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ABSTRACT 

Objective: This study explored the factors influencing the success of 

regenerative endodontic treatments (RETs) for immature permanent teeth. 

Methodology: a systematic search was conducted to search related articles 

in various databases such as PubMed, ScienceDirect, and Google Scholar. A 

total of 15 studies were selected. Different factors that affect the success of 

RET were extracted from the selected articles. Results: The findings of 

different studies indicated that various factors i.e. age of patients, tooth 

type, type of scaffold used, and duration of treatment can affect the success 

of RET. Conclusion: It can be concluded that various factors can influence 

the effectiveness of RET. However, further clinical trials are necessary to 

deepen our understanding. 
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INTRODUCTION 

“Biologically based procedures which result in 

the replacement of damaged dentin and root 

structures, including other structures like cells 

of the pulp-dentin complex” are defined as 

regenerative endodontic procedures.1 A big 

challenge for endodontists is the treatment of 

permanent immature teeth with apical pathosis 

and necrotic pulp. The pulp in many of those 

teeth develops necrosis before the completion 

of root development. These conditions pose a 

challenge in the removal of necrotic pulp and 

filling and there is an increased risk of fracture 

due to thin dentinal walls.2 Historically 

apexification was used to manage immature 

apices with open root ends.3 Resolution of 

infection and its associated symptoms were 

treated excellently with this technique but it 

did very little for continued development of 

roots. Thus, apexification resulted in thin 

dentinal walls.4 In addition, clinicians may 

select the option of long-term use of calcium 

hydroxide in highly immature teeth to develop 

an apical calcific barrier. Long periods and 

multiple visits requiring compliance and long- 

term use of calcium hydroxide may result in 

several disadvantages including a change in 

the mechanical properties of dentin causing its 

fracture.5 So long-term prognosis is 

questionable even after the success of 

apexification because of the eventual root 

fracture resulting from thin dentinal walls.6 

The use of an immediate apical plug has been 

advocated recently in which the apical portion 

of the canal is obliterated by the placement of 

an artificial apical plug. The excellent material 

used for this purpose is mineral trioxide 

aggregate (MTA).7One of the goals of  

regenerative  endodontics  is  to 
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promote continued root development and the 

removal of the disease process. Therefore, 

reinforcement of dentinal walls with the 

deposition of new dentin and continued 

lengthening of roots are achieved in 

regenerative endodontics. Regrowth of de 

novo tissues within the root canal space is 

described by the terms Revascularization, 

Regeneration, and Revitalization.8 There is 

progress in research work towards the 

successful regeneration of pulp-dentin 

complex (PDC) in which emphasis is given to 

the replacement of damaged structures like 

PDC cells, dentine, and root structures.9 

It was recently reported in a study that the 
stage of root development plays a greater role 
in root fracture as compared to long-term use 
of calcium hydroxide Ca(OH)2.

10 Patient's age, 
sex, type of tooth, preoperative periapical 

lesion, etiology, duration of sign and 

symptoms, stage of root development, and 

follow-up period are factors that affect the 

success of treatment.11 Regenerating pulpal 

tissues which allows for continued root 

formation provides an alternative approach for 

the treatment of immature necrotic permanent 

teeth. The main aim in this modality was the 

continued formation of the entire root rather 

than the formation of an apical calcific barrier 

which is known as apexification.12 The existing 

studies on RET fail to encompass a 

comprehensive range of factors that influence 

its outcomes in successful cases. Hence, this 

systematic review endeavors to gather, 

analyze, and assess all documented successful 

instances of RET outlined in the available 

literature. 

 

METHODOLOGY 

Search strategy: An electronic search was 

conducted for English-language articles 

published between 2001 and 2022 using 

databases such as PubMed, ScienceDirect, and 

Google Scholar. The search employed specific 

keywords including immature teeth, immature 

tooth, pulp revascularization, pulpal 

regeneration, root canal revascularization, 

‘factors for successful regenerative 

endodontic, ‘regenerative endodontic therapy,’ 

‘regenerative endodontic treatment,’ ‘platelet- 

rich fibrin,’ ‘platelet-rich plasma,’ RET, 

Factors for RET, and Success of RET. The 

detailed search strategy is depicted in Figure 

1. 

 

Inclusion and Exclusion Criteria: The study 

will consider the inclusion of in vivo studies 

involving the practice of RET, published in 

English between 2001 and 2022, specifically 

those that documented at least one successful 

case of RET. Excluded from consideration are 

review articles, in vitro studies, editorials, 

theses, personal opinion articles, and studies 

lacking reports of successful RET cases or 

involving non-human subjects. 

 

Data Extraction: Each reviewer 

independently assessed the titles and abstracts 

of the retrieved articles based on the specified 

eligibility criteria. Any discrepancies were 

resolved through discussion until a unanimous 

decision was reached. The initial selection of 

studies involved a review of their titles and 

abstracts. Subsequently, the complete texts of 
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the chosen articles were thoroughly examined. 

Data from the studies were collected and 

structured into a table containing the following 

details: author and publication year, study 

design, case count, patient age range, tooth 

type, treatment procedures employed (such as 

irrigation, intracanal medicaments, and the 

utilization of specific scaffolds), treatment 

duration, and factors influencing treatment 

outcome. 

 

RESULTS 

A total of 2,357 studies were acquired based 

on the specified keywords via database 

searches. Following a thorough review of titles 

and abstracts, 1,894 studies were excluded due 

to duplications or irrelevant content. Post 

application of inclusion and exclusion criteria, 

185 articles underwent eligibility assessment. 

Eventually, 15 papers met the criteria and 

were chosen for inclusion in this review. The 

search strategy of this systematic review is 

illustrated in Figure 1. The search concluded 

with the incorporation of 15 human studies 

meeting both inclusion and exclusion criteria. 

These studies delved into various factors 

impacting the success of Resistance Exercise 

Training (RET) outcomes. The systematic 

review encompassed diverse study types: 7 

case   reports/case   series,13-16,22,24,25   2 

prospective studies,17,20 5 retrospective studies 
19,21,23,26,27 and 1 randomized clinical trial 

(RCT).18 Table 1 summarizes comprehensive 

details of the incorporated studies, elucidating 

the diverse factors impacting successful 

outcomes in RET. 

In one instance13, the combination of a 

disinfected canal, a conducive matrix for 

tissue growth, and a secure coronal seal 

demonstrated an environment conducive to 

successful revascularization. Another 

approach detailed four clinical cases of 

immature teeth affected by periradicular 

periodontitis or abscess, undergoing 

conservative treatment without canal 

instrumentation. These cases provided 

valuable insights, suggesting a favorable 

environment for tissue regeneration through a 

conservative approach.14 Additionally, a 7- 

year-old girl's maxillary left central incisor, 

diagnosed with necrotic pulp and acute apical 

periodontitis, underwent disinfection using 5% 

sodium hypochlorite. Induction of a blood clot 

into the root canal space was proposed as a 

potential method to promote revascularization 

in certain circumstances, advocating for a 

single visit revascularization procedure as a 

viable treatment option.16 In a prospective 

study conducted by Narang et al., patients 

were categorized into four groups for 

assessment. Group I served as the control, 

undergoing mineral trioxide aggregate 

apexification to evaluate the regenerative 

potential of blood clot and platelet 

concentrates. In Group II, the canal utilized a 

blood clot as a scaffold, while Group III 

incorporated Platelet-Rich Fibrin (PRF) as a 

scaffold. Group IV employed Platelet-Rich 

Plasma (PRP) carried on collagen as the 

scaffold. Statistical analysis indicated notably 

significant outcomes in Group III (PRF) 

compared to the other groups.17 Similarly, 

Bezgin et al.'s study demonstrated PRP's 

effectiveness in creating a scaffold for 

regenerative endodontic treatment. However, 

the treatment outcomes did not exhibit 

significant differences between PRP and the 

conventional blood clot scaffold.18 After 

treatment using specific irrigation and 

medications, 75% of 28 cases showed 

complete healing, 10.7% required further 

treatment, and 14% displayed incomplete 

healing.19 Revascularization procedures were 

viable for ages 9 to 18, with younger 

individuals showing better candidacy.20 

Analyzing 38 teeth treated with different 

methods revealed no statistical difference in 

outcomes at 1, 3, 6, and 12 months.21 After a 

regenerative endodontic procedure (REP), 

complications arose due to displaced mineral 

trioxide aggregate (MTA). Despite this, 

complete  periapical  healing,  thickened 
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dentinal root walls, and full apex formation 

were observed three years post REP.22 In Peng 

et al. study, revascularization using MTA and 

GIC as canal-sealing materials showcased 

comparable survival rates (MTA: 96%, GIC: 

100%). However, the success rate in the MTA 

group (93%) exceeded that in the GIC group 

(59%).23 Another study highlighted the 

feasibility and success of using Ca(OH)₂ and 

MM-MTA in performing a regenerative 

endodontic procedure for managing an 

immature necrotic permanent molar.24 Alasqah 

et al. conducted a study involving an immature 

necrotic mandibular molar that underwent a 

three-appointment Regenerative Endodontic 

Procedure (REP). The treatment included 

chemomechanical debridement, nonsetting 

calcium hydroxide application throughout the 

canal, triple antibiotic paste, and MTA 

placement over blood clots. Over two years of 

recall appointments, the tooth remained 

asymptomatic.25 Jiang and Liu's study found a 

significant correlation between age, tooth type, 

and the achievement of primary and secondary 

goals (p < 0.05). Younger children at their 

initial visit age were more likely to reach these 

goals, while posterior teeth showed an 

advantage over anterior teeth in achieving 

these goals.27 

 

DISCUSSION 

The endodontic treatment of immature 

permanent teeth with necrotic pulp, either with 

or without apical pathosis, presents numerous 

clinical complexities.2 Recently, regenerative 

endodontics has emerged as a biologically 

rooted treatment alternative. In contrast to 

apexification procedures, regenerative 

approaches offer the potential for further root 

maturation in length and thickness by 

stimulating the regeneration of vital tissue.12 

Achieving thorough disinfection of the root 

canal, followed by the stimulation of residual 

stem cells, facilitates the ingrowth of newly 

formed  pulplike  tissue  (known  as  the 

revascularization procedure). This process can 

induce the generation of new hard tissue on 

the existing dentin wall, fostering continued 

root development.13 According to Lovelace et 

al.,28 revascularization stands as a 

straightforward protocol that enhances pulp 

regeneration by utilizing a blood clot as a 

scaffold for autogenous stem cell release. 

However, the outcomes of revascularization 

procedures remain unpredictable and 

influenced by multiple factors. Patient age 

affects healing capacity, while the apical 

diameter may limit the influx of stem cells and 

blood vessels into newly formed tissue.12 

Limitations in the existing data encompass 

inadequate long-term follow-ups, small 

sample sizes, variations in clinical protocols, 

and diverse outcome measurements.29 The 

attainment of the primary goal significantly 

impacted tooth survival, directly linked to the 

efficacy of root canal chemical disinfection. 

However, a challenge lies in safeguarding the 

tissue around the apical area while focusing on 

eliminating root canal bacteria. Some research 

indicates that current disinfection methods and 

drug concentrations might not entirely 

eradicate bacteria.30 Another critical factor 

influencing the primary goal is the choice of 

root canal sealing material.23 After treatment, 

most teeth showed varying degrees of root 

development, aligning with the achievement 

of the secondary goal. Some studies suggest 

that the hard tissue formed within the root 

canal post-REPs closely resembles bone- and 

cementum-like tissue.31 The tooth type 

significantly influenced achieving the 

secondary goal, favoring posterior teeth over 

anterior ones. An alternate study noted less 

predictable radiographical root development 

outcomes in treating immature permanent 

teeth with periradicular pathosis using REPs.32 

Clinical findings indicated notably better 

outcomes in RET cases stemming from dens 

evaginatus compared to dental trauma.33 To 

safeguard apical papilla stem cells, it's advised 

to  use  lower  concentrations  of  intracanal 
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medicaments and irrigation solutions.34 

Multiple case reports and retrospective clinical 

studies have reported a high success rate for 

RET within follow-up periods ranging from 

12 to 19 months.33 

 

Conclusion 

In conclusion, Resistance Exercise Training 

(RET) emerges as a valuable approach within 

endodontics for addressing immature necrotic 

teeth in children and young adults, 

complementing existing treatment modalities. 

Current evidence suggests that RET exhibits 

high survival and success rates when treating 

immature teeth with pulp necrosis. Various 

factors such as patient age, tooth type, follow- 

up duration, and the type of scaffold utilized 

can influence the effectiveness of RET. 

However, further clinical trials are necessary 

to deepen our understanding. 
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Table: 1. Different factors influencing Regenerative endodontics treatment RET outcome 
 

 

Author 

 

Study type 

Number 

of 

patients 

 

Age 

 

Tooth type 
Intra-canal 

medication/irrigation 

Capping 

material/ 

Restoration 

 

Scaffold 

 

Duration 

 

Outcomes 

 

 

Banchs and 

Trope, 2004 

(13) 

 

 

 

Case report 

 

 

 

1 

 

 

11 

Years 

 

 

Lower right 

second 

premolar 

 

 

5.25% NaOCl/Triple 

antibiotics 

 

 

 

MTA 

 

 

 

Blood clot 

 

 

 

2 years 

Based on positive 

outcome, it can be 

assumed that this 

combination 

successfully sealed the 

tooth from coronal 

bacterial leakage 

Chueh and 

Huang, 

2006 (14) 

 

case report 

4 

2 male 

2 female 

 

9-10 

years 

 

mandibular 

posterior 

 

2.5% NaOCl/Calcium 

hydroxide 

 

Amalgam 

 

None 

 

7 months-5 

years 

successful 

regenerative endodontic 

was found with the 

conservative method 

Thibodeau 

and Trope, 

2007 (15) 

 

Case report 

 

1 

 maxillary 

central 

incisor 

 

antibiotic paste 

 

MTA 

 

blood clot 

 

1 year 

successful 

regenerative endodontic 

was found 

 

McCabe et 

al, 2015 

(16) 

 

 

Case report 

 

 

1 

 

7 

years 

 

Anterior 

tooth 

 

5% NaOCl and 17% 

EDTA 

 

 

MTA 

 

 

Blood clot 

 

 

1.5 years 

Induction of blood clot 

after irrigation with 5% 

NaOCl resulted in 

sufficient 

revascularization 

 

Narang et 

al., 2015 

(17) 

 

 

Prospective 

study 

 

 

15 

 

 

Below 

20 

 

 

NA 

 

 

Triple antibiotic/2.5% 

NaOCl 

 

 

GIC 

Group I= 

Blood clot 

Group II= 

PRP 

Group 

III= PRF 

 

 

1.5 years 

PRF showed huge 

potential to accelerate 

the growth 

characteristics as 

compared to the PRP 

and blood clot 

http://www.pkheartjournal.com/


PakHeart J2023;56(03) ISSN: 0048-2706 (Print), ISSN: 2227-9199 (Online) 

http://www.pkheartjournal.com 1266 

 

 

 

 

Bezgin et 

al., 2015 

(18) 

 

 

RCT 

19 

Male 

=10 

Female 

=9 

 

10.1 

±1.85 

Anterior 

=13 

Posterior 

=6 

Antibiotic/2.5% 

NaOCl, 

17% EDTA 

and 

0.12% CHX 

 

 

MTA 

 

Blood 

clot=9 

PRP=10 

 

 

1.5 years 

In PRP group, mean 

time for apical closure 

was 8.1 months while in 

Blood Clot group it was 

9 months 

 

Bukhari et 

al., 2016 

(19) 

 

 

Retrospective 

study 

 

 

28 

 

 

8-31 

years 

 

Anterior 

=19 

Posterior 

=6 

 

Antibiotic/3% NaOCl 

and 

17% EDTA 

 

Bioceramic 

putty or 

MTA 

 

 

Blood clot 

 

2 years 

(12) 

4–6 years 

(13) 

21 patients (75%) healed 

completely, 3 patients 

needed further 

treatment, 4 cases 

presented incomplete 

healing 

Estefan et 

al., 2016 

(20) 

 

Prospective 

study 

 

40 

 

9 to 

18 

years 

Anterior 

Teeth 

(Maxillary 

incisors) 

Antibiotic/2.5% 

NaOCl 

and 

17% EDTA 

 

 

MTA 

 

 

Blood clot 

 

 

1 year 

Revascularization was 

better in younger age 

group (9 to 13 years) 

than the older ones (14 

to 18 years) 

 

Chen and 

Chen, 2016 

(21) 

 

 

Retrospective 

study 

 

 

16 

 

 

10.90 

±0.98 

 

posterior 

teeth 

(premolars) 

 

 

Ca(OH)2/2.5% NaOCl 

 

 

MTA 

 

 

Blood clot 

 

 

1 years 

There was no statistical 

difference between the 

two treatments regarding 

PAI scores at the 1-, 3-, 

6-, and 12-month 

follow-up (p > 0.05). 

Timmerman 

and 

Parashos, 

2017 (22) 

 

 

Case report 

 

 

1 

 

16 

years 

anterior 

tooth 

(maxillary 

lateral 

incisor) 

 

Ca(OH)2/1% NaOCl 

and 

15% EDTA 

 

 

MTA 

 

 

Blood clot 

 

 

3 years 

REP can potentially 

provide excellent 

treatment outcomes for 

structurally 

compromised teeth 

 

Peng et al., 

2017 (23) 

 

retrospective 

study 

 

45 

 

10.8 

±1.92 

 

-------- 

 

Antibiotic/5.25% 

NaOCl 

Group 1= 

GIC 

Group 2= 

MTA 

 

Blood clot 

 

2.5-3 years 

Long-term outcome of 

revascularisation in non- 

vital immature 

permanent teeth sealed 

http://www.pkheartjournal.com/


PakHeart J2023;56(03) ISSN: 0048-2706 (Print), ISSN: 2227-9199 (Online) 

http://www.pkheartjournal.com 1267 

 

 

 

         with GIC was not as 

good as that with MTA. 

Arjam et 

al., 2019 

(24) 

 

Case report 

 

1 

 

7 

years 

posterior 

tooth 

(mandibular 

first molar) 

Ca(OH)2/10 mL 

sterile saline 

and 

20% EDTA 

 

MTA 

 

Blood clot 

 

2 years 

CBCT at two years 

follow-up confirmed 

apical closure and 

complete healing. 

 

Alasqah et 

al., 2020 

(25) 

 

 

Case report 

 

 

1 

 

 

8 

years 

 

posterior 

tooth 

(mandibular 

first molar) 

antibiotic 

and Ca(OH)2/1.5% 

NaOCl 

and 

17% EDTA 

 

 

MTA 

 

 

Blood clot 

 

 

2 years 

complete root formation 

with significant 

periapical healing was 

evident radiographically 

after 2 years of recall 

appointments 

 

Chrepa et 

al., 2020 

(26) 

 

 

retrospective 

 

 

51 

 

 

7-26 

years 

 

 

--- 

chlorhexidine 

after NaOCl/Ca(OH)2, 

calcium hydroxide; 

DAP, double 

antibiotic paste 

 

 

Multiple 

  

 

1-8.2 years 

age was significantly 

associated 

with success with higher 

age being associated 

with a decreased success 

rate (P , .001) 

 

 

Jiang and 

Liu, 2023 

(27) 

 

 

 

 

Retrospective 

 

408 

(212 

males, 

196 

females 

 

 

 

6–16 

years 

 

 

anterior and 

posterior 

teeth 

 

 

Calcium hydroxide 

paste or antibiotic 

paste /1.5-3% NaOCl 

 

 

 

 

MTA, GIC 

blood 

clots, 

platelet- 

rich fibrin, 

and 

collagen 

membrane 

s 

 

 

 

 

 

4–107 

months 

 

The achievement of the 

primary and secondary 

goals were significantly 

related to age and tooth 

type (p < 0.05). 
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