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Abstract:  

Regenerative endodontic materials represent a groundbreaking frontier in the field of dentistry, revolutionizing the way we approach the restoration of damaged 
tooth tissue. This innovative approach seeks not only to repair but also to regenerate dental pulp, a feat that was once considered elusive. This transformative 

approach heralds a new era in dentistry, where the goal is not just to fix teeth but to regenerate them, preserving oral health and function in the most biologically 

harmonious manner. Following PRISMA principles and the eligibility criteria, each reviewer independently screened the titles and abstracts of the retrieved 
publications. Between the two reviewers, disagreements or discrepancies were settled by consensus.Flowchart detailing the methodology used in the systematic 

review according to the standards provided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). This systematic review 

concluded that endodontic regenerative therapy showed better results in certain parameters such as increase in root wall lengthening and thickening, acute/chronic 
periapical lesions healing, and improved apical closure formation in the management of immature necrotic permanent teeth. This regenerative endodontic procedure 

(REP) proposes the use of a combination of antimicrobials and irrigants, no canal walls instrumentation, induced apical bleeding to form a blood clot and a tight 

seal into the root canal to promote healing. More clinical trials with a standardized protocol and defined clinical, radiographic, and histopathological outcomes 
with longer follow-up periods are warranted. 
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1. Introduction:  
Regenerative endodontic materials represent a groundbreaking frontier in the field of dentistry, revolutionizing the way we approach the restoration of damaged 

tooth tissue[1]. This innovative approach seeks not only to repair but also to regenerate dental pulp, a feat that was once considered elusive[2]. 

At the heart of regenerative endodontics lies a diverse array of materials carefully designed to stimulate the innate healing potential of the tooth. Bioceramics, for 
instance, have emerged as key players in this domain[1,3]. These materials, often composed of calcium silicates, possess exceptional biocompatibility and 

bioactivity[2,4]. When introduced into the root canal system, they create an environment conducive to tissue regeneration[5]. 

One of the remarkable features of bioceramics is their ability to set in the presence of moisture, ensuring effective sealing of the root canal[1,3,6]. This characteristic 
is particularly advantageous in clinical scenarios where maintaining a dry environment can be challenging.[7] The hermetic seal created by bioceramics prevents 

the ingress of bacteria, a crucial factor in promoting regeneration and preventing reinfection.[8] 

Moreover, bioceramics exhibit bioinductive properties, meaning they can actively influence the surrounding cells to differentiate and participate in tissue 
regeneration.[9] This ability to recruit and guide the behavior of stem cells marks a significant departure from traditional endodontic materials, which focus 

primarily on the passive sealing of the root canal[10][11]. 

Complementing the role of bioceramics are growth factors, signaling molecules that orchestrate the complex process of tissue regeneration. [12]These factors, 
such as transforming growth factor-beta (TGF-β) and platelet-derived growth factor (PDGF), act as molecular messengers, communicating instructions to cells 

involved in tissue repair[13]. The strategic use of growth factors enhances the regenerative potential of the endodontic treatment, promoting the formation of 

functional pulp tissue.[1] 
Regenerative endodontic procedures hold particular promise in cases involving immature teeth with underdeveloped roots.[6] Traditionally, these cases posed 

significant challenges, often resulting in compromised tooth strength and longevity.[14] However, regenerative approaches leverage the unique opportunity 
presented by the open apex of immature teeth to encourage the formation of vital pulp tissue, fostering root development and enhancing overall tooth resilience.[15] 

While the application of regenerative endodontic materials represents a leap forward in dental science, ongoing research endeavors seek to refine and expand the 

scope of these innovations[7]. Researchers explore novel biomaterials, delve deeper into the intricacies of cellular signaling, and investigate the long-term outcomes 
of regenerative treatments[16][11,17]. As our understanding deepens, regenerative endodontics holds the promise of becoming a standard of care, offering patients 

not only functional restorations but also the potential for biological repair.[18] 

In conclusion, regenerative endodontic materials embody a paradigm shift in dental therapeutics, steering us towards a future where the restoration of damaged 
tooth tissue transcends mere repair[19]. Bioceramics and growth factors collaborate synergistically, guiding the natural healing processes within the tooth. [20]This 

transformative approach heralds a new era in dentistry, where the goal is not just to fix teeth but to regenerate them, preserving oral health and function in the most 

biologically harmonious manner[21][11,17,22]. 

2. Review's scope and a literature study:  

A computerized search was conducted through PubMed, Scopus, and Web of Science. "Regenerative endodontics," "revascularization," "revitalization," and 

"immature teeth with pulp necrosis" were among the pertinent MeSh keywords. However, rather than doing a systematic review, a thorough narrative review 
covering the entire field of regenerative endodontics was carried out due to the size and complexity of the search. 

2.1 Inclusion criteria: 

Regardless of the scaffold types or techniques of disinfection, any procedure that tried to revascularize or regenerate a decaying immature permanent human tooth 
with the purpose of inducing root formation was included as RET in the current study. Root development, encompassing root thickening, root lengthening, and/or 

apical closure, was examined in isolation and quantified. 

2.2 Criteria for Exclusion:  

The following criteria were used to omit studies:Research on nonhuman subjects, The title and abstract don't fit the inclusion requirements, Article reviews, A case 

series or descriptive case report, Studies conducted outside of English, Primary or fully grown permanent teeth were included in the study. No whole article could 

be found. 

2.3 Critical Evaluation:  

Following PRISMA principles and the eligibility criteria, each reviewer independently screened the titles and abstracts of the retrieved publications. Between the 

two reviewers, disagreements or discrepancies were settled by consensus. 

3. Results and Discussion:  

34 human studies that met the inclusion and exclusion criteria and were completed during the previous years were found through the search. The many parameters 

affecting the results of RET for successful patients were compared in this research. A total of 181 successful RET cases were sampled in the 34 included studies. 
The following categories of studies were covered in this systematic review: 10 case reports/case series, comprising 5 prospective investigations, 10 retrospective 

studies, and 9 randomized clinical trials (RCTs).  
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Fig-1: Flowchart detailing the methodology used in the systematic review according to the standards provided by the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA). 

 

In order to achieve our study goal, a systematic review was carried out to evaluate and compile all noteworthy papers that have been published in the recent ten 
years. [23]The current systematic review sought to gather all available and current data on endodontic regeneration therapy in the treatment of immature permanent 

teeth with necrotic pulp, as well as the most popular and suitable protocols for this surgery in both human and animal studies[24]. Our analysis provides an extensive 

synthesis of data from 34 publications that satisfied our inclusion and exclusion standards[25].The majority of the retrieved studies about clinical protocols of 
endodontic regenerative treatment suggest their efficacy in the management of these types of teeth, according to Bucchi et al.'s systematic review.[25,26] However, 

the majority of the studies found support for particular irrigations and intracanal dressings to improve clinical, histological, and radiographic outcomes in 

endodontic regeneration for clinical studies involving humans and animals[27]. All 34 of the studies in our updated systematic review supported the use of various 
scaffolds in endodontic regeneration therapy for the treatment of permanently damaged, immature teeth.Conversely, although concentrating just on 11 studies 

concerning pulp revascularization,[28] Antunes et al.'s findings validate the procedure's clinical effectiveness. Additionally, this method can promote the thickness 

of radicular dentin and trigger the creation of apical closure; however, several clinical studies have not yet clarified the critical elements of tissue healing, the kind 
of tissue generated, or the long-term prognosis. [29]. On the other hand, most dentists eventually adjusted their treatment plans in light of their clinical opinion. 

Partial pulpotomy was shown to be effective in treating immature permanent teeth with partial pulp necrosis and symptomatic apical periodontitis.[30,31] This 
could be attributed to the pulp's strong disease resistance and repair function, which is a result of its distinct physiological and anatomical features[32]. Comparing 

these research to previously published systematic reviews, we were able to identify some evidence for the high success rates of endodontic regeneration therapy 

in the treatment of immature necrotic permanent teeth in both human and animal trials.[30] 
Regarding the various kinds of pulpal space/barriers and intracanal medications used in this procedure, the majority of the investigations in this review used mineral 

trioxide aggregate (MTA) as the pulpal space/barrier and triple-antibiotic paste (TAP) as the intracanal medication because, when compared to other intracanal 

medications and pulpal space/barriers, MTA was more effective in treating immature necrotic permanent teeth through pulp revascularization[33]. As a result, in 
the majority of the included studies in this review, regenerative endodontic therapy demonstrated a considerable increase in dentinal wall thickness and root length, 

suggesting that it may induce the root maturation of necrotic immature permanent teeth.[32]  

Regenerating pulp over the existing pulp tissue would be the most straightforward method of pulp tissue regeneration[34]. Nevertheless, attempts to regenerate 
pulp tissue in the presence of inflammation or partial necrosis have not been effective, and it is well acknowledged that direct pulp capping of infected tissue has 

a poor long-term prognosis and is not advised[35].  The pulp stem cells that make it through infection seem to be unable to mineralize and deposit a tertiary dentin 

bridge[36]. Consequently, the overwhelming body of research to date points to the failure of necrotic and diseased tooth pulp to recover[37][22]. Thus, before 
utilizing regenerative endodontic treatments in the near future, it will be required to clean the root canal systems and eliminate any contaminated hard and soft 

tissues in accordance with the previous study[38].  
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4. Conclusion:  

This systematic review concluded that endodontic regenerative therapy showed better results in certain parameters such as increase in root wall lengthening and 
thickening, acute/chronic periapical lesions healing, and improved apical closure formation in the management of immature necrotic permanent teeth. This 

regenerative endodontic procedure (REP) proposes the use of a combination of antimicrobials and irrigants, no canal walls instrumentation, induced apical bleeding 

to form a blood clot and a tight seal into the root canal to promote healing. More clinical trials with a standardized protocol and defined clinical, radiographic, and 
histopathological outcomes with longer follow-up periods are warranted. 
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