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Abstract 
Background: The main objective of this systematic review is to evaluate the effectiveness of platelet concentrates 
-Platelet-rich plasma (PRP) or Fibrin-rich plasma (PRF)- compared with blood clot (BC) as scaffolds for maturo-
genesis, in patients with immature permanent teeth with or without AP, in terms of the criteria for pulp revascula-
rization success. 
Material and Methods: We reviewed randomized controlled clinical trials comparing regenerative endodontic thera-
pies (maturogenesis) based on PRP or PRF versus the conventional BC approach, in necrotic teeth with or without 
apical periodontitis (AP) under clinical and radiographic criteria. We performed a strategic search in MEDLINE 
(PUBMED), EMBASE, and ISI Web of Science from inception to October 2022. This systematic review of the litera-
ture was developed following the Cochrane Collaboration and PRISMA statement recommendations. We used the Co-
chrane risk of bias tool v2 to assess the included studies’ quality. We performed a qualitative synthesis of the evidence.
Results: Ten randomized controlled clinical trials were included in this systematic review. Analyses of these studies 
suggest that maturogenesis is a successful therapy regardless of the method employed. However, further research 
should be conducted with more suitable research methodologies and more homogenous data for meta-analysis. 
Conclusions: Results from this systematic review suggest that BC maturogenesis approaches yield similar clinical 
and radiographic outcomes when compared to Platelet-concentrates based therapies (PRP and PRF).

Key words: Maturogenesis, Revascularization, Platelet-rich plasma, Fibrin-rich plasma, blood clot, systematic 
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Introduction
Root formation proceeds under the control and influen-
ce of the Hertwig epithelial sheath and progenitor cells 
through epithelial-mesenchymal interactions (1). Root 
development interference can be related to several fac-
tors such as dentoalveolar injuries and infectious pro-
cesses, which may lead to a loss of the neuro-vascular 
supply and subsequent development of periapical le-
sions, resulting in thin and fragile dentin root walls and 
absence of apical constriction (2). In such cases, the di-
fficulty in generating an adequate apical seal put at risk 
the outcome of endodontic therapy (3).
Apexification has been traditionally the treatment of 
choice for necrotic immature permanent teeth with or 
without apical periodontitis (AP) (3). Apexification aims 
to establish an apical mechanical barrier of mineralized 
tissue in roots with immature apex (2,3). However, the 
result from this therapy is generally a biomechanically 
unstable tooth, since canal walls remain thin and fragile, 
and root length short, as a consequence of the cessation 
of root formation (2,3).
A regenerative endodontic therapy (RET) commonly 
termed revascularization has also been recommended 
for treating such immature permanent teeth. RETs aim 
to restore the blood supply and enable continued root 
development, by replacing cells related to radicular mor-
phogenesis and injured root tissues (4). Therefore, such 
therapies should be described as maturogenesis, since 
the term revascularization is imprecise as it only covers 
one aspect of RET (4,5).
Maturogenesis depends on three critical components: (i) 
Mesenchymal stem cells, which provide a source of pri-
mary odontoblasts-like cells (ii) Signaling molecules for 
mesenchymal stem cells stimulation, differentiation and 
proliferation, and (iii) a Physical scaffold for providing a 
suitable environment for cells responsible for continuing 
root development (4-7).
The conventional bleeding technique of maturogenesis 
involves minimal mechanical instrumentation, root ca-
nal irrigation with sodium hypochlorite (NaOCl), and 
the use of an intracanal tri-antibiotic paste ( Metroni-
dazole, Ciprofloxacin, and Minocycline), followed by 
laceration of the periapical tissues aimed at stabilizing a 
blood clot (BC) scaffold within the immature root canal 
(4,5). The BC creates a three-dimensional scaffold that 
entraps undifferentiated mesenchymal stem cells. The 
platelets and fibrin-rich plasma within the BC contain 
bioactive signalling molecules which can interact with 
the mesenchymal stem cells, thus inducing tissue rege-
neration (4,5).
Currently, some bioactive autologous derivatives (plate-
let concentrates) such as platelet-rich plasma (PRP), and 
fibrin-rich plasma (PRF) have been proposed as a new 
alternative to replace BC scaffolds for maturogenesis. 
(6).

PRP is an autologous scaffold rich in growth factors, 
obtained by platelet activation and fibrinogen polyme-
rization. PRP promotes cell differentiation, collagen 
production and angiogenesis, in addition to possessing 
anti-inflammatory and anti-bacterial properties (8). PRF, 
the second generation of these platelet concentrates may 
boost migration and cellular activity, as, during any he-
mostatic and healing phenomenon, the fibrin clot traps 
the stem cells which are directed towards the wound site 
(8).  Therefore, it is conceivable that the usage of platelet 
concentrates could improve and speed up tissue regene-
ration processes.
Platelet concentrates represent a new option in the field 
of RETs, however, comparative outcomes Vs. Conven-
tional BC maturogenesis approaches remain poorly stu-
died. In addition, previous studies addressing this topic 
have shown inconsistent results and methodological 
flaws (9). Consequently, this study aims to perform a 
systematic literature review to evaluate the effectiveness 
of platelet concentrates (PRP and PRF) compared with 
BC as scaffolds for maturogenesis in patients with im-
mature permanent teeth with or without AP.

Material and Methods 
We strictly followed the Cochrane Collaboration and 
PRISMA statement recommendations (10). A detailed 
protocol was developed and registered in PROSPERO 
under the ID: CRD42022363810.
Criteria for regenerative endodontic therapy success: 
The American Association of Endodontics AAE defined 
three main goals that should be archived to consider a 
regenerative endodontic procedure as successful: (i) Re-
solution of clinical signs and symptoms, and evidence of 
bone healing, (ii) continued root development in terms 
of increased root wall thickness and/or increased root 
length, and (iii) Positive response to vitality tests  (11).
PICO question: Using the PICO strategy, the focused 
question and the inclusion criteria were framed: 
Population: Permanent immature necrotic teeth with or 
without AP. Intervention: PRF or PRP as scaffolds for 
maturogenesis. Comparison: Blood clot scaffolds. Out-
come: Increase in root length, thickening of dentinal 
walls, evidence of apical bone healing and positive res-
ponse to vitality tests.
Focused question: Do platelet concentrates (PRP and 
PRF) improve the outcomes of maturogenesis therapies 
when compared with BC scaffolds?
Eligibility
Inclusion criteria: We included randomized controlled 
clinical trials comparing directly (PRP or PRF) Vs. BC 
as scaffolds in regenerative endodontic treatments of im-
mature permanent teeth with necrotic pulp with or wi-
thout AP under clinical and radiographic criteria with at 
least a one-year follow-up period (12 months).
Exclusion criteria: We excluded studies that did not de-
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fine the evaluation method, In vitro or animal studies, 
studies that did not compare PRP or PRF directly with 
BC maturogenesis techniques, and studies that did not 
clearly define the maturogenesis protocol.
Information sources
We searched MEDLINE (PUBMED), EMBASE, and 
ISI Web of Science from inception to October 2022. 
References from relevant articles identified through the 
search, open grey, thesis databases, clinicaltrials.gov 
and Google scholar among others were also scanned. 
The next search strategy translated for each database:
“(endodontics AND revascularization OR regenerative 
endodontic procedure OR regenerative endodontic treat-
ment OR pulp revitalization AND necrotic dental pulp 
AND necrotic permanent teeth AND necrotic teeth AND 
immature permanent teeth) AND (platelet rich plasma 
OR platelet rich fibrin OR blood clot)”.
Data collection
Two researchers reviewed independently each reference 
by title and abstract. Full texts of relevant studies were 
scanned to apply specific inclusion and exclusion crite-
ria, and finally, the data was extracted. Disagreements 
were resolved by consensus, otherwise, a third reviewer 
solved the disagreements. Two calibrated reviewers 
working independently, extracted the following infor-
mation from each reference: title, year of the publica-
tion, author’s names, study design, objectives, inclusion 
and exclusion criteria, number of patients included, sam-
ple characteristics losses to follow up, outcomes and as-
sociation measures and geographic location.
Risk of bias
Risk of bias was assessed for the studies Included in 
qualitative synthesis with the Cochrane Risk of Bias tool 
(version 2) for clinical trials.
Data analysis
We could not conduct a meta-analysis since the included 
articles in this systematic review were methodologically 
heterogeneous. Therefore, comparisons between inter-
ventions could not be performed .

Results
-Study selection 
378 references were initially identified through the 
search strategy. After the removal of 15 duplicates, we 

screened 363 titles/abstracts. 15 Full – text articles were 
assessed for eligibility. After full article screening, 5 re-
ferences were excluded with reasons (12-16) (Table 1). 
Finally, ten randomized controlled clinical trials met 
the inclusion criteria for qualitative synthesis (6,17-25) 
(Fig. 1).
-Characteristics of included studies
Ten studies were included in this systematic review 
(6,17-25), published between 2012 and 2021 (eight stu-
dies (6,17,19-24), compared BC Vs. PRP and five studies 
(17,18,21,22,25), compared BC Vs. PRF). The included 
studies were conducted in India (6,21,22,24), Egypt 
(18,23,25) Saudi Arabia (20) and Turkey (17,19). All the 
studies were randomized controlled clinical trials, with 
at least a 12-month (one-year) follow-up period. Two 
studies with an 18-month follow-up period (19,21), and 
one study with a follow-up for a period ranging from 
10-49 months (17). The age of the participants in these 
studies ranged from 7 to 54 years. When treated, all teeth 
were immature and diagnosed with pulp necrosis with 
or without AP. Analysis of the ten randomized clinical 
trials included in this systematic review suggests that 
maturogenesis is a highly predictable practice, regard-
less of the scaffold used (BC/PRP/PRF). None of the 
scaffolds analyzed in this review substantially influen-
ced the outcomes of maturogenesis. Treatment outcomes 
did not differ significantly between scaffolds. Notably, 
although the European society of endodontics and the 
American Association of Endodontics have recommen-
ded standardized protocols (26,27), most of the included 
studies applied different protocols regarding intracanal 
irrigation and the composition of the tri-antibiotic paste. 
The language of the publication of all studies was Engli-
sh (Table 2).
-Risk of bias assessment 
Regarding the randomization process, two studies 
showed some concerns (Jadhav et al. 2012 and Ulusoy 
et al. 2019) and other two (Ramachandran et al. 2021 
and Alagl et al. 2017) presented high risk (6,8,20,24). 
Jadhav et al. 2012, also showed some concerns regar-
ding deviation from standard interventions and the se-
lection of the reported results and high risk regarding 
the measurement of the outcome (6). Alagl et al. 2017, 
also showed some concerns regarding deviation from 

Study ID Reason of exclusion
Youssef et al. (12), 2022. The study evaluates teeth with mature apices.
Mittal et al. (13), 2021. The study only evaluates the pulp sensibility criteria.
Rizk et al. (14), 2020. The study did not compare PRP/PRF Vs. BC scaffolds
George et al. (15), 2022. The study only evaluates teeth with mature apices.
Cerqueira-Neto et al. (16), 2021. The study did not compare PRP/PRF Vs. BC scaffolds.

Table 1: Full–text articles excluded with reasons.
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Fig. 1: Flowchart of included studies.

standard interventions (20). Jadhav et al. 2012 and Alagl 
et al. 2017, were rated as at high risk in the overall re-
sult (6,20). Eight studies showed a deviation from stan-
dard interventions (6,17-23). Finally, three out of the ten 
selected studies (Ragab et al. 2019, Elsheshtawy et al. 
2020 and Risk et al. 2020), had an overall low risk of 
bias (18,23,25) (Fig. 2).
-Synthesis of the evidence 
The ten randomized controlled clinical trials included in 
this systematic review demonstrated unanimity in terms 
of satisfactory clinical outcomes (eliminations of clini-
cal signs and symptoms related to pulp necrosis and AP, 
such as pain, abscess and/or fistula, and sensitivity to 
percussion and palpation) after carrying out any of the 
three evaluated maturogenesis protocols (BC, PRP or 
PRF). During the entire course of the follow-up periods 
of the evaluated studies (6,17-25), most of the patients 
were asymptomatic. Two patients (one treated with the 
PRF approach and one treated with the BC approach) 

from one study showed clinical signs and symptoms of 
endodontic failure (17). Another study reported that two 
participants in the BC group and one participant in the 
PRP group had signs of re-infection (23). Finally, four 
patients were considered as failed because of the pre-
sence of pain (24). Likewise, the radiographic analysis 
revealed that most of the patients included in the studies 
(6,17-25) showed some degree of radiographic root de-
velopment and periapical healing in cases of AP, regard-
less of the employed maturogenesis technique. 
-BC Vs. PRP scaffolds
Bezgin et al. (19) reported that teeth treated with the 
BC approach exhibited a mean increase of 12.6% in the 
root area, compared with 9.86% in the PRP approach 
(P > 0 .05). There were also no statistically significant 
differences (P >0 .05) in terms of healing time accor-
ding to lesion size and positive response to vitality tests. 
Likewise, the time required to obtain a complete apical 
closure was also similar between groups (a mean of 8.1 
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Author, year Country Age (years) No. of 
teeth

Sample 
characteristics Irrigation Intracanal 

medication
Follow-up 
(months)

Jadhav et al. 
(6), 2012 India 15-28 20

BC supplemented 
with PRP carried 

on a collagen 
sponge (n=10) / 

BC (n=10)

2.5% NaOCL 
(20 mL)

Metronidazole/
Ciprofloxacin/ 
Minocycline 6 and 12

Ulusoy et al. 
(17), 2019.

Turkey 8-12 88

PRP (n=22) / PRF 
(n=22) / PP (pla-

telet pellet) (n=22) 
/ BC (n=22)

1.25% NaOCL 
(20mL),2% 

chlorhexidine, 
Saline solution.

Metronidazol/ 
Ciprofloxacin/ 
Clindamycin

10–49 
(mean, 
28.25 ± 

1.20)

Ragab et al. 
(18), 2019 Egypt 7-12 22 PRF (n=11= / BC 

(n=11)

5% NaOCL 
(20mL), saline 

solution.

Metronidazol/ 
Ciprofloxacin 6 and 12

Bezgin et al. 
(19),
2015

Turkey 7-13 20 PRP (n=10) / BC 
(n=10)

2.5% NaOCL 
(20 mL), saline 

solution (20 mL), 
0.12% chlorhexi-
dine (10 mL) ,5% 
EDTA (20 mL)

Metronidazol/ 
Ciprofloxacin/ 

Cefaclor
3,6,9,12,15 

and 18

Alagl et al. 
(20), 2017

Saudi 
Arabia

Not re-
ported 30 PRP (n=15) / BC 

(n=15)

2.5% NaOCL 
(20 mL), Saline 

solution (20 
mL), 0.12% 

chlorhexidine 
(10 mL),17% 

EDTA (20 mL)

Metronidazol/ 
Ciprofloxacin/ 
Minocycline

3,6,9 and 
12

Narang et al. 
(21), 2015

India Under 20 20

Apexification 
(n=5) / BC (n=5) 
/ PRP carried on 
collagen (n=5) / 

PRF (n=5)

2.5% NaOCL
Metronidazol/ 
Ciprofloxacin/ 
Minocycline

6 and 18

Shivashankar 
et al. (22), 
2017

India 6-28 60
PRF (n=20) / 

PRP (n=20) / BC 
(n=20)

5.25% NaOCL
Metronidazol/ 
Ciprofloxacin/ 
Minocycline

6 and 12

ElSheshtawy 
et al.
(23), 2020

Egypt 12.66 
(±4.47) 22 PRP (n=11= / BC 

(n=11)
5.25% NaOCL 

(20mL)

Metronidazol/ 
Ciprofloxacin/
Minocycline

12

Ramachan-
dran et al. 
(24), 2021

India 15-40 40 PRP (n=20) / BC 
(n=20)

1% NaOCl 
(20mL),

sterile water
(5 mL)

Ciprofloxacin, 
Metronidazol, 
Minocycline

6,12

Rizk et al. 
(25), 2020

Egypt 8-14 30 PRF (n=15) / BC 
(n=15)

2% NaOCL, 
EDTA 17%

Metronidazol/ 
Ciprofloxacin/ 
Minocycline

3,6,9 and 
12

Table 2: Characteristics of the included studies.

months in the PRP group / nine months in the BC group) 
(19). Alagl et al. (20), reported similar results in terms of 
periapical healing, apical closure, and positive response 
to pulpal sensitivity testing. only the mean difference in 
the root length was found to be statistically significant 
in the PRP group when compared with the BC group 
(P < .004). The authors suggest that PRP alone cannot 
significantly affect maturogenesis outcomes (20). Li-

kewise, Elsheshtawy et al. (23) reported that changes in 
root wall thickness, root length, apical closure and radio-
graphic root area were found to be significant for both 
groups (PRP and BC), but, without differences between 
both groups (P >0 .05) (23). Recently, Ramachandran 
et al. (24) compare PRP Vs. BC scaffolds in terms of 
change in the radiographic root area. This study also 
concluded that there was no difference (P >0 .05), in the 
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Fig. 2: Risk of bias assessment.

percentage change in the root area between both groups 
after a 1-year follow-up period (24). Finally, one study 
by Jadhav et al. (6) found statistically significant diffe-
rences (P <0.05) between the PRP group and the BC 
group in terms of periapical healing, apical closure, and 
dentinal wall thickening, suggesting that maturogenesis 
using the PRP approach potentially improves the desired 
biological outcomes of maturogenesis (6).
BC Vs. PRF scaffolds
Narang et al. (21) compared the regenerative potential 
of the three methods (PRF, PRP, and BC). The authors 
reported that the PRF group showed a statistically signi-
ficant difference (p ˂0.05), regarding periapical healing 
(P = 0.003), root lengthening (P = 0.002) and dentinal 
wall thickening (P = 0.047). These results suggest that 
PRF favours most of the desired biological outcomes 
of maturogenesis when compared to PRP and BC (21). 
comparable findings were published by Rizk et al. (25) 
in a split-mouth double-blind parallel arm trial, who re-
ported that PRF showed statistical significance (p ˂ 0.05) 
in terms of increase in root length, wall thickening,  pe-
riapical healing, and reduction in apical diameter when 
compared with the  BC group at all follow-up periods  
(25).
Contradictory results were reported by Ragab et al. (18) 
who evaluated the effect of BC and PRF in terms of root 
lengthening and periapical healing after a one-year fo-
llow-up period.  There were no statistically significant 

differences (p>0.05) between the two groups (18). Li-
kewise, Shivashankar et al. (22) who compared PRF, 
BC and PRP, reported that there was no significant di-
fference (p>0.05) among the three groups concerning 
dentinal wall thickening and response to vitality testing 
(22). Similar results were reported by Ulusoy et al. (17) 
who evaluated 77 patients with 88 immature necrotic 
incisors (randomly assigned into four different groups: 
PRP, PRF, platelet pellet (PP), and BC). 73.9% of all 
the evaluated teeth showed complete apical closure af-
ter the follow-up period (28.25 ±1.20 months) with no 
statistically significant differences among groups (p> 
0.05). Likewise, linear measurements indicated a simi-
lar increase in terms of periapical healing, root length 
and width among all groups (P > 0.05). The study also 
showed similar results in terms of response to pulp tes-
ting among the treatment groups (p>0.05). The authors 
concluded that the “BC scaffolds may yield similar cli-
nical and radiographic outcomes to PRP and PRF” (17) 
(Table 3, 3 cont.).

Discussion 
RETs were successful clinically and radiographically 
in all the randomized controlled clinical trials inclu-
ded in this systematic review (6,17-27), regardless of 
the employed technique (BC, PRP, PRF), since most 
of the patients showed resolution of clinical signs and 
symptoms, presence of some degree of periapical hea-
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Author, year Main clinical and radiographic results Conclusion

Jadhav et al. (6), 
2012

20 non-vital, immature anterior teeth were randomly categorized 
into 2 groups (BC group and PRP group). After the follow-up peri-
od; all cases were clinically asymptomatic with complete resolution 
of signs and symptoms. Likewise, root lengthening was comparable 

in both groups. However, there was a statistically significant dif-
ference (P <0,05) in terms of periapical healing, apical closure, and 
dentinal wall thickening in the PRP group compared with the BC 

group.

Revascularization with PRP can 
potentially improve the desired 

biological outcome of this regen-
erative technique.

Ulusoy et al. (17), 
2019.

88 immature necrotic incisors were randomly assigned into 4 dif-
ferent groups: PRP (n = 18), PRF (n = 17), platelet pellet (PP)(n 

=17),  and BC (n = 21). During the follow-up period, 1 case from 
the PRF group and 1 case from the BC group showed signs and 

symptoms of failure including spontaneous pain and extreme sen-
sitivity to percussion. The remaining teeth were clinically and ra-

diographically asymptomatic.  73.9% of the teeth, showed complete 
apical closure with no statistically significant differences among 
groups (P > .05), likewise, linear measurements indicated a simi-
lar increase in terms of periapical healing, root length and width 

among all groups (P > .05). Similar results were reported regarding 
response to pulp testing among the treatment groups (P > .05). Au-
thors suggest that the BC method could be associated to more and 

even progressive root obliteration than the other groups.

PRP, PRF, and PP can yield 
similar clinical and radiographic 
outcomes to BC without the need 
for prior apical bleeding and with 
significantly less tendency for root 

canal obliteration.

Ragab et al. (18), 
2019

After 1-year follow-up period, the 22 patients allocated into 2 
groups (PRF group (n = 11) and BC group (n = 11)) had no signs 

and symptoms associated with infected necrotic teeth. 14.8% and 
12.3% increases in root length were achieved for the BC group and 

PRF group respectively (p>0.05). Results also showed a 74.2% 
and 80.5% of reduction in the periapical radiolucency for the PRG 

group and BC group respectively (p>0.05).

There was no statistically signifi-
cant difference (p>0.05) between 

the two groups (PRF and BC) 
through the follow-up period, both 

groups showed nearly the same 
rate of root length increase and 
periapical healing. PRF may not 
be essential for the revitalization 
of necrotic immature permanent 

anterior teeth

Bezgin et al. (19),
2015

All 22 teeth (PRP group (n = 11) and BC group (n = 11)) were clini-
cally asymptomatic during the 18-month follow-up period. Teeth in 
the BC group exhibited a mean increase of 12.6% in the root area, 
compared with 9.86% in the PRP group (P > .05).  Differences in 
healing time according to lesion size were also not statistically 

significant (P >0 .05). The time required for complete apical closure 
was also similar between the groups (a mean of 8.1 months in the 
PRP group compared with 9 months in the BC group). No statisti-
cally significant difference between the groups was found in terms 
of pulp canal obliterations and the positive response to vitality tests 

(P > .05).

PRP was found to be useful in 
constructing a scaffold for regen-
erative endodontic therapy; how-
ever, treatment outcomes did not 
differ significantly between PRP 
and conventional BC scaffolds.

Alagl et al. (20), 
2017

30 non-vital immature permanent teeth were randomly categorized 
into two groups (PRP (n=15); BC (n= 15)).  At the end of the follow-

up period, all patients presented some degree of resolution of the 
periapical lesions. The periapical healing was associated with the 
resolution of signs and symptoms (pain, swelling, fistula, and/or 
sensitivity to percussion and palpation) in 100% of the cases. The 
study evaluated parameters such as lesion size, bone density, and 
root length between groups, however only the mean difference in 
the root length was found to be statistically significant (P<.004) in 
the PRP group compared with the BC group.  Additionally, apical 
closure was observed in 73% of the cases (22 teeth; 14 in the PRP 
group and 8 in the BC group) and a delayed positive response to 

pulpal sensitivity testing was seen in 63.3% of cases (13 teeth in the 
PRP group and 6 in the BC group).

PRP alone cannot significantly 
affect treatment outcomes. The re-
sults of treatment with PRP were 
not significantly different from 

those of the conventional protocol 
using a blood clot as a scaffold.

Table 3: Description of the main outcomes.
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Narang et al. (21), 
2015

20 necrotic immature permanent teeth divided into 4 groups: 
apexification (control group), BC, PRP and PRF were compared in 

terms of root lengthening, dentinal wall thickening, periapical heal-
ing and apical closure. After treatment, all patients were clinically 
asymptomatic and the swelling and sinus had resolved completely. 

At the end of the follow-up period, the PRF group showed a statisti-
cally significant difference (P< 0.05) over BC and PRP in terms 

of periapical healing (P = 0.003), root lengthening (P = 0.002) and 
dentinal wall thickening with (P = 0.047). There was no statistically 

significant difference between the BC Group and the PRP group 
(P>0.05). In terms of apical closure, 66.67% of cases in the BC 

group, 40% in the PRF Group, and 60% in the PRP Group showed 
good apical closure. There was no statistically significant differ-

ence between BC and PRP (P = 0.417).

PRF has huge potential to accel-
erate the growth characteristics 
in immature necrotic permanent 

teeth as compared to PRP and BC.

Shivashankar et 
al. (22), 2017

60 patients were randomly categorised into three groups (PRF 
group n=20, BC Group n=20, and PRP group n=20). At the end 
of the 12-month follow-up period, all patients presented with no 
clinical signs and symptoms of infection or no radiographic en-

largement of the pre-existing AP. There was no significant differ-
ence among the three groups at the end of 12 months concerning 
root lengthening, lateral wall thickness and response to vitality 
testing(P>0.05). However, in terms of apical healing, the PRP 

group showed a statistically significant difference (P=0.015) over 
BC and PRF.

It is wise to establish the BC tech-
nique as the standard endodontic 
procedure for revascularization 

since requires no drawing of blood 
from the patient and archives 

similar results to techniques based 
on platelet concentrates such as 

PRF or PRP

ElSheshtawy 
et al.
(23), 2020

After a one-year follow-up period, twenty-six patients (mean age 
of 12.66 ± 4.47) randomly allocated into two groups (PRP group 
(n =13 patients 14 teeth) and BC group (n = 13 patients 17 teeth)) 

showed an overall success rate of 87.1% (BLC (88%) and PRP 
(85.7%). Two participants in the BC group and one participant in 
the PRP group had signs of re-infection. The remaining patients 

were clinically and radiographically asymptomatic. Changes in root 
length, root dentinal thickness, radiographic root area and periapi-
cal area diameter, over time, were found to be significant for both 

groups, without differences between the two RET approach groups 
(P > .05).

Comparable clinical and radio-
graphic outcomes of maturogen-
esis using both approaches (PRP 

and BC as scaffolds) over a period 
of 12 months follow-up were 

achieved.

Ramachandran et 
al. (24), 2021

40 patients (age range of 15-54) were randomly allocated into two 
groups: BC(n=20) and PRP (n=20). Four cases were considered as 
failed because of the presence of pain. The percentage change in 

the radiographic root area after a 12-month follow-up was 9.843% 
and 9.564% for the BC group and the PRP group respectively (P > 

0.05).

BC and PRP scaffolds are compa-
rable on the grounds of percentage 

change in the radiographic root 
area after a 12-month follow-up 

period (P > 0.05).

Rizk et al. (25), 
2020

24 upper anterior permanent incisors from 15 subjects (Aged: 8–14 
years) with necrotic pulp, with or without periapical lesions and im-
mature apex were randomly assigned by a coin toss into two groups 
(BC (n=12) and PRF (n= 12). Both groups showed a 100% success 

rate. However, after a one-year follow-up period, the PRF teeth 
displayed a statistically significant (P ˂ 0.05) in terms of growth in 
radiographic root length (0.005), increased periapical bone density 
(0.012), and a reduction in apical diameter (0.006) when compared 

with the BC group. Furthermore, all teeth in both groups were 
negative for the sensibility test. The BC teeth displayed greater 

crown discolouration.

PRF is an appropriate substitute 
for BC in maturogenesis thera-

pies, for necrotic permanent teeth 
with open apex with or without 

AP. However, as it requires blood 
withdrawal, it might be difficult in 

needle-phobic children.

Table 3 cont.: Description of the main outcomes.

ling, increase in root length and root thickness and api-
cal closure. As a result of the risk bias evaluation, two 
studies (6,20) were classified as high risk of bias. Five 
studies (17,19,21,22.24) were rated as at some concer-

ns, and three studies were classified as low risk of bias 
(18,23,25). In general terms, this systematic review pre-
sents a moderate risk of bias. 
Nygaard-Ostby (1961), reported that a BC inside a root 
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canal, created by intentionally lacerating the periapical 
tissues is gradually replaced by the ingrowth of granula-
tion tissue, which in turn gives rise to fibrous connective 
tissue (28). In a later study, Nygaard-Ostby and Hjortdal 
(1971), demonstrated the deposition of cellular cemen-
tum within root canals partly filled with a BC (29). More 
recently, it has been reported that the tissue forming in-
side the root canal system after maturogenesis combines 
a fibrous connective tissue and bone-like substance with 
vascular-like structures (30). Studies have also indicated 
that this tissue may help the innate immune system rea-
ppear, which could prevent root canal system reinfection 
(31).
Maturogenesis studies utilizing BC as a scaffold have 
reported high success rates ranging from 90% to 94% 
(21,32,33). However, the use of BC scaffold for matu-
rogenesis is still a concern, as it is likely to evoke tis-
sue healing rather than pulpal regeneration (23). On 
the other hand, failure to provoke apical bleeding or to 
achieve adequate blood volume within the necrotic root 
canal and the discomfort caused by the mechanical irri-
tation of periapical tissues also remain concerns (17). 
PRP and PRF have been proposed as ideal scaffolds for 
RET (6,21,25). A human blood clot contains only 5% 
platelets, whereas, a PRP clot contains about 95%; the-
refore, platelet concentration may increase up to 740% 
within a PRP clot (21). Likewise, PRF contains a 210-
fold higher concentration of platelets when compared to 
a human BC (21). Accordingly, it could be thought that 
tissue regeneration processes could be accelerated when 
platelet concentrates are used. However, results from 7 
out of 10 studies included in this systematic review fai-
led to show superiority of the platelet concentrates (PRP 
and PRF) over the BC approach in terms of clinical and 
radiographic outcomes (17-20,22-24). Although, such 
results could be associated with the relatively short fo-
llow-up periods, lack of radiograph and image standar-
dization and calibration across the trials and the shortco-
mings regarding the risk of bias of the included studies. 
PRP elicit a sustained release of growth factors that 
boost undifferentiated mesenchymal stem cells, which 
in turn stimulates the production of collagen and local 
anti-inflammatory agents such as RANTES/CCL5, thus 
improving soft- and hard-tissue regeneration (6). Howe-
ver, only one study (6) out of the eight (6,17,19-24), in-
cluded in this systematic review that directly compared 
PRP vs. BC, concluded that maturogenesis with PRP 
could improve the desired biological outcomes (6). No-
tably, it should be noted that in that study, the PRP was 
used as a supplementation to the BC approach and never 
applied alone (6). The remaining seven studies (17,19-
24), concluded that both clinical and radiographic out-
comes did not differ significantly. Histologic studies 
have suggested that PRP alone does not significantly 
affect RET outcomes (34,35). Furthermore, Martin et al. 

(2013), observed that the tissues formed inside the root 
canals after carrying out a maturogenesis protocol either 
with BC or PRP are similar histologically (34). 
PRF has several advantages over PRP. PRF comprises 
only autologous components, thus being more suita-
ble for growth factors storage and cell migration (17). 
Moreover, PRF performs a slower sustained release of 
the stored growth factors such as the Platelet-derived 
growth factor (PDGF) and the Transforming growth fac-
tor-beta (TGF-β) and its dissolution is longer after appli-
cation, as it remodels similarly to a natural blood clot 
(21,36). Unlike PRP, PRF boosts bone undifferentiated 
mesenchymal cells, enhancing their proliferation and 
differentiation (36). However, only two studies (21,25), 
out of five (17,18,21,22,25), included in this systema-
tic review that directly compared PRF vs. BC, reported 
that PRF showed a statistically significant difference 
(p<0.05) over BC  in terms of periapical healing, root 
lengthening, dentinal wall thickening and decrease in 
apical diameter. Results from the remaining 3 studies 
(17,18,22), showed that both approaches could yield 
similar clinical and radiographic outcomes.  This may 
suggest that a BC formation and stabilization inside an 
empty root canal may be an ideal scaffold for grown 
factors and stem cells deriving from the apical papilla. 
Stem cells deriving from the apical papilla survive pulp 
necrosis even in the presence of periapical infection and 
provide a source of odontoblasts like-cells (4).
On the other hand, Ulusoy et al. (17) reported that, al-
though there were no significant differences (p>0.05) 
among the different maturogenesis approaches (BC, 
PRP and PRF) regarding most of the evaluated para-
meters, pulp maturogenesis with PRP and PRF showed 
significantly faster initial response to vitality test than 
the BC group, which may indicate a higher degree of 
organization of the vital pulp tissue (17). These findings 
could be associated with a higher platelet concentration 
in PRP and PRF compared to BC, which in turn can be 
related to a higher capacity for sensory fibre regenera-
tion (17). Notably, “the lack of a pulp response does not 
necessarily indicate a lack of vitality” (37).
Another possible disadvantage of BC scaffold is its hi-
gher propensity for canal obliteration than PRP and PRF, 
which can become a complication in the case of requi-
ring endodontic therapy in the future (17). Such oblitera-
tions may be related to the apical bleeding induced in the 
BC method, which may carry non–stem cells from the 
apical papilla that could elicit an ectopic apposition of 
mineralized tissues on the root canal walls (17). Howe-
ver, there is not enough evidence to support endodontic 
therapy in the case of mineralized obliteration unless AP 
is observed or the obliterated tooth becomes symptoma-
tic (19).
Finally, the root canal microbiome must be efficiently 
controlled to allow the regeneration of periapical tissues. 



J Clin Exp Dent. 2023;15(3):e239-49.                                                                                          Outcomes of platelet concentrates and blood clot scaffolds for regenerative endodontic procedures

e248

This process is the key to achieving long-term success 
in REP. Therefore, in observing the successful clinical 
and radiographic results, it must be considered; besides 
the maturogenesis approach used, the previous intra-ca-
nal antibiotic therapy employed. The included studies in 
this systematic review described that the composition of 
the intra-canal antibiotic ranged among the following 
combinations: Metronidazole and ciprofloxacin (18), 
metronidazole, ciprofloxacin, and cefaclor (19), metro-
nidazole, ciprofloxacin, and minocycline (6,20,22), and 
clindamycin, ciprofloxacin and Metronidazole (17). 
Hoshino et al. (38) demonstrated the antimicrobial effi-
ciency of a triple-antibiotic paste in the composition of 
metronidazole, ciprofloxacin, and minocycline (38). A 
combination of antibiotics should be used to address the 
polymicrobial nature of endodontic infections and redu-
ce the likelihood of developing resistant bacterial strains 
(38). Recent studies have reported success in maturo-
genesis with cefaclor and clindamycin used in place of 
minocycline in the triple antibiotic paste, or just by omit-
ting the use of minocycline to avoid tooth discolouration 
(17-19). Another possible drawback of intracanal anti-
biotics besides tooth discolouration is their detrimental 
effect on stem cell survival. It has been reported that di-
fferent combinations of intra- canal antibiotics risk the 
survival of human apical papilla stem cells (39). Howe-
ver, the toxicity to stem cells can be avoided by using 
concentrations below 1 mg / mL (39). 
In view of the importance of maintaining the integrity of 
periodontal ligament cells for revascularization repair, re-
cent studies have suggested the use of calcium hydroxide, 
alone or in combination with chlorhexidine, as intracanal 
medication in place of tri-antibiotic paste and have repor-
ted successful results in terms of clinical and radiogra-
phic outcomes, comparable with results obtained with 
approaches using tri-antibiotic paste (40). However, no 
study using calcium hydroxide as intracanal medication 
was included in this systematic review, since none met the 
inclusion criteria during the screening.
Knowledge regarding the nature of the resulting tissues 
following a RET is fundamental in estimating tooth 
survival and treatment prognosis (37). However, up to 
date, “there is a lack of histological and biomolecular 
data on the tissues responsible for apical closure, canal 
narrowing and even the recovery of pulp sensibility” fo-
llowing a RET (37). Therefore, the results of this sys-
tematic review should be analyzed with caution since 
the studies included in this study did not provide direct 
evidence for repair or regeneration at the histologic le-
vel. Furthermore, the findings of this systematic review 
demonstrated a scarcity of randomized controlled clini-
cal trials comparing regenerative endodontic therapies 
based on platelet concentrates vs. BC approaches. Mo-
reover, most of the included articles in this systematic 
review were methodologically heterogeneous and had 

shortcomings regarding the risk of bias. Therefore, more 
clinical investigations evaluating the effectiveness of 
platelet concentrates Vs. the conventional BC maturo-
genesis technique in patients with immature permanent 
teeth with necrotic pulp with or without AP should be 
conducted with more suitable research methodologies 
and more homogenous data for meta-analysis.

Conclusions 
Maturogenesis can be considered a successful therapy 
regardless of the method used (BC, PRP, and PRF). 
However, there is a need for better-designed studies des-
cribing long-term outcomes. Platelet concentrates (PRP 
and PRF) cannot be suggested to be superior to BC 
methods in terms of the criteria for pulp maturogenesis 
success (clinical and radiographic outcomes). Results 
from this systematic review suggest that the BC maturo-
genesis approach yield similar clinical and radiographic 
outcomes when compared to Platelet-concentrates based 
therapies.
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