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PART B – TECHNICAL DETAILS 

1 Title of the dissertation An in vitro comparison of human dental pulp cell 

differentiation and mineralising ability of three pulp capping 

agents  

2 Introduction  

Exposure of pulp is a common occurrence in dentistry caused 

either due to trauma, caries or sometimes iatrogenic. Our 

primary attempt in such situations is to facilitate healing of the 

pulp and maintain the vitality of the tooth. In order to achieve 

this, various pulp capping agents like calcium hydroxide, 

Mineral trioxide aggregate (MT) etc. have been used. 

Nevertheless, these materials had their own disadvantages like 

causing transient necrosis of pulp, poor handling properties 

and prolonged setting time. This led to advent of newer agents. 

 

A. Problem statement 



In the present study, we are evaluating three such newer 

materials. Totalfill BC RRM is a recently introduced 

bioceramic that is marketed as a root repair material. Theracal 

LC is a light curable calcium silicate based pulp capping agent 

containing methacrylate monomers. Biodentine is a calcium 

silicate based material known for its good handling properties, 

setting time and excellent biocompatibility. Thus, in this study 

we would like to evaluate and compare these materials on the 

basis of their ability to induce differentiation of human dental 

pulp cells (hDPC) into odontoblasts and subsequently their 

remineralising ability. 

  

B. Rationale Often the success of a pulp capping therapy is assessed 

clinically by absence of symptoms and radiographically by 

formation of a calcified bridge. However, ideally a pulp 

capping agent should be able to stimulate the differentiation of 

undifferentiated pulp cells into odontoblasts and promote the 

formation of reparative or reactionary dentin, thus encouraging 

the pulp dentin complex in its healing. Hence, in the present 

study, we are checking for the ability of the experimental 

agents to initiate differentiation of human dental pulp cells into 

odontoblasts and their ability to induce mineralisation. 

 

 

 



C. Novelty In the present study, we are checking for the markers of 

odontoblastic differentiation by quantitative reverse 

transcriptase polymerase chain reaction (qRT-PCR) to assess 

the efficacy of the materials as pulp capping agents.  

 

D. Expected outcome and 

application 

We expect the materials to induce differentiation of human 

dental pulp cells into odontoblasts and thus aid in 

remineralisation. 

3 Research question(s) Which is the better material for pulp capping based on their 

ability to induce differentiation of Human Dental Pulp Cell 

into odontoblasts, their maturation and remineralisation 

potential? 

 

4 Research hypothesis (es), if 

any 

Null Hypothesis : 

There is no difference among the three pulp capping agents in 

their ability to induce differentiation of human dental pulp cells 

into odontoblasts and mineralization potential. 

Alternative Hypothesis : 

There is difference among the three pulp capping agents in 

their ability to induce differentiation of human dental pulp cells 

into odontoblasts and mineralization potential. 



5 Objectives of the Study: 

A. Primary objective(s) 

 

 

 

 

B. Secondary objective(s) 

 

To assess the ability of the experimental materials to induce 

differentiation of human dental pulp cells into odontoblasts by 

Quantitative Reverse Transcriptase Polymerase Chain 

Reaction (qRT-PCR) of odontoblastic differentiation-related 

genes. 

To assess the remineralisation potential of the differentiated 

odontoblasts by Alkaline Phosphatase Activity (ALP) Assay 

and Alizarin Red S (ARS) Assay. 

6  Review of literature A study was done to investigate the cytotoxicity of 

BioAggregate and iRoot BP Plus root canal sealer (iRoot BP 

Plus) to human dental pulp cells (hDPCs) and their effect on 

proliferation and mineralization of hDPCs and to compare their 

performance with that of mineral trioxide aggregate (MTA). 

Human dental pulp cells were seeded onto the prepared 

BioAggregate, iRoot BP Plus and MTA, respectively.ALP 

activity was measured to evaluate the cell differentiation 

potential on days 1, 3, 5 and 7. The expression of odontoblastic 

differentiation-related genes dentine phosphoprotein, dentine 

matrix protein-1 and osteocalcin) was measured by 

quantitative real-time polymerase chain reaction. ALP activity 

was enhanced in both groups from day 3, whilst iRoot BP Plus 

showed significantly higher ALP activity than MTA (P < 

0.01).And qRT-PCR indicated that both BioAggregate and 

iRootBP Plus groups were associated with a higher 

upregulation of mineralization and odontoblastic 



differentiation-associated gene expressions as compared to 

MTA group (P < 0.05).Thus it was concluded that 

BioAggregate and iRoot BP Plus were nontoxic and able to 

induce mineralization and odontoblastic differentiation-

associated gene expression in hDPCs.[1] 

A study was done to investigate the effects of the bioceramic 

iRoot BP Plus (Innovative Bioceramix Inc, Vancouver, 

Canada) as a pulp capping agent in vitro and in vivo. In vitro, 

human dental pulp cells (hDPCs) were seeded into plates with 

the prepared iRoot BP Plus or mineral trioxide aggregate 

(MTA) packed in the bottom of different wells. The 

proliferation of hDPCs was determined using the 3(4,5-

dimethylthiazol-2-yl)-2,5 diphenyltetrazolium bromide assay. 

Meanwhile, 2 animal models of direct pulp capping and 

pulpotomy were applied in Wistar rats in vivo. The exposed 

pulps were capped with iRoot BP Plus or MTA. After 1 and 4 

weeks, maxillary segments were obtained and prepared for 

histologic analysis. The results were that hDPCs grew very 

well even in the place contacted with MTA or iRoot BP plus 

in vitro. MTA and iRoot BP Plus both enhanced the 

proliferation of hDPCs (P < .05). In vivo, results revealed that 

few inflammatory cells were present in the pulpal area 

corresponding to the pulp exposure. A slight layer of newly 

generated matrix was also observed next to MTA and iRoot BP 

Plus after 1 week. A complete reparative dentin bridge with 

polarizing odontoblastlike cells was detected in all specimens 



in the iRoot BP Plus group after 4 weeks. Thus bioceramic 

material like iRoot BP Plus exhibited good biocompatibility to 

pulp tissue and induced the proliferation of dental pulp cells 

and the formation of reparative dentin bridge. iRoot BP plus 

may be used as a pulp capping material for vital pulp therapy[2] 

 

A study was done to investigate the proliferative, migratory 

and adhesion effect of Biodentine,, a new tricalcium silicate 

cement formulation, on the human dental pulp stem cells 

(hDPSCs). The cell cultures of hDPSCs obtained from 

impacted third molars were treated with Biodentine extract at 

four different concentrations.Human dental pulp stem cells 

proliferation was evaluated by MTT viability analysis at 

different times. Migration was investigated by 

microphotographs of wound healing and transwell migration 

assays. Adhesion assay was performed as well in presence of 

BD 0.2, BD 2 and blank control, while qRT-PCR was used for 

further analysis of the mRNA expression of chemokine and 

adhesion molecules in hDPSCs. The results showed Biod 

entine significantly increased proliferation of stem cells at BD 

0.2 and BD 2 concentrations while decreased significantly at 

higher concentration of BD 20. BD 0.2 concentration had a 

statistically significant increased migration and adhesion 

abilities. In addition, qRT-PCR results showed that BD 0.2 

could have effect on the mRNA expression of chemokines and 

adhesion molecules in human dental pulp stem cells. Thus the 



data imply that Biodentine is a bioactive and biocompatible 

material capable of enhancing hDPSCs proliferation, 

migration and adhesion abilities. The clinical significance of 

this is that Biodentine when placed in direct contact with the 

pulp during pulp exposure can positively influence healing by 

enhancing the proliferation, migration and adhesion of human 

dental pulp stem cells.[3] 

A study done recently on TheraCal LC has shown reliable 

clinical outcomes after direct pulp capping, to assure its 

concerns regarding detrimental effect on pulp cells. In this 

study, identify the gene expression of human deciduous tooth-

derived dental pulp cells exposed to TC compared to mineral 

trioxide aggregate (MTA). The cells were cultured and 

exposed to TC and MTA for 24 and 72 h. Next, total RNA was 

isolated, mRNA-sequencing was used to examine 

differentially expressed genes (DEGs) in exposed to TC and 

MTA. In gene ontology, functional enrichment analysis, cells 

in TC for 24 h presented significantly enriched immune 

response and inflammatory response compared to MTA. TC 

showed enriched positive regulation of cell migration at 72 h 

(p < 0.001). In Kyoto Encyclopedia of Genes and Genomes 

analysis, neuroactive ligand–receptor interaction) and calcium 

signalling pathway) were confirmed in the shared DEGs in TC. 

In conclusion, DEGs in TC may be involved in pathways 

associated with osteoclastogenesis and osteoclastic 

differentiation.[4] 



7  Methodology  

A. Study design In- Vitro 

B. Study participants (human, 

animals or both) 
Not Applicable 

i. Inclusion criteria 

 

 

 

 

 

ii. Exclusion criteria 

 

 

 

iii. Withdrawal criteria, if 

any (trial-related 

therapy, follow-up and 

documentation are 

terminated prematurely 

as it is indicated to 

ensure safety of the 

participants)   

iv. Rescue criteria, if 

applicable (starting 

symptomatic therapy 

either to control 

Selection criteria for the extracted teeth : 

Inclusion criteria: 

-Patient with no medical history 

-Teeth extracted for Orthodontic treatment  

-Extraction of impacted third molar  

 

Exclusion Criteria  : 

-Patient with medical history 

-Carious tooth with pulpal or periapical pathology 

 

Not applicable 

 

 

 

 

 

 

 

Not applicable 

 

 

 



symptoms of disease or 

to overcome lack of 

adequate efficacy of the 

study drug or placebo)                                                                   

v. Number of groups to be 

studied, identify groups 

with definition 

 

 

 

 

The Study will be performed  in groups  

Group 1 : hDPCs + Biodentine 

Group 2 : hDPCs + Theracal LC 

Group 3 : hDPCs + Totalfill BC RRM 

Group 4 : hDPCs  ( Control group ) 

 

C. Sampling  

a. Sampling population 

b. Sample size calculation 

c. Sampling technique 

The study will be conducted on Human Dental pulp cells, all 

the experiments will be conducted in triplicates after 

standardizing the methods and culture. 

One sample in each group (in triplicates). 

As it is cell culture based study, the collected cells will be 

cultured and isolated in an ideal environment using standard 

protocols. Thus, all the cells in the culture irrespective of the 

person or teeth collected from, would behave in similar way. 

Hence, there is no specific sample size determination required 

in this study. 

D. Randomization details (for 

interventional studies)- 

Intervention details with 

standardization techniques 

(drugs / devices / invasive 

Not Applicable 



procedures / noninvasive 

procedures / others) 

 

E. Ethical Clearance from the 

Institution’s Ethics 

Committee Obtained? 

(Copy to be Attached) 

Yes 

F. Study procedure Cell Culture 

The Dental pulp tissue will be isolated from freshly extracted 

teeth, collected from Department of Oral and Maxillofacial 

Surgery, SDMCDSH, Dharwad. Pulp tissues will be cultured 

in Dulbecco’s Modified Eagle’s Medium high glucose 

containing 10% foetal Bovine Serum (FBS) and 1% 

Antibiotic-Antimycotic supplementation in a humidified 

atmosphere with 5% C0₂ at 37°C temperature, and the medium 

will be changed every 3 days (Dept. of Biochemistry, 

SDMCMSH, Dharwad). The hDPCs will be stored in liquid 

nitrogen. The healthy fully confluent cells obtained through 

successive passaging (3-7 passages) will be sub cultured and 

used for the experiments. To differentiate DPSC into 

odontogenic cells, specific differentiation medium will be 

used: Dulbecco modified Eagle medium supplemented with 10 

-8 mol/l dexamethasone, 0.05 g/l L-Ascorbic acid, and 2.16 g/l 

glycerol 2-phosphate disodium salt hydrate. 

 

 



Material Preparation and cell seeding  

Theracal LC (Bisco Inc, USA), Totalfill BC RRM (FKG 

Dentaire, Switzerland) and Biodentine (Septodont, France) 

will be mixed according to the manufacturer`s instructions 

under sterile conditions. The cells will be seeded with the 

prepared materials accordingly. 

*(Non-availability of any material may necessitate a 

replacement by other material of similar composition.) 

 

Alkaline phosphatase (ALP) activity 

The mineralization of hDPCs will be evaluated by measuring 

the ALP activity. The hDPCs treated with experimental 

materials will be used. ALP activity will be measured 

spectrophotometrically by using commercially available kits. 

The absorbance at indicated time points will be measured at 

405 nm using an Epoch microplate reader. The experiments 

will be performed in triplicate. 

Alizarin Red S Assay 

After culturing hDPCs, 40 mmol/l of Alizarin red will be 

prepared in distilled water and adjusted to a pH of 5.5 with 

ammonium hydroxide and then applied to the cells for 30 

minutes at room temperature with gentle agitation. The cells 

will be washed and allowed to dry. The mineralisation will be 

assessed by staining with Alizarin red. [6] 



Quantitative RT- PCR (qRT - PCR) 

Total RNA of every sample will be isolated using Trizol’s 

reagent according to manufacturer’s instruction [5]. Then, 1 

micro gram of total RNA obtained will be used for cDNA 

synthesis. The obtained cDNA will be used as a template in 

qRT-PCR. The odontogenic differentiation and maturation of 

cells will be monitored by analyzing the specific dentin 

markers Osteocalcin (OC), Dentine sialophosphoprotein 

(DSPP) and Dentine matrix protein 1 (DMP-1). These markers 

will be designed according to the National Centre for 

Biotechnology Information(NCBI). Glyceraldehyde-3-

Phosphate Dehydrogenase (GAPDH) is to be used as 

housekeeping gene to normalize RNA expression.[1] Real-time 

PCR (QuantStudio 5 Applied Biosystems) will be performed 

using the SYBR Green PCR kit. Amplification will be 

performed for 40 cycles in a DNA thermal cycler using gene 

specific primers. Primer sequencing using gene specific 

primers will be detailed in the results.  ΔΔCt comparative (ΔCt 

gene – ΔCt control) method will be used to assess gene 

expression.Each experiment will be carried out in triplicates.[1] 

(Non-availability of any material may necessitate a 

replacement by other material of similar composition or the 

methodology may be altered to get more appropriate results if 

needed.)* 

 



G. Data collection methods 

including settings and 

periodicity 

A quantitative data of absorbance will be recorded at selected 

intervals for assessing mineralization by ALP activity. 

The results of Alizarin red staining will be recorded.           

Data on the gene expression will be obtained as a relative 

expression of odontoblastic genes, using qRT PCR. 

 

H. List of statistical tests to be 

used for data analysis 

Graph-pad Prism 7 [Windows version, GRAPHPAD software, 

San Diego, CA, USA] will be used to perform the statistical 

analysis, which will be done using one-way analysis of 

variance (ANOVA) or Student T test. 

 

*Any other additional tests found appropriate will be 

considered at the time of analysis based on data distribution. 

 

I. If it’s a Clinical Trial: 

Clinical Trials Registry of 

India or equivalent 

registration number to be 

mentioned 

Not Applicable 

8  List risks and benefits of the 

study 

No risks are involved in the study. 

 

Based on the results of the study, we will be able to recognize 

the better material for use as a pulp capping agent. 
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UNDERTAKING FOR RESEARCH 

(To be filled by the Principal Investigator) 

 

I Dr. ROSHNI. V. NAMBOODIRI the undersigned voluntarily and unreservedly agree 

that the research project titled An in vitro comparison of human dental pulp cell 

differentiation and mineralising ability of three pulp capping agents conducted in the 

Deparment of Conservative Dentistry and Endodontics  will follow the below 

mentioned guidelines whenever the research is sent for publication or presentation. 

 

 The name of the Institute and University will always be mentioned / 

acknowledged as SDM College of Dental Sciences and Hospital, a constituent unit 

of Shri Dharmasthala Manjunatheswara University. 

 The name of the guide and any person having contributed for the study or 

manuscript preparation will be mentioned appropriately. 

 The author(s) for a publication arising out of the research project will be listed as 

per ICMJE guidelines (http://www.icmje.org/recommendations/browse/roles-

and-responsibilities/defining-the-role-of-authors-and-contributors.html). 

 A co-author/guide employed at the SDMCDS&H should preferably be the 

corresponding author for publication if and when I am not associated with the 

SDMCDS&H. 

 The above mentioned criteria will be applicable for the publication or 

presentation of not only the complete study but also for a part or section of the 

study. 

Place : Dharwad                                                                         

Date   : 17-02-2021                                                                                                           

 

Signature

 

 





 

Patient Information Sheet 

 

The teeth extracted for your treatment purpose will be used in our study. These Extracted teeth 

will be sent to the SDM Central Research Laboratory for conducting the research. Participation 

in the study will be entirely on your own will. Your identity will not be revealed and full 

confidentiality will be assured. This study is for research purpose only. No charges will be 

applicable for participation in the study. 

Your participation will be appreciated. 

 

 

 

For any further clarification kindly contact: 

Dr. Roshni. V. Namboodiri 

Post graduate student, 

Department of Conservative Dentistry & Endodontics, 

SDM College of Dental Sciences and Hospital  

Dharwad, Karnataka 580009 

Contact Number : 9483748928 

Email id : roshni954@gmail.com 

 

 

 

 

 

 

 

 



ರೋಗಿಯ ಮಾಹಿತಿ ಹಾಳೆ 

 

ನಿಮ್ಮ  ಚಿಕಿತೆ್ಸ ಗೆಂದು ಕಿೋಳಿಸಿದ ಹಲ್ಲು ಗಳನ್ನು  ಅಧ್ಯ ಯನಕೆ್ಕ  ಬಳಸಲಾಗುತ್ತ ದೆ. ಈ ಕಿೋಳಿಸಿದ 

ಹಲ್ಲು ಗಳನ್ನು  ಸಂಶೋಧ್ನೆ ನಡೆಸಲ್ಲ ಎಸ್. ಡಿ. ಎೆಂ ಕೆಂದರ  ಸಂಶೋಧ್ನಾ 

ಪ್ರ ಯೋಗಾಲಯಕೆ್ಕ  ಕಳುಹಿಸಲಾಗುತ್ತ ದೆ. ಅಧ್ಯ ಯನದಲಿ್ಲ  ಭಾಗವಹಿಸುವಿಕೆಯು 

ಸಂಪೂರ್ಣವಾಗಿ ನಿಮ್ಮ  ಸ್ವ ಂತ ಇಚೆ್ಛಯಾಗಿರುತ್ತ ದೆ. ನಿಮ್ಮ  ಗುರುತು ಬಹಿರಂಗಗೊಳುು ವುದಿಲು  

ಮ್ತುತ  ಪೂರ್ಣ ಗೌಪ್ಯ ತ್ಸ ಖಚಿತ್ವಾಗಿರುತ್ತ ದೆ. ಈ ಅಧ್ಯ ಯನವು ಸಂಶೋಧ್ನಾ ಉದೆದ ೋಶಕೆ್ಕ ಗಿ 

ಮಾತ್ರ . ಅಧ್ಯ ಯನದಲ್ಲು  ಭಾಗವಹಿಸಲ್ಲ ಯಾವುದೇ ಶುಲೆ ಗಳು ಅನವ ಯಿಸುವುದಿಲು .  

ನಿಮ್ಮ  ಒಪಿ್ಪ ಗಯನ್ನು  ನಾವು ಪ್ರ ಶಂಸಿಸುತ್ಸತ ೋವೆ. 

 

 

 

 

ಯಾವುದೇ ಹೆಚಿಿ ನ ಸಿ ಷ್ಟ ೋಕರರ್ಕೆ್ಕ ಗಿ ದಯವಿಟ್ಟಟ  ಸಂಪ್ಕಿಣಸಿ: 

ಡಾ. ರೋಶ್ನು . ವಿ. ನಂಬೂದಿರಿ 

ಕನೆ ರ್ವಣಟಿವ್ ಡೆೆಂಟಿಸಿಟ ಿ ಮ್ತುತ  ಎೆಂಡೋಡಾೆಂಟಿಕೆ್ಸ  ಇಲಾಖೆ, 

ಎಸ್.ಡಿ.ಎೆಂ ಕ್ಕಲೇಜ್ ಆಫ್ ಡೆೆಂಟಲ್ ಸೈನೆ ಸ್ ಮ್ತುತ  ಆಸಿ ತ್ಸರ  

ಧಾರವಾಡ, ಕನಾಣಟಕ 580009 

ಸಂಪ್ಕಣ ಸಂಖೆಯ : 9483748928 

ಇಮೇಲ್ ಐಡಿ: roshni954@gmail.com 

 



Informed consent form 

 

Name of the participant:              Date: 

Age:                                                                                                        Sex: M/F                                    

Address: 

 

(i) I confirm that I have read and understood the information sheet dated                          for 

the above study and have had the opportunity to ask questions. 

(ii) I understand that my identity will not be revealed in any information released to third 

parties or published. 

(iii) I agree not to restrict the use of any data or photograph or results that arise from this 

study provided such a use is only for scientific purpose(s). 

(iv)  I agree to take part in the above study. 

 

 

Signature of the participant:        

 

 

 

Signature of the principal investigator: 

 

 

Dr. Roshni. V. Namboodiri 

Masters of Dental Surgery, 

Department of Conservative Dentistry & Endodontics, 

SDM College of Dental Sciences and Hospital 

Contact Number: 9483748928 

Email id: roshni954@gmail.com 

 

 

 

 

 

 



 ಒಪಿ್ಪ ಗೆ ಪತ್ರ  

 

ಭಾಗವಹಿಸುವವರ ಹೆಸರು:                                                                     ದಿನಾಂಕ: 

ವಯಸುು :                                                                                   ಲಾಂಗ: ಗಂಡು / ಹೆಣ್ಣು                         

ವಿಳಾಸ: 

 

(i) ತಾವು ನೀಡಿದ ಮಾಹಿತಿ ಹಾಳೆಯನ್ನು  ನನ್ನ ಓದಿದ್ದ ೀನೆ ಮತ್ತು  

ಅರ್ಥಮಾಡಿಕಾಂಡಿದ್ದ ೀನೆ ಮತ್ತು  ಪರ ಶ್ನು ಗಳನ್ನು  ಕೇಳುವ ಅವಕಾಶವನ್ನು  ಹಾಂದಿದ್ದ ೀನೆ 

ಎಾಂದು ನನ್ನ ಖಚಿತ್ಪಡಿಸುತ್ು ೀನೆ. 

(ii) ಮೂರನೇ ವಯ ಕ್ತು ಗಳಿಗೆ ಬಿಡುಗಡೆಯಾದ ಅರ್ವಾ ಪರ ಕಟಿಸಿದ ಯಾವುದೇ ಮಾಹಿತಿಯಲಿ  

ನನು  ಗುರುತ್ತ ಬಹಿರಂಗಗೊಳುು ವುದಿಲಿ್  ಎಾಂದು ನನ್ನ ಅರ್ಥಮಾಡಿಕಾಂಡಿದ್ದ ೀನೆ. 

(iii) ಈ ಅಧ್ಯ ಯನವು ಉದಭ ವಿಸುವ ಯಾವುದೇ ಡೇಟಾ ಅರ್ವಾ  ಫೀಟೀ ಅರ್ವಾ 

ಫಲತಾಾಂಶಗಳ ಬಳಕೆಯನ್ನು  ನಬಥಾಂಧಿಸದಿರಲು ನನ್ನ ಒಪಿ್ಪ ತ್ು ೀನೆ, ಅಾಂತ್ಹ ಬಳಕೆಯು 

ವೈಜ್ಞಾ ನಕ ಉದ್ದ ೀಶಕಾಾ ಗಿ ಮಾತ್ರ . 

(iv) ಮೇಲನ ಅಧ್ಯ ಯನದಲಿ  ಭಾಗವಹಿಸಲು ನನ್ನ ಒಪಿ್ಪ ತ್ು ೀನೆ. 

 

 

ಭಾಗವಹಿಸುವವರ ಸಹಿ: 

 

 

 

ಪರ ಧಾನ ತ್ನಖಾಧಿಕಾರಿಯ ಸಹಿ: 

 

ಡಾ. ರೀಶ್ನು . ವಿ. ನಂಬೂದಿರಿ 

ಕನು ರ್ವಥಟಿವ್ ಡೆಾಂಟಿಸಿರ ಿ ಮತ್ತು  ಎಾಂಡೀಡಾಾಂಟಿಕ್ಸು  ಇಲಾಖೆ, 

ಎಸ್. ಡಿ. ಎಾಂ. ಕಾಲೇಜ್ ಆಫ್ ಡೆಾಂಟಲ್ ಸೈನು ಸ್ ಮತ್ತು  ಆಸಿ ತ್ರ  

ಸಂಪಕಥ ಸಂಖೆಯ : 9483748928 

ಇಮೇಲ್ ಐಡಿ: roshni954@gmail.com 




