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Abstract: Background: To compare autologous platelet concentrates (platelet-rich
plasma [PRP] and platelet-rich fibrin [PRF]) with conventional induced blood clot (BC) and
other scaffold approaches in regenerative endodontic therapy (RET) for necrotic immature
permanent teeth. Data: Randomized controlled trials (RCTs) reporting clinical outcomes
and/or radiographic measures of continued root development (e.g., root length, dentinal wall
thickness, apical closure, periapical healing) after RET. Sources: A systematic search of
PubMed/MEDLINE, Scopus, Web of Science, and Google Scholar was conducted for studies
published from February 2015 to February 2025. Reference lists of included studies were
hand-searched. The review followed PRISMA 2020 reporting guidance. Study selection:
Eligible studies were human RCTs evaluating PRP and/or PRF as a scaffold for RET in necrotic
immature permanent teeth, with a comparator scaffold (BC or another platelet-derived
scaffold). Two reviewers independently screened and selected studies. Six RCTs met the
inclusion criteria. Conclusions: Across six small-to-moderate sized RCTs, platelet
concentrates achieved high clinical survival and infection control comparable to BC.
Radiographic outcomes (root length and wall thickening, apical closure, and periapical
healing) were inconsistently reported and variably favored PRP/PRF or showed no between-
group differences. Substantial methodological and clinical heterogeneity (protocols, imaging
modalities, outcome definitions, and follow-up) limited quantitative synthesis. Standardized
RET protocols and a core outcome set, with validated radiographic measurements (including
CBCT where feasible), are needed to determine whether platelet concentrates provide
clinically meaningful advantages over BC.

Keywords: Platelet-Rich Plasma; regenerative endodontic treatment; Immature teeth

According to the findings of basic health research (riskesdas), dental and oral health issues, including
pulp necrosis, affect 57.6% of Indonesians. Root growth stops in immature teeth with open apices that

have necrotic pulp. The following conditions could result in necrotic pulp of juvenile teeth and stop root
formation: dens evaginatus (25.9%), trauma (33.8%), and dental caries (12.9%). These circumstances result
in a small, thin wall in the tooth root that is brittle. PRP holds promise as a biocompatible scaffold for
regenerative endodontic therapy in immature necrotic teeth (-3,

Treatment of necrotic immature teeth is complex and highly variable. This is due to the difficulty of

cleaning necrotic debris from the root canal due to the wide and thin shape of the root canal and the apical
end which is still not completely closed and the thickness of the dentin wall and the short root in young
permanent teeth, causing easy fracture of the tooth root. The endodontic treatments that can be performed

are conventional or regenerative endodontics ®.

Traditionally, an apexification technique utilizing calcium hydroxide to stimulate the creation of an apical
barrier or apical plug MTA before to root canal filling is used to treat immature permanent teeth with
necrotic pulp/apical periodontitis 5.
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One major issue in endodontics has been the treatment of necrotic immature teeth. Because critical tissues
regenerate, regenerative techniques allow for greater root development in terms of length and thickness
compared to apexification 9.

When it comes to long-term structural stability, obturation, and canal disinfection, treating young necrotic
teeth with blunderbuss apices with conventional endodontic therapy presents considerable clinical issues.
A paradigm change has occurred in favor of PER, which permits teeth to continue developing following
pulp necrosis in teeth that are still developing and offers advantages in terms of vitality and maturity (1010,

Murray et al.0? first proposed the term "RET" in 2007 using tissue engineering as a basis. RET is intended
to regenerate pulp-like tissue in place of inflammatory or necrotic pulp tissue. Revascularization is
currently the most often utilized RET in clinical practice. Revascularization is the process of extracting
undifferentiated oral stem cells and molecules from the apical region and utilizing either platelet-rich
plasma (PRP) or platelet-rich fibrin (PRF) after the root canal has been sufficiently disinfected to induce
the formation of immature permanent teeth, or both (1315,

PRP, a volume of autologous plasma with a high concentration of platelets, has been shown in several
studies to be effective in creating scaffolds. It contains more growth factors that can promote stem cell
proliferation for the induction of tissue healing and regeneration. PRP-released growth factors are crucial
for controlling cellular processes such mitogenesis, chemotaxis, differentiation, and metabolism in order
to promote healing. PRP is frequently used in several surgical specialties, including as oral and
maxillofacial, cardiovascular, ENT, and head and neck surgery. PRP has been employed as a scaffold by
a number of researchers in RET; Bezgin et al 19 and Torabinejad, Turman et al.(” have all described
instances in which PRP by itself can provide an effective scaffold, indicating PRP's ability to provide
revascularization (152, This systematic review summarizes randomized clinical evidence on PRP and PRF
as scaffolds in RET, focusing on clinical success and radiographic indicators of root maturation and
periapical healing.

Materials and Methods

We strictly followed the Cochrane Collaboration and PRISMA statement recommendations. The
review procedure was prospectively recorded in the International Prospective Register of Systematic
Reviews (PROSPERO) with the number CRD420251124902. For a regenerative endodontic surgery to be
deemed successful, the American Association of Endodontists (AAE) identifies three primary goals that
must be met: A positive vitality test result, (i) the resolution of clinical symptoms and signs and indications
of bone healing, (ii) the continuation of root development in the form of longer and/or thicker root walls,
and (iii)

PICO Question: The focal question and inclusion criteria were developed using the PICO
technique: Population: 6-18 years old children whose permanent immature teeth of trauma or exposure
to caries with or without AP. Intervention: PRP as a maturogenesis scaffold. Comparison: Platelet-rich
fibrin and/or blood clots are comparable. Outcome: Evidence of apical bone healing, an increase in root
length, and closure of the apical root. Focused question: When employed as a scaffold, does platelet rich
PRP concentrate outperform PRF and BC in maturogenesis therapy outcomes?

Criteria for eligibility

Inclusion criteria were: (1) randomized controlled trials, prospective and retrospective trials; (2) patients
aged between 7 and 18 years with young permanent teeth due to trauma or caries; (3) comparing platelet
rich plasma versus platelet rich fibrin or blood clot; (4) reporting clinical and/or radiographic success of
treated cases.

Exclusion criteria were: (1) Letters to the Editor, conference proceedings, literature reviews, and personal
communications; (2) in vitro and animal studies; (3) case reports and case series, (4) in vivo studies that
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did not report clinical success; and (5) studies that compared materials for reasons other than the use of
platelet rich plasma.

Sources of information

From early 2015 to July 2025, we conducted searches on MEDLINE (PUBMED), Science direct, and
Chocrane Library.

MEDLINE (PubMed) (searched Feb 28, 2025)

(“regenerative endodontic” OR “endodontic regeneration” OR revascularization OR revitalization) AND
(“platelet-rich plasma” OR “platelet rich plasma” OR PRP OR “platelet-rich fibrin” OR “platelet rich
fibrin” OR PRF) AND (immature OR “open apex” OR “open apices”). Filters: Humans; English;
2015/02/01-2025/02/28.

Science Direct (searched Feb 28, 2025)

(“regenerative endodontic” OR revascularization OR revitalization) AND (“platelet rich plasma” OR
“platelet-rich plasma” OR PRP OR “platelet rich fibrin” OR “platelet-rich fibrin” OR PRF) AND (immature
OR “open apex”).

Cochrane Library (searched Feb 28, 2025)

(“regenerative endodontic” OR revascularization OR revitalization) AND (“platelet-rich plasma” OR PRP
OR “platelet-rich fibrin” OR PRF) AND (immature OR “open apex”).

Data collection

Each reference was examined separately by two researchers (RAP, YI) based on the abstract and title. After
applying particular inclusion and exclusion criteria to the complete texts of pertinent research, data were
finally collected. Conflicts were settled by consensus; if not, a third reviewer (F) settled the issue. Title,
year of publication, author names, study design, objective, inclusion and exclusion criteria, number of
patients included, sample characteristics, loss to follow-up, outcomes, measure of association, and
geographic location were all extracted from each reference by two calibrated reviewers working
independently.

Risk of bias assessment

Risk of bias was assessed using the Joanna Briggs Institute (JBI) Critical Appraisal Checklist, with the
appropriate version selected based on study design: 13 items for RCTs. Each item was rated as “Yes,”
“No,” “Unclear,” or “Not Applicable.” Two reviewers independently conducted the assessments and
discrepancies were resolved through discussion. The overall risk of bias score for each study was
calculated as the percentage of “Yes” responses out of the total applicable items, excluding “Not
Applicable” responses 2426),

Data synthesis

A narrative synthesis was conducted. Meta-analysis was not performed because of substantial
heterogeneity in interventions, outcome measures, and imaging modalities (Table 4).
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Results
Study Selection

The database search identified 432 records. After removal of 43 duplicates, 389 records were screened. Of
these, 342 were excluded (wrong population, n=12; wrong study design, n=290; wrong publication type,
n=22; wrong outcomes, n=12; non-English language, n=6). Forty-seven reports were sought for retrieval;
38 could not be retrieved. Nine full-text reports were assessed for eligibility and three were excluded,
resulting in six included RCTs (Table 1 and 2) (Figure 1).

Characteristics of Included Studies

Six studies (Bezgin et al.,2015; Alagl, 2017; Ulusoy, 2019; Rizk, 2019; ElSheshtawy, 2020; Rizk, 2020) were
included in this systematic review, published between 2015 and 2020. These studies compared BC vs.
PRP as scaffolds in regenerative endodontics in immature teeth. The studies were conducted in Turkey,
India, Saudi Arabia, and Egypt. All the studies included were randomized controlled clinical trials with a
follow-up period ranging from 6 months to 18 months. All included studies focused on immature teeth
diagnosed with pulp necrosis, with or without apical periodontitis (AP) (162728293031,

Analysis of these studies suggests that while PRP creates an effective scaffold for regenerative endodontic
treatment, the treatment outcomes were not significantly different from those using the conventional BC
scaffold. Both approaches yielded similar results in terms of root closure and regeneration. Notably,
although both the European Society of Endodontics and the American Association of Endodontics have
recommended standardized protocols, most of the studies applied different protocols
regarding intracanal irrigation and the composition of tri-antibiotic paste. The language of publication for
all included studies was English.

Risk of Bias

All included studies clearly defined their treatment groups and employed appropriate intervention
procedures. However, none of the studies adequately reported on the presence of a control group not
exposed to the intervention, which constitutes a potential source of bias in the internal validity of quasi-
experimental animal research. Furthermore, while most studies used consistent and reliable outcome
measures, there was limited information regarding the use of multiple pre- and post-intervention
measurements  (Q2), which may affect the robustness of time-based comparisons.
Importantly, all studies demonstrated high methodological consistency in treatment administration (Q4),
outcome measurement reliability (Q6), and the use of appropriate statistical analysis (Q9). Nevertheless,
the lack of blinding and limited reporting on confounding factors (Q5) represent moderate limitations that
should be considered when interpreting the results. Despite these methodological constraints, all studies
reported complete outcome data with minimal loss to follow-up and analyzed participants in the groups
to which they were assigned. This indicates a generally low risk of attrition and selection bias (Table 3).

Taken together, the findings suggest that the included quasi-experimental animal studies provide

moderately reliable evidence, with methodological strengths in consistency of intervention and
measurement, but with notable limitations in randomization control and confounder reporting.
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by automation tools (n = 0)
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Protocol or ongoing study (n
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Figure 1. Prisma 2020 flow diagram of study selection 233

Table 1. Characteristics of Included Studies on Platelet-Rich Plasma as a Scaffold in Regenerative

Endodontics
. . Follow up
Author, year Sample Age Comparison Study design (month)
Tugha Beagin, etall 2 7-13 years BC RCT 18
Adel Alagl, Sumit BC (MTA as a Split-mouth randomized
Bedi et al/ 2017 *7 30 8-14 years corona seal) clinical trial 12
Ulusoy AT, Turedi Prospective randomized
etal/2019 @ 88 8-11 years PR, BC clinical trial 12
Hazim Mohamed Split-mouth double-blinded
Rizk, et al / 2019 & 26 8-14 years BC randomized controlled trial 12
ElSheshtawy K., et Randomized controlled
al/ 2020 C0 30 8-12 years BC clinical trial 12
Hazim Mohamed % 941 PRF Double-blinded randomized 12

Rizk, et al / 2020 GV

controlled trial
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Table 2. Data synthesis table

Increase in Root Area Radiograph succes

Author, year Apical Closure time (month) (%) rate (%) Findings
PRP PRF BC PRP PRF BC PRP PRF BC
Tugba Bezgin, PRP in apical closure
et al/ 2015 (16) 8.1 NS 9 9.86 NS 12.06 100 NS 90 is faster than BC
Adel Alagl PRP accelerates apical
Sumit Bedi et 6 NS 3-12 +9.6% NS +4.4% 100 NS 100 closure anlcll 1mprovez
1/2017 @D root growth compare
a to BC
Ul AT 527 PRP in apical closure
usoy AT, . .
Turedietal/ 5% i ne211 9s3 693 1579 86 g g o fasterthanPRE
2019 ©9 S 1.82 and BC
0 o PRP significantly
Hazim 64.83 .A) 53.45 ./o increased root length,
Mohamed Rizk, couction g reduction g et NS 4468 100 NS 100 root thickness, bone
et al /2019 @ in apical in apical ensity, and apica
diameter diameter closure C];)Enpared to
85.7% at 6
months
90% total -
ElSheshtawy ( " sgogar PR significanty
K., et al/ 2020 12 NS 12 +10.6 NS  +106 NS 6 eageed roo
(30) dropouts months development
are compared to BC
counted
as cured
PRP was slightly
superior in root
i length growth and
Hazim . ©
Mohamed Rizk, 12 12 NS 19.88 18.19 NS 100 100 NS the 1n§1dence o.f
et al /2020 GV crown discoloration

PRF was slightly
higher in root wall
thickening

Table 3. Risk of bias of randomized controlled animal studies assessed with the Joanna Briggs Institute
(JBI) Critical Appraisal Checklist for Randomized Controlled Trials

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Score % (category)
TugbaBezgn v v Vv © © © V v e Vv v v v 77.8% (moderate)
2015 o
Adel 2017 v Vv © 6 o S 77.8% (moderate)
@7
Ulusoy v ©e © ©o S} 77.8% (moderate)
2019 @
Hazim2019» v v Vv © ©6 o6 V v e Vv v v v 77.8% (moderate)
ElSheshtawy v v v © © © V v e Vv v v v 77.8% (moderate)
K 2020 ¢
Hazim 2020 v v v ©6 6 o Vv N S} v v v v 77.8% (moderate)
[€2))]
Average 77.8% (moderate)

Abbreviations/Scoring (journal-ready): v'= Yes (criterion met; low risk of bias); x = No (not met; high risk of bias); ? = Unclear/insufficient
information; © = Not applicable (e.g., participant/personnel blinding and ITT often not feasible/relevant in animal tooth-extraction
models).
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Heterogeneity assessment

Clinical and methodological heterogeneity was present across studies in population/etiology, disinfection
protocols, scaffold preparation, imaging modality (2D vs CBCT), and outcome definitions (Table 4),
precluding pooling of results.

Table 4. Sources of heterogeneity across included trials and impact on synthesis.

Domain Examples of variation Impact on Overall judgement
across trials comparability
Population/etiology Trauma-only vs mixed Different healing Moderate—
etiology; different potential and High

baseline periapical status;  baseline anatomy
variable numbers of teeth
per patient

RET disinfection Irrigant concentrations, Affects stem cell High
protocol use/duration of survival and
intracanal medicaments outcomes

(triple antibiotic paste vs
calcium hydroxide), and
coronal seal materials

differed
Scaffold PRP protocols (spin Intervention not High
interventions methods/activation), PRF uniform across
type, platelet pellet; some trials
trials compared >2
scaffolds
Outcome 2D radiographs vs CBCT; Prevents direct High
definitions and different measurement pooling of effect
imaging software; use of root area sizes

vs linear metrics;
different definitions for
apical closure/healing

Follow-up and 12 vs 18 months; different May miss late root Moderate
timepoints follow-up intervals maturation or
failures
Discussion

Regenerative endodontics is one of the treatments developed in the field of dentistry and the concept
of regenerative endodontics is defined as one of the biologically based treatments designed to replace
damaged structures such as root structure, dentin and dentin-pulp complex cells and to induce normal
dental pulp function. The specific goal of regenerative endodontic treatment is to induce root development
so that the tooth apex can close completely and there is an increase in root wall thickness and tooth root
elongation and induce normal dental pulp function. One of the concepts and parts of regenerative
endodontic treatment procedures for necrotic immature teeth is revascularization treatment. This
procedure introduces a scaffold or biological procedure inside the root canal to encourage the formation
of vital tissues that will continue mineral deposition to strengthen dentin and promote the growth of
rudimentary tooth roots: 34,

Using PRP may help clinicians treating hundreds of wounded immature teeth with REP find a tiny
improvement in treatment success rate. One possible drawback of use PRP instead of BCR is the higher
expense and preparation time associated with PRP. Clearly, a child who refuses to have venous blood
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collected from their arm due to trypanophobia (fear of needles) or hemophobia (fear of seeing blood) is
not a good candidate for a platelet-rich plasma treatment (1634,

Badade et al. % assessed PRP and PRF's antibacterial efficacy. He discovered that PRP outperformed PRF
in terms of antibacterial activity. Kour et al. o further validated this finding. One explanation could be
that the concentration of platelets and leukocytes in PRF is lower than in PRP. Moreover, as the fibrin
network disintegrates in PRP, platelets and cytokines will be completely liberated. However, in contrast
to PRP's quick, single release of growth factors, PRF offers a delayed and continuous release of growth
factors. As a result, PRF could take longer than PRP to start working better ©5%).

PRP is the best option when it comes to scaffolding materials for regenerative endodontic treatment,
according to a study by Rizk et al. ). This is due to the fact that during bone density measurements, it
was seen that the PRP group consistently had higher average bone density than the PRF group.
ElSheshtawy et al. ®0 assessed PRP better clinical and radiographic outcomes PRP at 12-month follow- up.
There was no statistically significant difference. The research supported the findings of Shivashankar et al
©7. Narang et al. ®® and Maha Mohamed Abo Haikal ¢ in terms of periapical region healing, PRP
performed just slightly better than PRF. This is explained by PRP's liquid state, which makes it possible
for it to enter the periapical area unimpeded ¢7%. In contrast, PRF helps transfer the maximum quantity
of growth factors to hasten the wound healing process and has a gel-like consistency ©b.

According to some claims and reports from various earlier studies and practitioners, the difficulty of
treating children's immature teeth with endodontic regenerative therapy is related to the duration of pulp
necrosis. This means that the treatment will yield fewer results, such as an increase in root wall thickness
or an increase in root length and apical closure -

This review found that autologous platelet concentrates (PRP/PRF) used as scaffolds within RET protocols
generally achieve high clinical success rates comparable to conventional induced blood clot scaffolds.
However, whether platelet concentrates confer additional radiographic benefits remains uncertain
because trials reported heterogeneous endpoints and inconsistent between-group differences.

Potential biological advantages of platelet concentrates include higher concentrations of growth factors
and a fibrin matrix that may support cell migration and angiogenesis. In practice, any benefit may be
obscured by protocol variability (irrigation/medication), baseline lesion size, and differences in imaging
methods and measurement approaches. Trials that used CBCT alongside 2D radiographs illustrate that
outcome estimates may differ by modality and standardization, emphasizing the need for harmonized
radiographic assessment.

Future RCTs should standardize RET protocols, report core outcomes (root length, dentinal wall thickness,
apical closure, and periapical healing) using validated measurement methods, and ensure adequate
allocation concealment and blinded outcome assessment. Reporting of adverse events such as crown
discoloration should be consistent across studies.

Limitation

The evidence base is limited by small sample sizes, inconsistent reporting of baseline tooth
characteristics, and variability in RET protocols and imaging modalities. Restricting inclusion to RCTs
improved internal validity but reduced the number of eligible studies. Meta-analysis was not possible
because of substantial heterogeneity, and publication bias could not be meaningfully assessed with fewer
than ten studies.

Conclusion

Within the available randomized evidence, PRP and PRF scaffolds in regenerative endodontic
therapy show clinical outcomes comparable to blood clot scaffolds, with inconsistent radiographic
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advantages. Well-designed, adequately powered trials with standardized protocols and agreed
radiographic endpoints are required before routine preference for platelet concentrates over blood clot
scaffolds can be recommended.
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