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ABSTRACT 

 

Aim: To assess effectiveness between regenerative endodontic procedures (REP) and apexification procedures (AP) 

with mineral trioxide aggregate (MTA) and calcium hydroxide for inducing root end apex closure. 

 

Methods: Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 2020 guidelines were 

followed and registered in PROSPERO - CRD42024598501. Electronic databases were searched for studies evaluating 

effectiveness of REP and AP in terms of survival rate, success rate, increase in root length, root width and decrease in 

apical diameter. Cochrane risk of bias (ROB) -2 tool was used for risk of bias evaluation using Review manager 

(RevMan) 5.3. The risk ratio (RR) and standardized mean difference (SMD) was used as summary statistic measure 

with random effect model (p<0.05). 

 

Results: Nine studies were included in qualitative synthesis and eight studies for meta-analysis. Quality assessment 

revealed moderate to low risk of bias. The pooled estimate through RR and SMD favoured REP being superior to AP for 

better survival rate (RR = 1.01 (0.96 – 1.06)), success rate (RR = 1.09 (0.96 – 1.24)), increase in root length (SMD = 

0.25 (-0.14 – 0.63)), root width (0.66 (0.22 – 1.10)) and decrease in apical diameter (SMD =0.66 (-0.51 – 1.83)). 

Funnel plot did not show any heterogeneity indicating absence of publication bias. 

 

Conclusion: REP significantly improved apical root end closure. AP are equally effective in forming calcific barrier, 

however it was concluded that regeneration procedures are comparably superior to apexification procedures with 

greater outcomes. Clinicians should consider employing the REP in cases when root development is severely deficient 

and where tooth’s prognosis is hopeless even with an apexification procedure 
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INTRODUCTION 

 

The main aetiology for infected immature permanent teeth is traumatic dental injury, particularly intrusions, avulsions 

and combined injuries.[1-3] 

 

Treatment of infected immature permanent teeth is a challenge for endodontists.[1] The presence of thin dentinal root 

walls makes teeth more susceptible to fractures.[2] In addition, chemical–mechanical preparation, working length 

determination and obturations are difficult to accomplish due to the presence of open apices. [4,5] In such cases, the 

conventional treatment is apexification with periodic changes in calcium hydroxide-based intra canal medications or 

placement of an apical plug with mineral trioxide aggregate (MTA).[6] Both treatments aim to form an apical calcific 

barrier.[6] Although these procedures result in the resolution of the infection and the remission of signs and symptoms, 

they do not allow continued root development, and the teeth persist with thin and fragile dentinal walls.[7] 

 

There are numerous challenges that the clinician faces when treating infected pulp in immature permanent teeth. The 

cleaning and shaping of the root canal system is challenging because of the thin dentinal walls. Obturation is also 

complicated because the apex is not fully developed and has a blunderbuss shape. Moreover, these teeth may be 

susceptible to fracture during or after treatment.[8] Traditionally, a calcium hydroxide–based apexification procedure 

has been advocated for treating an immature permanent tooth with an open apex.[9] Teeth treated with this 
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apexification procedure require a long-term application of calcium hydroxide in order to create an apical barrier to 

prevent the extrusion of obturation materials.[10] However, there are several drawbacks to this traditional apexification 

procedure, including a potential calcium hydroxide–mediated reduction in root strength and the requirement for 

excellent patient compliance because of the need for multiple visits scheduled over many months.[10] Thus, the 

traditional calcium hydroxide treatment approach for these cases may be less than ideal for many patients.[11] 

 

Alternative apexification methods have recently been proposed. Mineral trioxide aggregate (MTA), used in a 1- or 2-

step apexification procedure, has been shown to create an artificial apical barrier that permits the compaction of 

obturating material and the placement of coronal restoration.[5] 

 

In contrast, RET or Regenerative Endodontic Surgery (REPS) is a biological procedure designed to replace damaged 

structures such as roots and dentin, as well as cells in the pulp- dentin complex.[11] The main purpose of REPS is to 

stimulate mesenchymal stem cells such as bone/dental progenitor stem cells, dental pulp tissue in the root canal and to 

create a suitable environment for the continuous development of root and to avoid any deficient root development. [12] 

 

Some studies compared the treatment outcomes of apexification and regenerative endodontic procedure; both 

procedures promote satisfactory success rates ranging from 68% to 100%, with the infection being resolved as well as 

remission of signs and symptoms.[13-15] Concerning the continuation of root development, the results found in the 

literature vary, showing rates of increase in root length from 8.55% to 14.9% and increased width of dentin walls 

ranging from 1.4% to 28.2%, in addition to involving different aetiologies for pulp necrosis.[14,15] 

 

Studies has been conducted on clinical comparison of REP and AP, but no study to date has provided a comprehensive 

analysis of the comparison between REP and AP. Therefore, we conducted the current study by including relevant data 

and perform a qualitative analysis in order to compare and evaluate the effectiveness of the two treatments modality 

through a meta- analysis. 

 

METHODOLOGY 

 

Protocol development 

Review was performed in according to PRISMA 2020 guidelines [16] and registered in PROSPERO (prospective 

registration of systematic review) – CRD42024598501. 

 

Study design 

Participants (P), Intervention (I), Comparison and Outcome (O) format was used for proposed focused research question 

―Is there any difference in the effectiveness of regenerative endodontics (C ) and apexification procedures (I) in patients 

with necrotic permanent tooth (P) with regards to (O) survival rate, success rate, increase in root length, root width and 

decrease in apical diameter‖? 

 

Eligibility Criteria: Inclusion Criteria: 

 

1. Articles in English language and having sufficient data on effectiveness of REP and AP and reporting outcome in 

terms of survival rate, success rate, increase in root length, root width and decrease in apical diameter 

2. Studies published between January 2000 till April 2024 and as free available full text articles and from open 

access journals 

3. Comparative studies and clinical studies were taken into consideration 

4. Study involving assessing the study outcome in terms of mean and standard deviation 

 

Exclusion criteria: 

a. Articles in other than English language Reviews, abstracts, letter to the editor, editorials, animal studies and in 

vitro studies will be excluded 

b. Articles not from open access journals 

c. Articles not reporting the study outcomes in terms of mean and standard deviation 
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Search Strategy 

An electronic search was performed from January 2000 till April 2024 for the studies published within the last 24 years 

using the following databases: PubMed, google scholar and EBSCOhost. Cross-referencing were explored and grey 

literature search were conducted using Google Scholar, Greylist, and OpenGrey. 

 

Search Strategy according to PICO Format: 

 

 

 Strategy 

Population 

(("immature teeth"[MeSH Terms] OR "open apices" OR "tooth injury" OR ("necrotic 

pulp"[MeSH Terms] OR "immature root" OR ("traumatic tooth injury"[MeSH Terms] OR ("root canal 

treatment" 

Intervention 

((("apexification"[MeSH Terms] OR ("apical periodontitis" AND "calcium hydroxide" AND 

"mineral trioxide aggregate" OR "revascularization" OR "regeneration" OR ("tooth vitality"[MeSH 

Terms] OR ("dentinal wall width" AND 

"minimal instrumentation" OR "blood induction" OR ("canal healing")[MeSH Terms] 

Comparator 

(("regenerative endodontics" OR "revascularization"[MeSH Terms] OR ("artificial 

neural network" AND "treatment" OR "increase in root length" OR ("increase in root width" AND 

"decrease in apical diameter" OR "apical plug" 

Outcome 

assessed 

((("periapical healing"[MeSH Terms] OR "clinical outcome" OR ("clinical success"[MeSH Terms] 

OR ("endodontics" AND "maturogenesis‖ OR "success rate"OR ("survival rate"AND "randomized 

controlled trial" AND "clinical study" OR 

"prospective study" 

 

Screening Process 

A rigorous two-phase screening process was conducted by two authors to select relevant articles. Initially, titles and 

abstracts were reviewed, and non-relevant articles were excluded. Same reviewers independently performed the review 

of full text articles, with disputes resolved through discussion. A third reviewer was consulted when necessary to ensure 

consensus. 

 

Data extraction 

The descriptive study details were extracted with the following headings: author(s), country of study, year of study, 

sample size, reason for pulp necrosis, irrigation material used, intracanal medicament used, follow up duration, 

intervention and comparator group. 

 

Quality assessment of studies 

Quality assessment was performed by using Cochrane collaboration risk of bias (ROB) -2 tool [17] through its various 

domains in Review Manager (RevMan) 5.3 software. 

 

Statistical analysis 

Statistical analysis was performed with standardized mean difference (SMD) serving as the summary measure. 

Significance was determined at the threshold of p<0.05.[18] 

 

Assessment of heterogeneity 

The Cochranes test for heterogeneity was employed to assess the significance of any differences in treatment effect 

estimations among trials. Heterogeneity was deemed statistically significant if the P-value was <0.01.[19] 

 

Investigation of publication bias 

The study assessed publication bias using Begg’s funnel plot, which plots the effect size against standard error. 

Asymmetry in the funnel plot may indicate potential publication bias.[20] 
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Reports assessed for eligibility 

(n = 39) 

Studies included in review 

(n =09) 

Studies included in meta- 

analysis 

(n = 03) 

Reports excluded: 

After reviewing abstract (n = 08) 

References review (n = 02) 

Not meeting inclusion criteria (n = 20) 

Reports not retrieved 

(n = 116) 

Reports sought for retrieval 

(n =155) 

Records screened 

(n = 190) 

 

 

 

Records identified from: 

Databases (n = 245) 

Registers (n = 0) 

 

Records removed before screening: 

Duplicate records removed (n = 55) 

Records marked as ineligible by 

automation tools (n =0) 

Records removed for other reasons (n 

= 0) 

Records excluded** 

(n = 35) 

Figure 1. PRISMA 2020 Flow Diagram 

RESULTS 

 

Study Selection 

After duplicates removal, reference list of included studies was screened. Of which 116 studies were excluded. After this 

full text articles were assessed for eligibility and articles that did not meet inclusion criteria were excluded. Nine studies 

fulfilled eligibility criteria and were included in qualitative synthesis and eight studies for in meta – analysis. A 

flowchart of identification, inclusion and exclusion of studies is shown in Figure 1 below 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S
c
re

e
n

in
g

 
Id

e
n

ti
fi

c
a
ti

o
n

 
In

c
lu

d
e
d

 



International Journal of Enhanced Research in Medicines & Dental Care (IJERMDC), 

ISSN: 2349-1590, Vol. 12 Issue 7, July 2025, Impact Factor: 8.325 

 

Page | 41 

Study Characteristics 

A summary of qualitative study characteristics all included studies is shown in Table 1. Data was evaluated from nine 

studies[21-29] from a total of 671 teeth with pulp necrosis having undergone the endodontic treatment. Trauma and 

caries were the common reason for pulp necrosis with presence of periapical pathology. All the included studies had 

randomized controlled trial (RCT) study design. EDTA and NaOCL were the most commonly used irrigants with 

placement of triple antibiotic paste (TAP) and calcium hydroxide as intracanal medicament. All the included studies had 

regenerative endodontic procedure (REP) compared against the apexification procedure with MTA and Ca(OH)2 with a 

mean follow up duration of 15 months for inducing incomplete root formation and proper apical closure. Assessment of 

outcomes like survival rate, success rate, increase in root length, root width and decrease in apical diameter were 

assessed quantitatively. 

 

Table 1: Showing Descriptive Characteristics Of Included Studies 
 

Author, 

years of 

study 

Study 

type 
Sample size 

Pulp necrosis 

reason 

Irrigation 

method 

Intracanal 

medicament 

Follow up 

(months) 
Intervention 

Comparator 

group 

Alobaid et 

al. 2014
[21]

 
RCT 31 Trauma 17% EDTA TAP 15-22 REP AP 

Awies et 

al. 2017
[22]

 
RCT 22 Trauma/Caries 

5.25% 

NaOCL 
TAP 12 REP AP 

Chen et al. 

2015[23] RCT 38 Trauma/Caries 
2.5% 

NaOCL 
- 12 REP AP 

Felippe et 

al. 2006
[24]

 
RCT 20 Caries 

1.5% 

NaOCL 
Ca(OH)2 5 REP AP 

Jeeruphan et al. 

2012[25] RCT 61 Trauma/Caries 
5.25% 

NaOCL 
TAP 24 REP AP 

Lin et al. 

2017[26] RCT 103 Trauma 
1.5% NaOCL, 

17% EDTA 
TAP 12 REP AP 

Pereira et 

al. 2020
[27]

 
RCT 44 Trauma 

1.5% NaOCL, 

17% EDTA, 

saline and 

CHX 

TAP 12-30 REP AP 

Silujjal et al 

2016
[28]

 
RCT 43 Trauma/Caries 

1.5% NaOCL, 

17% EDTA 
Ca(OH)2 / TAP 12-96 REP AP 

Xuan et 

al. 2018
[29]

 
RCT 30 Trauma - - 12 REP AP 

 

AP- apexification procedure; CHX- chlorhexidine; EDTA- ethylene dioxide tri-aggregate; REP- regenerative 

endodontics procedure; Tap- triple antibiotic paste 

 

Quality assessment of included studies 

The highest risk of bias was seen for allocation concealment followed by selective reporting. All of the included studies 

reported moderate to lowest risk of bias. Domains of rando sequence generation, blinding pf participants and personnel, 

blinding of outcome assessment, incomplete outcome data and other bias were given lowest risk of bias as depicted in 

Figure 2 and 3 as 
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Figure 2: Showing Risk Of Bias Graph: Presented As Percentages Across All Included Studies. 
 

 

 

Figure 3: Showing Risk Of Bias Summary: For Each Included Study 

 

Synthesis of Result 

The meta-analysis was performed for assessing the outcome in terms of survival rate, success rate, increase in root 

length, root width and decrease in apical diameter as shown below in figures 4-10. 

 

Survival rate 

Three studies[21,25,26] containing data on 174 teeth, of which (n=101) teeth were evaluated by regenerative 

endodontic procedure (REP) and (n=73) teeth by apexification (AP) for the evaluation of the better effectiveness 

between the two in terms of better survival rate. 

 

As shown in Figure 4. the RR is 1.01 (0.96 – 1.06) and the pooled estimates favours REP. This signifies that survival rate 

on an average was 1.01 times more in REP compared to AP. (p>0.05). 
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Figure 4: Survival Rate Comparison With REP Or Apexification Procedure 
 

Success Rate 

Five studies[21,23,25,27,28] containing data on 195 teeth, of which (n=87) teeth were evaluated by regenerative 

endodontic procedure (REP) and (n=108) teeth by apexification for the evaluation of the better effectiveness between the 

two in terms of better success rate. 

 

As shown in Figure 5. the RR is 1.09 (0.96 – 1.24) and the pooled estimates favours REP. This signifies that success rate 

on an average was 1.09 times more in REP compared to AP. (p>0.05). 

 

 
 

Figure 5: Success rate comparison with REP or apexification procedure 
 

Increase in Root Length 

Three studies[22,27,28] containing data on 109 teeth, of which (n=50) teeth were evaluated by regenerative endodontic 

procedure (REP) and (n=59) teeth by apexification for the evaluation of the better effectiveness between the two in 

terms of increase in root length. 

 

As shown in Figure 6. the SMD is 0.25 (-0.14 – 0.63) and the pooled estimates favours REP. This signifies that increase 

in root length on an average was 0.25 times more in REP compared to AP. (p>0.05). 

 

 

 

Figure 6: Increase in root length comparison with REP or apexification procedure 
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Increase in Root Width 

Two studies[27,28] containing data on 87 teeth, of which (n=39) teeth were evaluated by regenerative endodontic 

procedure (REP) and (n=48) teeth by apexification for the evaluation of the better effectiveness between the two in 

terms of increase in rot width. 

 

As shown in Figure 7. the SMD is 0.66 (0.22 – 1.10) and the pooled estimates favours REP. This signifies that increase 

in root width on an average was 0.66 times more in REP compared to AP. (p>0.05). 

 

 
 

Figure 7: Increase in root width comparison with REP or apexification procedure 
 

Decrease in apex diameter 

Four studies[22,26,27,29] containing data on 244 teeth, of which (n=132) teeth were evaluated by regenerative 

endodontic procedure (REP) and (n=112) teeth by apexification for the evaluation of the better effectiveness between the 

two in terms of decrease in apex diameter. 

 

As shown in Figure 8. the SMD is 0.66 (-0.51 – 1.83) and the pooled estimates favours REP. This signifies that 

decrease in apex diameter on an average was 0.66 times more in REP compared to AP. (p>0.05). 

 

 

 

 

Figure 8: Decrease in apex diameter comparison with REP or apexification procedure 
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Figure 9: Showing Begg’s Funnel Plot With 95% Confidence Intervals Demonstrating An Absence Of 

Publication Bias. 
 

DISCUSSION 

 

RET and apexification are 2 treatment modalities for an immature tooth with pulp necrosis and apical periodontitis. The 

success rate of RET and apexification have been reported in several clinical studies.[12,14] Calcium hydroxide and 

MTA have been used for apexification. One- session apexification using MTA could build an artificial barrier without 

any change of the root, whereas apexification with calcium hydroxide could achieve a calcification barrier, which may 

contribute to an increased root length. To better evaluate the effect on root development of RET, we chose the 

apexification technique (calcium hydroxide) as the control group in the present study. 

 

Regeneration was proposed by the literature as technique to provide the proper environment for continuing the root 

formation thus increasing root length and dentin thickness and decreasing the apical foramen diameter.[1,8] The 

concept of the revascularization techniques is based on the differentiation of the vital stem cells into secondary 

odontoblasts, ultimately allowing dentin deposition (9) . Jeeruphan et al.[22] have found that the MTA apical plugging 

and the regenerative procedure were successful treatment options regarding the apical closure. 

 

REP can be a significant clinical benefit, especially for immature teeth. However, there are still drawbacks that needs to 

be addressed to improve the quality and efficiency of the treatment. 

 

This systematic review was conducted to provide a quantitative comparative analysis between regenerative endodontics 

and apexification procedures with mineral trioxide aggregate and calcium hydroxide for inducing incomplete root 

formation and proper apical closure. Both the interventions are aimed at saving immature necrotic teeth. The outcomes 

assessed were better survival rate, success rate, increase in root length, root width and decrease in apical diameter. 

Based on eligibility criteria’s nine studies were included in review. Included studies had moderate to low level of bias. 

The results of meta-analysis revealed that REP was overall superior to AP with regards to better survival rate (RR = 

1.01 (0.96 – 1.06)), success rate (RR = 1.09 (0.96 – 1.24)), increase in root length (SMD = 0.25 (-0.14 – 0.63)), root 

width (0.66 (0.22 – 1.10)) and decrease in apical diameter (SMD =0.66 (-0.51 – 1.83)). 

 

However, the results of this systematic review are consistent with the systematic review and review by Panda et al. 2022 

[27] to compare clinical outcomes using endodontic therapy (RET) and apexification in the treatment of young, 

immature teeth. Clinical outcomes such as dentin wall thickness (DWT), root length increase (RL), apical closure (AC), 

viability response (VR) and success rate (SR) were evaluated. The survival rate was found to be similar in both 

interventions; However, if root development is poor, dentin is insufficient, and the prognosis of the tooth is hopeless 

even with apical treatment, RET should be preferred. 

 

Systematic review [28] evaluated the clinical` and functional outcomes of immature teeth treated with endodontic 

revascularization or apexification after at least three months of follow up to determine which was most effective. The 

authors concluded that although endodontic revascularization surgery can make roots longer and wider, trials are 

needed to measure the "true increase" in root growth using the standard model because some electronic interventions 

may exaggerate the gain. It is also concluded that appropriate root canal medications should be considered to improve 
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SCAP survival while reducing microbial infection and infection risk. According to their meta-analysis, the results did 

not favour one treatment over the other. 

 

Another review [29] evaluated the clinical and radiographic outcomes of non-vital permanent teeth treated with RET, 

and the authors found positive tooth survival and periapical pathology after RET. However, results regarding better 

outcomes such as continued root growth are unclear. This study also follows up on the results of our review. 

 

The systematic review adhered to PRISMA guidelines, employing a comprehensive literature search and rigorous 

methodology, including Cochrane tool ROB assessment. This resulted in high-quality studies with minimal bias, 

providing a robust evidence base for therapeutic recommendations on optimizing the usage of using silver 

nanoparticles and calcium hydroxide as an intracanal medicaments. 

 

Systematic reviews and meta-analyses are considered the highest level of evidence, offering transparency and 

reproducibility in addressing specific research questions. However, the quality of included studies impacts the strength 

of evidence. This review included sufficient studies with brief observation periods and known risk of bias. 

 

CONCLUSION 

 

Clinicians should consider REP in cases with root growth defects, inadequate dentin, and where the dental outcome is 

hopeless. REP improved apical closure. MTA and Ca(OH)2 have similar effects in creating a calcification barrier, but it 

can be concluded that regenerative endodontics is better than apexification surgery and has better results. 

 

REFERENCES 

 

[1]. Shah N, Logani A, Bhaskar U, Aggarwal V. Efficacy of revascularization to induce Apexification/Apexogensis 

in Infected, Nonvital Immature teeth: A pilot clinical study. J Endod. 2008;34(2):919-25. 

[2]. Asagry S, Ehsani S. MTA resorptions and periradicular healing in an open-apex incisor: A case report, Saudi 

Dent J 2012;24(4):55-59. 

[3]. D’Arcangelo C, D’Amario M, Chieti, L’Aquila. Use of MTA for orthograde obturation of nonvital teeth with 

open apices: report of two cases, Oral Surg.Oral Med Oral Pathol Oral Radiol. Endod. 2007;104(1):98-101. 

[4]. Thomson A, Kahler B. Regenerative endodontics biologically-based treatment for permanent teeth: a case report 

and review of literature. Aust Dent J. 2010;55(5):446- 52. 

[5]. Neha K, Kansal R, Garg P, Joshi R, Garg D, Grover HS. Management of immature teeth by dentin-pulp 

regeneration: A recent approach, Med Oral Patol Oral Cir Bucal. 2011;16(2):997-04. 

[6]. Garcia-Gody F, Murray PE. Recommendations for using regenerative endodontic procedures in permanent 

immature traumatized teeth, Dent Traumatol. 2012;28(6):33-41. 

[7]. Iwaya S, Ikawa M, Kubota M. Revascularization of an immature permanent tooth with apical periodontitis and 

sinus tract. Dent Traumatol. 2001;17(5):185–7. 

[8]. BanchsF, Trope M. Revascularization of immature permanent teeth with apical periodontitis: new treatment 

protocol? J Endod. 2004;30(3):196 –200. 

[9]. Nagy MM, Tawfik HE, Hashem AA, Abu-Seida AM. Regenerative potential of immature permanent teeth with 

necrotic pulps after different regenerative protocols. J Endod. 2014;40(4):192-8. 

[10]. Rafter M. Apexification: a review. Dent. Traumatol 2005;21(2):1–8 

[11]. Simon S, Rilliard F, Berdal A and Machtou P. The use of mineral trioxide aggregate in one-visit apexification 

treatment: a prospective study. Int. Endod J. 2007;40(1):186–97. 

[12]. Holden DT, Schwartz SA, Kirkpatrick TC, Svhindler WG. Clinical outcomes of artificial root-end barriers with 

mineral trioxide aggregate in teeth with immature apices. J Endod. 2008;35(7):812-6. 

[13]. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic reviews 

and meta-analyses: the PRISMA statement. Annals of internal medicine. 2009;151(4):264-9. 

[14]. Corbett MS, Higgins JP, Woolacott NF. Assessing baseline imbalance in randomised trials: implications for the 

Cochrane risk of bias tool. Research Synthesis Methods. 2014;5(1):79-85. 

[15]. DerSimonian R, Laird N. Meta-analysis in clinical trials revisited. Contemporary clinical trials. 2015;45(2):139-

45. 

[16]. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta‐analysis. Statistics in medicine. 

2002;21(11):1539-58. 

[17]. Sterne JA, Becker BJ, Egger M. The funnel Plot. Publication bias in meta-analysis: Prevention, assessment and 

adjustments. 2005;10(3):75-98. 

[18]. Alobaid AS, Cortes LM, Lo J, Nguyen TT, Albert J, Abu-Melha AS, Lin LM, Gibbs JL. Radiographic and 

clinical outcomes of the treatment of immature permanent teeth by revascularization or apexification: a pilot 

retrospective cohort study. Journal of endodontics. 2014;40(8):1063-70. 

[19]. Awies A, Lattif AE, Dokky NA. Comparative Study Between Revascularisation (Regeneration) and MTA 

Apexification for Necrotic Immature Permanent Anterior Teeth With open apex: A Randomized Controlled 



International Journal of Enhanced Research in Medicines & Dental Care (IJERMDC), 

ISSN: 2349-1590, Vol. 12 Issue 7, July 2025, Impact Factor: 8.325 

 

Page | 47 

Trial. International Journal of Advanced Research. 2017;43(2):78-85. 

[20]. Chen SJ, Chen LP. Radiographic outcome of necrotic immature teeth treated with two endodontic techniques: A 

retrospective analysis. biomedical journal. 2016;39(5):366-71. 

[21]. Felippe WT, Felippe MC, Rocha MJ. The effect of mineral trioxide aggregate on the apexification and periapical 

healing of teeth with incomplete root formation. International endodontic journal. 2006;39(1):2-9. 

[22]. Jeeruphan T, Jantarat J, Yanpiset K, Suwannapan L, Khewsawai P, Hargreaves KM. Mahidol study 1: 

comparison of radiographic and survival outcomes of immature teeth treated with either regenerative 

endodontic or apexification methods: a retrospective study. Journal of endodontics. 2012;38(10):1330-6. 

[23]. Lin J, Zeng Q, Wei X, Zhao W, Cui M. Regenerative endodontics versus apexification in immature permanent 

teeth with apical periodontitis: a prospective randomized controlled study. Journal of endodontics. 

2017;43(11):1821-7. 

[24]. Pereira AC, Oliveira ML, Cerqueira‐Neto AC, Vargas‐Neto J, Nagata JY, Gomes BP, Ferraz CC, de Almeida JF, 

de‐Jesus‐Soares A. Outcomes of traumatised immature teeth treated with apexification or regenerative 

endodontic procedure: a retrospective study. Australian Endodontic Journal. 2021;47(2):178-87. 

[25]. Silujjai J, Linsuwanont P. Treatment outcomes of apexification or revascularization in nonvital immature 

permanent teeth: a retrospective study. Journal of endodontics. 2017;43(2):238-45. 

[26]. Xuan K, Li B, Guo H, Sun W, Kou X. Deciduous autologous tooth stem cells regenerate dental pulp after 

implantation into injured teeth. Sci. Transl. Med. 2018;10(6):22-32. 

[27]. Panda P, Mishra L, Govind S, Panda S, Lapinska B. Clinical outcome and comparison of regenerative and 

apexification intervention in young immature necrotic teeth—A systematic review and meta-analysis. Journal of 

Clinical Medicine. 2022;11(13):39- 49. 

[28]. Tong HJ, Rajan S, Bhujel N, Kang J, Duggal M, Nazzal H. Regenerative Endodontic Therapy in the 

Management of Nonvital Immature Permanent Teeth: A Systematic Review—Outcome Evaluation and Meta-

analysis. J. Endod. 2017;43(2):1453–1464. 

[29]. Nicoloso GF, Goldenfum GM, Pizzo D, Scarparo RK, Montagner F. Pulp Revascularization or Apexification 

for the Treatment of Immature Necrotic Permanent Teeth: Systematic Review and Meta Analysis. J. Clin. 

Pediatr. Dent. 2019;43(5):305–313. 


