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Abstract
Regenerative endodontic therapy (RET) has drawn a great deal of interest and is widely recognized because 
it preserves the function and endurance of teeth. Although it is routinely performed on immature teeth with 
periapical disease, the treatment outcomes remain unpredictable. Instead of producing fibrous connective 
tissue and amorphous mineral deposits, pulp-dentin regeneration should be the real benchmark of RET. Still, 
we have not yet achieved the benchmark of full innervation and vascularization of the generated tissue in the 
root canal.  The main challenges faced with the current clinical protocol of RET are the complete disinfection 
of root canal space and enhancing pulplike tissue regeneration. This article will address the key challenges and 
strategies that focus on realizing the goal of regenerative endodontic therapy. 
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Introduction
Regenerative endodontic therapy (RET) is a relatively 
new treatment approach introduced only in the past 
two decades.1 RETs are a feasible method for treating 
immature necrotic teeth. This technique has a good 
survival and success rate.2 RETs have recently been 
effective in treating mature necrotic teeth with apical 
periodontitis because, an open apex allows for better 
blood flow, immature teeth with open apexes are  
thought to be better candidates for this form of therapy.3

According to a recent study, controlling the bacterial load 
in the intricate root canal system is the most critical stage 
in regenerative endodontic therapy.4 However, different 
disinfection treatment techniques may be required for 
necrotic mature and immature teeth. Necrotic immature 
teeth are mainly disinfected by chemical methods such 
as antimicrobial irrigation and intracanal dressing of 
medicament without mechanical instrumentation.5 
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The primary challenge with disinfection in RET is that 
a lower dosage of different intracanal medications and 
irrigation solutions is advised to preserve the survival of 
stem cells from apical papillae.6 Therefore, the goal of 
RET-related research has been to enhance disinfection 
strategies in infections to a level compatible with the 
growth of vital tissue to encourage mineralization 
and root development. Finally, the development of 
new connective tissue into the root canal  to support 
revascularization/revitalization is severely hampered 
by the presence of the bacterial biofilm attached  to the 
surface of dentin and penetrating the large tubules.7

The size of the apical foramen appears to be a key 
consideration in regenerative endodontic therapy. It is 
quite challenging to achieve an adequate blood supply in 
the root canal system due to the narrow apical aperture. 
However, a systematic review shows positive outcomes 

1



following RET may be attained if the apical foramen’s 
size falls between 0.5 and 1 mm.8

Teeth with large and open  apices are considered 
suitable for pulp rejuvenation. Mature teeth have 
several calcifications inside the pulp tissue, a narrower 
apical foramen, and a smaller-sized pulp chamber than 
immature  teeth.9 In mature teeth, the apical region 
undergoes an increase in secondary dentin and cementum 
deposition, which causes apical foramen constriction, 
hypercementosis, and stenosis. 10 

The migration of local stem cells from the surrounding 
tissue into the root canal may, therefore, be inhibited by 
these modifications. The blood arteries, lymphatics, and 
nerve supplies that typically reach the root canal through 
the apical foramen are diminished by apical constriction. 
All of this results in a decreased capacity for regeneration 
and complicates the utilization of regenerative therapies 
in mature teeth. 

History
Revascularization procedures were initially proposed by 
Nygaard-Ostby more than 60 years ago.11 Ten years later, 
Nygaard-Ostby and Hjortdal noticed that when bleeding 
is caused and the root canals are partially filled with blood, 
cellular cementum deposits occur in the disinfected 
canals.12 A technique called revascularization that Iwaya 
et al., described in 2001 thickens the walls of the root 
canal and promotes further root growth.1 After a few 
years, Trope and Banchs proposed a clinical protocol 
for RET in infected necrotic immature teeth. RETs 
have now successfully been utilized to treat apical 
periodontitis and necrotic pulp in mature teeth.13 The 
treatment resolved apical periodontitis and eliminated 
clinical signs and symptoms like immature teeth.3

Disinfection challenges in regenerative endodontic 
therapy
A recent comprehensive study shows that persistent 
infection accounted for 79% of failed regenerative 
clinical cases.14 Because mature teeth have a more 
complex root canal system  than immature teeth, 
adequate disinfection is more challenging in mature 
teeth than in young teeth. Since the introduction of RET, 
the goal of effectively disinfecting root canals while 
preserving stem cell viability and the dentin matrix’s 
biofunctionality has been sought.15

The most potent disinfectant  and root canal irrigation 
solution is sodium hypochlorite, which also has favorable 
properties such as tissue solubility, proteolytic activity, 

and bactericidal action against bacteria and bacterial 
endodontic biofilms.16 High concentrations of biocides, 
such as chlorhexidine or sodium hypochlorite, are 
effective against microorganisms. Still, they adversely 
affect the survival and differentiation of stem cells of 
the apical papilla (SCAPs) and as a result, they are no 
longer advised to undergo RET.6,17 In these situations, 
it has been found that a more biocompatible method of 
using irrigants is low-concentration sodium hypochlorite 
followed by  EDTA. Furthermore, EDTA did not have 
noticeable toxic effects and released significantly higher 
growth factors into root canal space.18 

Although calcium hydroxide [Ca(OH)2] is a commonly 
used intracanal medicament, calcium hydroxide has 
low antimicrobial action and no persistent antimicrobial 
activity.19 Because dentin and hydroxylapatite decrease 
the antibacterial action of Ca(OH)2, a standard intracanal 
medicine used in root canal therapy, calcium hydroxide 
is not as effective at killing intracanal microbes.20 
Compared to Ca(OH)2 and double antibiotic paste (DAP), 
triple antibiotic paste (TAP) has a broader antibacterial 
efficacy.21 TAP can, however, discolor teeth at an amount 
higher than 1 mg/mL.22 It has been suggested that 
clindamycin be used instead of minocycline to create 
modified TAP (mTAP). Without discoloring the dentin, 
it has been found to have an antimicrobial action similar 
to that of TAP. 23

A randomized trial found that TAP at a concentration 
of 1 mg/mL was more effective than Ca(OH)2  in 2% 
chlorhexidine gluconate about reducing the intracanal 
bacterial load in conventional endodontic infections, but 
Ca(OH)2 still seems to be the most effective treatment in 
the majority of cases.24 

Antibiotics can be potentially dangerous to stem cells 
even though they are more efficient against intracanal 
bacteria when taken at higher dosages.25 Although the 
cells can tolerate them at lower concentrations, they still 
have lesser impact on intracanal microbial biofilms.7 
These residual microorganisms might affect The success 
of the regeneration process, tissue development, and 
stem cell differentiation.26

To attain a proper balance between the survival of the 
stem/progenitor cells and the disinfection of the root 
canal system, the RET disinfection regimen needs to be 
carefully reevaluated which could ultimately result in a 
positive outcome.
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Stem/progenitor cells-based challenges in regenera-
tive endodontic therapy
Three key components for pulp-dentin complex regene- 
ration are stem cells, scaffolds, and growth factors. Five 
different types of human dental stem cells have been 
identified and isolated as possible cell sources for pulp-
dentin complex regeneration. These include stem cells 
from the apical papilla (SCAP), tooth germ progenitor 
cells (TGPCs), dental pulp stem cells (DPSCs), stem 
cells from exfoliated deciduous teeth (SHED), and 
periodontal ligament stem cells (PDLSCs).27

Because the quantity and quality of dental pulp tissue 
decrease significantly with age, these changes may 
impact the regeneration capability of stem cells. If the 
canal lacks the pulp tissue characterized by the presence 
of highly specialized odontoblasts, the biological 
activities of a revitalized or revascularized tooth, such as 
defense against caries invasion, will be affected. 

According to earlier studies, mature and immature dental 
pulps contain various stem cells that can develop into 
odontoblast-like cells in response to suitable stimuli. 
Uncertainty exists regarding the biological activity of 
the odontoblast-like cells that evolved from several 
populations of stem cells. The mesenchymal stem cells 
derived from dental pulp currently possess the greatest 
capacity to develop into cells resembling odontoblasts. 
Mesenchymal stem cells are considered as dental pulp 
stem cells.28 

A notable accumulation of undifferentiated stem cells 
expressing CD105, CD73, and STRO-1 into the canal 
space was caused by the generation of bleeding during 
revitalization treatments. They postulated that rather than 
originating from the systemic circulation, these stem 
cells were most likely derived from local tissues, such as 
the apical papilla near the root apex.29 Thus, it is possible 
that these stem cells will play a role in the regeneration 
of pulp tissue. The periapex, including the periodontal 
ligament, may provide stem cells introduced into the 
canal through induced intracanal bleeding. These stem 
cells can develop into cells that resemble cementoblasts 
and osteoblasts. However, clinically, it might be difficult 
to tell if the apical papilla is still there, especially 
when apical periodontitis is present.30 Even though 
mesenchymal stem cells can be administered into the 
canals during revitalization procedures, they still need 
the appropriate environmental cues in the canal to 
guide them toward differentiating into odontoblast-

like cells. After revitalization techniques, the type of 
microenvironment in the canals remains unknown. 
To regulate stem/progenitor cells to differentiate into 
odontoblast-like cells in the root canal space in vivo, 
revitalization processes make it difficult to recreate 
an ideal microenvironment during embryonic pulp 
development. The objective of regenerative treatment is 
to replicate the pulpal microenvironment in the canals of 
young teeth with necrotic pulps. A particular anatomical 
site known as a niche (microenvironmental cues) 
controls how stem cells contribute to tissue homeostasis, 
regeneration, and repair. The new microenvironment 
will affect stem cells’ biological behavior and fate if they 
leave from their specified niches.31 

According to a study, rather than being origin-associated, 
the destiny of transplanted stem/progenitor cells may be 
site-associated.32 As an example, stem cells will probably 
differentiate into cells that resemble cementoblasts or 
osteoblasts if they are introduced into an environment 
that supports the formation of cementum or bone. Aged 
stem/progenitor cells can be made to function again by a 
young microenvironment, while young stem/progenitor 
cells can be affected by an old microenvironment.33 
Thus, the ideal conditions for tissue regeneration are 
young stem cells and a young microenvironment. 

Scaffolds based challenges in regenerative endodontic 
therapy
Scaffolds direct and promote tissue regeneration, serve  
as carriers for particular cell types and give stem cells  
and growth factors a suitable environment. A biode- 
gradable scaffold that delivers cells carrying growth 
factors is appropriate for regenerative endodontics. 
Different scaffolds, like those made of synthetic or  
natural polymers, are being studied and reported on 
with various degrees of success.34 Recent attempts have 
been made at using blood clots, platelet-rich plasma 
and platelet-rich fibrin as scaffolds in regenerative 
endodontics.35 

These days, regenerative endodontics creates a scaffold 
for pulp-dentin regeneration by causing bleeding and 
forming an intracanal blood clot. The BC may act 
as a cross-linked scaffolding on which fibroblasts, 
macrophages and stem cells migrate.36 Due to bleeding 
induction, SCAPs are delivered into the root canal space 
through the apical foramen  of young teeth with open 
apices. With this method, injecting foreign stem cells 
is not necessary. Along with the low cost, clinical ease 
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of use, quick setting time, and cervical sealability of 
materials based on tricalcium silicate, these attributes 
make this a treatment option that appeals to patients and 
dental professionals.

During RETs, the induction of bleeding into the root  
canal is a crucial yet uncertain step. Indeed, even 
after using a vasoconstrictor-free anesthetic, there 
have been multiple instances when it was difficult to 
induce bleeding.37 The failure to cause bleeding into the 
canal after unsuccessful regenerative treatments was 
linked to the resolution of the inflammatory response 
following intracanal medication dressing, which 
possibly made it more challenging to cause bleeding. 
Additionally, periapical tissue laceration may harm 
cells necessary for epithelial-mesenchymal interactions. 
A fibrin blood clot is also unstable  and prone to 
disintegration.38 Furthermore, compared to other platelet 
concentrates, the concentration of growth factors BC is 
limited.39 

Platelet-rich plasma (PRP) and platelet-rich fibrin (PRF) 
concentrates  are better alternatives due to their higher 
concentration of stem cells and growth factors and their 
predictable introduction into the canal system, which 
overcomes the drawbacks of a blood clot. 40

PRP is an autologous matrix, rich in growth factors 
found in platelet alpha (α) granules. It also satisfies many 
requirements for an appropriate matrix, suggesting it may 
be used as a suitable matrix in regenerative endodontic 
procedures. The simplicity of administration and rapid 
induction of vital tissues into the root canal are benefits 
of using PRP as scaffold. However, the cost of treatment 
could go up because PRP preparation requires specific 
tools and chemicals.41

The drawbacks of using PRP have led to developing  
PRF, a second-generation platelet concentrate. Chouk- 
roun’s platelet-rich fibrin has gained more attention 
due to its low production costs, ease of preparation 
and entirely autologous composition without chemical 
additions. Moreover, an extremely resilient and flexible 
fibrin membrane is produced, which breaks down 
slowly after application.42 

PRF, the second generation of platelet concentrates, is 
superior to PRP. First, exogenous agents like thrombin 
are excluded during PRF preparation. Second, PRF is a 
structured fibrin gel that entails leukocytes and platelets 
and eventually releases various growth factors. Third, 
cytokines and immune cells within a PRF clot may also 

fight against  infection. Nevertheless, a study has also 
shown that PRP, when used in RETs, performed better 
than blood clots and PRF in periapical wound healing.43

As an autologous platelet and leukocyte mesh, PRF 
serves as a reservoir for the gradual, continuous release 
of growth factors for 7 to 14 days, as opposed to PRP, 
which only has an effect for the first 24 hours. Platelets, 
leukocytes and a number of crucial healing proteins 
are all incorporated into PRF’s dense fibrin matrix. 
Additionally, PRF attracts nearby populations of stem 
cells with its chemoattractant properties, which induces 
mineralization and regeneration.44 According to recent 
studies, platelet-rich fibrin may be more capable of 
regenerating than conventional platelet-rich plasma.45

Conclusion
Regenerative endodontic therapy uses tissue engineering 
technologies to repair the dentin-pulp complex in the 
canal space of immature permanent teeth compromised 
by trauma or caries, thereby resuming the formation of 
the tooth root that has been stopped. The major objective 
of endodontic therapy is to resolve apical periodontitis 
and eliminate the patient’s signs and symptoms, which 
RET can accomplish. Revascularization treatment  has 
replaced apexification therapy as an alternate option 
for immature permanent necrotic teeth with or without 
infected pulp since it can promote canal wall thickening 
and/or continuous root growth.

Furthermore, RET is a biologically based treatment 
promising for treating mature teeth with infected 
necrotic pulp and apical periodontitis. It can eliminate 
clinical signs/symptoms and resolve apical periodontitis, 
with a favorable outcome  comparable  with traditional 
root canal therapy. Following RET, pulp-like tissues 
rather than true pulp tissue form in the canal space. After 
RET, the biological function of the tooth pulp is lost, but 
the vitality of the damaged tissue in the canal space is 
preserved.  

Additionally, this review highlighted the drawbacks, 
including the inability of bleeding induction and the 
imbalance  between disinfection and stem/progenitor  
cell viability. However, it is clear that pulp-dentin 
regeneration offers both clinical benefits, such as 
encouraging root development and biological benefits, 
such as improved immune system function and 
tooth homeostasis. Instead of allowing for complete 
regeneration, the current techniques allow repair; 
however, proper regeneration is expected to be possible 
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with further investigations in stem cell-based pulp 
engineering.
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