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Introduction

ABSTRACT

Statement of the Problem: Treatment of immature necrotic teeth is a problematic situa-
tion. Conventional root canal therapy is challenging and leaves a weak, fragile and unde-
veloped tooth for lifetime.

Purpose: This review was aimed to assess the outcome of available randomized clinical tr-
ials (RCTSs) on the efficacy of platelet concentrates (PC) in dentine-pulp complex regenera-
tion.

Materials and Method: An electronic search was conducted on MEDLINE, EMBASE,
Cochrane, and Google scholar databases. A further manual search was performed on the
list of related articles in order to ensure inclusion of potentially missed articles in earlier
electronic search. Those proved RCTs matched with the standard criteria were included
following an initial assessment of abstracts and the text independently by the reviewers.
Results: From the total 602 harvested articles, only 13 met the criteria and were evaluated
with 11 having parallel design and 2 split mouth. Only one study featured low risk of bias,
while three had moderate risk and the rest were at high risk of bias. Six studies had used
platelet rich plasma (PRP), 4 employed platelet rich fibrin (PRF), one utilized injectable
platelet rich fibrin (I-PRF), and three used both PRF and PRP for their experimental
groups while blood clot (BC) was used as the control group for all. The success rate was
reported at 87.3% judged by the absence of pathologic signs and symptoms.

Conclusion: Dentin wall thickening, root lengthening and apex closure were higher in PC
groups, however, these differences were not statistically significant in reported studies. It
can be concluded that PCs promote the pulp tissue revitalization and continuation of root
development. However, a consensus on its potency for true pulp regeneration is yet to be
reached.
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try, Past-President of IADR-Iranian Division, Dental School Shahid Beheshti Medical University, Tehran, Iran.
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root canal treatment more complicated [1]. In this re-
gard, more recent studies had focused on tissue engi-

Treatment of necrotic or irreversibly inflamed immature
pulp is considered as one of the most challenging situa-
tions in endodontic therapies. Due to the nature of thin
underdeveloped roots of such teeth, they become more
fragile with poor in their treatment prognosis. Accord-
ingly, open apices along with thin dentin walls make the

neering, which is believed to provide revitalization of
the pulp tissue along with the root development contin-
uation process [2-5]. A true regenerated pulp is agreed
as being achieved when the new pulpal tissue is harvest-
ed by all its major components including nerves, vessels
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and cells. Odontoblasts are amongst the most important
components of dental pulp tissue involving in root deve-
lopment as the most critical part of dentin-pulp complex
regeneration [3]. As widely acknowledged, three major
components of tissue engineering include scaffolds, he-
aling promoter factors, and stem cells [4]. For harvest-
ing true tissue regeneration, stem cells have to migrate
or being grafted into the defective area. Scaffolds pro-
vide a three dimensional environment for cellular activi-
ties under the control of healing promoter factors [4].

Healing promoter factors include a wide variety of
bioactive molecules such as growth factors, glycosa-
minoglycans, large groups of drugs, small molecules,
and some inflammatory factors that regulate cellular
behaviour [5]. Several growth factors are involved in
regeneration of the dentine-pulp complex including
bone morphogenic proteins, transforming growth fac-
tors, insulin-like growth factors, and vascular endotheli-
al growth factor [6-7]. Scaffolds provide a three dimen-
sional microenvironment for cell attachment, migration,
proliferation, and differentiation [8].

Platelet concentrates (PCs) are autologous scaffolds
providing several curtail growth factors and cytokines
[9], which are released gradually in target tissue, en-
hancing the regeneration of various tissues including
dentine-pulp complex. They have a significant role in
cellular differentiation [10]. On the other hand, the re-
lease of fibrin, fibronectin, and vitronectin from plate-
lets will support cell migration and attachment [6-7].
Availability of natural growth factors in PCs will elimi-
nate the need for expensive synthetic growth factors.
Several earlier studies stated that the PCs have some
degrees of anti-inflammatory effects facilitating regen-
eration process [8,11].

Platelet concentrate is obtained from whole blood
centrifuge, which creates a highly concentrated platelet
layer. Different types of PCs are achieved through vari-
ous production protocols with different structural and
regenerative properties. PCs are mainly categorized in
three generations including platelet rich plasma (PRP),
platelet rich fibrin (PRF), and injectable platelet rich
fibrin (I-PRF) [12]. There are also a few other variations
of PCs, which include platelet pellet (PP) and plasma
rich in growth factors (PRGF) [13].

PRP is known as the first generation of PCs made
through either one or two-step centrifuge process of

peripheral whole blood with anti-coagulant [14] (Figure
1). In PRP, platelets are inactive and have a round
shape, which are only activated after injection into the
injured site upon exposure to injured collagen fibres
[15] or by addition of coagulant factors such as bovine
thrombin and/or calcium chloride to the solution to form
platelet gel and release growth factors [16].

Choukroun et al [17-18] used a second generation
platelet concentrate, PRF in a gel-form while it was
harvested by a single centrifuge cycle of anticoagulant-
free blood which did not require activation (Figure 2).

I-PRF is a liquid form of PRF that achieved by a
lower centrifuge speed in non-glass tubes. It provides an
easier clinical application than PRF [19].

Several in vitro, animal, and clinical studies sho-
wed the efficacy of different scaffolds in dentin-pulp
complex regeneration. However, there are still con-
troversies on the concept of an optimal and standard
scaffold for regenerative endodontics [21-24]. Many
animal and in-vitro studies showed the positive im-
pact of PCs on cell proliferation and differentiation
[25-27], however only a few support these biomateri-
als as mediator for true regeneration. Odontoblasts
are known as the most suitable cells of pulp tissue for
regeneration purpose; while these cells were absent
in many of the reported investigations, it was obvious
to see that most of the newly formed tissues con-
tained fibrosis and cementum like tissues [24-25,27].
Although histologic assessments were not attainable
in reviewed clinical studies, these studies could only
suggest a standard guideline based on the outcome of
clinical and radiographic evaluations for future clini-
cal applications. In this respect, the main success
criteria in most clinical studies include radiographic
evidence of root lengthening, dentin wall thickening,
apical closure, periapical lesion healing with no re-
maining or new pathologic clinical signs, and symp-
toms with clear response to vitality pulp tests.

This systematic review was aimed to assess the out-
come of most recent randomised clinical trials (RCTs)
in respect to the efficacy of PCs in regeneration of the
dentine-pulp complex.

Materials and Method
Protocol development
This systematic review was designed based on the PRI-
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SMA qguideline and registered by PROSPERO #
CRD42022329487.

Information source and search strategy

An electronic search was conducted on the four main
databases of MEDLINE, EMBASE, Cochrane, and
Google scholar. The keywords and phrases that were
used included "platelet”, "platelet concentrate”, "platelet
rich plasma”, "platelet rich fibrin", "plasma rich in
grows factor”, "injectable platelet rich fibrin", "PRF",
"PRP", "I-PRF", "PRGF", "regeneration”, "endodontic",
"dentine pulp complex”, " revitalization” in this elec-
tronic research alone or in combination by means of
Boolean operators include "AND", "OR" and "NOT".
Additionally, a further manual search was conducted on
the list of related articles obtained in order to identify
and include any potentially missed article in earlier elec-
tronic search. The search period was limited to 2000 to
October 2022.

Eligibility criteria and study selection

Those repeatedly marked articles from different sources
were excluded and only counted as one assessed. At the
initial stage, two reviewers assessed the titles and ab-
stracts of the articles found in search in an independent
manner looking for the relevance of each manuscript.
Full text of the selected articles were then obtained and
evaluated based on the inclusion criteria to be included
in the study. The inclusion criteria were defined as
RCTs with a standard consort based protocol and meth-
odology that compared PC with blood clot (BC) as the
standard scaffold accepted in regenerative endodontics
in immature teeth. These studies had used the PC only
in full pulpectomized immature teeth and not in those
partially pulpectomized. Case reports, and case series
were excluded with only RCTs being confirmed as the
approved articles and evidence. In addition, only Eng-
lish language papers were included, which were pub-
lished from 2000 to October 2022. Any disagreement
during this process was resolved in consultation with a
third reviewer.

Data collection and data items

Data were extracted independently by two reviewers
(ZK and MSh), which included the study design, sample
size, age, tooth type, type of injury, type of PC, PC
preparation methods, centrifuge steps and duration, type
of anticoagulant and activator, pre-treatment signs and
symptoms, maturation level of the teeth, intra-canal

medication, root canal disinfection method, sealing
agent, and follow-up time.

The outcomes were extracted and evaluated based
on presence or absence of signs and symptoms, re-
sponse to pulp sensitivity tests, radiographic signs of
healing in periapical lesion, root lengthening, apex clo-
sure, and dentinal wall thickening.

Quality assessment of the individual studies

Two independent reviewers assessed the risk of bias to
approve the validity of selected studies. The assessment
was based on Cochrane Collaboration’s risk of bias
assessment which includes random sequence generation
(selection bias), allocation sequence concealment (selec-
tion bias), blinding of outcome assessment (detection
bias), incomplete outcome data (attrition bias), selective
outcome reporting (reporting bias), clear definition of
inclusion, exclusion and success criteria, and sample
size calculation. Blinding the participants and personnel
(performance bias) was not possible in selected studies
due to obvious the differences in steps of interventions.
A score defined as “adequate”, “unclear” or “inadequat-
e” was given to each study. Subsequently, the studies
were scored as “low risk” if all criteria were adequate,
“moderate risk” if one or more criteria were unclear,
and “high risk” if one or more criteria were inadequate.

Results

A total of 602 articles were selected in this study with
their titles and abstracts being assessed at the initial step.
Subsequently, 581 articles were excluded since 224
were duplicates, 201 not directly relevant to endodontic
regeneration, 33 in- vitro studies, 27 reviews, 51 case
reports or case series and 45 were animal studies.
Among the remaining 21 RTCs, eight were excluded
after their full text being reviewed as they lack inclusion
criteria (five did not have BC as control and three had
non-comprehensive methodology report). Finally, 13
articles were included with full material being used for
data collection [11, 26, 28-38] (Fig 3).

From the total 13 clinical trials included in the pre-
sent review, 11 were parallel design while two were
split mouth. Findings indicated that one study was at a
low risk of bias, [36] while three were at a moderate
risk, [11,33-34] and the rest were at high risk of bias
(Table 1). All included studies were reported to have
performed on necrotic pulps and single root immature
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teeth (Tables 2).

Six studies had used PRP, four used PRF, and two
used both PRF and PRP, one used I-PRF, and one study
used PRP, PRF and PP for their experimental groups
(Tables 2).

A series of investigations reported to have used oth-
er adjutant agents in combination with PCs.

Ragab et al. and Rizk et al., [34-36] used bleeding
induction in addition to PCs while Narang et al. [30]
used collagen sponge in combination with PCs. Jadhav
et al. [28] used metronidazole-containing collagen
sponge as an inductive material, which enhanced revas-
cularization, facilitated PRP placement into the canals
and reduced infection prevalence as reported. This was
the only study that reported platelet concentration values
(10° platelets per each microliter of PRP).

One of the most important steps in regenerative en-
dodontics, which could have affected on the outcome,
was the canal disinfection methods. All studies used
sodium hypochlorite as the major canal irrigators (Table
2). Ethylene-diamine-tetra-acetic acid (EDTA) 17% was
the next prevalent irrigator in canal preparation proce-
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dure. Bezgin et al. [29] and Alagl et al. [32] used chlor-
hexidine as an additional antiseptic agent.

Regenerative endodontic is a two-step treatment in
which there is a need for inter-canal medication place-
ment after the first session, in order to prevent bacterial
regrowth and provide complete disinfection [15]. The
most popular (61%) inter-canal medication were triple
antibiotic past (TAP) among these reviewed studies
which contains metronidazole, minocycline, and ciprof-
loxacin [11,28,30-33,35,36,38]. There are modifications
in this mixture introduced by Ulusoy et al. [37] who
used clindamycin while Bezgin et al. [29] used cefaclor
instead of the minocycline part. Furthermore Ragab et
al. [34] used double antibiotic past containing metroni-
dazole and ciprofloxacin, without minocycline. Lata et
al. [27] used Ledermix® Paste (RIEMSER, Greifswald,
Germany) as the intra canal medicine paste, which has
both anti-inflammatory and antimicrobial effects while
it inhibits resorption in traumatized teeth. It is widely
acknowledged that a perfect coronal seal is crucial for
regeneration success by protecting the canal environ-
ment form bacterial re-infiltration and reinfection [32];

0000000000
o000 000000
00 00 | 000006



Kiaipour Z, et al

This in press article needs final revision

J Dent Shiraz Univ Med Sci

Table 2: Clinical trials: Study design, sample size, treatment groups and treatment strategy

Clinical Sample Ade Teeth Injury type Treatment Irrigation  Instrumentation Inter-canal Sealin
trials size g type Jury typ groups 9 medication g
Jadhav et Central BC' »
al. 2012 20 15-18 TE— Non-vital teeth PRP*+ NaOCI 2.5% Minimal TAP IRM
[28] collagen+ BC
. NaOCI 2.5%
Bezgin et Single v':l/itzﬂ-grlt\?vlittﬁgm BC CHX' Metronida- ‘
al. 2015 20 7-13 root aisteall et il e 0.12% No zole/ciprofloxa ~ MTA!
[29] teeth p ptis Sterile saline cin/ cefaclor
EDTA" 5%
Non-vital teeth
. . NaOCl MTA
'Z‘Stlase[tzaa'] 20 1625 incisors a"‘;ggl °re‘r"|’(')t(;‘§:ttl Egp 5.25% NR Ledermix  GICH
P pti . Saline Composite
Narang et Non-vital teeth BC
al. 2015 20  20»  NR  Withorwithout - PRP+collagen \.oci050,  Minimal TAP GIC
[30] apical periodonti- PRF
tis MTA
Anterior  Necroticpulp BC
Sharma et . - |
maxil-  with or without PRF . -
??I).ﬁOlG 19 A8 lary  apical periodonti- Collagen NaOCl 2.5% Minimal TAP GIc
teeth tis PLGA™
. Non-vital teeth NaOCl 2.5%
Alagletal. ., 9-11 S:ggtle with or without BC Saline no TAP '\g:—é‘
2017 [32] h apical periodonti- PRP CHX 0.12% .
teet = EDTA 17% Composite
Shivasa- BC
Krdet 60 628 AT Nonvitalteeth  PRP Naoo! Minimal TAP NR
33] PRF
Maxil-
Ragab et .
. lary Traumatized BC NaOCl 5% w MTA
?;'4?019 e ke anterior  necrotic teeth  PRF Saline NR DAP Gl
teeth
. First . MTA
5(',21'3 e[gg]l 30 8-14 _cer)tral Non-vital teeth EI;:P gg.?gé@ Minimal TAP Gl _
incisors Composite
Ulusoy et Maxil Egp Naocl ':"7“?0”'?'*" MTA
al. 2019 88 811  lary raumatize . 1.25% No Z0 ‘7 CI'Pré) oxa g
[37] incisors Leleiele EFFSF Saline cn Céinn amy- Composite
Elsh- NaOCI MTA
eshtawy et 7and Anterior  Traumatized BC 5.25% - Reinforced
al. 2020 4 younger  teeth necrotic teeth  PRP Saline e LA Gl
[11] EDTA 17% Composite
. . MTA
Rizk et al. Incisor . BC NaOCl 2%
30 8-14 Non vital teeth 0 NR TAP Gl
2020 [36] teeth PRF fragments EDTA 17% Composite
Single MTA
Nara et al. . BC NaOCI 1%
10 8-13 root  Non vital teeth 7 Thoroughly TAP Gl
2021 [38] - I-PRF EDTA 17% Composite

*: Not reported, T: Blood clot, {: Platelet rich plasma, §: Platelet rich fibrin, |: Mineral trioxide aggregate, **: Poly lactic-co-glycolic Acid, {7: Chlorhexi-
dine, 11: Ethylenediaminetetraacetic acid, ***: triple antibiotic past (metronidazole, ciprofloxacin and minocycline),t17: Intermediate restorative materi-
al, DAP: double antibiotics past , £11: Glass ionomer cement.

interestingly eight studies used double seal approach
(Table 2).

All included RCTs had a follow up skim of 12
months for their participants except Ulusoy et al. [37]
with 27 months and Bezgin et al. [29], Nara et al. [38]
and Narang et al. [30] with 18 months.

Since there is a need for anticoagulants for PRP pre-

paration, calcium citrate and acid citrate dextrose were
the two common anticoagulants used in the reviewed
trials. In addition, PRP needs to be activated by activa-
tors such as calcium chloride and/or bovine thrombin.
Bezgin et al. [29] used bovine thrombin for PRP activa-
tion; bovine thrombin is an immunogenic material, whi-
ch can cause adverse reactions such as haemorrhage,
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thrombosis, and substantial immune reactions such as
systemic lupus erythematosus [39]. In contrast, activa-
tors such as CaCl, are believed to be able to resolve
these problems [28].

Clinical and radiographic outcomes of PRP

Jadhav et al. [28] reported clearly improved apical clo-
sure, periapical healing and dentinal wall thickening in
PRP groups compare to that of BC groups; however,
these results were not significantly different in terms of
the root lengthening. Interestingly Lata et al. [26] re-
ported significantly higher root lengthening in the PRP
group when compared to the BC group. Vitality tests
showed no significant differences between two groups,
as was the case for periapical healing, apical closure,

and dentin wall thickening [26]. El-Sheshtawy et al.
[11] reported no significant difference in radiographic
findings between PRP and BC groups as both groups
failed to respond to vitality tests.

Alagl et al. [32] reported higher root lengthening in
the PRP group compared to BC group. Bezgin et al.
[29] stated that PRP achieved more favourable results in
clinical and radiographic criteria than BC group. How-
ever, the differences were not statistically significant
(p> 0.05). Rizk et al. [35] compared PRP with BC and
illustrated promising results for PRP in radiographic
root development criteria compare to that of the BC
group. Vitality tests were reported as being negative in
all specimens.
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Clinical and radiographic outcomes of PRF

Sharma et al. [31] compared PRF, BC, and collagen as
scaffold for pulp regeneration and reported that PRF and
collagen achieved better results in periapical healing,
apical closure, and dentinal wall thickening; however,
root lengthening was not favourable in the PRF group
(Table 3). Ragab et al. [34] compared BC and PRF in
apex closure, root lengthening and periapical healing
but did not find any statistically significant difference
between the two groups. Rizk et al. [36] compared PRF
with BC and demonstrated better results for PRF in ra-
diographic root development criteria when compared to
BC group. Vitality tests were shown to be negative in
all specimens. Nara et al [38] utilized I-PRF in the ex-
perimental group and stated that I-PRF could enhance
root lengthening more than BC markedly. Although this
was not about the case in periapical healing and dentin
wall thickening.

Comparison between PRF and PRP with BC

Narang et al. [30] compared the efficacy of both PRF
and PRP with BC with their report indicating statistical-
ly significant difference between BC and PRP groups.
While periapical healing, root lengthening, and dentinal
wall thickening were the three greater items in the PRF
group compared to control. Shivashankar et al. [33] did
not find any statistically significant difference between
PRP, PRF, and BC groups in clinical and radiographic
outcomes. Ulusoy et al. [37] detected no significant
difference between pulp regeneration in four groups of
BC, PRP, PRF and PP based on their radiographic eval-
uations reports. Interestingly all the teeth in this study
reportedly had positive response to the vitality tests with
such positive response being achieved earlier in the
platelet rich groups.

Discussion

Since pulp tissue survival is highly curtail for its preser-
vation of vitality it is important to have a viable and
reliable source in order to successfully attempt for any
pulp regeneration. To achieve the true and optimal pulp
tissue regeneration, it is necessary to have multiple criti-
cal factors including proper stem cell source, signalling
factors, and scaffolds [40]. There are two approaches to
supply such needed cells and that includes grafting in-
vitro cultured cells and cell homing. Among these, cell
homing procedure involves no laboratory cell prepara-

tion step, and it is widely considered as cost effective
and more predictable alternative to other stem cell-
based approaches. In this technique, signalling factors
induce cells to migrate into the targeted area throughout
the scaffold [17].

PCs are widely considered as a natural biocompati-
ble scaffold, containing high concentrations of various
growth factors, which encourages cell migration, prolif-
eration and differentiation when introduced [13]. PRF
and PRP are the two most common PC forms employed
in many studies and are among the choice materials for
ongoing research. These biomaterials have their main
difference on production protocols and histologic char-
acteristics [16,41]. PRP, as the first generation of PCs, is
usually produced by two-step centrifuge of whole blood
in anticoagulant containing tubes. RRF is the second
generation of PCs that requires only one-step centrifuge
and do not need anticoagulants for production [16,41].

On the other hand, PRP needs activators to become
functional while such activators are believed to cause
sudden fibrin polymerization which in turn leads to an
unfavorable rigid structure formation [16,41]. This high
concentrate fibrin network is a rather less suitable plat-
form for cells and growth factor entrapment [41]. How-
ever, the presence of physiologic thrombin in PRF pro-
vides a gradual polymerization with resultant equilateral
fibrin junction that has a more flexible and elastic net-
work making it more favorable for cell migration and
growth factor entrapment. It is evident through the re-
cent research outcomes that structural differences can
lead to a longer term growth factor release (up to 28
days) in PRF compared to that of PRP which are mostly
releasing their growth factor within the first 60 minutes
and immediate application of PRF is necessary [1,7,41].
It is of note that bovine thrombin is routinely use as an
activator to PRP which has an adverse effect by irritat-
ing the immune cells. This in turn will results in the
release and exposure of antibodies to factors V, XI and
thrombin that are essential for an active coagulation
process [7, 22]. These comparative parameters may be
able to determine the superiority of PRF as a regenera-
tive agent. However, the liquid form of PRP makes it
more user-friendly compared to the gel form PRF deliv-
ery system. In this line, the manufacturers have pro-
duced the I-PRF, which is a liquid modification of PRF
and makes ease of their application. I-PRF has demon-
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strated the ability to release higher concentrations of
various growth factors up to 10 days when compared to
liquid PRP [12].

Although PRF gel application is quite challenging
for this type of investigations, some studies made the
use of PRF gel in the form of a membrane through
squeezing while others have cut them into small frag-
ments. It is important to note that the process of PRF
squeezing is forbidden to be done on a piece of gauze as
it absorbs in most of the growth factor rich PRF extract,
but a two metal plate is best for this purpose [42].

Lolato et al. [48] stated that higher dentin wall
thickening and root lengthening in platelet rich groups
compared to BC groups are reported in earlier studies
used in their systematic review; however, no statistically
significant differences were shown in apex closure and
periapical healing between groups [48]. On the same
line, Metlerska et al. [27] had concluded from another
systematic review that the PCs are effective and widely
accepted biomaterial for regenerative endodontic proce-
dure and further root development.

Despite all available data, there is still a wide range
of controversies between the results of presented re-
search outcomes. In one group there was no significant
difference between PCs and conventional regenerative
endodontics (BC usage), and in another group there
have been an obvious superiority for PCs compared to
BC. This could be explained partly by the variations in
details of their methodology of trials. Other influencing
factors include canal disinfection protocols, drugs used,
apex width, adjutant regenerative factors, patient's age,
and coronal sealing materials.

Due to the deep penetration of microorganisms into
dentinal tubules of an immature tooth, chemical disin-
fection is advocated over the use of mechanical instru-
mentation [35]. Wide variations of irrigators are report-
ed as being used in recent studies with most reported to
have used NaOCI as the major irrigation agent. Howev-
er, there is still no consensus over the ideal concentra-
tion of NaOCI in this procedure. Some studies suggest-
ed a 5% concentration while others recommended 1-3%
as the non-toxic concentration on regional stem cells
[34, 35]. The concept of subsequent rinsing the canal
with saline solution after the use of other irrigators
could help reduce toxicity [1]. In fact, ethylenedia-
minetetraacetic acid (EDTA) had been used as a reliable

irrigation agent alongside chlorhexidine and saline for
many years [1]. EDTA with the concentration of 17%
could be considered as an ideal solution for final irriga-
tion. It has been shown to be able to reduce periapical
stem cell death substantially and therefore, increasing
the adherence of stem cells to dentin walls by 2.2 folds
through higher dentin wettability. In addition, EDTA
has the capacity to disengage growth factors entrapped
in dentin through its demineralizing properties, which in
turn will promote cell differentiation and tissue regener-
ation [2].

On the other hand, triple antibiotic paste (TAP) is
considered as a complementary agent for canal disinfec-
tion. It contains minocycline as one of the components
of TAP, which may adversely cause discoloration on
treated tooth. There were trials in which minocycline
had been replaced with clindamycin or cefaclor
[29,37,43]. On the other side, Rizk et al. [35] reported
that TAP containing minocycline results in more dentin
wall thickening along regeneration process because it
diffuses more readily in dentin.

Since regenerative therapy requires rich blood sup-
plies and pulp tissue adjacent to the dentinal walls lacks
adequate blood circulatory support, it is strongly rec-
ommended to have a minimum 0.8 mm apical width in
order to have a successful regeneration attempt [16].

Coronal seal is another important step advocated in
almost every procedural attempt in endodontic thera-
pies. More recently, MTA had been looked at as the
material of choice following its excellent clinical per-
formances. Some of MTA’s superior properties include
high seal ability even in the presence of moist, calcium
release for cell attachment and proliferation, mineraliza-
tion induction, alkaline rich environment for antimicro-
bial activity, differentiation and migration assisting in
hard tissue producing cells, and regulation of cytokine
production [34,44,45].

It is verified that histologic proof is the most reliable
way to obtain a true regeneration occurrence amongst
all available methods. However, due to the irreversible
nature of damage encountered by histologic preparation,
such proof could not be provided easily in clinical trials.
A single available case report in the literature [46] indi-
cated the use of histologic evaluation following extirpa-
tion of the pulp of treated tooth with PRP due to the
presentation of constant pain and sensitivity to cold after
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14 months and before attempts for root canal therapy.
Histologic examination of the removed soft tissue of the
pulp revealed fibrosis with mild inflammation and no
odontoblast cells [46]. Interestingly, this case could evi-
dently indicate no relation between symptoms and histo-
logic status of the pulp tissue observed under the micro-
scope [46]. In addition, Martin et al. [47] had reported
another case of a tooth that had been extracted after
regenerative therapy because of an oblique fracture di-
agnosed later in process; it immediately was subjected
to histologic examination. The fibrotic, irregular miner-
alized tissue containing cementum-like structure with
osteoid was among the findings in absence of any odon-
toblasts and Hertwig’s epithelial sheath [47]. Del Fab-
bro et al. [49] looked on animal studies, which had as-
sessed PRP for dentin-pulp complex regeneration and
reported that PRP cannot truly regenerate necrotic pulp,
confirmed by subsequent histologic investigations.

In an overall view, the success rate was reported to
be 87.3% based on the absence of any pathologic signs
and symptoms. Most studies revealed that the use of
PCs have been associated with more favourable root
development (apical closure, root lengthening, and den-
tin wall thickening); however the differences between
the tested groups were not statistically significant [11,
34, 37]. Interestingly, several investigations had pointed
out that they have considered vitality test response as an
assessment tool following regeneration therapy [26, 29,
32-33, 37]. Rizk et al. [35] reported no response to vital-
ity testing in all control and experimental cases which
may be explained by the MTA coating layer acting as
an insulator or even short follow up duration (insufficie-
nt for nerve generation) or root wall thickening by cem-
entum like tissue deposition that lacks tubular structure.

Another important point to note in this process is
that the PCs are normally obtained from peripheral
blood, which lacks adequate dentine-pulp specific
growth factor. Therefore, true pulp regeneration is hard
to be obtained when using PCs as it requires the addi-
tion of specific growth factors, pulp specific stem cells,
and dentine formation guiding factors like hydroxyap-
atite as supplementary materials.

Due to the heterogeneous comparisons and reported
outcomes, meta-analyses were not conducted. The clini-
cal/ methodological heterogeneity among included stud-
ies did not allow for the conduction of meta-analyses,

which can be considered as a limitation of this study.

Conclusion

This systematic review revealed that PCs are among the
most preferred methods in pulp tissue repair processes
known so far, which promotes the pulp tissue revitaliza-
tion and continuation of root development, dentin wall
thickening, root lengthening, and apex closure. A con-
sensus on its potency for true pulp regeneration needs to
be reached by more qualified trials.
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