentin

e 

Maxilla

ry and 

Mandib

ular 3rd 

molars/ 

27 

Partial 

Pulpoto

my 

8 weeks Nowic

ka et al. 

criteria 

1) MTA 

→Pulpal 

organization 

normal in 

33.3% 

→Local pulp 

tissue 

disorganisatio

n seen in 2 

cases 

→complete 

pulp 

disorganisatio

n in 44.4% 

 

2) Theracal 

→Pulpal 

organization 

normal in 

11.11% 

→Local pulp 

tissue 

disorganisatio

n seen in  6 

cases  

→complete 

pulp 

disorganisatio

n in 22.2%. 

 

3) Biodentine 

→Pulpal 

organization 

normal in 

66.67% 

→Local pulp 

tissue 

disorganisatio

n seen in 3 

cases  

→complete 

pulp 

disorganisatio

n in none. 

Pulpal 

inflammatio

n was absent 

in all the 

three groups 

after 8 weeks 

1) MTA 

Hard tissue 

formation in 

the form of 

complete 

dentin 

bridge. 56% 

 

2) Theracal 

Complete 

dentin bridge 

formation in 

11% of 

cases. 

 

3) 

Biodentine 

All the teeth 

showed hard 

tissue 

formation in 

the form of a 

complete 

dentin 

bridge. 

Dentin 

bridge was 

thicker than 

that formed 

in MTA 

 

 

Biodentine 

was more 

reliable 

followed by 

proRoot 

MTA as a 

partial 

pulpotomy 

agent. This 

study did not 

support the 

use of 

Theracal as 

a partial 

pulpotomy 

agnt. 
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4. Bakhtia

r et al. 

2018 

Group1- 

ProRoot 

MTA 

 

Group2- 

RetroRoo

t 

MTA 

Maxilla

ry and 

Mandib

ular 3rd 

molars 

/22 

Partial 

Pulpoto

my 

8 weeks Nowic

ka et al. 

criteria 

 

1)ProRoot 

MTA 

→Normal 

pulp 

organisation 

or limited 

disorganisatio

n in 8 cases 

out of 11 

→Complete 

disorganisatio

n in 3 cases 

out of 11. 

 

2) Retro MTA 

→Normal 

pulp 

organisation 

or limited 

disorganisatio

n in 4 cases 

out of 11. 

→Complete 

disorganisatio

n in 7 cases 

out of 11. 

 

 

Pulpal 

inflammatio

n was absent 

in both the 

groups after 

8 weeks 

1)ProRoot 

MTA 

→Incomplet

e dentin 

bridge 

formation 

seen in 4 

cases out of 

11. 

→Complete  

dentin bridge 

formation 

seen in 7 

cases out of 

11. 

 

2) 

RetroMTA 

→Incomplet

e dentin 

bridge 

formation 

seen in 7 

cases out of 

11. 

→Complete  

dentin bridge 

formation 

seen in 4 

cases out of 

11. 

 

 

 

Retro MTA 

shows more 

pulp 

disorganisati

on, 

incomplete 

dentin 

bridge 

formation 

which may 

be a 

potential 

drawback 

for 

RetroMTA. 
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5. Marina 

Azeved

o et al. 

2018 

Group1- 

MTA 

 

Group2- 

Ferric 

sulfate 

Primary 

Maxillar

y and 

Mandib

ularmol

ars/31 

Pulpoto

my 

Teeth at 

regular 

exfoliatio

n period 

was 

extracted. 

No 

specific 

criteria 

1)Sound loose 

connective 

tissue with 

odontoblasts 

seen in MTA 

2)Sound loose 

connective 

tissue seen in 

ferric sulfate. 

No 

inflammatory 

cell infiltrate 

in both the 

groups 

1) MTA 

showed a hard 

tissue barrier 

surrounded by 

odontoblasts 

over the pulp 

stumps. 

 

2) Ferric 

Sulfate 

showed no 

such barrier 

formation and 

changes. 

Both MTA 

and 15.5% 

ferric sulfate 

are effective 

as pulpotomy 

agents but 

first choice 

must be 

MTA. 

6. Meslm

ani et 

al. 

2020 

Group1- 

MTA 

 

Group2- 

Modified 

Portland 

Cement 

Primar

y 

maxilla

ry and 

Mandib

ular 

molars/ 

60 

Pulpoto

my 

2 months Shayeg

an et al. 

criteria 

1)MTA 

→Slight 

disruption in 

soft tissue 

organisation 

by 30%. 

→Moderate 

disruption in 

soft tissue 

organisation 

by 70%. 

 

2)MPC 

→Slight 

disruption in 

soft tissue 

organisation 

by 50%. 

→Moderate 

disruption in 

soft tissue 

organisation 

by 50%. 

1)MTA 

→No 

inflammatio

n by 80% 

→Low 

grade 

inflammatio

n by 20% 

 

2)MPC 

→No 

inflammatio

n by 90% 

→Low 

grade 

inflammatio

n by 10%. 

 

1) MTA 

→Incomplet

e formation 

by 60% 

→Beginning 

of formation 

by 20% 

→No 

evidence of 

formation by 

20% 

 

2)MPC 

→Incomplet

e formation 

by 30% 

→Beginning 

of formation 

by 40% 

→No 

evidence of 

formation by 

30% 

 

 

 

Both the 

materials 

were 

biocompatib

le with little 

excellence 

of MTA in 

terms of 

dentin 

bridge 

formation. 

 

Quality Assessment and Level of Evidence 

Should be based on study design of included 

studies whereas evidence level is synthesize for 

each outcome assessed here.  

The assessment of the methodology was 

conducted using Cochrane Collaboration’s Risk 

of Bias Assessment Tool - Review Manager 

(5.4.1). Domains that were assessed was as 

follows 

Random sequence generation 

Allocation Concealment 

Blinding of participants and personnel 

Blinding of the outcome assessment 

Incomplete outcome data 

Selective reporting 

Other sources of bias 

Each domain was rated as “low-risk”, “high risk” 

or “unclear risk”. The level of evidence of each 

of the included studies was also assessed 

according to the Oxford Centre for Evidence-

based Medicine, 2009. 



e452 

Pulpal response of primary and permanent teeth to various pulpotomy agents - A Systematic Review 

                  J Popul Ther Clin Pharmacol Vol 30(10):e442–e460; 08 May 2023. 

This article is distributed under the terms of the Creative Commons Attribution-Non  

                         Commercial 4.0 International License. ©2021 Muslim OT et al. 

 

 

 

Risk of Bias 

Table of Risk of Bias Major Criteria 

 

No Author/Year Randomization Allocation 

Concealment 

Assessor 

Blinding 

Drop outs 

described 

Risk of Bias 

1. Daya Srinivasan  

et al. 2011 

Yes No Yes Yes Low 

2. Dipti Bhagat et al. 

2016 

Yes Yes Yes Unclear Low 

3. Bakhtiar et al. 

2017 

Yes No Yes Unclear Moderate 

4. Bakhtiar et al. 

2018 

Yes No Yes Unclear Moderate 

5. Marina Azevedo et 

al. 

2018 

Yes No Yes Yes Low 

6. Meslmani et al. 

2020 

Yes No Unclear No High 

 

Table of Risk of Bias Minor Criteria 

 

No. Author Sample Justified Baseline 

Comparison 

I/E Criteria Method 

Error 

1. Daya Srinivasan  

et al. 2011 

Yes Yes Yes No 

2. Dipti Bhagat et al. 

2016 

Yes Yes Yes Yes 

3. Bakhtiar et al. 

2017 

Yes No No Yes 

4. Bakhtiar et al. 

2018 

Yes No No Yes 

5. Marina Azevedo et al. 

2018 

Yes Yes Yes No 

6. Meslmani et al. 

2020 

Yes No Yes No 

 

Table of Risk of Bias for RevMan 

 

No Author/Year Randomizatio

n 

Allocation 

Concealment 

Blinding of 

participants, 

personnels 

Blinding of 

outcome 

assessment 

Incomplete 

outcome 

data 

Selective 

Reporting 

1. Daya Srinivasan  

et al. 2011 

Unclear No No Yes Yes Unclear 

2. Dipti Bhagat et al. 

2016 

Yes Yes Yes Yes Unclear Unclear 

3. Bakhtiar et al. 

2017 

Yes No No Yes Unclear Unclear 

4. Bakhtiar et al. 

2018 

Yes No No Yes Unclear Unclear 



e453 

Pulpal response of primary and permanent teeth to various pulpotomy agents - A Systematic Review 

                  J Popul Ther Clin Pharmacol Vol 30(10):e442–e460; 08 May 2023. 

This article is distributed under the terms of the Creative Commons Attribution-Non  

                         Commercial 4.0 International License. ©2021 Muslim OT et al. 

 

 

5. Marina Azevedo 

et al. 2018 

Yes No Unclear Yes Yes Unclear 

6. Meslmani et al. 

2020 

Unclear No No Unclear No Unclear 

 

Risk of Bias summary 

 

 

Risk of Bias graph 

 

Level of evidence of included studies 

 

S no. Author/ Year Study Design Level of evidence 

1. Daya Srinivasan  

et al. 2011 

Randomized Clinical Trial Level 1b 

2. Dipti Bhagat et al. 

2016 

Randomized Clinical Trial Level 1b 

3. Bakhtiar et al. 

2017 

Randomized Clinical Trial Level 2b 

4. Bakhtiar et al. 

2018 

Randomized Clinical Trial Level 2b 
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5. Marina Azevedo et al. 

2018 

Randomized Clinical Trial Level 1b 

6. Meslmani et al. 

2020 

Randomized Clinical Trial Level 2b 

 

DISCUSSION 

The objective of this systematic review was to 

histologically evaluate pulpal response of teeth 

treated with pulpotomy using various pulpotomy 

agents. Number of studies included was 6. All of 

them were randomized clinical trials.The teeth 

selected for pulpotomy were primary or 

permanent canines,premolars and 

molars.(Subramanyam and Somasundaram 

2020)The age group of participants ranged from 

4 years to 32years. Follow up period ranged from 

8 weeks to 6 months. 2 studies had a follow up 

period of 6 months. 2 studies followed up for 8 

weeks,1 study for 2 months, 1 study followed up 

till the natural exfoliation time of the tooth. 

In two studies, maxillary and mandibular 3rd 

molars were studied, in 2 studies primary 

maxillary and mandibular molars were studied,in 

one study premolars and in one other study, 

deciduous canines were studied. Partial 

pulpotomy was performed in 2 studies.Different 

scoring criteria were used like Cox et al., 

Nowicka et al., (Nowicka et al. 2013)Shayegan et 

al(Shayegan, Petein, and Abbeele 2008) 

Various pulpotomy agents, formaldehyde-based 

materials, electrosurgery, lasers, glutaraldehyde, 

haemostatic medicaments, zinc oxide eugenol, 

bone morphogenic protein (BMP), collagen and 

calcium involving, dentin bridge inducing 

materials, have been recommended from the past 

to the present. The first pulpotomy agent used for 

primary teeth, introduced by Sweet, was 

formocresol (FC), which fixes and mummifies 

the tissue completely. However, the ideal 

pulpotomy treatment should leave the radicular 

pulp vital and healthy and completely enclosed 

within an odontoblast-lined dentin chamber. 

calcium hydroxide (CH) was the first medication 

that induced dentin bridge formation in 

pulpotomies.Another alternative pulpotomy 

agent, ferric sulphate (FS), a haemostatic 

medicament, has been used because it might 

minimize the chances for inflammation and 

thereby prevent internal resorption (IR). In 1995, 

Torabinejad et al. described mineral trioxide 

aggregate (MTA) a biocompatible, dentin bridge 

inducing material and was used as a pulpotomy 

agent.In all the  included studies, MTA was 

commonly used as a pulpotomy agent.Other 

agents used were formocresol,ferric sulphate, 

modified Portland cement, theracal, biodentine, 

RetroMTA, ProRoot MTA. 

Daya srinivasan et al. compared MTA with that 

of formocresol.MTA showed less infiltration of 

inflammatory cells into the pulp, and also 

amorphous dentin bridge formation was seen in 

MTA group and no dentin bridge formation was 

seen in formocresol.According to the author, 

MTA showed better biological and better dentin 

bridge formation than formocresol.Histological 

findings confirm that formocresol has no 

reparative ability and its action is limited as a 

fixative agent (Srinivasan and Jayanthi 2011; 

Bhagat et al. 2016).Studies in literature have been 

stated which conducted study on MTA and 

formocresol as pulpotomy agents.In a study by 

Nematollahi et al., comparison was between 

MTA and formocresol, no significant difference 

was found between the two groups clinically and 

radiographically(Nematollahi et al. 2018).A 

study conducted by Olatosi et al., MTA was 

compared with formocresol and MTA performed 

better than formocresol both clinically and 

radiographically(Olatosi, Sote, and Orenuga 

2015).Similar results to Daya Srinivasan were 

given in a study conducted by Ansari et 

al.(Ansari and Ranjpour 2010) but the only 

difference being that histological analysis was 

not done by Ansari et al. 

Dipti Bhagat et al. compared MTA with that of 

Portland cement. MTA has portland cement as 

one of its major constituents.(Janani, Teja, and 

Ajitha 2021)Comparing portland cement with 

that of MTA showed similar results for both the 

groups. So portland cement can be used as a 

substitute for MTA in a cost effective way. 

Despite the specifications and advantages of 

Portland Cement, it has some  undesirable 
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properties like long setting time and radio 

translucency. Therefore, the researchers have 

focused on improving those specifications  

(Bhagat et al. 2016).Similar study was conducted 

by Vivien et al in 2009(Sakai et al. 2009) which 

showed similar results to Bhagat et al. but 

histological analysis was not done. Portland 

cement was tried as pulp capping agent.In a study 

conducted by Erfanparast et al, portland cement  

based material Theracal was used as direct pulp 

capping agent and it showed considerable 

results(Erfanparast, Iranparvar, and Vafaei 

2018).Portland cement was also tried as indirect 

pulp capping material(Petrou et al. 2014) 

Melsmani et al. compared MTA with Modified 

portland cement.Grey Portland Cement has been 

used in this research (W et al. 2020). This 

Portland Cement Contains the same components 

of MTA. However, the lime has been added to 

the Portland Cement during manufacturing 

procedure for delaying setting time. For using 

this material in this research, the lime had been 

excluded without modifying the cement’s 

specifications.(Nandakumar and Nasim 2020) 

And the Accelerator, Calcium Chloride,had been 

added by 10% of the mix and the Radiopaque 

Zirconium Oxide had been added by 30% of the 

mix. (Bhagat et al. 2016; W et al. 2020)This 

material was sterilized by Gamma rays by 

cooperation with the Nuclear power Agency. 

The results in the study showed both the 

materials were comparable but little excellence 

by MTA in terms of dentin bridge formation  

Biodentine is a tricalcium silicate–based 

restorative cement used for direct and indirect 

pulp capping. It has mechanical properties 

comparable to those of dentin . Biodentine is 

bioactive and nontoxic as tested on human pulp 

cells and provides marginal sealing by adhering 

to both dentin and enamel.When applied directly 

onto the pulp in entire tooth cultures, it induced 

mineralization within the pulp and complete 

dentin bridge formation after 6 weeks in human 

teeth.(Hegde et al. 2017) TheraCal is a new light-

cured, resin-modified, calcium silicate–filled 

base/liner material designed for direct and 

indirect pulp capping. It contains 45% weight 

mineral (type III Portland cement), 10 wt% 

radiopaque agent, 5 wt% hydrophilic thickening 

agent, and 45% resin. (Prabakar et al. 

2020)Mechanical properties analysis indicates 

that TheraCal has the greatest compressive and 

flexural strengths, whereas Biodentine has a 

higher stiffness and flexural modulus.Bakhtiar et 

al. in 2017 reported a study on MTA in 

comparison with Theracal and Biodentine as 

pulpotomy agents. Various aspects like soft 

tissue organisation, pulpal inflammation and 

dentin bridge formation were evaluated. 

Biodentine showed thicker and more continuous 

dentin bridge formation followed by MTA and 

least by theracal.Also biodentine showed better 

biological properties than theracal.The author did 

not recommend the use of theracal as a 

pulpotomy agent(Bakhtiar et al. 2017)Literature 

shows many studies on biodentine. Biodentine 

was compared as pulpotomy agent with that of 

MTA and showed comparable results(Çelik et al. 

2019).Another such study in which no significant 

difference was found between MTA and 

biodentine.(Carti and Oznurhan 2017).It was also 

tried in vital pulp therapy(Awawdeh et al. 2018) 

and as direct pulp capping agent(Brizuela et al. 

2017).In all these studies, biodentine showed 

comparable results with MTA. 

Mineral trioxide aggregate (MTA) is a water-

based material used for endodontic treatment and 

pulp capping. It is made of tricalcium silicate, 

tricalcium aluminate, and bismuth oxide and 

tetracalcium aluminoferrite. ProRoot MTA 

(Dentsply Tulsa Dental,Tulsa, OK) sets in 

moisture and significantly reduces bacterial 

invasion with a high sealing ability. Additionally, 

several studies have shown its biocompatibility 

and its capacity to stimulate dentin bridge 

formation faster than calcium hydroxide. This 

explains why ProRoot application for treating 

pulp wounds  

leads to high success rates in clinical procedures. 

(Ravikumar et al. 2018)However, MTA has a 

long setting time and poor handling properties 

and results in tooth discoloration because of the 

presence of bismuth oxide as a radiopacifier in its 

composition (Nguyen et al. 2017; Kang et al. 

2015)RetroMTA (BioMTA, Seoul, Korea) 

consists of calcium carbonate (60%–80% wt%), 

silicon dioxide (5–15 wt%), aluminum oxide (5–

10 wt%), and calcium zirconia complex (20–30 

wt%). This material has a setting time of 180 
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seconds, which can be beneficial for single-visit 

treatments.Bakhtiar et al. in 2018 reported a 

study in which ProRoot MTA was compared with 

RetroMTA.Though the setting time of 

RetroMTA was favourable, it showed more pulp 

disorganisation and more incomplete dentin 

bridge formation compared with that of ProRoot 

MTA.This may be a potential drawback for 

RetroMTA (Bakhtiar et al. 2018) 

Successful pulpotomy procedure depends not 

only on the correct diagnosis of the inflamed 

dental pulp, but also on the selection of an 

effective and biocompatible medicament.The 

ideal capping material should be bactericidal and 

harmless to cells and surrounding structures, 

promote healing of the pulp tissue and not 

interfere with the physiologic root 

resorption.Different pulpotomy agents have been 

tried in order for evaluate if they are clinically 

effective,biologically safe and at the same time 

cost effectiveness was considered. In some  

countries, ferric sulfate has been considered a 

low-cost alternative pulp capping material, due to 

its high clinical and radiographic success rates. 

The reaction of ferric sulfate with blood results in 

a ferric ion-protein complex, which mechanically 

blocks the capillary orifices, favoring the 

hemostasis (Nguyen et al. 2017) 

Marina et al. in 2018 reported a study comparing 

white MTA with that of 15.5% ferric sulfate as a 

pulpotomy agent.The results showed that ferric 

sulfate was biologically comparable with MTA 

but dentin bridge formation was not very much 

evident with ferric sulfate.So, the first choice of 

use must be MTA and ferric sulfate was 

considerable though, according to the author. 

Though many pulpotomy agents were studied, 

MTA still proved to show better biological and 

better reparative dentin formation ability 

compared to other agents.(Shayegan, Petein, and 

Abbeele 2008) Biodentine was another material  

which showed similar properties as MTA  

 

                                                 Nowicka et al. criteria 

Intensity of pulp inflammation 

     Scoring Feature 

     1 Absent or few inflammatory cells 

     2 Mild,< 10 inflammatory cells 

     3 Moderate, 10-25 inflammatory cells 

     4 Severe, > 25 inflammatory cells 

Extent of pulp inflammation 

   Scoring Feature 

    1 Absent 

    2 Mild, inflammatory cells present only next to site of pulp exposure 

    3 Moderate,Inflammatory cells observed in part of coronal pulp 

    4 Severe,All coronal pulp is infiltrated 

Pulp tissue organization and morphology 

 Scoring Feature 

 1 Normal pulp organization 
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 2 Disorganization of pulp beneath the cavity 

 3 Disorganization of entire pulp 

Dentin Bridge Thickness 

Scoring Feature 

1 >0.25mm 

2 0.1 to 0.25mm 

3 <0.1mm 

4 No bridge formation 
 

Cox et al. criteria 

Inflammatory cell response 

    Scoring Feature 

    1 None or few scattered inflammatory cells present in the 

pulp beneath the exposure site 

    2   Polymorphonuclear leukocytes (acute) or mononuclear 

lymphocyte (chronic) in an inflammatory lesion. 

    3 Severe inflammatory lesion appearing as an abscess or 

dense infiltrate involving one third or more the coronal pulp 

    4 Completely necrotic pulp 

Soft Tissue Organization 

  Scoring Feature 

  1 Normal or almost normal tissue morphology below the 

exposure site and throughout the pulp 

  2  Lack of normal tissue morphology below the exposure 

site, with deeper pulp tissue appearing normal 

  3  Loss of general pulp morphology and cellular 

organization below the exposure site 

  4 Necrosis in at the coronal third of the pulp 

 

Dentinal Bridge Formation 

Scoring Feature 

1 New barrier tissue directly adjacent to some portion of 

the restorative material 

2 New dentin bridge some distance from the material 

interface 
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3 No evidence of any dentin tissue formation in any of the 

tissue sections 

 
 

 

Vital pulp therapy is a growing field.There is a 

marked development in this field with new 

materials coming up.However, the advantages 

and disadvantages of all these materials must be 

evaluated clinically.Hence, randomised clinical 

trials and systematic reviews with longer follow 

up periods are necessary to understand these 

material properties and put them to clinical 

practice. 

 

CONCLUSION 

The aim of the systematic review was to evaluate 

the pulpal response of teeth treated with 

pulpotomy. Within the limitations of the study, it 

may be concluded that biodentine had a similar 

effect of dentin bridge formation like MTA and 

both showed less pulpal response and 

inflammation. Formocresol, Theracal and ferric 

sulfate on the other hand, caused more pulpal 

inflammation with almost negligible dentin 

bridge formation.However, the overall quality of 

articles included in the study was moderate.The 

average follow up of various studies were 8 

weeks to 6 months. In order to get more accurate 

results, longer follow up periods and more 

number of clinical trials are to be conducted. 
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