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Introduction

The regeneration of  dentin pulp complex after an injury is a com-
plex cellular and molecular process. The process involves a series 
of  events such as migration, proliferation, adhesion and differ-
entiation of  dental pulp stem cells into odontoblast cells which 
eventually aids in dentinogenesis.[1] An ideal pulp capping agent 
should be able to modulate this process of  healing for regenera-
tion of  the dentin pulp complex.[2, 3] Calcium hydroxide has 
been used in the past as an agent for pulp capping, but with the 
invention of  tricalcium silicate based cements, MTA has become 
the material of  choice. Studies have shown MTA to be more ef-

fective than calcium hydroxide in maintaining the pulp vitality in 
the long run after direct pulp capping.[4] Further, a previous study 
has shown the presence of  tunnel defects in the dentin bridge 
formed under the influence of  calcium hydroxide as a pulp cap-
ping agent thus failing to provide a hermetic seal.[5] The forma-
tion of  dentin bridge by MTA at the site of  pulp exposure has 
been depicted in In vivo and In vitro studies.[6] However, MTA 
contains bismuth oxide as a radio opacifier which reduces its com-
pressive strength [7], promotes discolouration of  teeth [8] and 
also reduces cell proliferation. [9] 

The drawbacks of  bismuth oxide used in MTA as a radio opacifier 
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has led to discovery of  alternative radio opacifying agents that do 
not hinder the activity of  dental pulp stem cells. In order to im-
prove the biocompatibility of  calcium silicate based cements, oth-
er radio opacifying agents have been added to it as an alternative 
to bismuth oxide. Microparticles and nanoparticles of  Zirconium 
oxide and Niobium oxide have been studied as an alternative ra-
dio opacifying agent in calcium silicate based cements with satis-
factory results.[10] One such material which has been introduced 
into the market is Biodentine, which contains zirconium oxide 
and has shown to induce dental pulp stem cell proliferation. [11]
Dental pulp stem cells play an important role in the regeneration 
of  dentin pulp complex. Hence it is important to evaluate the 
bioactivity and biocompatibility of  the materials used as a pulp 
capping agent.

Previously our team has a rich experience in working on various 
research projects across multiple disciplines Now the growing 
trend in this area motivated us to pursue this project [12-26]. 

The purpose of  this study was to evaluate the effect of  Port-
land cement with three different radio opacifying agents namely 
bismuth oxide, zirconium oxide nanoparticles and niobium oxide 
nanoparticles on the wound healing capacity of  dental pulp stem 
cells in terms of  proliferation and migration. 

Materials And Method

Dental Pulp Stem Cells Culture 

The cryopreserved dental pulp stem cells were maintained in es-
sential culture medium containing alpha-minimum essential me-
dium supplemented with 10% fetal bovine serum, 100 U/mL 
penicillin, 100 μg/mL streptomycin, 2 mM L-glutamine, 5 × 10-5 
M 2-mercaptoethanol and 10-4 ml-ascorbic acid 2-phosphate 
sesquimagnesium salt hydrate. The culture plate was incubated at 
37°C. After 72 h, the culture medium was replaced with fresh one, 
and unattached cells were also removed. When 80-90% conflu-
ency was reached, cells were routinely sub cultured and counted 
using a microscope.

Test Drug Preparation 

Portland cement: The Portland cement was mixed with distilled 
water at the liquid/powder ratio of  1:3 (mL:g). The mixtures were 
left for setting for 24 h then were sterilized by autoclave. The 
extraction ratio was 0.2 g/mL and conducted under 37°C for 24 
± 2 h with culture medium (pH 7.4). The collected extracts were 
regarded for the 100% extract.

Synthesis of  ZrO2 Nanoparticles: About 2.58 g ZrOCl2•8H2O 
and 4.80 g urea were weighed and dissolved in 20.0 mL metha-
nol under stirring to form a colourless solution. The solution 
was transferred to a 20 mL Teflon-lined stainless-steel auto-
clave, which was heated by 200°C and maintained for 20 h. The 
obtained product was post-treated with sulphuric acid solution 
(0.167 mmol) and then calcined at 645°C. The nanoparticle size 
was 74 nm which was tested by surface area analysis.

Preparation of  Nb2O5 NPs: For this synthesis hydrated cit-
ric acid (99.5%), NbCl5 (Sigma-Aldrich 99%) and ethylene gly-
col (99.8%) was used. The resin decomposition was realized in a 

pre-calcination at 300°C for 4 hours. The material obtained was 
macerated and the obtained powders were calcined at tempera-
tures between 500°C and 750°C obtaining oxides with fine na-
noparticles. 

Experimental Groups 

The dental pulp stem cells treated with 
Group I: 70% white Portland cement with 30% nanoparticulate 
zirconium oxide (ZrO2 nano) 

Group II: 70% white Portland cement with 30% nanoparticulate 
Nb2O5 (Nb2O5 NPs) 

Group III: 70% white Portland cement with 30% bismuth oxide. 
Group IV: 70% white Portland cement 
Group V: Cells without treatment

Each powder had been previously sterilized in ultraviolet light for 
30 min. A ratio of  30% ZrO2 or 30% Nb2O5 NPs or 30% Bis-
muth oxide and 70% PC by weight were used for the analyses.

Wound Healing Assay 

The wound healing assay of  dental pulp stem cells were assessed 
by the scratch assay method. The cell density of  “3 × 105 cells” 
was seeded into each well of  a 24-well plate and incubated with 
complete medium at 37°C and 5% CO2. After 24 h of  incubation, 
the monolayer confluent cells were scrapped horizontally with 
sterile microtips. The debris was removed by washing with PBS. 
The cells were treated with test drugs by diluting with serum-free 
DMEM. The cells without treatment were used as the control. 
At 0 hrs and after 24 hrs of  incubation, the images were photo-
graphed using phase contrast microscopy at ×40 magnification. 
To determine the migration rate, the images were analyzed using 
“image J” software, and percentage of  the closed area was meas-
ured and compared with the value obtained at 0 h. An increase 
in the percentage of  the closed area indicated the migration of  
cells. Experiments were performed in the triplicate manner and 
the data were recorded and analyzed statistically using SPSS.

In vitro Bromodeoxyuridine (BrDu) Cell Proliferation Assay 

A 10 mM stock solution of  BrdU was prepared by dissolving 3 
mg of  BrdU in 1 mL water. The 10 mM BrdU stock solution was 
diluted in cell culture medium to make a 10 µM BrdU labeling 
solution. About dental pulp stem cells (2500-100000 cells/well) in 
100 μl medium was plated in 96-well plate and 100 μl of  respec-
tive test substance was added and incubated for 72 hr. This was 
followed by addition of  prepared 10 μl of  10X BrdU solution per 
wells. The cells were placed in an incubator for 24 hr. The plate 
was centrifuged at 300 g for 10 min and the medium was removed 
to obtain a suspension of  cells. Then 100 μl/well of  the fixing 
solution was added to each well at room temperature for 30 min. 
After the solution was removed, 100 μl of  the prepared 1X de-
tection antibody solution was added per well and placed at room 
temperature for 1 hour. The solution was discarded and plates 
were washed 3 times with PBS buffer. Next 100 μl/well of  pre-
pared HRP-conjugated secondary antibody solution was added 
and incubated at room temperature for 30 min. Then 100 μl TMB 
substrate was added and incubated for 30 min at room tempera-
ture. This was followed by addition of  100 μl stop solution, The 
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absorbance was read at 450 nm.

Statistical Analysis 

Statistical analysis was done using one way analysis of  variance 
(ANOVA) and post hoc by using SPSS software (version 22.0). 
Results were considered statistically significant if  p value was less 
less than 0.05.

Results

The results showed a higher proliferation (Fig 1) of  dental pulp 
stem cells when treated with portland cement containing zirco-

nium oxide nanoparticles (78.4%) and niobium oxide nanopar-
ticles (75.1%) when compared to the proliferation rate of  dental 
pulp stem cells treated with portland cement alone and portland 
cement containing bismuth oxide particles (Table 1, fig 2). Figure 
1 depicts the fluorescent microscopic images of  the cell prolifera-
tion assay. Table 2 shows a higher migration of  dental pulp stem 
cells as seen by the closure in the scratch assay (Fig 3, Fig 4) was 
observed for portland cement containing zirconium oxide nano-
particles (62.1%) and niobium oxide nanoparticles (63.5%) when 
compared to the migration rate of  dental pulp stem cells treated 
with Portland cement alone and Portland cement containing bis-
muth oxide particles (Fig 4). 
 

Table 1. Percentage of  Brdu positive cells expressed as mean and standard deviation.

 PC PC + ZrO2 NPs PC + Nb2O5 NPs PC + Bi2O3 Saline
Percentage of  Brdu 

positive cells 45.2 +/- 3.4 78.4 +/- 2.4 75.1 +/- 5.2 60.4 +/- 3.9 10.1 +/- 0.98

Table 2. Cell migration as determined by wound healing scratch assay. Percentage of  wound closure expressed as mean and 
standard deviation.

 PC PC + ZrO2 NPs PC + Nb2O5 NPs PC + Bi2O3 Saline
Wound healing assay 
(percentage closure) 30.8+/-2.4 62.1+/-4.9 63.5+/-5.1 45.9+/-3.8 15.6+/-1.3

Figure 1. Brdu cell proliferation assay photos taken using fluorescence microscope.

Figure 2. Graphical representation of  the Brdu cell proliferation assay. The x axis represents the groups and the Y axis 
represents the percentage of  positive cells which is directly proportional to the proliferation rate. *** p<0.001 and ** p<0.01 

statistically significant with the control group, a p<0.001 and b <0.01 statistically significant with PC. 

Figure 3. Invitro scratch assay images taken after 24hrs.
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Discussion

Our institution is passionate about high quality evidence based 
research and has excelled in various fields [16, 27-36]

The results of  the present study show that the proliferation and 
migration of  dental pulp stem cells were maximum when treated 
with portland cement containing either zirconium oxide nano-
particle or niobium oxide nanoparticles as the radio opacifier as 
compared to Portland cement containing bismuth oxide as the ra-
dio opacifier. Portland cement is composed of  tricalcium silicate 
(3CaO • SiO2), dicalcium silicate (2CaO • SiO2), tricalcium alumi-
nate (3CaO • Al2O3), and a tetra-calcium aluminoferrite (4CaO • 
Al2O3Fe2O3). In addition to these constituents, MTA contains 
additional bismuth oxide as the radio opacifier where as biodentin 
contains zirconium oxide as the radio opacifier. This study was 
designed to only examine the effect of  the radio opacifier on the 
proliferation and migration of  DPSCs. Hence portland cement 
was taken as the standard component and the radio opacifiers 
were altered.

The results of  the present study are in accordance to the results 
of  the study conducted by Silva et.al where zirconium oxide nano-
particles and zirconium oxide microparticles were added to Port-
land cement. The addition of  these radio opacifying agents yield-
ed a calcium silicate cement with a higher compressive strength 
and which was more biocompatible in terms of  tissue inflamma-
tory reaction as compared to a calcium silicate cement containing 
bismuth oxide.[37] Another study conducted by Silva et.al in 2017 
has evaluated the influence of  addition of  zirconium oxide mi-
croparticles and nanoparticles and niobium oxide nanoparticles 
to Portland cement on the subcutaneous healing process in rats in 
comparison to MTA Angelus. The study has demonstrated an in-
creased fibroblast proliferation and a faster regression of  inflam-
matory reaction under the influence of  calcium silicate cement 
containing either zirconium oxide nanoparticles/microparticles 
or niobium oxide nanoparticles. [38] A study comparing the coro-
nal tooth discoloration caused by various endodontic materials 
has shown that all materials containing bismuth oxide elicit tooth 
discolouration in comparison to materials like EndoSequence and 
Biodentine.[39]

The inflammatory phase, regenerative phase and remodelling 
phase constitute the three phases of  wound healing. [40] Vital 
pulp therapy involves the application of  a pulp capping agent 
directly onto the exposed part of  the pulp tissue which in turn 
maintains the vitality and function of  the pulp. The initial inflam-
matory reaction if  followed by migration of  dental pulp stem cells 
to the site of  injury and their differentiation to a new genera-

tion of  odontoblast like cells which in turns helps to regenerate 
the dentin pulp complex. [41] They replace the lost odontoblast 
and synthesize and secrete tertiary dentin. [42] A study conducted 
by Katge et.al has shown the successful outcome after the use 
of  MTA and Biodentine as a direct pulp capping agent with evi-
dent dentine bridge formation after a period of  6 months and 12 
months. [43] It is important that the pulp capping agent must be 
both bioactive and biocompatible. Various chemokines affect the 
proliferation, migration and adhesion of  cells. An increased migra-
tion and adhesion of  human dental pulp stem cells was observed 
in the presence of  Biodentine in a study conducted by Luo.et al. 
The study has also demonstrated an upregulation of  Fibronectin, 
Intercellular Adhesion Molecule-1, Vascular Cell Adhesion Mole-
cule-1 and Integrinb1 expression in human dental pulp stem cells 
in the presence of  Biodentine. [11] A study conducted by Gomes 
Cornélio al et.al has shown a significant increase in mineralized 
nodule deposition in osteoblast cultures when niobium oxide was 
used as the radio opacifier in comparison with MTA plus and 
Biodentine.[44] Another study conducted by Mestieri.at al dem-
onstrated greater viability of  osteoblastic cells in the presence of  
Portland cement containing niobium oxide micro and nanoparti-
cles in comparison to MTA. [45] These studies suggest a possible 
role of  the radio opacifying agent used in calcium silicate cements 
on the activity of  cells which in modulates wound healing which 
is also seen in our study.

Conclusion

The data obtained from the present study implies that zirconium 
oxide nano particles and niobium oxide nanoparticles show the 
highest rate of  proliferation and migration of  dental pulp stem 
cells. They could serve as an alternative to bismuth oxide in cal-
cium silicate based cements used for pulp therapies to enhance 
the outcome.

References

[1].	 Schröder U. Effects of calcium hydroxide-containing pulp-capping agents 
on pulp cell migration, proliferation, and differentiation. J Dent Res. 1985 
Apr;64 Spec No:541-8.Pubmed PMID: 3857254. 

[2].	 Karthikeson PS, Jayalakshmi S. Pulp capping agents-a review. J Pharm Sci 
Res. 2016 Jun 1;8(6):525. 

[3].	 Chandrasekhar H, Sharma S. Efficient Agents for Pulp Protection: A Review. 
J Pharm Sci Res. 2016 Nov 1;8(11):1308. 

[4].	 Mente J, Geletneky B, Ohle M, Koch MJ, Ding PG, Wolff D, et al. Mineral 
trioxide aggregate or calcium hydroxide direct pulp capping: an analysis of 
the clinical treatment outcome. J. Endod.2010 May 1;36(5):806-13. 

[5].	 Cox CF, Sübay RK, Ostro E, Suzuki S, Suzuki SH. Tunnel defects in dentin 
bridges: their formation following direct pulp capping. Oper. Dent. 1996 
Jan 1;21(1):4-11. 

[6].	 Parirokh M, Torabinejad M. Mineral trioxide aggregate: a comprehensive 

Figure 4. Graphical representation of  the wound healing assay. The x axis represents the groups and the Y axis represents 
the percentage wound closure which is directly proportional to the cell migration rate. *** p<0.001 statistically significant 

with the control group, a p<0.001 and b <0.01 statistically significant with PC.

http://scidoc.org/IJDOS.php
https://pubmed.ncbi.nlm.nih.gov/3857254/
https://pubmed.ncbi.nlm.nih.gov/3857254/
https://pubmed.ncbi.nlm.nih.gov/3857254/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pulp+capping+agents-a+review&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pulp+capping+agents-a+review&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Efficient+Agents+for+Pulp+Protection%3A+A+Review&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Efficient+Agents+for+Pulp+Protection%3A+A+Review&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mineral+trioxide+aggregate+or+calcium+hydroxide+direct+pulp+capping%3A+an+analysis+of+the+clinical+treatment+outcome&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mineral+trioxide+aggregate+or+calcium+hydroxide+direct+pulp+capping%3A+an+analysis+of+the+clinical+treatment+outcome&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mineral+trioxide+aggregate+or+calcium+hydroxide+direct+pulp+capping%3A+an+analysis+of+the+clinical+treatment+outcome&btnG=
https://scholar.google.com/scholar?q=Tunnel+defects+in+dentin+bridges:+their+formation+following+direct+pulp+capping&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=Tunnel+defects+in+dentin+bridges:+their+formation+following+direct+pulp+capping&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=Tunnel+defects+in+dentin+bridges:+their+formation+following+direct+pulp+capping&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/20171353/


Rukhsaar Gulzar, Ajitha P, Haripriya Subbaiyan. Effect of  Addition of  Bismuth Oxide, Zirconium Oxide Nanoparticles and Niobium Oxide Nanoparticles to Portland Cement on the Prolifera-
tion and Migration of  Dental Pulp Stem Cells. Int J Dentistry Oral Sci. 2021;8(8):3578-3582.

3582

 OPEN ACCESS                                                                                                                                                                               https://scidoc.org/IJDOS.php

literature review--Part III: Clinical applications, drawbacks, and mechanism 
of action. J Endod. 2010 Mar;36(3):400-13.Pubmed PMID: 20171353. 

[7].	 Camilleri J. The physical properties of accelerated Portland cement for endo-
dontic use. Int. Endod. J. 2008 Feb;41(2):151-7. 

[8].	 Marciano MA, Duarte MA, Camilleri J. Dental discoloration caused by 
bismuth oxide in MTA in the presence of sodium hypochlorite. Clin Oral 
Investig. 2015 Dec;19(9):2201-9.Pubmed PMID: 25922130. 

[9].	 Camilleri J, Montesin FE, Papaioannou S, McDonald F, Pitt Ford TR. Bio-
compatibility of two commercial forms of mineral trioxide aggregate. Int. 
Endod. J. 2004 Oct;37(10):699-704. 

[10].	Bosso-Martelo R, Guerreiro-Tanomaru JM, Viapiana R, Berbert FL, Duarte 
MA, Tanomaru-Filho M. Physicochemical properties of calcium silicate ce-
ments associated with microparticulate and nanoparticulate radiopacifiers. 
Clin. Oral Investig. 2016 Jan 1;20(1):83-90. 

[11].	Luo Z, Li D, Kohli MR, Yu Q, Kim S, He WX. Effect of Biodentine™ on 
the proliferation, migration and adhesion of human dental pulp stem cells. 
J. Dent. 2014 Apr 1;42(4):490-7. 

[12].	Govindaraju L, Gurunathan D. Effectiveness of Chewable Tooth Brush 
in Children-A Prospective Clinical Study. J Clin Diagn Res. 2017 
Mar;11(3):ZC31-ZC34.Pubmed PMID: 28511505. 

[13].	Christabel A, Anantanarayanan P, Subash P, Soh CL, Ramanathan M, Muth-
usekhar MR, et al. Comparison of pterygomaxillary dysjunction with tuber-
osity separation in isolated Le Fort I osteotomies: a prospective, multi-centre, 
triple-blind, randomized controlled trial. Int J Oral Maxillofac Surg. 2016 
Feb;45(2):180-5.Pubmed PMID: 26338075. 

[14].	Soh CL, Narayanan V. Quality of life assessment in patients with dentofacial 
deformity undergoing orthognathic surgery--a systematic review. Int J Oral 
Maxillofac Surg. 2013 Aug;42(8):974-80.Pubmed PMID: 23702370. 

[15].	Mehta M, Deeksha, Tewari D, Gupta G, Awasthi R, Singh H, et al. Oligo-
nucleotide therapy: An emerging focus area for drug delivery in chronic in-
flammatory respiratory diseases. Chem Biol Interact. 2019 Aug 1;308:206-
215.Pubmed PMID: 31136735. 

[16].	Ezhilarasan D, Apoorva VS, Ashok Vardhan N. Syzygium cumini extract 
induced reactive oxygen species-mediated apoptosis in human oral squa-
mous carcinoma cells. J Oral Pathol Med. 2019 Feb;48(2):115-121.Pubmed 
PMID: 30451321. 

[17].	Campeau PM, Kasperaviciute D, Lu JT, Burrage LC, Kim C, Hori M, et al. 
The genetic basis of DOORS syndrome: an exome-sequencing study. Lancet 
Neurol. 2014 Jan;13(1):44-58.Pubmed PMID: 24291220. 

[18].	Sneha S. Knowledge and awareness regarding antibiotic prophylaxis for in-
fective endocarditis among undergraduate dental students. Asian J Pharm 
Clin Res. 2016 Oct 1:154-9. 

[19].	Christabel SL, Linda Christabel S. Prevalence of type of frenal attachment 
and morphology of frenum in children, Chennai, Tamil Nadu. World J 
Dent. 2015 Oct;6(4):203-7. 

[20].	Kumar S, Rahman R. Knowledge, awareness, and practices regarding bio-
medical waste management among undergraduate dental students. Asian J 
Pharm Clin Res. 2017;10(8):341. 

[21].	Sridharan G, Ramani P, Patankar S. Serum metabolomics in oral leukoplakia 
and oral squamous cell carcinoma. J Cancer Res Ther. 2017 Jul 1;13(3):556-
61. 

[22].	Ramesh A, Varghese SS, Doraiswamy JN, Malaiappan S. Herbs as an anti-
oxidant arsenal for periodontal diseases. J Intercult Ethnopharmacol. 2016 
Jan 27;5(1):92-6.Pubmed PMID: 27069730. 

[23].	Thamaraiselvan M, Elavarasu S, Thangakumaran S, Gadagi JS, Arthie T. 
Comparative clinical evaluation of coronally advanced flap with or without 
platelet rich fibrin membrane in the treatment of isolated gingival recession. 
J Indian Soc Periodontol. 2015 Jan;19(1):66-71. 

[24].	Thangaraj SV, Shyamsundar V, Krishnamurthy A, Ramani P, Ganesan K, 
Muthuswami M, et al. Molecular Portrait of Oral Tongue Squamous Cell 
Carcinoma Shown by Integrative Meta-Analysis of Expression Profiles 
with Validations. PLoS One. 2016 Jun 9;11(6):e0156582.Pubmed PMID: 
27280700. 

[25].	Ponnulakshmi R, Shyamaladevi B, Vijayalakshmi P, Selvaraj J. In silico and 
in vivo analysis to identify the antidiabetic activity of beta sitosterol in adi-
pose tissue of high fat diet and sucrose induced type-2 diabetic experimen-
tal rats. Toxicol Mech Methods. 2019 May;29(4):276-290.Pubmed PMID: 
30461321. 

[26].	Ramakrishnan M, Shukri M. Fluoride, Fluoridated Toothpaste Efficacy And 
Its Safety In Children-Review. Int J Pharm Res. 2018 Oct 1;10(04):109-14. 

[27].	Vijayashree Priyadharsini J. In silico validation of the non-antibiotic drugs 
acetaminophen and ibuprofen as antibacterial agents against red complex 
pathogens. J Periodontol. 2019 Dec;90(12):1441-1448.Pubmed PMID: 
31257588. 

[28].	Pc J, Marimuthu T, Devadoss P, Kumar SM. Prevalence and measurement of 
anterior loop of the mandibular canal using CBCT: A cross sectional study. 
Clin Implant Dent Relat Res. 2018 Apr 6;20(4):531-4. 

[29].	Ramesh A, Varghese S, Jayakumar ND, Malaiappan S. Comparative estima-
tion of sulfiredoxin levels between chronic periodontitis and healthy patients 
- A case-control study. J Periodontol. 2018 Oct;89(10):1241-1248.Pubmed 
PMID: 30044495. 

[30].	Ramadurai N, Gurunathan D, Samuel AV, Subramanian E, Rodrigues SJ. 
Effectiveness of 2% Articaine as an anesthetic agent in children: randomized 
controlled trial. Clin Oral Investig. 2019 Sep;23(9):3543-50. 

[31].	Sridharan G, Ramani P, Patankar S, Vijayaraghavan R. Evaluation of salivary 
metabolomics in oral leukoplakia and oral squamous cell carcinoma. J Oral 
Pathol Med. 2019 Apr;48(4):299-306. 

[32].	Mathew MG, Samuel SR, Soni AJ, Roopa KB. Evaluation of adhesion of 
Streptococcus mutans, plaque accumulation on zirconia and stainless steel 
crowns, and surrounding gingival inflammation in primary molars: rand-
omized controlled trial. Clin Oral Investig. 2020 Sep;24(9):3275-3280.Pub-
med PMID: 31955271. 

[33].	Samuel SR. Can 5-year-olds sensibly self-report the impact of develop-
mental enamel defects on their quality of life? Int J Paediatr Dent. 2021 
Mar;31(2):285-286.Pubmed PMID: 32416620. 

[34].	R H, Ramani P, Ramanathan A, R JM, S G, Ramasubramanian A, et al. 
CYP2 C9 polymorphism among patients with oral squamous cell carcinoma 
and its role in altering the metabolism of benzo[a]pyrene. Oral Surg Oral 
Med Oral Pathol Oral Radiol. 2020 Sep;130(3):306-312.Pubmed PMID: 
32773350. 

[35].	Chandrasekar R, Chandrasekhar S, Sundari KS, Ravi P. Development and 
validation of a formula for objective assessment of cervical vertebral bone 
age. Prog Orthod. 2020 Dec;21(1):1-8. 

[36].	Vijayashree Priyadharsini J, Smiline Girija AS, Paramasivam A. In silico 
analysis of virulence genes in an emerging dental pathogen A. baumannii 
and related species. Arch Oral Biol. 2018 Oct;94:93-98.Pubmed PMID: 
30015217. 

[37].	Silva GF, Bosso R, Ferino RV, Tanomaru-Filho M, Bernardi MI, Guerreiro-
Tanomaru JM, et al. Microparticulated and nanoparticulated zirconium 
oxide added to calcium silicate cement: Evaluation of physicochemical and 
biological properties. J Biomed Mater Res A. 2014 Dec;102(12):4336-45.
Pubmed PMID: 24497271. 

[38].	Silva GF, Guerreiro-Tanomaru JM, da Fonseca TS, Bernardi MIB, Sasso-
Cerri E, Tanomaru-Filho M, et al. Zirconium oxide and niobium oxide used 
as radiopacifiers in a calcium silicate-based material stimulate fibroblast pro-
liferation and collagen formation. Int Endod J. 2017 Dec;50 Suppl 2:95-
108.Pubmed PMID: 28470859. 

[39].	Marconyak Jr LJ, Kirkpatrick TC, Roberts HW, Roberts MD, Aparicio A, 
Himel VT, et al. A comparison of coronal tooth discoloration elicited by 
various endodontic reparative materials. J. Endod. 2016 Mar 1;42(3):470-3. 

[40].	Gurtner GC, Werner S, Barrandon Y, Longaker MT. Wound repair and re-
generation. Nature. 2008 May;453(7193):314-21. 

[41].	Téclès O, Laurent P, Zygouritsas S, Burger AS, Camps J, Dejou J, et al. 
Activation of human dental pulp progenitor/stem cells in response to od-
ontoblast injury. Arch Oral Biol. 2005 Feb 1;50(2):103-8. 

[42].	Gheorghiu IM. REACTIONARY VERSUS REPARATIVE DENTINE IN 
DEEP CARIES. ARS Medica Tomitana.2019; 25(1):15-21. 

[43].	Katge FA, Patil DP. Comparative Analysis of 2 Calcium Silicate-based Ce-
ments (Biodentine and Mineral Trioxide Aggregate) as Direct Pulp-capping 
Agent in Young Permanent Molars: A Split Mouth Study. J Endod. 2017 
Apr;43(4):507-513.Pubmed PMID: 28216271. 

[44].	Gomes-Cornélio AL, Rodrigues EM, Salles LP, Mestieri LB, Faria G, Guer-
reiro-Tanomaru JM, et al. Bioactivity of MTA Plus, Biodentine and an ex-
perimental calcium silicate-based cement on human osteoblast-like cells. Int 
Endod J. 2017 Jan;50(1):39-47.Pubmed PMID: 26610093. 

[45].	Mestieri LB, Tanomaru-Filho M, Gomes-Cornélio AL, Salles LP, Bernardi 
MI, Guerreiro-Tanomaru JM. Radiopacity and cytotoxicity of Portland ce-
ment associated with niobium oxide micro and nanoparticles. J Appl Oral 
Sci. 2014 Nov-Dec;22(6):554-9.Pubmed PMID: 25591023. 

http://scidoc.org/IJDOS.php
https://pubmed.ncbi.nlm.nih.gov/20171353/
https://pubmed.ncbi.nlm.nih.gov/20171353/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+physical+properties+of+accelerated+Portland+cement+for+endodontic+use&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+physical+properties+of+accelerated+Portland+cement+for+endodontic+use&btnG=
https://pubmed.ncbi.nlm.nih.gov/25922130/
https://pubmed.ncbi.nlm.nih.gov/25922130/
https://pubmed.ncbi.nlm.nih.gov/25922130/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Biocompatibility+of+two+commercial+forms+of+mineral+trioxide+aggregate&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Biocompatibility+of+two+commercial+forms+of+mineral+trioxide+aggregate&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Biocompatibility+of+two+commercial+forms+of+mineral+trioxide+aggregate&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Physicochemical+properties+of+calcium+silicate+cements+associated+with+microparticulate+and+nanoparticulate+radiopacifiers&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Physicochemical+properties+of+calcium+silicate+cements+associated+with+microparticulate+and+nanoparticulate+radiopacifiers&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Physicochemical+properties+of+calcium+silicate+cements+associated+with+microparticulate+and+nanoparticulate+radiopacifiers&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Physicochemical+properties+of+calcium+silicate+cements+associated+with+microparticulate+and+nanoparticulate+radiopacifiers&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+Biodentine%E2%84%A2+on+the+proliferation%2C+migration+and+adhesion+of+human+dental+pulp+stem+cells&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+Biodentine%E2%84%A2+on+the+proliferation%2C+migration+and+adhesion+of+human+dental+pulp+stem+cells&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+Biodentine%E2%84%A2+on+the+proliferation%2C+migration+and+adhesion+of+human+dental+pulp+stem+cells&btnG=
https://pubmed.ncbi.nlm.nih.gov/28511505/
https://pubmed.ncbi.nlm.nih.gov/28511505/
https://pubmed.ncbi.nlm.nih.gov/28511505/
https://pubmed.ncbi.nlm.nih.gov/26338075/
https://pubmed.ncbi.nlm.nih.gov/26338075/
https://pubmed.ncbi.nlm.nih.gov/26338075/
https://pubmed.ncbi.nlm.nih.gov/26338075/
https://pubmed.ncbi.nlm.nih.gov/26338075/
https://pubmed.ncbi.nlm.nih.gov/23702370/
https://pubmed.ncbi.nlm.nih.gov/23702370/
https://pubmed.ncbi.nlm.nih.gov/23702370/
https://pubmed.ncbi.nlm.nih.gov/31136735/
https://pubmed.ncbi.nlm.nih.gov/31136735/
https://pubmed.ncbi.nlm.nih.gov/31136735/
https://pubmed.ncbi.nlm.nih.gov/31136735/
https://pubmed.ncbi.nlm.nih.gov/30451321/
https://pubmed.ncbi.nlm.nih.gov/30451321/
https://pubmed.ncbi.nlm.nih.gov/30451321/
https://pubmed.ncbi.nlm.nih.gov/30451321/
https://pubmed.ncbi.nlm.nih.gov/24291220/
https://pubmed.ncbi.nlm.nih.gov/24291220/
https://pubmed.ncbi.nlm.nih.gov/24291220/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Knowledge+and+awareness+regarding+antibiotic+prophylaxis+for+infective+endocarditis+among+undergraduate+dental+students&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Knowledge+and+awareness+regarding+antibiotic+prophylaxis+for+infective+endocarditis+among+undergraduate+dental+students&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Knowledge+and+awareness+regarding+antibiotic+prophylaxis+for+infective+endocarditis+among+undergraduate+dental+students&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prevalence+of+type+of+Frenal+Attachment+and+morphology+of+frenum+in+children%2C+Chennai%2C+Tamil+Nadu&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prevalence+of+type+of+Frenal+Attachment+and+morphology+of+frenum+in+children%2C+Chennai%2C+Tamil+Nadu&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prevalence+of+type+of+Frenal+Attachment+and+morphology+of+frenum+in+children%2C+Chennai%2C+Tamil+Nadu&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Knowledge%2C+awareness%2C+and+practices+regarding+biomedical+waste+management+among+undergraduate+dental+students&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Knowledge%2C+awareness%2C+and+practices+regarding+biomedical+waste+management+among+undergraduate+dental+students&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Knowledge%2C+awareness%2C+and+practices+regarding+biomedical+waste+management+among+undergraduate+dental+students&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Serum+metabolomics+in+oral+leukoplakia+and+oral+squamous+cell+carcinoma&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Serum+metabolomics+in+oral+leukoplakia+and+oral+squamous+cell+carcinoma&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Serum+metabolomics+in+oral+leukoplakia+and+oral+squamous+cell+carcinoma&btnG=
https://pubmed.ncbi.nlm.nih.gov/27069730/
https://pubmed.ncbi.nlm.nih.gov/27069730/
https://pubmed.ncbi.nlm.nih.gov/27069730/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparative+clinical+evaluation+of+coronally+advanced+flap+with+or+without+platelet+rich+fibrin+membrane+in+the+treatment+of+isolated+gingival+recession&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparative+clinical+evaluation+of+coronally+advanced+flap+with+or+without+platelet+rich+fibrin+membrane+in+the+treatment+of+isolated+gingival+recession&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparative+clinical+evaluation+of+coronally+advanced+flap+with+or+without+platelet+rich+fibrin+membrane+in+the+treatment+of+isolated+gingival+recession&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparative+clinical+evaluation+of+coronally+advanced+flap+with+or+without+platelet+rich+fibrin+membrane+in+the+treatment+of+isolated+gingival+recession&btnG=
https://pubmed.ncbi.nlm.nih.gov/27280700/
https://pubmed.ncbi.nlm.nih.gov/27280700/
https://pubmed.ncbi.nlm.nih.gov/27280700/
https://pubmed.ncbi.nlm.nih.gov/27280700/
https://pubmed.ncbi.nlm.nih.gov/27280700/
https://pubmed.ncbi.nlm.nih.gov/30461321/
https://pubmed.ncbi.nlm.nih.gov/30461321/
https://pubmed.ncbi.nlm.nih.gov/30461321/
https://pubmed.ncbi.nlm.nih.gov/30461321/
https://pubmed.ncbi.nlm.nih.gov/30461321/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fluoride%2C+fluoridated+toothpaste+efficacy+and+its+safety+in+children+-+review&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fluoride%2C+fluoridated+toothpaste+efficacy+and+its+safety+in+children+-+review&btnG=
https://pubmed.ncbi.nlm.nih.gov/31257588/
https://pubmed.ncbi.nlm.nih.gov/31257588/
https://pubmed.ncbi.nlm.nih.gov/31257588/
https://pubmed.ncbi.nlm.nih.gov/31257588/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prevalence+and+measurement+of+anterior+loop+of+the+mandibular+canal+using+CBCT%3A+A+cross+sectional+study&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prevalence+and+measurement+of+anterior+loop+of+the+mandibular+canal+using+CBCT%3A+A+cross+sectional+study&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prevalence+and+measurement+of+anterior+loop+of+the+mandibular+canal+using+CBCT%3A+A+cross+sectional+study&btnG=
https://pubmed.ncbi.nlm.nih.gov/30044495/
https://pubmed.ncbi.nlm.nih.gov/30044495/
https://pubmed.ncbi.nlm.nih.gov/30044495/
https://pubmed.ncbi.nlm.nih.gov/30044495/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effectiveness+of+2%25+Articaine+as+an+anesthetic+agent+in+children%3A+randomized+controlled+trial&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effectiveness+of+2%25+Articaine+as+an+anesthetic+agent+in+children%3A+randomized+controlled+trial&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effectiveness+of+2%25+Articaine+as+an+anesthetic+agent+in+children%3A+randomized+controlled+trial&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+salivary+metabolomics+in+oral+leukoplakia+and+oral+squamous+cell+carcinoma&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+salivary+metabolomics+in+oral+leukoplakia+and+oral+squamous+cell+carcinoma&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+salivary+metabolomics+in+oral+leukoplakia+and+oral+squamous+cell+carcinoma&btnG=
https://pubmed.ncbi.nlm.nih.gov/31955271/
https://pubmed.ncbi.nlm.nih.gov/31955271/
https://pubmed.ncbi.nlm.nih.gov/31955271/
https://pubmed.ncbi.nlm.nih.gov/31955271/
https://pubmed.ncbi.nlm.nih.gov/31955271/
https://pubmed.ncbi.nlm.nih.gov/32416620/
https://pubmed.ncbi.nlm.nih.gov/32416620/
https://pubmed.ncbi.nlm.nih.gov/32416620/
https://pubmed.ncbi.nlm.nih.gov/32773350/
https://pubmed.ncbi.nlm.nih.gov/32773350/
https://pubmed.ncbi.nlm.nih.gov/32773350/
https://pubmed.ncbi.nlm.nih.gov/32773350/
https://pubmed.ncbi.nlm.nih.gov/32773350/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Development+and+validation+of+a+formula+for+objective+assessment+of+cervical+vertebral+bone+age&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Development+and+validation+of+a+formula+for+objective+assessment+of+cervical+vertebral+bone+age&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Development+and+validation+of+a+formula+for+objective+assessment+of+cervical+vertebral+bone+age&btnG=
https://pubmed.ncbi.nlm.nih.gov/30015217/
https://pubmed.ncbi.nlm.nih.gov/30015217/
https://pubmed.ncbi.nlm.nih.gov/30015217/
https://pubmed.ncbi.nlm.nih.gov/30015217/
https://pubmed.ncbi.nlm.nih.gov/24497271/
https://pubmed.ncbi.nlm.nih.gov/24497271/
https://pubmed.ncbi.nlm.nih.gov/24497271/
https://pubmed.ncbi.nlm.nih.gov/24497271/
https://pubmed.ncbi.nlm.nih.gov/24497271/
https://pubmed.ncbi.nlm.nih.gov/28470859/
https://pubmed.ncbi.nlm.nih.gov/28470859/
https://pubmed.ncbi.nlm.nih.gov/28470859/
https://pubmed.ncbi.nlm.nih.gov/28470859/
https://pubmed.ncbi.nlm.nih.gov/28470859/
https://pubmed.ncbi.nlm.nih.gov/28470859/
https://pubmed.ncbi.nlm.nih.gov/28470859/
https://pubmed.ncbi.nlm.nih.gov/28470859/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wound+repair+and+regeneration&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wound+repair+and+regeneration&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Activation+of+human+dental+pulp+progenitor+stem+cells+in+response+to+odontoblast+injury&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Activation+of+human+dental+pulp+progenitor+stem+cells+in+response+to+odontoblast+injury&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Activation+of+human+dental+pulp+progenitor+stem+cells+in+response+to+odontoblast+injury&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Reactionary+Versus+Reparative+Dentine+in+Deep+Caries&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Reactionary+Versus+Reparative+Dentine+in+Deep+Caries&btnG=
https://pubmed.ncbi.nlm.nih.gov/28216271/
https://pubmed.ncbi.nlm.nih.gov/28216271/
https://pubmed.ncbi.nlm.nih.gov/28216271/
https://pubmed.ncbi.nlm.nih.gov/28216271/
https://pubmed.ncbi.nlm.nih.gov/26610093/
https://pubmed.ncbi.nlm.nih.gov/26610093/
https://pubmed.ncbi.nlm.nih.gov/26610093/
https://pubmed.ncbi.nlm.nih.gov/26610093/
https://pubmed.ncbi.nlm.nih.gov/25591023/
https://pubmed.ncbi.nlm.nih.gov/25591023/
https://pubmed.ncbi.nlm.nih.gov/25591023/
https://pubmed.ncbi.nlm.nih.gov/25591023/

	Abstract
	Keywords
	Introduction
	Materials And Method
	Results
	Discussion
	Conclusion
	References

