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EXPLORING THE FRONTIERS OF REGENERATIVE 

ENDODONTICS 

 
Abstract  

 

 Root canal treatment is one of the 

most common dental procedures, however it 

does not restore the vitality of the tooth. As 

the technology and scientific research in the 

dental field is booming, newer dental 

procedures to replace conventional root canal 

treatment are emerging, one of them being 

regeneration of the pulpal tissue. Techniques 

like pulp autotransplantation and cell homing 

technique have also been attempted to 

regenerate lost vital pulpal tissue. 

 

 This chapter briefly discusses 

scaffolds, stem cells, clinical considerations 

for regenerative endodontic treatment and its 

histological aspects. 
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I. INTRODUCTION 

 

 The most popular method of treating pulp necrosis is root canal treatment (RCT). 

However, it neither restores the vitality nor the neovascularity of the pulpal tissue. Therefore, 

with the advancement of tissue engineering, regenerative endodontic therapy (RET) has 

garnered more interest 
[1]

. RET uses tissue engineering to revascularize, innervate, and restore 

the odontoblastic layers and fills the cleansed canals with vital tissue as opposed to 

biocompatible, nonvital foreign substance eg. gutta percha being used in root canal therapy 
[2,3]

. 

 

II. DEFINITION 

 

 Revascularization - The engraftment of regenerated pulpal tissue to host vasculature 

in root canals or invagination of undifferentiated periodontal cells from the apical region in 

immature teeth 
[4]

. 

 

 Regeneration - The replacement of damaged tissue by cells identical to the lost tissue, 

leading to the complete reestablishment of biological function that is, both revascularization 

and revitalization, including dentin, root structure and pulp-dentin complex
 [5]

.  

 

 Regenerative Endodontics (according to the American Association of Endodontists) - 

biologically based procedures designed to replace damaged structures, including dentin and 

root structures, as well as cells of the pulp–dentin complex 
[6]

. 

 

1. Scaffolds: Scaffolds are essential to regenerative endodontic therapy because they create 

an environment that encourages the stem cell population to migrate, proliferate and 

undergo differentiation 
[7]

. Blood clot revascularization is the most commonly used 

technique in which a K or H file is inserted beyond the apical foramen, thus inducing a 

periapical bleed resulting in a blood clot capable of serving as a scaffold
 [8]

. 

 

 
 

Figure 1: Various platelet products 

 

 Platelet products are commonly being used now because concentrated autologous 

platelets and growth factors can be extracted from the plasma and they replicate the final 
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stage of the coagulation cascade. The inclusion of leukocytes was done for their 

immunological and antimicrobial capabilities, role in the healing of wounds by control of 

regional factors, release of growth factors and promoting cell division
 [9]

. Variable 

centrifugal time periods and rate, chemical alterations, and choice of supernatants and 

precipitates have led to the synthesis of several formulations of fibrin network 

configurations, white blood cell content and cytokines, resulting in different physical and 

physiological properties of platelet products and its applications 
[10

  

 

2. Stem Cells : Stem cells are an intriguing biological foundation for regenerative therapies 

due to their capacity for self-renewal. Mesenchymal populations are assumed to be the 

source of dental stem cells. The most prevalent dental stem cells are: Dental pulp stem 

cells (DPSC), stem cells from exfoliated deciduous teeth (SHED), stem cells from apical 

papilla (SCAP) and those from periodontal ligament. From the standpoint of endodontic 

regeneration, DPSC are multipotent cells that can transform into osteoblasts, adipocytes, 

and neural cells 
[11]

. Its applications are supported by their inherent role in the generation 

of odontoblasts that produce reparative dentin. Transplantation of DPSC acquired from 

teeth with irreversible pulpitis necessitating root canal therapy is another method to 

achieve effective pulp regeneration in the clinical outlook. The simplicity with which 

DPSCs may be obtained from extracted or discarded teeth [FIGURE 2] makes them an 

exciting source of autologous cells, while their resemblance to cells of the bone 

marrow suggests that they may even have uses in musculoskeletal regenerative medicine 
[12]

. 

 

 
 

 

Figure 2: Steps to obtain DPSC 
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III. CLINICAL CONSIDERATIONS FOR REGENERATIVE ENDODONTICS – 
 

 
  

Figure 3: Case selection 
 

 Case selection is crucial when selecting treatment procedure for a specific pulpal 

disease [Figure 3].  

 

Criteria for RET: 
 

1. Degree of Infection in the Canal - If the canals are effectively disinfected (using triple 

antibiotic paste (TAP), double antibiotic paste (DAP), calcium hydroxide or formocresol) 

and the coronal access is effectively sealed, regenerative endodontic treatment should 

occur.  

2. Apex Diameter - 1.1 mm or larger (Now a days, RET is also being performed on teeth 

with a mature apex) 

3. Patients age – 8 to 16 years 
[13]

 [Figure 4]: Specific disinfection and irrigation 

protocols are required in order to entirely eliminate tissue remnants and bacteria in the 

root canal. 
[14]

.  

 

 
 

Figure 4: Standard protocol for RET according to American Association of Endodontics 



Futuristic Trends in Medical Sciences 

e-ISBN: 978-93-6252-091-3 

IIP Series, Volume 3, Book 12, Part 1, Chapter 7 

EXPLORING THE FRONTIERS OF REGENERATIVE ENDODONTICS 

 

Copyright © 2023 Authors                                                                                                                          Page | 67 

 TAP consisting of ciprofloxacin, metronidazole, and minocycline was 

suggested by Hoshino et al. in 1996 to decontaminate the canal and can successfully be 

used in RET [15]. Contrastingly, Chueh et al. demonstrated calcium hydroxide to 

completely cleanse the canal and promote regeneration [16]. Bose et al. conducted a 

global analysis of RET cases in 2009 which concluded that RET with the TAP, calcium 

hydroxide, and formocresol significantly increased root length and width. However, TAP 

substantially increased dentin wall thickness without altering root width [17]. 

 

4. Drawbacks of TAP: According to Ding et al., two patients experienced pain following 

the administration of TAP and thus, were not included in the study. As reported by Jung et 

al., utilising TAP resulted in a chronic sinus tract and when switched out for calcium 

hydroxide, and the patient's problems subsided 
[18,19]

. Minocycline, one of the ingredients 

in TAP, is the main contributor to tooth discolouration, claim Kim et al. Through dentinal 

tubules, minocycline can enter the tooth and combine with the tooth's crystal structure. 

Before applying the TAP, the coronal dentin wall can be sealed with flowable composite 

resin. The other procedure is retrograde antibiotic filling with a 20 gauge needle to reduce 

contact with the coronal area of the tooth. According to case studies, cefaclor and 

amoxicillin can be substituted for minocycline. However, amoxicillin can cause allergic 

reactions as a side effect 
[20]

.  

 

 Double antibiotic paste is thought to be an efficient medication for removing harmful 

germs from root canals since it contains both metronidazole and ciprofloxacin. The 

problem of tooth discolouration brought on by the presence of minocycline in the TAP 

formulation is currently being addressed in endodontics with DAP 
[21]

.  

 

IV. OTHER METHODS OF REGENERATIVE ENDODONTICS  

 

1. Pulp Autotransplantation: The ideal "scaffold" for DPSC differentiation in their natural 

habitat might be produced by transplanting the complete pulp. Additionally, majority of 

the nerves and vessels are already developed, which facilitates the revascularization of 

grafted pulp tissue. Overall, this approach modality might be achieved in clinical settings 

without the necessity for an extension of the in vitro DPSC laboratory 
[22]

. 

  
2. Cell Homing Technique: Cell homing technique is based upon the biological principles 

of typical tissue wound healing. Cell recruitment and differentiation are two discrete 

biological processes that need to take place. Over-instrumentation results in bleeding, 

which is used to start cell homing therapy. Endogenous cells and growth factors required 

for RET are present in the blood clots that follow, filling the pulp space, as well as a 

biological structure supporting cellular activity 
[23]

. 

 

V. HISTOLOGICAL ASPECT OF RET  

 

 Investigations on animals showed that platelet concentrates do not produce healthy, 

sound pulp tissue; instead, they generate bone-like tissue in the root canal 
[24]

. Numerous 

histological investigations regarding regenerative endodontic treatments have demonstrated 

that the tissues developed in the root canal space were mineralized akin to cementum and 

bone as well as fibrous connective tissue similar to periodontal ligament
 [25]

. Without 

histological proof, radiographic thickening of the canal walls and ongoing root maturation of 
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young permanent teeth with necrotic pulps following regenerative endodontic operations 

should not be interpreted as the regeneration of dentin-pulp complex 
[26]

.  

 

VI. CONCLUSION  

 

 The goal of tissue engineering via regenerative endodontics is to re-generate the pulp-

dentin complex of immature young permanent teeth thereby resuming root formation. RET 

has been able to meet the main objectives of root canal therapy that are: to treat apical 

periodontitis in addition to eradicating the patient's clinical signs, symptoms and indicators. 

Although further development of the root is unpredictable, RET has the prospective to 

encourage further root formation as opposed to apexification.  

 

 Instead of pulp-like tissue, RET has shown to grow periodontal-like tissues in the 

canal space. Despite the vitality of the tooth being restored, the biological functions of dental 

pulp cease to exist.  Nevertheless, young permanent teeth with necrotic pulpal tissues can be 

effectively and consistently treated with RET, resulting in patient-focused results like tooth 

preservation, symptom-free conditions, and appealing aesthetics. 

 

REFERENCES  

 
[1] Kim SG, Malek M, Sigurdsson A, Lin LM, Kahler B. Regenerative endodontics: a comprehensive 

review. Int Endod J. 2018;51(12):1367–1388. doi: 10.1111/iej.12954. 

[2] Adnan S, Ullah R. Top-cited articles in regenerative endodontics: a bibliometric analysis. J 

Endod. 2018;44(11):1650–1664. doi: 10.1016/j.joen.2018.07.015. 

[3] Saoud TM, Martin G, Chen YH, et al. Treatment of mature permanent teeth with necrotic pulps and apical 

periodontitis using regenerative endodontic procedures: a case series. J Endod. 2016;42(1):57–65. 

doi: 10.1016/j.joen.2015.09.015.  

[4] Kumar V, Abbas AK, Fausto N, et al. Robbins and cotran pathologic basis of disease. Philadelphia,PA: 

Saunders, 9th ed. 2014. 

[5] Majno G, Joris I. Cells, tissues, and disease. Oxford, London: Oxford University Press, 2
nd

 ed. 2004. 

[6] Murray P.E., Garcia-Godoy F., Hargreaves K.M. Regenerative Endodontics: A Review of Current Status 

and a Call for Action. J. Endod. 2007;33:377–390. 

[7] Torabinejad M, Turman M. Revitalization of tooth with necrotic pulp and open apex by using platelet-rich 

plasma: a case report. J Endod. 2011;37(2): 265–8. https://doi.org/10.1016/j.joen.2010.11.004. 

[8] Murray PE. Platelet-rich plasma and platelet-rich fibrin can induce apical closure more frequently than 

blood-clot revascularization for the regeneration of immature permanent teeth: a meta-analysis of clinical 

efficacy. Front Bioeng Biotechnol. 2018;6:139. https://doi.org/10.3389/fbioe.2 

[9] 018.00139.  

[10] Sushma Naag, Abhishek Savirmath, Butchi Babu Kalakonda, Uday Kiran Uppada, Shekar Kamisetty, et al. 

(2015) Platelet concentrates: Bioengineering dentistry’s regenerative dreams. J Dent Res Rev 2(2): 23-29. 

[11] Dohan Ehrenfest DM, Pinto NR, Pereda A (2018) The impact of the centrifuge characteristics and 

centrifugation protocols on the cells, growth factors, and fibrin architecture of a leukocyte – and platelet – 

rich fibrin (L-PRF) clot and membrane. Platelets 29(2): 171 – 184. 

[12] Huang GT, Gronthos S, Shi S. Mesenchymal stem cells derived from dental tissues vs. those from other 

sources: their biology and role in regenerative medicine. J Dent Res 2009;88:792–806. 

[13] Tatullo M, Marrelli M, Shakesheff KM, White LJ. Dental pulp stem cells: function, isolation and 

applications in regenerative medicine. J Tissue Eng Regen Med. 2015 Nov;9(11):1205-16. doi: 

10.1002/term.1899. Epub 2014 May 21. PMID: 24850632. 

[14] Garcia‐Godoy F, Murray PE. Recommendations for using regenerative endodontic procedures in permanent 

immature traumatized teeth. Dent Traumatol 2012;28:33-41. 

[15] Mohammadi Z, Jafarzadeh H, Shalavi S, Yaripour S, Sharifi F, Kinoshita JI. A Review on Triple Antibiotic 

Paste as a Suitable Material Used in Regenerative Endodontics. Iran Endod J. 2018 Winter;13(1):1-6. doi: 

10.22037/iej.v13i1.17941. PMID: 29692827; PMCID: PMC5800433. 

https://doi.org/10.1016/j.joen.2010.11.004


Futuristic Trends in Medical Sciences 

e-ISBN: 978-93-6252-091-3 

IIP Series, Volume 3, Book 12, Part 1, Chapter 7 

EXPLORING THE FRONTIERS OF REGENERATIVE ENDODONTICS 

 

Copyright © 2023 Authors                                                                                                                          Page | 69 

[16] Hoshino E, Kurihara‐Ando N, Sato I, Uematsu H, Sato M, Kota K, Iwaku M. In‐vitro antibacterial 

susceptibility of bacteria taken from infected root dentine to a mixture of ciprofloxacin, metronidazole and 

minocycline. Int Endod J 1996;29:125-130. 

[17] Chueh LH, Ho YC, Kuo TC, Lai WH, Chen YH, Chiang CP. Regenerative endodontic treatment for 

necrotic immature permanent teeth. J Endod 2009;35:160-164. 

[18] Bose R, Nummikoski P, Hargreaves K. A retrospective evaluation of radiographic outcomes in immature 

teeth with necrotic root canal systems treated with regenerative endodontic procedures. J Endod 2009;35: 

1343-1349. 

[19] Ding RY, Cheung GS, Chen J, Yin XZ, Wang QQ, Zhang CF. Pulp revascularization of immature teeth with 

apical periodontitis: a clinical study. J Endod 2009;35:745-749. 

[20] Jung IY, Lee SJ, Hargreaves KM. Biologically based treatment of immature permanent teeth with pulpal 

necrosis: a case series. J Endod 2008;34:876-887. 

[21] Kim JH, Kim Y, Shin SJ, Park JW, Jung IY. Tooth discoloration of immature permanent incisor associated 

with triple antibiotic therapy: a case report. J Endod 2010;36:1086-1091. 

[22] Sabbagh, Sedigheh & Sarraf Shirazi, Alireza & Torabzadeh, Hassan. (2018). Double Antibiotic Paste for 

Management of External Inflammatory Root Resorption. Iranian Endodontic Journal. 13. 569-572. 

10.22037/iej.v13i4.22893.  

[23] Nakashima M, Iohara K, Bottino MC, et al. Animal models for stem cell-based pulp regeneration: 

foundation for human clinical applications. Tissue Eng Part B Rev 2019;25:100–13. 

[24] Yan, Hongji et al. “Regenerative Endodontics by Cell Homing: A Review of Recent Clinical trials.” Journal 

of endodontics vol. 49,1 (2023): 4-17. doi:10.1016/j.joen.2022.09.008 

[25] Meza G, Urrejola D, Saint Jean N, et al. Personalized cell therapy for pulpitis using autologous dental pulp 

stem cells and leukocyte platelet-rich fibrin: a case report. J Endod 2019;45:144–9. 

[26] Lei L, Chen Y, Zhou R, Huang X, Cai Z. Histologic and immunohistochemical findings of a human 

immature permanent tooth with apical periodontitis after regenerative endodontic treatment. J Endod. 2015. 

July;41(7):1172–9. 10.1016/j.joen.2015.03.012 

[27] Lin LM, Kahler B. A review of regenerative endodontics: current protocols and future directions. J Istanb 

Univ Fac Dent. 2017 Dec 2;51(3 Suppl 1):S41-S51. doi: 10.17096/jiufd.53911. PMID: 29354308; PMCID: 

PMC5750827. 

 

 


