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ABSTRACT

Objectives: The aim of this systematic review is to compare the effectiveness of advanced platelet concentrates as regen-
erative endodontic therapeutic alternatives to blood clot (BC) revascularization in immature permanent necrotic teeth.
Methods: Randomized controlled trials (RCTs) comparing regenerative endodontic therapies using platelet-rich plasma 
(PRP), platelet-rich fibrin (PRF), or platelet pellet (PP) with the BC revascularization approach in immature permanent 
necrotic teeth were systematically searched in PubMed, Scopus, Cochrane Library, and Web of Science until May 2025. 
Data was extracted and analyzed both qualitatively and quantitatively. Study quality was assessed using the Cochrane 
Risk of Bias tool. A meta-analysis was conducted using IBM SPSS software (version 29.0), with success rates expressed as 
risk ratios and 95% confidence intervals (CIs).
Results: The initial search yielded 4,917 studies. After removing duplicates and applying eligibility criteria, 15 RCTs were 
included. Meta-analysis indicated no significant difference in the risk ratio (RR), as the BC method has similar success 
rates with PRP (10 studies; RR = 1.01; 95% CI, 0.94–1.09; p = 0.76) and PRF (8 studies; RR = 0.98; 95% CI, 0.89–1.08; p = 
0.65) at 12 months. The primary outcomes evaluated were based on clinical and radiographic success.
Conclusions: Current evidence suggests PRP, PRF, and BC are all effective in treating immature permanent necrotic teeth 
with similar success rates. However, further research is needed to assess long-term outcomes.
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Research Article

INTRODUCTION

In regenerative endodontics, biologically driven meth-

ods are used to restore the pulp-dentin complex, dentin, 

and root structures of the treated teeth [1]. These treat-

ment modalities utilize stem cells, biomaterial scaffolds, 

and signaling molecules to promote healing, resolve 

symptoms, and support further root maturation leading 
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to increased dentinal thickness, root length, and struc-

tural strength, reduced risk of fractures, and reduced 

tooth sensitivity. In clinical endodontics, regenerative 

endodontic procedures (REPs) are now considered the 

treatment of choice for immature permanent teeth with 

pulp necrosis [1–5].

In biological terms, REPs aim to replace inflamed 

or necrotic pulp tissue with newly formed, pulp-like 

tissue that ideally includes a peripheral layer of odon-

toblast-like cells, mimicking the structure of healthy 

pulp. Kim et al. [4] suggest that these procedures aim 

to resolve clinical signs and symptoms, promote root 

maturation, and restore neurogenesis. These therapeu-

tic outcomes may be achieved through cell homing, a 

process in which endogenous stem or progenitor cells 

migrate to the site of injury through passive blood flow 

from the periapical tissues, leading to the formation of 

a blood clot (BC) that acts as a natural scaffold [4,6,7]. 

These regenerative stimuli can be further enhanced by 

platelet-derived biomaterials (platelet concentrates), 

such as platelet-rich plasma (PRP), platelet-rich fibrin 

(PRF), and platelet pellet (PP), which release growth 

factors that induce cell recruitment, proliferation, and 

differentiation.

In endodontics, platelet concentrates serve as scaf-

folds that support revascularization and tissue regener-

ation within the root canal system [8]. These techniques 

evolved from the traditional BC method, long regarded 

as the gold standard in regenerative endodontics. In this 

approach, bleeding is intentionally induced from the 

periapical tissues to create an intracanal BC. This clot 

functions as a natural scaffold, attracting and deliver-

ing growth factors and progenitor cells from the apical 

papilla into the canal space, thereby facilitating tissue 

regeneration [9]. It was not until 2016 that renowned 

organizations such as the American Association of En-

dodontists and the European Society of Endodontology 

recognized the significance of regenerative endodontic 

treatments (RETs), with the former proposing a stan-

dardized protocol for REPs, which included the use of 

scaffolds such as PRP or PRF, and the latter publishing a 

position statement on revitalization procedures [10,11].

The objective of the present study is to compare the 

clinical effectiveness of platelet concentrates as a thera-

peutic alternative to conventional BC revascularization 

for the treatment of immature permanent necrotic teeth 

with at least 12 months of follow-up time through a 

systematic review approach. According to the null hy-

pothesis, there is no significant difference in the clinical 

success rates between platelet concentrates and con-

ventional BC approaches for the treatment of immature 

permanent necrotic teeth over a minimum follow-up 

period of 12 months.

METHODS

Protocol and registration
A comprehensive protocol of the present systematic 

review has been created and registered with the PROS-

PERO (International Prospective Register of Systematic 

Reviews; registration number, CRD420251057926). The 

systematic review is being conducted following the 

Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) 2020 guidelines [12].

Information sources and search strategy
An extensive literature search was conducted across 

multiple electronic databases, including the Web of 

Science by Clarivate Analytics (All Collections and Core 

Collection), the Cochrane Library, MEDLINE PubMed, 

and Elsevier Scopus. A combination of Medical Sub-

ject Headings (MeSH) terms was employed to identify 

randomized controlled trials (RCTs) investigating the 

use of PRP, PRF, or PP in REPs for immature necrotic 

teeth. The search encompassed all available records 

from inception through May 2, 2025. A manual search 

was also conducted by screening the reference lists of 

all included studies and relevant systematic reviews and 

meta-analyses. The search strategy for each database is 

presented in Table 1.

Study selection and eligibility criteria
1. PICO framework
Population: Immature necrotic permanent teeth.

Intervention: REP using platelet concentrates.

Comparison: REP by inducing the formation of a BC as 

a scaffold.

Outcomes: Radiographic assessment and clinical exam-

ination.
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Table 1. Search strategy 
Databases Search strategy
MEDLINE (PubMed) (((((((((((“platelet rich plasma”[All Fields]) OR (“platelet rich fibrin”[All Fields])) OR (“platelet gel”[All Fields])) OR 

(“platelet concentrated”[All Fields])) OR (“platelet concentrate”[All Fields])) OR (“platelet pellet”[All Fields])) OR 
(“prp”[All Fields])) OR (“prf”[All Fields])) OR (“pp”[All Fields])) OR (“platelet rich plasma”[MeSH Terms])) OR (“platelet 
rich fibrin”[MeSH Terms])) AND ((((((“regenerative endodontics”[All Fields]) OR (“apexification”[All Fields])) OR 
(“pulp revascularization”[All Fields])) OR (“pulp revitalization”[All Fields])) OR (“regenerative endodontics”[MeSH 
Terms])) OR (“apexification”[MeSH Terms]))

Separate combined searches of each of the terms from group #1 AND group #2
1) “platelet rich plasma”[All Fields], “platelet rich fibrin”[All Fields], “platelet gel”[All Fields], “platelet concentrat-

ed”[All Fields], “platelet concentrate”[All Fields], (“platelet pellet”[All Fields], “prp”[All Fields], “prf”[All Fields], 
“pp”[All Fields], “platelet rich plasma”[MeSH Terms], “platelet rich fibrin”[MeSH Terms]

2) “regenerative endodontics”[All Fields], “apexification”[All Fields], “pulp revascularization”[All Fields], “pulp revital-
ization”[All Fields], “regenerative endodontics”[MeSH Terms], “apexification”[MeSH Terms]

Elsevier Scopus ((TITLE-ABS-KEY (platelet AND rich AND plasma) OR TITLE-ABS-KEY (platelet AND rich AND fibrin) OR TITLE-ABS-
KEY (platelet AND concentrated) OR TITLE-ABS-KEY (platelet AND concentrate) OR TITLE-ABS-KEY (platelet AND 
pellet) OR TITLE-ABS-KEY (platelet AND gel) OR TITLE-ABS-KEY (prp) OR TITLE-ABS-KEY (prf) OR TITLE-ABS-KEY 
(pp))) AND ((TITLE-ABS-KEY (regenerative AND endodontics) OR TITLE-ABS-KEY (apexification) OR TITLE-ABS-KEY 
(pulp AND revascularization) OR TITLE-ABS-KEY (pulp AND revitalization)))

Separate combined searches of each of the terms from group #1 AND group #2
1) TITLE-ABS-KEY (platelet AND rich AND plasma), TITLE-ABS-KEY (platelet AND rich AND fibrin), TITLE-ABS-KEY 

(platelet AND concentrated), TITLE-ABS-KEY (platelet AND concentrate), TITLE-ABS-KEY (platelet AND pellet), 
TITLE-ABS-KEY (platelet AND gel), TITLE-ABS-KEY (prp), TITLE-ABS-KEY (prf), TITLE-ABS-KEY (pp)

2) TITLE-ABS-KEY (regenerative AND endodontics), TITLE-ABS-KEY (apexification), TITLE-ABS-KEY (pulp AND revas-
cularization), TITLE-ABS-KEY (pulp AND revitalization)

Cochrane Library (“platelet rich plasma” or “platelet rich fibrin” or “platelet gel” or “platelet concentrated” or “platelet concentrate” or 
“platelet pellet” or “PRP” or “PRF” or “PP”) and (“Regenerative Endodontics” or “Apexification” or “pulp revitaliza-
tion” or “pulp revascularization”)

Web of Science Core Collection The following searches were combined (1 AND #2):
1) ((((((((ALL= (platelet rich plasma)) OR ALL=(platelet rich fibrin)) OR ALL= (platelet concentrate)) OR ALL= (platelet 

concentrated)) OR ALL=(platelet pellet)) OR ALL=(platelet gel)) OR ALL=(PRP)) OR ALL=(PRF)) OR ALL=(PP)
2) (((ALL= (regenerative endodontics)) OR ALL=(apexification)) OR ALL=(pulp revascularization)) OR ALL= (pulp 

revitalization)
Separate combined searches of each the terms from group #1 AND #2:
1) ALL=(platelet rich plasma), ALL=(platelet rich fibrin), ALL= (platelet concentrate), ALL=(platelet concentrated), 

ALL= (platelet pellet), ALL= (platelet gel), ALL=(PRP), ALL=(PRF), ALL=(PP)
2) ALL= (regenerative endodontics), ALL=(apexification), ALL= (pulp revascularization), ALL= (pulp revitalization)

Web of Science All Databases The following searches were combined (1 AND #2):
1) ((((((((TS= (platelet rich plasma)) OR TS= (platelet rich fibrin)) OR TS= (platelet concentrated)) OR TS= (platelet 

concentrate)) OR TS= (platelet pellet)) OR TS= (platelet gel)) OR TS= (PRP)) OR TS=(PRF)) OR TS=(PP)
2) (((TS= (regenerative endodontics)) OR TS= (apexification)) OR TS=(pulp revascularization) OR TS=(pulp revital-

ization)
Separate combined searches of each of the terms from group #1 AND group #2:
1) TS= (platelet rich plasma), TS= (platelet rich fibrin), TS=(platelet concentrated), TS= (platelet concentrate), 

TS=(platelet pellet), TS=(platelet gel), TS=(PRP), TS= (PRF), TS= (PP)
2) TS=(regenerative endodontics), TS=(apexification), TS=(pulp revascularization), TS= (pulp revitalization)

Study: RCTs with a minimum follow-up period of 12 

months.

2. Inclusion criteria
The following criteria were applied for study inclusion:

• RCTs published in the English language.

• Studies comparing the clinical success rates of PRP, 

PRF, or PP with the conventional BC technique in REPs 

for immature necrotic permanent teeth.

• Studies reporting a minimum follow-up period of 12 

months posttreatment.

3. Exclusion criteria
Studies that met any of the criteria listed below were ex-

cluded:

• Retrospective, preclinical animal studies, in vitro in-
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vestigations, case control, non-randomized studies, 

case series, case reports, book chapters, meta-analyses, 

narrative, systematic, and scoping reviews.

• Studies for which the full-text version was unavailable 

after two unsuccessful attempts to contact the corre-

sponding author via email.

• Studies with a follow-up period of less than 12 months.

• Studies involving primary or fully mature permanent 

teeth.

• Studies without a control group treated with the BC 

technique.

• Studies that did not report data in a comparative for-

mat suitable for analysis.

Data collection
The titles and abstracts of all retrieved articles were 

independently screened by three reviewers (DT, NT, 

AT). During the selection process, any disputes were 

resolved through discussion and, when necessary, con-

sultation with a fourth reviewer (KK). This process was 

consistently applied at each stage of screening. Subse-

quently, full-text articles of potentially eligible studies, 

including those identified through manual searching, 

were assessed for inclusion by the same three review-

ers (DT, NT, AT), with final confirmation by the fourth 

reviewer (KK). The study selection process is demon-

strated in the PRISMA flow diagram (Figure 1). The list 

of excluded full-text articles, along with the reasons for 

Figure 1. Flow diagram of the search process.

Records identified from databases (n = 4,917)

Records after duplicates removed (n = 483)

Reports screened based on title (n=483)

Reports screened based on abstract (n = 410)

Full-text articles assessed for eligibility (n = 30)

Studies included in analysis (n = 15)

Studies included in review (n = 15)

Reports screened based on study type (n = 219)

Records removed before screening:
Duplicate records removed (n = 4,434)

Reports excluded (n = 73)

Reports excluded (n = 191)

Reports excluded (n = 193)

Suitable reports found through manual search (n = 4)

Full texts articles excluded (n = 15), with reasons:
- �3: Contact with the corresponding author was not 

achieved
- �1: Follow-up period, <12 mo
- �2: Not comparing/ having a BC control group in  

mature teeth
- 6: Not comparing/ having a BC control group
- 1: Not having a BC control group in mature teeth
- �1: Only compares disinfection methods 
- 1: Study on mature teeth
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their exclusion, is provided in Supplementary Table 1.

Risk of bias assessment for individual studies
The risk of bias for each included study was inde-

pendently assessed by two authors (KK, AF), using the 

Cochrane Risk of Bias 2.0 (RoB 2.0) tool for RCTs, which 

assesses five domains: the randomization process, devi-

ations from intended interventions, handling of missing 

outcome data, measurement of outcomes, and selective 

reporting of results [13]. A study was rated as ‘low risk’ 

when all domains were judged low risk, as ‘moderate 

risk’ when at least one domain raised some concerns, 

and as ‘high risk’ when any domain was identified as 

high risk. Discrepancies between the two reviewers 

were resolved through discussion with a third reviewer 

(NT).

Applied criteria and outcomes measured
The studies included were assessed using well-defined 

criteria to ensure that the outcomes were reliable, 

comparable, and reproducible. These criteria were cat-

egorized into three main domains: radiographic assess-

ment, clinical examination, and histological evaluation. 

Radiographic assessments included tools such as the 

Periapical Index (PAI), Chen & Chen criteria, and root 

dimension measurements performed using cone-beam 

computed tomography (CBCT). These methods allowed 

for objective evaluation of root development and peri-

apical healing. Clinical outcomes were evaluated based 

on the absence of pathological signs or symptoms (eg, 

pain, swelling, or sinus tract), evidence of periapical 

healing, tooth survival, and the results of sensibility 

tests. Histological evaluation of newly regenerated pulp-

like tissue involves the identification of key cellular 

components, including odontoblasts and fibroblasts, as 

well as the presence of neovascularization and regen-

erated nerve fibers. Additionally, it assesses the status 

of inflammation or infection and the integrity of the 

periodontal ligament, along with the surrounding bone 

structures [14].

Statistical analysis
Meta-analyses were conducted using SPSS software 

to compare the success rates between PRP or PRF and 

BC, with a minimum follow-up period of 12 months. 

Success rates were treated as dichotomous outcomes, 

and the effect of the interventions was expressed as risk 

ratios (RR) with corresponding 95% confidence inter-

vals (CIs). The I² statistic was used to assess statistical 

heterogeneity among studies. In case of low heteroge-

neity (I² ≤ 50%), a fixed-effect model was applied, while 

a random-effects model was used in cases of moderate 

to high heterogeneity. Potential publication bias was as-

sessed both visually through funnel plot inspection. The 

significance level was set at p ≤ 0.05.

RESULTS

Study selection
The initial search yielded 4,917 records, from which 

4,434 duplicates were removed. After screening the 

remaining records, 73 were excluded based on title, 

191 based on abstract, and 193 based on study design. 

Additionally, four relevant articles were identified 

through a manual search. A total of 30 full-text articles 

were subsequently assessed for eligibility, of which 15 

were excluded for various reasons (Supplementary Ta-

ble 1). Ultimately, 15 studies met the inclusion criteria 

and were included in both qualitative and quantitative 

analyses. Of these, 10 studies involved the use of PRP in 

a total of 124 teeth [15–24], eight studies used PRF in 81 

teeth [15,18,19,25–29], and one study utilized PP in 17 

teeth [15]. Since PP was evaluated in a single trial, it was 

excluded from the meta-analysis but included in the 

systematic review. The total number of teeth in the BC 

group was 165.

With respect to treatment outcomes, the overall me-

ta-analysis demonstrated no significant difference in 

the RR between PRP and BC groups (10 studies; RR = 

1.01; 95% CI, 0.94–1.09; p = 0.76) (Figure 2), nor between 

PRF and BC groups (eight studies; RR = 0.98; 95% CI, 

0.89–1.08; p = 0.65) (Figure 3). Furthermore, both com-

parisons exhibited no heterogeneity (I² = 0.0%, p > 0.99), 

indicating consistency across the included studies.

Outcomes measured
The outcomes assessed in the included studies were 

predominantly clinical and radiographic, with a limited 

number of patient-centered and research-centered out-

comes also reported.



https://doi.org/10.5395/rde.2025.50.e38

Platelet concentrates in regenerative endodontics

6/14

Figure 3. Forest plot showing the RR for treatment outcomes between platelet-rich fibrin and blood clot.

Figure 2. Forest plot showing the RR for treatment outcomes between platelet-rich plasma and blood clot.

The most frequently evaluated radiographic outcomes 

were: root length (13 studies [15–21,24–29]), periapi-

cal healing lesion (10 studies [15,16,18–20,22,26–29]), 

apical closure (10 studies [15,16,19,20,22,23,26–29]), 

dentinal wall thickness (seven studies [16–19,27–29]), 

root–radiographic area (four studies [15,17,22,23]), api-

cal diameter (four studies [17,21,24,25]), root thickness 

(three studies [15,24,25]), increase in bone density (three 

studies [20,24,25]), radiographic canal area (one study 

[15]), root canal diameter (one study [21]), cervical 

calcification barriers (one study [26]), root width (one 

study [15]), internal/external resorption (one study [22]), 

pulp chamber obliteration (one study [22]). Two studies 

evaluated the aforementioned measurements as well 
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as periapical area diameter using sagittal and coronal 

planes of limited field of view CBCT scans [17,20].

The most commonly reported clinical outcomes 

included: sinus fistula formation (nine studies 

[15–17,19,20,22,24,25,27]), swelling (nine studies 

[15–17,19,20,22,24,25,]), sensibility test (eight studies of 

which in six cold testing [15,17,20,22,23,25], in six elec-

tric testing [15,17,20,22,23,25], in two heat testing [17,25] 

and in two unknown tests [18,24]), sensitivity/tender-

ness to percussion (six studies [15,17,19,20,22,27]), 

mobility (four studies [17,22,24,25]), palpation of soft 

tissues (three studies [19,20,27]), and other clinical 

symptoms like infection (two studies [17,26]).

Patient-centered outcomes were less frequent-

ly  reported but  included:  pain (seven studies 

[15,16,19,20,22,24,25]), discoloration (five studies 

[17,22,24–26]), and tooth survival (one study [25]). Re-

search-centered outcomes included PAI (one study [18]) 

and apical response (Chen & Chen criteria; one study 

[18]).

None of the studies presented histological evidence 

on regenerated tissues.

Quality assessment of individual studies
The Cochrane Collaboration’s ROB 2.0 tool for RCTs 

was used to conduct the risk of bias assessment. Of the 

included studies, 10 were rated as having a low risk of 

bias across most domains (Figure 4), while two had a 

moderate risk of bias, and three were assessed as having 

a high risk of bias. Overall, the body of evidence was 

considered to exhibit a low risk of bias. Additionally, 

there was no evidence of publication bias across any of 

the performed meta-analyses.

DISCUSSION

Over the years, various treatment modalities have been 

recommended and implemented for the endodontic 

management of necrotic teeth with open apices. Tradi-

tionally, calcium hydroxide was broadly employed for 

apexification, requiring multiple treatment sessions to 

induce apical closure. However, this approach has been 

increasingly replaced by using mineral trioxide aggre-

gate (MTA), which offers superior outcomes and enables 

more predictable apexogenesis [30,31]. In recent years, 

REPs have gained attention as a promising alternative 

treatment for these cases. One such technique involves 

the induction of a BC inside the root canal system to 

function as a biological scaffold for tissue regeneration. 

While this method has demonstrated encouraging clin-

ical results [32], concerns have been raised regarding 

the presence of numerous hematopoietic cells within 

the BC. Upon cell death, these cells may release cyto-

toxic intracellular enzymes into the microenvironment, 

potentially compromising stem cell viability and thus 

impairing the regenerative process [33].

To address these limitations, platelet derivatives have 

emerged as a modern, biologically favorable alternative. 

They represent autologous bioactive preparations that 

can be easily obtained in clinical dental settings by cen-

trifuging the patient’s blood. These autologous bioma-

terials can enhance stem cell recruitment, proliferation, 

and differentiation, thereby promoting tissue regener-

ation and functional recovery. They are rich in growth 

factors, including platelet-derived growth factor, vascu-

lar endothelial growth factor, and transforming growth 

factor beta 1 (TGF-β1) [34,35]. In addition to their appli-

cation in endodontics, platelet concentrates have been 

broadly utilized in regenerative medicine, including 

periodontal, oral and maxillofacial, dermatologic, and 

orthopedic procedures [36].

PRP is an autologous blood-derived product with a 

platelet concentration increased by at least 2/3 times 

the normal level. It serves as a biomaterial for the target-

ed delivery of cytokines and growth factors from platelet 

granules, thereby promoting tissue regeneration. PRP 

has been applied as a novel regeneration method in var-

ious damaged tissues, such as bone, liver, dental pulp, 

cartilage, and tendon [37,38].

PRF is a second-generation platelet derivative that 

consists of a fibrin matrix rich in platelets, leukocytes, 

cytokines, and growth factors, including interleukins 

(ILs), ie, IL-1β, IL-4, and IL-6, vascular endotheli-

al growth factor, platelet-derived growth factor, and 

TGF-β1. All these components are gradually released 

over time, enhancing their regenerative potential. PRF 

has been effectively used in different therapeutic appli-

cations like sinus lift augmentation, extraction socket 

healing, and guided bone regeneration. In regenerative 

endodontics, it is utilized in cases of iatrogenic pulpal 
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Figure 4. (A) A summary of the risk of bias in the included studies and (B) a review of the authors’ judgements about each risk of bias domain as 
percentages across the included studies.
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floor perforations as well as revascularization of imma-

ture necrotic permanent teeth [8,39,40].

PP is a platelet derivative with a significantly greater 

platelet content compared to PRP, containing approx-

imately 12 times more platelets and TGF-β1 compared 

to PRP, and 17 times more than whole blood, while ex-

hibiting a lower white blood cell content [41]. Its gel-like 

consistency enhances its adhesive properties, making it 

a promising scaffold for regenerative applications [42].

Scaffold
In the present systematic review, a total of 15 studies 

were included for analysis, each investigating the appli-

cation of various platelet derivatives in REPs. More than 

half of the studies employed PRP (10 studies), whereas 

PRF was used in eight studies. Despite the greater fre-

quency of PRP use across the selected studies, PRF is 

often preferred over PRP as a scaffold in REPs, due to 

PRF’s ability to provide a continuous release of growth 

factors for an extended time period and its superior 

mechanical properties [35,43]. Additionally, PRF offers 

practical advantages: it is completely autologous and 

does not require anticoagulants [40,44]. PP, which was 

evaluated in only one study, is characterized by an in-

creased platelet concentration and associated growth 

factors, offering enhanced regenerative potential. How-

ever, the current body of evidence remains insufficient 

to confirm its clinical superiority over PRP or PRF [42]. 

In contrast, BC is a cost-effective option compared to 

PRF, PRP, and PP as it uses the patient’s own blood with-

out additional processing. However, BC has limitations 

such as instability and lower platelets and growth factor 

content compared to platelet derivatives [45,46].

Tooth types and sample size
The sample sizes across the 15 included studies varied 

from four to 21 for the BC group, five to 19 for PRP, four 

to 20 for PRF, and 17 for PP. Notably, nearly half of them 

did not report using a sample size calculation method, 

nor did they provide clear details regarding random-

ization procedures. Furthermore, none of the studies 

comparing BC with PRP, PRF, or PP included more than 

21 participants. These limitations highlight the need for 

future research with larger, well-powered samples and 

rigorous methodological standards to produce more de-

finitive and generalizable findings in this field.

In nine out of the 15 studies, incisors were the most 

frequently treated tooth type [15,17,21,24–29]. Among 

these, all but one study [17] focused exclusively on max-

illary incisors, with five studies specifically targeting 

central incisors [21,24–26,29]. Two studies included an-

terior teeth [16,18], while three studies treated both inci-

sors and single-rooted premolars [20,22,23]. One study 

did not specify the tooth type beyond identifying them 

as immature permanent teeth [19]. The predominance 

of single-rooted teeth in these studies may be attributed 

to their simpler root canal anatomy, which facilitates 

standardization, treatment consistency, and outcome 

evaluation by minimizing anatomical variability and 

confounding factors.

Barrier
Out of the 15 studies, MTA was primarily used as a barri-

er over the scaffold in six studies [15,18,20–22,26], while 

four studies incorporated glass ionomer cement (GIC) 

either between the MTA and the final restoration ma-

terial or as the final restoration itself [15,20,22,26]. One 

study used MTA for the entire permanent restoration 

[23]. Two studies used collagen covered with MTA, fol-

lowed by GIC [17,24], while two other studies used GIC 

alone [19,28]. Four studies did not use a barrier over the 

scaffold [16,23,27,29]. One study used a combination of 

biomaterials (MTA for the PRP group and collagen with 

MTA for the BC group), covered with a layer of GIC [25]. 

MTA is favored as a barrier due to its biocompatibility, 

ability to set in a moist environment and form a good 

seal, and capacity to stimulate hard tissue formation 

(dentin bridge formation) [47,48]. Collagen functions as 

an apical matrix that can prevent MTA over-extrusion 

and aid in periapical tissue healing [49].

When compared with GIC, MTA provides a better 

seal, but it sets more slowly [47,50,51]. Applying a layer 

of GIC over MTA may improve results, whereas using 

only GIC simplifies the procedure. However, immediate 

sealing without a barrier over the scaffold can result in 

issues such as polymerization shrinkage and subse-

quent microleakage, which can lead to scaffold contam-

ination. Additionally, resin toxicity raises some concerns 

[52]. These factors must be considered when selecting a 
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barrier material for scaffold restoration procedures.

Restoration
Regarding the materials used for the final restoration, 

composite resin was employed in nine out of the 15 

studies [15,17,19–22,24,25,28], with all but one [21] 

placing it over a GIC base. However, two studies did not 

clearly specify the final restoration material used for the 

BC group [24,25]. GIC alone was used as the final restor-

ative material in four studies [16,26,27,29]. Additionally, 

one study utilized MTA for the final restoration, al-

though it did not provide specific data for the BC group 

[23].

Composite resin is commonly preferred for final res-

torations due to its favorable aesthetic properties, me-

chanical strength, and durability. However, it presents 

certain limitations, including polymerization shrinkage 

and technique sensitivity, which require a controlled, 

dry operating field and the application of a meticulous 

layering technique [53,54]. Meanwhile, GIC tolerates 

moisture but has lower strength and durability [55,56]. 

Composite resin restorations have demonstrated su-

perior longevity and overall clinical performance in 

comparison to other materials [57,58]. In contrast, MTA, 

though utilized in one study, may be less favored due to 

its prolonged setting time and handling difficulties [47]. 

Regardless of the material chosen, the success of the 

final restoration depends primarily on its ability to pre-

vent microleakage and effectively seal the access cavity, 

thereby protecting the underlying scaffold from expo-

sure to oral microorganisms and potential infection.

Permanent restoration was completed during the 

same visit in nine studies [15,16,19,20,22,23,27–29] with 

one study specifying a 45-minute time frame before res-

toration [26]. In one study, restoration was completed 

after 24 hours [17], or after 1 week [21], and in two stud-

ies after 3 days, with no data for the BC group in these 

cases [24,25]. Finally, one study failed to provide data on 

the type or timing of permanent restoration [18].

Overall, composite resin is a popular choice for final 

restorations due to its aesthetic and functional bene-

fits, while GIC and MTA are also used in certain cases. 

Timing and material selection play crucial roles in the 

success of the restoration procedure.

Comparative results
There have been rapid advancements in regenerative 

endodontics in recent years, with new original research 

articles and reviews examining the efficiency of different 

materials such as scaffolds. A meta-analysis by Murray 

[59] concluded that platelet concentrates promoted api-

cal closure more often compared to BC scaffolds, with 

similar success rates, periapical healing, and dentin wall 

thickening. However, it is worth noting that the design 

of the included studies is not described. Panda et al. 

[60] reviewed RCTs and other comparative studies and 

found no significant differences in dentin wall thick-

ness, root length increase, or success rate between PRP 

or PRF and BC. However, in terms of vitality response 

and apical closure, PRP showed better results compared 

to BC. Another study by Panda et al. [32] compared 

regenerative interventions with apexification and dif-

ferent scaffolds from randomized and non-randomized 

trials with a follow-up period of ≥6 months and con-

cluded that PRP and PRF yielded similar results to BC 

regarding apical closure, root length increase, and den-

tin wall thickness. Nevertheless, while REPs with PRP 

had a comparable success rate to those with BC, REPs 

with advanced platelet concentrates (it is not specified 

whether PRP or PRF was used) had a significantly better 

vitality response than those with BC.

In contrast to some of the outcomes presented in the 

aforementioned studies, the present systematic review 

found no statistical difference in the success rate of RETs 

using PRP or PRF compared to BC techniques. Similar-

ly, Rios-Osorio et al. [61] concluded that BC scaffolds 

produce comparable clinical and radiographic results to 

platelet concentrates, without following a meta-analysis 

approach.

As for meta-analyses comparing platelet derivatives 

with the BC technique in RETs, important method-

ological differences distinguish our review from earlier 

reports. Rahul et al. [62] conducted their search in 2021 

and included RCTs, non-RCTs, and prospective cohort 

studies with ≥12 months of follow-up. Using a network 

meta-analysis, they reported comparable outcomes 

between PRP, PRF, and BC in terms of clinical success, 

apical closure, and pulp sensitivity. Likewise, Verma et 

al. [63] combined RCTs with multiple non-randomized 

designs, including case studies, case reports, and retro-
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spective studies, to evaluate PRP and PRF against BC. 

In contrast, this review is the first to restrict inclusion 

exclusively to RCTs with ≥12 months’ follow-up, thereby 

ensuring the highest level of evidence. Moreover, indi-

rect comparisons and the use of combined experimen-

tal arms with heterogeneous controls were avoided to 

achieve direct head-to-head comparisons of PRP, PRF, 

and PP versus BC, yielding results that are both robust 

and clinically relevant. For instance, RCTs like the one 

by Rizk et al. [64] or Santhakumar et al. [65] that do not 

include a BC group were excluded in this study (Sup-

plementary Table 1). Further heterogeneity was also re-

stricted by avoiding pooling experimental groups where 

growth factors or other tissue-inductive molecules were 

used in combination with PRP or PRF [66]. Overall, this 

meta-analysis provides the most up-to-date and com-

prehensive dataset, avoiding any heterogeneity issues 

and ensuring methodological rigor and transparency by 

utilizing the Cochrane RoB 2.0 tool for bias assessment.

The limited number of randomized studies has cre-

ated a research gap in this scientific field, despite some 

original research on this topic. Additionally, there is a 

lack of standardized evaluation criteria for the success 

of RETs. Various metrics, including clinical success, 

radiographic success, dentin wall thickness, increased 

root length, pulp sensitivity, and apical closure/periapi-

cal healing have been used in different studies and re-

views, making it challenging to draw clear conclusions. 

Histological evaluation should play the most critical role 

in evaluating success by determining the type, organi-

zation, and cellular composition of newly regenerated 

pulp-like tissue. This includes the identification of key 

cellular components such as odontoblasts, fibroblasts, 

or mineralized tissue, the presence of newly formed 

blood vessels, regenerated nerve fibers, as well as the 

status of inflammation or infection, periodontal liga-

ment integrity, and the condition of surrounding bone 

structures [14]. However, obtaining such histological 

data in a clinical setting is often challenging and may 

raise ethical concerns. Overall, more randomized stud-

ies, with standardized criteria, are needed to generate 

original clinical data and metrics for analysis, facilitating 

more accurate clinical decision-making.

Limitations
This systematic review has several limitations. Publi-

cation bias may exist as only published studies from 

five main databases were included, potentially missing 

studies in other databases, grey literature, or unpub-

lished sources. Language restrictions limited inclusion 

to English studies, possibly excluding relevant research 

in other languages. Finally, only studies with immature 

teeth, recall times over 12 months, and a BC control 

group were included, potentially missing other import-

ant outcomes.

CONCLUSIONS

This systematic review suggests that PRP, PRF, and BC 

present viable and clinically successful approaches for 

the RET of immature permanent teeth with pulp necro-

sis. While platelet derivatives may offer potential biolog-

ical advantages, current evidence does not demonstrate 

significant statistical superiority in terms of clinical and 

radiographic success. Moreover, the lack of long-term 

follow-up data limits the strength of any definitive clini-

cal recommendations. Future research should prioritize 

carefully planned RCTs with longer recall periods, larger 

sample sizes, standardized outcome measures, and, 

where possible, histological evaluation of human teeth 

to provide more robust evidence and clearer clinical 

guidance.
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