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Abstract 
Background: Regenerative endodontics represents a transformative approach to dental care, revitalizing necrotic 
teeth. This systematic review and meta-analysis evaluated the role of autologous platelet aggregates compared to 
the traditional blood clot method in regenerative endodontics. 
Material and Methods: A systematic search was conducted in PubMed, Scopus, EBSCO, Open Grey, and Google 
Scholar between 1st–12th August 2024. Case series, RCTs, retrospective studies, and case reports were included. 
Meta-analysis on RCTs and case series utilized RevMan 5.4 software, with p=0.05 as the significance level. The 
JBI risk of bias tool and GRADE system assessed study quality. 
Results: Nineteen studies met inclusion criteria, of which 13 were evaluated for risk of bias—11 showed low 
risk, and 2 were moderate. Rates of complete apical closure using PRF, BC, PRP, and CGF scaffolds ranged from 
61.76% to 100%. Statistical analysis revealed no significant differences between autologous platelet aggregates and 
BC for outcomes such as complete apical closure (BC vs. PRP: p=0.28; BC vs. PRF: p=0.36), positive vitality (BC 
vs. PRP: p=0.70; BC vs. PRF: p=0.36), healing response (BC vs. PRF: p=0.23), and overall success score (BC vs. 
PRP: p=0.62). 
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Introduction
Regenerative endodontics is a branch of dentistry that 
focuses on restoring damaged or diseased necrotic den-
tal pulp tissues with an open apex (1). Traditionally 
treatment for an open apex tooth involved removing 
the necrotic pulp and filling the root canal with an inert 
material, typically gutta-percha. Procedures like apexi-
fication with calcium hydroxide or mineral trioxide ag-
gregate (MTA) were utilized to induce apical closure, 
but these methods often carried a questionable prognosis 
since these procedures have their limitations (2). Cal-
cium hydroxide has limited antibacterial activity, margi-
nal leakage, greater solubility, and less cohesive streng-
th. It leads to a reduction in root strength and increases 
the possibility of fracture (3,4). Mineral trioxide aggre-
gate (MTA) is characterized by its granular consistency, 
which can pose challenges during insertion and packing, 
requiring operator expertise. Also, MTA has a long set-
ting time and low strength, and it can be relatively ex-
pensive. While advancements have improved the hand-
ling of MTA, neither gutta-percha nor MTA can restore 
vitality to necrotic teeth or promote root maturation (5). 
Consequently, efforts to restore the vitality of necrotic 
teeth began, leading to the development of regenerative 
endodontics as a promising solution. 
In regenerative endodontics, success is measured by 
three key outcomes: symptom elimination with bony 
healing (primary), 
increased root wall thickness or length (secondary), and 
a positive vitality test (tertiary) (6). Blood clot serves 
as a natural scaffold that promotes tissue regeneration 
within the root canal space. It contains various grow-
th factors and cells necessary for healing, including 
platelets, leukocytes, and mesenchymal stem cells (7). 
Additionally, regenerative endodontic procedures may 
utilize various materials like platelet-rich plasma (PRP), 
platelet-rich fibrin (PRF), as well as scaffold materials 
such as collagen or bioceramics aiding for a conducive 
environment enriched with growth factors that facilita-
te healing and tissue formation (8). With the release of 
growth factors, Autologous platelet concentrates (APCs) 
are blood-derived substances obtained from a patient’s 
blood, enhancing the healing process. Activated plate-
lets embedded in a fibrin matrix scaffold are present in 
these concentrates. Growth factors and cytokines secre-
ted by APCs are critical for tissue regeneration (9). Gi-
ven their ability to facilitate healing, APCs have found 
successful applications in both the medical and dental 

Conclusions: BC remains an effective primary scaffold for non-vital teeth with open apexes. PRP and PRF are viable 
alternatives when intracanal blood induction is challenging. Overall, platelet aggregates and BC showed comparable 
clinical and radiographic outcomes.
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fraternity over the past few years. Platelet-rich plas-
ma (PRP), platelet-rich fibrin (PRF), and concentrated 
growth factor (CGF) are the sources of platelets widely 
used in regenerative endodontics. Platelet concentrates 
have demonstrated several benefits over blood clots, 
such as the capacity to sustain growth factor levels, pro-
mote tissue regeneration, and stabilize blood clots (10). 
This systematic review highlights the role of autologous 
platelet aggregates in promoting tissue regeneration 
compared to blood clots within endodontic procedures. 
The review will evaluate various outcome parameters 
such as healing response, apical closure, positive vitali-
ty, and overall success score, comparing these outcomes 
against a control group treated with blood clots.

Material and Methods
The review adhered to the guidelines established by 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) extension for systematic re-
views. The protocol for this study was pre-registered 
with the International Prospective Register of Syste-
matic Reviews (PROSPERO) before commencement 
(PROSPERO ID- CRD42023484150).
Information Sources: 
An extensive search was carried out across clinical re-
gistry, PubMed/Medline, EBSCO, and Scopus databases 
from 1st August 2024 to 12th August 2024. The search 
was restricted to articles published between October 
2012 to August 2024. A grey literature search was con-
ducted through Google Scholar and Open Gray as well 
as cross-references reviewed to identify additional rele-
vant papers for inclusion in the review.
Literature Search: 
The literature search was guided by the question: How 
do clinical and radiographic results of regenerative en-
dodontic treatments using autologous platelet aggrega-
tes compare to those using blood clots as scaffolds? The 
PICO criteria for eligibility were as follows: (Table 1). 
The search strategy applied was: (((((((((((regenerative 
endodontics) OR (revitalization)) AND (revascularisa-
tion)) OR (platelet concentrates)) OR (autologous plate-
let concentrates)) OR (autologous aggregates)) OR (sca-
ffolds)) OR (PRP)) OR (PRF)) AND (BC)) OR (Blood 
clot)) AND (Permanent Tooth).
The reference lists of qualifying studies were reviewed 
to find additional pertinent research, and active studies 
were explored through clinical trial registries. Two au-
thors, SV and AG, independently carried out the litera-
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PICO Under study
Population Patients with Immature Permanent Teeth
Intervention Experimental group utilizing autologous platelet aggregates (e.g., PP, PRP, PRF, CGF, or LPRF) 

as scaffolds in regenerative endodontic procedures
Comparison Control group utilizing blood clot as scaffold in regenerative endodontic procedure.
Outcome Clinical and radiological indicators- Success Score, Apical Closure, Positive Vitality, Healing 

response

Table 1: PICO.

PICO: Population, Intervention, Comparison, Outcome, PP: Platelet pellet, PRP: Platelet rich plasma, PRF: Platelet rich fibrin, CGF: 
Concentrated growth factor, LPRF: Leukocyte- and Platelet-rich fibrin.

ture search following the predefined strategy. They also 
independently evaluated the studies for inclusion and 
conducted data extraction. In cases of any conflict, a 
third expert, DA, was sought to resolve discrepancies.
Study Selection and Eligibility Criteria
Inclusion Criteria:
Studies comparing blood clots with PRP or PRF or CGF, 
studies done on permanent teeth with immature or open 
apices, Randomized control trials/ Non- Randomised 
Control trials/ case studies/ case report/ retrospective 
studies, and studies with a 12-month follow-up for as-
sessing outcomes after RET.
Exclusion Criteria:
Studies without a Blood clot group as a control group, 
Animal studies/ in vitro studies, Studies conducted on 
permanent teeth with Mature apices or on primary teeth, 
Articles for which the complete text was unavailable or 
the material and method section was poorly described; 
though the authors were contacted prior to exclusion and 
articles in a language other than English
Data Collection Process:
A tailored spreadsheet was crafted to streamline data 
collection from the selected studies. Two calibrated 
reviewers (SV and AG) extracted information, which 
included author names, journal sources, study design, 
number of teeth or patients, group classifications, types 
of scaffolds used, induced bleeding, external scaffolds 
applied, coronal sealing materials near the scaffold, fo-
llow-up protocols, clinical success, root length and wid-
th changes, closure of apex, radiographic software used 
for assessment, pulp sensibility, and any other relevant 
outcomes.
This review’s objective is to compare the clinical suc-
cess rates of autologous scaffolds used in regenerative 
endodontic treatment (RET) to blood clots as scaffolds. 
It also evaluates healing response, response to vitality, 
and achievement of apical closure following RET. The 
Cohen’s kappa values among the examiners varied from 
0.73 to 0.83 for the various collected variables.
Risk Of Bias:
The risk of bias was evaluated utilizing Joanna Briggs 
Institute critical appraisal tool for systematic reviews. 
The included studies consisted of randomized controlled 

trials and case series. For randomized controlled trials, 
13 domains were assessed, including randomization, 
allocation concealment, baseline similarity of groups, 
participant blinding, operator blinding, treatment recei-
ved, outcome assessor blinding, similarity of outcome 
assessment, outcome reliability, follow-up, participant 
analysis in randomized groups, statistical analysis, and 
trial design. The risk of bias was assessed using the 
Joanna Briggs Institute critical appraisal tool for the case 
series where 10 domains were evaluated. The evaluation 
process was conducted independently by two reviewers, 
SV and AP. In case of a conflict, a third reviewer, DA, 
was sought, and their decision was deemed final.
Data Synthesis and Analysis:
The success outcomes were compiled from the indi-
vidual study results and shown as a range, accompa-
nied by the overall sample size employed to assess 
each outcome. Statistical heterogeneity among studies 
was assessed using Risk of Bias (ROB) analysis, the 
chi-square (χ²) test, and I² statistics. A pairwise me-
ta-analysis was conducted for studies that included at 
least two trials directly comparing different scaffolds 
for clinical success, employing a random-effects mo-
del. Quantitative analysis was performed using Review 
Manager Software 5.4, with forest plots created to 
evaluate overlapping results across studies. Risk ratios 
were calculated with a fixed-effect model to compa-
re clinical success between PRP vs. BC and PRF vs. 
BC. Cohen’s kappa statistics were utilized to evaluate 
inter-reviewer agreement, with statistical significance 
established at p<0.05.
Certainty of Evidence:
Using the GRADE (Grading of Recommendations, As-
sessment, Development, and Evaluations tool) [Softwa-
re], an assessment of the evidence of the meta-analysis 
results was evaluated (Available from https://www.
gradepro.org/). GRADE was applied only to the RCTs 
included in the meta-analysis. This grading method eva-
luates five dimensions that have the potential to reduce 
the degree of certainty in the evidence: indirectness, im-
precision, consistency, risk of bias, and additional consi-
derations such as publication bias, effect size, plausible 
confounding factors, and dose-response gradient.
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RESULTS- Study Selection:
A comprehensive search of the databases and registries 
yielded a total of 213 articles. Thirty-nine full-text ar-
ticles were shortlisted after screening and removal of 
duplicates. The shortlisted articles were subjected to ad-
ditional eligibility evaluation, leading to the inclusion of 
19 articles for reliability assessment, as well as qualita-
tive and quantitative analysis. The details of the search 
process are presented in a Preferred Reporting Items for 
Systematic Reviews and Meta-analysis (PRISMA) flow-
chart (Fig. 1).
Study Characteristics:
Among the 19 studies included in the systematic review, 
11 were randomized controlled trials (RCTs) (11-21), 5 
were case series (22-26), 2 were retrospective studies 
(27,28), and 1 was a case report (29).
Table 2 provides a comprehensive overview of the de-
mographic information and characteristics of the stu-
dies included, encompassing author names, publication 

Fig. 1: A flowchart of the screening of studies according to the Preferred Reporting Items for Systematic Reviews 
and Meta-analyses Recommendation.

years, journal sources, study types, patient numbers, 
groups, scaffolds utilized, outcomes measured, as well 
as inclusion and exclusion criteria.
Quality Evaluation Of Individual Studies Based On The 
Study Design and Risk Of Bias:
The risk of bias was evaluated using the JBI critical 
appraisal tool for systematic review. The study design 
comprised randomized controlled trials and case series. 
Each study was evaluated per its specific study design. 
(Fig. 2.a,b) Except for two studies  (18,14), all others 
exhibited a low risk of bias. 
Comparative Assessment Of Outcome Through Qualita-
tive analysis of various Scaffolds:
The findings of the chosen studies were represented as 
ranges alongside the respective sample sizes employed 
to ascertain specific success outcomes. Data concerning 
the primary outcome, namely complete apical closure 
after regenerative endodontic therapy (RET) utilizing 
various scaffolds, as well as other outcome measures 
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Fig. 2: a.  JBI critical appraisal for Case series. b.  JBI critical appraisal for RCTs.

like success score, pulp vitality, and periapical healing 
post-RET using diverse scaffolds, were extracted from 
the studies included. The rates of complete apical clo-
sure following RET utilizing PRF, BC, PRP and CGF 
as intracanal scaffolds varied between 64.64%–100%, 
61.76%–100%, 70.64%–100% and 86%–91% respecti-
vely. 

Quantitative Analysis for Individual Studies
Meta-analysis: 
All meta-analyses were carried out using RevMan 5.4 
software, with random risk ratios computed using the 
Mantel-Haenszel method. Data from the studies were 
analyzed and categorized into 2 groups depending on 
the effect size characteristics.
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Complete Apical Closure (BC vs PRF): Six studies as-
sessed complete apical closure, with a dichotomous 
(binary) effect size. The analysis focused on comparing 
the Blood Clot (control group) with PRF (experimental 
group) for complete apical closure in regenerative en-
dodontic procedures. Figure 3.a presents the forest plot 
from the random-effects meta-analysis. The combined 
risk ratio was 1.10 (95% CI: 0.95, 1.27), indicating a 
result favoring the control group, though the difference 
was not statistically significant (p=0.21). Statistical he-
terogeneity was low (I²=0%), and the GRADE quality of 
evidence was rated as high.
Healing Response (BC vs PRF): Four studies assessed 
healing response, with a dichotomous (binary) effect 
size. The analysis focused on comparing the Blood clot 

Fig. 3: a. Complete Apical Closure (BC vs PRF) Forest Plot. b. Healing Response (BC vs PRF) Forest Plot. 
c. Positive Vitality (BC vs PRF) Forest Plot.

(control group) and PRF (experiment group) for healing 
response in regenerative endodontic procedures. Figu-
re 3.b presents the forest plot from the random-effects 
meta-analysis. The combined risk ratio was 1.49 (95%, 
CI: 0.78, 2.85), indicating a result favoring the control 
group, though the difference was statistically insignifi-
cant (p=0.23). Statistical heterogeneity was moderate 
(I2=53%), and the GRADE quality of evidence was ra-
ted as moderate. 
Positive Vitality (BC vs PRF): Five studies assessed po-
sitive vitality, with a dichotomous (binary) effect size. 
The analysis compared the Blood clot (control group) 
with PRF and CGF (experiment groups) regarding po-
sitive vitality tests in regenerative endodontic proce-
dures. Figure 3.c presents the forest plot from the ran-
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dom-effects meta-analysis. The combined risk ratio was 
1.24 (95% CI: 0.79, 1.95), indicating a result in favor of 
the experimental group, though the difference was sta-
tistically insignificant (p=0.36). Statistical heterogeneity 
was high (I2=80%), and the GRADE quality of evidence 
was rated as high.
Complete Apical Closure (BC vs PRP): Five studies as-
sessed complete apical closure with a dichotomous (bi-
nary) effect size. The analysis compared the Blood clot 
(control group) with PRP (experiment group) in terms 

Fig. 4: a. Complete Apical Closure (BC vs PRF) Forest Plot. b. Healing Response (BC vs PRF) Forest Plot. c.  
Positive Vitality (BC vs PRF) Forest Plot.

of complete apical closure in regenerative endodontic 
procedures. Figure 4.a presents the forest plot from the 
random-effects meta-analysis. The combined risk ratio 
was 1.24 (95% CI: 0.84, 1.82), indicating a result fa-
voring the experiment group, though the difference was 
statistically insignificant (p=0.28). Statistical heteroge-
neity was moderate (I2=41%), and the GRADE quality 
of evidence was rated as high.
Positive Vitality (BC vs PRP): Six studies assessed po-
sitive vitality with a dichotomous (binary) effect size. 
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The analysis compared the Blood clot (control group) 
with PRF (experiment group) in terms of positive vita-
lity tests in regenerative endodontic procedures. Figu-
re 4.b presents the forest plot from the random-effects 
meta-analysis. The combined risk ratio was 1.09 (95% 
CI: 0.69, 1.72), indicating a result favoring the expe-
riment group, although the difference was statistically 
insignificant (p=0.70). A substantial degree of statistical 
heterogeneity was observed among the included stu-
dies(I2=73%), and the GRADE quality of evidence was 
rated as moderate.
Success Score (BC vs PRP): Seven studies assessed suc-
cess scores with a dichotomous (binary) effect size. The 
analysis compared the Blood clot (control group) with 
PRF and CGF (experiment groups) in terms of success 
scores in regenerative
endodontic procedures. Figure 4.c presents the forest 
plot from the random-effects meta-analysis. The com-
bined risk ratio was 0.99 (95% CI: 0.93, 1.04), favoring 
the experiment group, though the difference was not sta-
tistically significant (p=0.62). Statistical heterogeneity 
was low among the included studies (I2=0%), and the 
GRADE quality of evidence was rated as moderate.
GRADE (Grading of Recommendations, Assessment, 
Development, and Evaluations tool):
The GRADE assessment indicated a moderate to high 
level of certainty regarding the evidence for the measu-
red outcomes. The overall quality of evidence between 
the success score of BC and PRP is downgraded because 
one of the studies had a high risk of bias. For comple-
te apical closure, between BC/ PRP and BC/PRF, the 
studies have a high certainty of evidence. The overall 
positive vitality between BC and PRF has a high cer-
tainty of evidence. The certainty of evidence for positive 
vitality between BC and PRP is moderate. The certainty 
of evidence for healing response in BC and PRF groups 
is downgraded to moderate due to serious inconsistency 
and imprecision (See explanation in Table 3 for expla-
nations).  

Discussion
Regenerative endodontic treatment, performed in im-
mature permanent teeth, prioritizes the revascularisa-
tion of the dental pulp, yielding outcomes like com-
plete apical closure and pulp vitality restoration (30). 
The rationale for regenerative endodontic treatment is 
the remarkable resilience of apical papilla tissue, which 
can withstand adverse conditions and regenerate under 
favorable conditions after the reduction of infection 
load (31). An ideal scaffold for regenerative procedures 
should be biocompatible, and biodegradable, facilitate 
cell binding and localization, and supply growth factors. 
Autologous platelet aggregates, which include BC, PRF, 
PRP, and CGF, are the most frequently used scaffolds for 
regenerative endodontic treatment due to their idealist 

properties (32). Various synthetic scaffolds are also em-
ployed for this procedure, including poly-lactic-co-gly-
colic acid membrane, chitosan, collagen membrane, and 
platelet pellet, all of which have shown a 100% success 
rate (33). Blood clot formation is a well-understood phy-
siological process that normally takes place in the event 
of tissue damage to achieve hemostasis and initiate the 
healing process for wounds (34). The use of BC as sca-
ffolds in RET has been reported to be quite successful 
and feasible (35). Through a systematic evaluation of the 
relevant literature, the review focuses on the effects of 
various autologous platelet aggregates used as scaffolds 
in comparison to the blood clot, serving as the control 
group, on RET  outcomes. An electronic data search was 
done from 2012 to 2024 to determine how various in-
tracanal scaffolds affect treatment outcomes for regene-
rative endodontic therapy (RET), including full apical 
closure, clinical success, radiographic success, and tooth 
sensibility. All the included studies were diagnosed with 
pulpal necrosis with immature root and periapical patho-
logy. Predominantly, the studies in this systematic review 
comply with the clinical guidelines for regenerative en-
dodontic procedures outlined by the American Associa-
tion of Endodontists. A systematic review that included 
data from 2008 to 2021—including research from 2008 
to 2021—was published in February 2023; however, not 
all of the studies included blood clots (BC) as a control 
group. Moreover, the study characteristics did not inclu-
de case reports and case series that compared BC with 
other autologous platelet aggregates (33). The results 
for apical root closure were statistically non-significant 
across different autologous scaffolds compared to BC. 
There is published literature to support this outcome that 
the stem cell population in BC is greater than found in 
PRF and PRP, which is derived from peripheral blood. 
However, PRF and PRP (concentration five times higher 
than normal platelet count) contain concentrated plate-
lets, which continuously release various growth factors, 
aiding in tissue regeneration (25). Even with low growth 
factors, the results with BC were comparable with tho-
se of other autologous platelet aggregates because of an 
increased number of stem cells present in the periapical 
area (36). The healing response with BC was compa-
rable to that with other platelet aggregates and showed 
nonsignificant results. However, healing was reported to 
be faster with PRF. PRF, with a 210-fold higher concen-
tration of platelets, makes an even more potent scaffold, 
ideal for RET (36). In addition, PRF aids in reducing 
infection and inflammation because it contains leuko-
cytes, cytokines, and some lymphocytes (37). When BC 
and other autologous platelet aggregates were evaluated, 
the outcome of positive pulp vitality was not statistically 
significant. However, compared to the BC group, PRP 
and PRF displayed a noticeably quicker initial response 
to vitality tests, which would point to a higher level of 
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organization in the vital pulp tissue (11).  The overall 
success score among the autologous platelet aggregate 
and BC in RET was statistically nonsignificant. This can 
be due to the data indicating that PRP or PRF fails to 
exhibit an improvement over BC in clinical success in 
cases of necrotic immature teeth indicating that BC may 
be equally effective for RET (38). The outcomes of this 
meta-analysis are non-significant, as scaffolds derived 
from the patient’s circulating blood, despite being an-
ticipated to be rich in platelets and growth factors, do 
not demonstrate a notable advantage over the blood clot. 
The current systematic review and meta-analysis have 
assessed the importance of various autologous platelet 
aggregates used as scaffolds in RET. However, deter-
mining the most effective scaffold proves challenging 
based on the observed outcomes in the current research. 
Variability in sample sizes between groups diminishes 
the reliability of comparisons. Heterogeneity in assess-
ment methods for complete apical closure and healing 
response following RET prevents quantitative analy-
sis. Similarly, qualitative analysis on pulp sensibility 
response after RET, as a successful outcome, is limited 
by few studies with diverse scaffold comparisons. Less 
commonly used scaffolds cannot be compared due to 
small sample sizes and limited studies.

Conclusions
BC, PRP, and PRF are the most widely used scaffolds 
for regenerative endodontic treatment. Overall,  suc-
cess in regenerative endodontic treatment (RET) with 
various scaffolds is notably high, with no significant 
impact observed based on scaffold type. No statistically 
significant difference was observed for different outco-
me parameters such as apical root closure, positive pulp 
vitality, healing response, and overall clinical success 
when blood clot was compared to PRP and PRF. The-
refore a conclusion can be drawn that BC serves as an 
effective primary scaffold in RET for non-vital immatu-
re teeth, reserving PRP and PRF for cases where diffi-
culty to induce intracanal blood is encountered.

Acknowledgement
Declared none.

Institutional Review Board Statement
The protocol for this study was pre-registered with the International 
Prospective Register of Systematic Reviews (PROSPERO) before 
commencement (PROSPERO ID- CRD42023484150).

Data Availability Statement
The datasets used and/or analyzed during the current study are availa-
ble from the corresponding author.

Author Contribution
Dr. Saumya Verma -Conception, Design, Data collection, Materials, 
Analysis and Interpretation, Literature Review, Writer
Dr. Alpa Gupta- Conception, Design, Supervision, Data collection, 
Materials, Analysis and Interpretation, Literature Review, Writer

Dr Mrinalini- Conception, Design, Supervision, Data collection, 
Analysis and Interpretation, Literature Review, Writer, Critical review
Dr Dax Abraham- Conception, Design, Supervision, Data collection, 
Materials, Analysis and Interpretation, Writer, Critical review
Dr. Unnati Soma- Conception, Design, Analysis and Interpretation, 
Writer, Critical review

Funding
None.

Conflict of interest
The authors declare no conflict of interest.

References
1. Alothman FA, Hakami LS, Alnasser A, AlGhamdi FM, Alamri 
AA, Almutairii BM. Recent Advances in Regenerative Endodontics: 
A Review of Current Techniques and Future Directions. Cureus. 
2024;16(11):e74121.
2. Gawthaman M, Vinodh S, Mathian VM, Vijayaraghavan R, Karu-
nakaran R. Apexification with calcium hydroxide and mineral trioxide 
aggregate: Report of two cases. J Pharm Bioallied Sci. 2013;5(Suppl 
2):S131-4.
3. N, Revathi, Sharath SM. Merits and Demerits of Calcium Hydroxi-
de as a Therapeutic Agent: A Review. Int J Dent Sci Res. 2014;2:1-4.
4. Lee BN, Moon JW, Chang HS, Hwang IN, Oh WM, Hwang YC. 
A review of the regenerative endodontic treatment procedure. Restor 
Dent Endod. 2015;40(3):179-87.
5. Parirokh M, Torabinejad M. Mineral trioxide aggregate: a compre-
hensive literature review--Part III: Clinical applications, drawbacks, 
and mechanism of action. J Endod. 2010;36(3):400-13.
6. Geisler TM. Clinical considerations for regenerative endodontic 
procedures. Dent Clin North Am. 2012;56(3):603-26.
7. Liu H, Lu J, Jiang Q, Haapasalo M, Qian J, Tay FR, et al. Bio-
material scaffolds for clinical procedures in endodontic regeneration. 
Bioact Mater. 2021;12:257-77.
8. Gathani KM, Raghavendra SS. Scaffolds in regenerative endodon-
tics: A review. Dent Res J (Isfahan). 2016;13(5):379-86.
9. Panda S, Mishra L, Arbildo-Vega HI, Lapinska B, Lukomska-Szy-
manska M, Khijmatgar S, et al. Effectiveness of autologous platelet 
concentrates in management of young immature necrotic permanent 
teeth: A systematic review and meta-analysis. Cells. 2020;9(10):2241.
10. Tang Q, Jin H, Lin S, Ma L, Tian T, Qin X. Are platelet concentrate 
scaffolds superior to traditional blood clot scaffolds in regeneration 
therapy of necrotic immature permanent teeth? A systematic review 
and meta-analysis. BMC Oral Health. 2022;22(1):589.
11. Ulusoy AT, Turedi I, Cimen M, Cehreli ZC. Evaluation of blood 
clot, platelet-rich plasma, platelet-rich fibrin, and platelet pellet as sca-
ffolds in regenerative endodontic treatment: A prospective randomized 
trial. J Endod. 2019;45(5):560-566.
12. ElSheshtawy AS, Nazzal H, El Shahawy OI, El Baz AA, Ismail 
SM, Kang J, et al. The effect of platelet-rich plasma as a scaffold 
in regeneration/revitalization endodontics of immature permanent 
teeth assessed using 2-dimensional radiographs and cone beam 
computed tomography: A randomized controlled trial. Int Endod J. 
2020;53(7):905-921.
13. Shivashankar VY, Johns DA, Maroli RK, Sekar M, Chandraseka-
ran R, Karthikeyan S, et al. Comparison of the effect of PRP, PRF, and 
induced bleeding in the revascularization of teeth with necrotic pulp 
and open apex: A triple blind randomized clinical trial. J Clin Diagn 
Res. 2017;11(6):ZC34-ZC39.
14. Mittal N, Baranwal HC, Kumar P, Gupta S. Assessment of pulp 
sensibility in mature necrotic teeth using regenerative endodontic the-
rapy with various scaffolds: A randomized clinical trial. Indian J Dent 
Res. 2021;32(2):216-220.
15. Ragab RA, Lattif AEAE, Dokky NAEWE. Comparative study 
between revitalization of necrotic immature permanent anterior teeth 
with and without platelet-rich fibrin: A randomized controlled trial. J 
Clin Pediatr Dent. 2019;43:78-85. 



J Clin Exp Dent. 2025;17(4):e447-60.                                                                                                                                                                                                             Platelet Aggregates and Blood Clot in Regeneration

e460

16. Uppala S. A comparative evaluation of PRF, blood clot, and co-
llagen scaffold in regenerative endodontics. Eur J Mol Clin Med. 
2020;7(2):3401-10.	
17. Bezgin T, Yilmaz AD, Celik BN, Kolsuz ME, Sonmez H. Efficacy 
of platelet-rich plasma as a scaffold in regenerative endodontic treat-
ment. J Endod. 2015;41(1):36-44.
18. Alagl A, Bedi S, Hassan K, AlHumaid J. Use of platelet-rich plas-
ma for regeneration in non-vital immature permanent teeth: Clinical 
and cone-beam computed tomography evaluation. J Int Med Res. 
2017;45:583-93.
19. Rizk HM, Al-Deen MSS, Emam AA. Regenerative endodontic 
treatment of bilateral necrotic immature permanent maxillary central 
incisors with platelet-rich plasma versus blood clot: A split mouth 
double-blinded randomized controlled trial. Int J Clin Pediatr Dent. 
2019;12(4):332-339.
20. Rizk HM, Salah Al-Deen MS, Emam AA. Pulp revascularization/
revitalization of bilateral upper necrotic immature permanent central 
incisors with blood clot vs platelet-rich fibrin scaffolds: A split-mou-
th double-blind randomized controlled trial. Int J Clin Pediatr Dent. 
2020;13(4):337-343.
21. Youssef A, Ali M, ElBolok A, Hassan R. Regenerative endodontic 
procedures for the treatment of necrotic mature teeth: A preliminary 
randomized clinical trial. Int Endod J. 2022;55(4):334-346.
22. Ramachandran N, Singh S, Podar R, Kulkarni G, Shetty R, Chan-
drasekhar P. A comparison of two pulp revascularization techniques 
using platelet-rich plasma and whole blood clot. J Conserv Dent. 
2020;23(6):637-643.
23. Narang I, Mittal N, Mishra N. A comparative evaluation of blood 
clot, platelet-rich plasma, and platelet-rich fibrin in regeneration of ne-
crotic immature permanent teeth: A clinical study. Contemp Clin Dent 
2015;6:63-8.
24. Sharma S, Mittal N. A comparative evaluation of natural and ar-
tificial scaffolds in regenerative endodontics: A clinical study. Saudi 
Endod J. 2016;6(1):9-15.
25. Jadhav G, Shah N, Logani A. Revascularization with and without 
platelet-rich plasma in nonvital, immature, anterior teeth: A pilot clini-
cal study. J Endod. 2012;38(12):1581-7.
26. Meschi N, EzEldeen M, Garcia AET, Lahoud P, Van Gorp G, 
Coucke W, et al. Regenerative endodontic procedure of immature 
permanent teeth with leukocyte and platelet-rich fibrin: A multicenter 
controlled clinical trial. J Endod. 2021;47(11):1729-1750.
27. Lv H, Chen Y, Cai Z, Lei L, Zhang M, Zhou R, et al. The effi-
cacy of platelet-rich fibrin as a scaffold in regenerative endodontic 
treatment: A retrospective controlled cohort study. BMC Oral Health. 
2018;18(1):139.
28. Yang F, Yu L, Li J, Cheng J, Zhang Y, Zhao X, et al. Evaluation 
of concentrated growth factor and blood clot as scaffolds in regene-
rative endodontic procedures: A retrospective study. Aust Endod J. 
2023;49(2):332-343.
29. Nagaveni NB, Poornima P, Mathew MG, Soni AJ, Khan MM. A 
comparative evaluation of revascularization done in traumatized im-
mature necrotic anterior teeth with and without platelet-rich fibrin: A 
case report. Int J Clin Pediatr Dent. 2020;13(1):98-102.
30. Van Le H, Nguyen TA, Vu TS. Regenerative endodontic procedu-
res of immature permanent premolars with periapical lesions: A report 
of two cases using two different materials, 18-month follow-up. Case 
Rep Dent. 2023;2023:5577474.
31. Pulyodan MK, Paramel Mohan S, Valsan D, Divakar N, Moyin 
S, Thayyil S. Regenerative endodontics: A paradigm shift in clinical 
endodontics. J Pharm Bioallied Sci. 2020;12(Suppl 1):S20-S26.
32. Ding ZY, Tan Y, Peng Q, Zuo J, Li N. Novel applications of pla-
telet concentrates in tissue regeneration (Review). Exp Ther Med. 
2021;21(3):226.
33. Rahul M, Lokade A, Tewari N, Mathur V, Agarwal D, Goel S, et al. 
Effect of intracanal scaffolds on the success outcomes of regenerative 
endodontic therapy - A systematic review and network meta-analysis. 
J Endod. 2023;49(2):110-128.
34. Wilkinson HN, Hardman MJ. Wound healing: cellular mechanisms 
and pathological outcomes. Open Biol. 2020;10(9):200223.

35. Kim SG, Malek M, Sigurdsson A, Lin LM, Kahler B. Regenerative 
endodontics: a comprehensive review. Int Endod J. 2018;51(12):1367-
1388.
36. Ríos-Osorio N, Caviedes-Bucheli J, Jimenez-Peña O, Orozco-Agu-
delo M, Mosquera-Guevara L, Jiménez-Castellanos FA, et al. Compa-
rative outcomes of platelet concentrates and blood clot scaffolds for 
regenerative endodontic procedures: A systematic review of randomi-
zed controlled clinical trials. J Clin Exp Dent. 2023;15(3):e239-e249.
37. Huidobro-Guerrero AA, Santoy-Lozano A, Lopez-Martinez F, 
Garcia-Jau RA, Valle-Urias AE, Nakagoshi-Cepeda SE, et al. Autolo-
gous platelet concentrates in regenerative endodontic treatment. Int J 
Appl Dent Sci. 2021;7(4):20-24.
38. Castro-Gutiérrez MEM, Argueta-Figueroa L, Fuentes-Mascorro G, 
Moreno-Rodríguez A, Torres-Rosas R. Novel approaches for the treat-
ment of necrotic immature teeth using regenerative endodontic proce-
dures: a systematic review and meta-analysis. Appl Sci. 2021;11:5199.


