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Abstract
Significance
Endodontic treatment of immature teeth with
necrotic pulps is challenging. Platelet-rich fibrin
blood clots are suggested as a feasible alternative
for regenerative endodontic protocols.
Introduction: The purpose of this case series was to
report the clinical and radiographic results of a pulp
regenerative procedure using platelet-rich fibrin (PRF),
a second-generation platelet concentrate, in immature
teeth with necrotic pulps. Methods: Root canal revas-
cularization using PRF was performed on 4 immature
teeth with necrotic pulps. After access cavity prepara-
tion, the root canals were irrigated with low concentra-
tion sodium hypochlorite solution (1.5% sodium
hypochlorite [20 mL/canal, 5 minutes]) and then irri-
gated with saline (20 mL/canal, 5 minutes). Equal pro-
portions (167 mg) of ciprofloxacin, metronidazole, and
cefaclor were mixed and diluted to a final concentration
of 1 g/mL. Finally, the canal was sealed with 3–4 mm of
a temporary restorative material, and patients were dis-
missed for 2 to 3 weeks. At the second appointment,
9 mL of the patient’s whole blood was obtained and
centrifuged to prepare a PRF clot. Canals were irrigated
with 17% EDTA, and a sharp spreader was inserted
beyond the apex. Then, the PRF clot was placed inside
the root canals, and Biodentine (Septodont, Saint-
Maur, France) was placed directly over the PRF. The
teeth were restored permanently with glass ionomer
cement and composite resin. Results: Clinical examina-
tions revealed that all cases were asymptomatic at the
recall appointments at 1, 3, 6, 12, and 18 months. Ra-
diographs revealed resolution of the periapical lesions,
further root development, and apical closure in all cases.
Conclusions: On the basis of the short-term results up
to 12 months, PRF clots acted as successful scaffolds for
the regeneration of pulpal contents in immature teeth
with necrotic pulps. (J Endod 2016;-:1–8)
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Endodontic treatment of
immature teeth with

necrotic pulps is chal-
lenging because of the
thin dentinal walls of the
roots and their suscepti-
bility to fracture (1). His-

torically, calcium hydroxide was used for apexification of such teeth, but long-term
calcium hydroxide treatment may disrupt the links between collagen fibers and hy-
droxyapatite crystals, which results in reduced micro-hardness and increased suscep-
tibility to fracture (2–5). To overcome the drawbacks of calcium hydroxide
apexification, 1-step apical closure techniques using mineral trioxide aggregate
(MTA) were introduced (2). However, in this technique the root length and thickness
of dentinal walls remains unchanged (6). Regenerative procedures are a feasible option
for treatment of immature teeth with necrotic pulps especially since further develop-
ment of the root apex and increased thickness of root walls are expected (7). In the
past two decades, several reports have described clinical and radiographic evidence
of successful regenerative procedures for treatment of such teeth (8). Induced bleeding
and blood clots are integral parts of these procedures as they provide an appropriate
scaffold and sufficient stem cells (9, 10). Platelet-rich plasma (PRP) has also been rec-
ommended as a potential scaffold for regenerative endodontic treatments (11, 12).

It has been shown that stimulated platelets release secretory granules that contain
a variety of growth factors (13). PRP releases growth factors rapidly within 7 to
14 hours, which then declines (13). A second-generation platelet concentrate,
platelet-rich fibrin (PRF), was developed by Choukroun et al (14). PRF has high con-
centrations of fibrin clots; no supplementary thrombin is needed during its preparation.
PRF is formed during a gradual polymerization protocol that incorporates a higher con-
centration of cytokines into fibrins (13). Therefore, growth factors meshed in these fi-
brins are released more slowly between 7 and 14 days (13). In this case series, a
regenerative procedure using PRF was performed on 4 immature single-rooted teeth
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with pulp necrosis and then evaluated clinically and radiographically for
up to 12 months.
Case Reports
Case Report 1

A 9-year-old female presenting with an acute apical abscess with a
history of avulsion of an immature maxillary left central incisor was
referred to a private endodontic practice. The first practitioner had pro-
vided a nonrigid splint for 10 days and performed a pulpectomy using
nonsetting calcium hydroxide paste as a medicament. The patient had a
normal medical history. The tooth was not discolored; periodontal
probing depths of the maxillary incisors were within the normal limit,
and was between 3 and 4mm. Additionally, the tooth was not responsive
to cold and electric pulp tests.

Radiographic examination revealed an immature root with an
open apex but no evidence of periapical rarefaction (Fig. 1A). Regen-
Figure 1. (A) A 9-year-old girl with a history of avulsion of the left maxillary centra
arrow). Radiographs taken at the (B) 1-month, (C) 3-month, and (D) 6-month fo
(red arrow). (E) The 18-month follow-up indicated further apical closure. (F) Min
centrifuged at 2700 rpm for 12 minutes. (H) The small pieces of PRF clot were place
PRF clot was floated. (J and K) Three parts were formed in tubes, and the intermedia
the glass slab. The small piece of wire placed in the radiographs are intended for
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erative endodontic treatment was initiated after obtaining consent
from parents.

After obtaining profound anesthesia with 2% lidocaine with
1:80,000 epinephrine (Darupakhsh, Tehran, Iran), the tooth was iso-
lated with a rubber dam and the access cavity modified. The working
length of each canal was determined using an electronic root canal
length measurement device (Root ZX; J Morita MFQ, Kyoto, Japan)
confirmed by taking a digital periapical radiograph (Soredex, Tuusula,
Finland). The root canal was irrigated copiously with 20 mL 1.5% so-
dium hypochlorite (NaOCl) solution for 5 minutes with a 23-G side-
opened needle (Optimus, S~ao Paulo, SP, Brazil) followed by 20 mL
normal saline for 5 minutes (15). A limited amount of filing with #40
H-files (Mani; Utsunomiya, Tochigi, Japan) was performed in order
to disrupt the biofilm and roughen the dentinal walls without widening
the canal. The canal was then dried with paper points. The internal walls
of the pulp chamber were sealed with a dentin-bonding agent (3M ESPE
Dental Products, St Paul, MN) to minimize the risk of staining. Then,
l incisor with a periapical abscess and a necrotic tooth with an open apex (red
llow-ups revealed signs of appreciable complete apical closure after 6 months
imal discoloration after 18 months was noticeable. (G) The sterile tubes were
d in the root canal. (I) The root canal was irrigated with the liquid in which the
te layer of PRF clot was collected. (L) The PRF clot was rolled over on itself on
measurement software calibrations.
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equal proportions of ciprofloxacin (167 mg) (Aria, Tehran, Iran),
metronidazole (tablet, 167 mg) (Daroopakhsh, Tehran, Iran), and ce-
faclor (capsule, 167 mg) (Losefar; Zentiva Co, Istanbul, Turkey) were
crushed and mixed with 0.50 mL normal saline to form a creamy mixed
dressing (1 g/mL) (16). Before crushing, the sugar coatings on the tab-
lets were removed. The triple antibiotic mixture was inserted into the
canal with a syringe (Centrix Inc, Shelton, CT) while ensuring that
the mixture remained below the cementoenamel junction. The pulp
chamber was then filled with 3–4 mm of Cavit (3M ESPE Dental Prod-
ucts), and the patient was dismissed for 2 to 3 weeks.

At the second appointment, the patient was asymptomatic, and the
tooth was anesthetized using 3% mepivacaine without vasoconstrictor.
After application of a rubber dam, the access cavity was reopened, the
antibiotic mixture was washed out with 20 mL 17% EDTA (Sigma-Al-
drich, St Louis, MO), and the root canal was dried with paper points
(17). Bleeding was induced by inserting a #20 sharp spreader (Dentsply
Tulsa Dental, Tulsa, OK) beyond the apex. For the PRF preparation, 9 mL
of the patient’s whole blood was collected in sterile tubes from the cubital
vein. The tubes were centrifuged for 12 minutes with a speed of
2700 rpm (Intra-Lock International, Boca-Raton, FL) (Fig. 1G). Three
layers were formed inside each test tube: a base layer containing eryth-
rocytes, an intermediate layer of PRF clot, and a surface layer of acellular
plasma. The PRF clot was separated from the other layers (Fig. 1J) and
then compressed in a PRF box (Fig. 1K) (Intra-Lock International). The
Case 1

Clinical Examination after 18 month follow up

Response to cold thermal pulp test ×
Response to electric pulp test ×
Tenderness to percussion ×
Tooth mobility ×
Ankylotic percussion tone ×
Pain on palpation ×
Swelling ×
Sinus tract ×
Coronal discoloration ×
Probing depth 2-3mm

Cracks ×

Radiographic Analysis During one year follow up

Periapical lesion ×
Apical Closure accrued after 6 months

Root Thickening accrued after
12 months

Figure 2. The flowchart for clinical and radiographic diagnostics tests (after 18
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compressed PRF membrane was rolled over itself (Fig. 1L) to allow its
implantation into the canal (Fig. 1H). The liquid that was obtained by
compression of the PRF clot was used to irrigate the root canal
(Fig. 1I). The PRF membrane was inserted inside the root canal and
condensed apically with an endodontic hand plugger (Fig. 1H). The ac-
cess cavity was double sealed with Biodentine (Septodont, Saint-Maur,
France) and injectable light cure glass ionomer cement (GC America:
GC Fuji Filling LC, Alsip, IL) while ensuring that Biodentine remained
below the cementoenamel junction. Indeed, PRF also facilitated the ac-
curate placement of Biodentine so that the Biodentine was not in contact
with the blood clot and irrigations. The tooth was asymptomatic at the
1-, 3-, and 6-month follow-ups. Parallel radiographic examination re-
vealed no periapical lesion at the 1-month follow-up (Fig. 1B).
Furthermore, the initiation of apical closure was obvious by the
3-month follow-up (Fig. 1C). Signs of apical closure were observed after
6 months (Fig. 1D). Thickening of dentinal walls and complete apical
closure were noted over 18 months (Fig. 1E). The 18-month follow-
up showed signs of minimal discoloration (Figs. 1F and 2).
Case Report 2
An 18-year-old woman was referred with a cosmetic complaint

associated with a maxillary right lateral incisor (Fig. 3A). The tooth
was not responsive to electric pulp testing and cold stimulation and
Case 2 Case 3 Case 4

× × ×

× × ×

× × ×

× × ×

× × ×

× × ×

× × ×

× × ×

× � �

2-3mm 2-3mm 2-3mm

× × ×

× × ×
6 months 12 months in left

incisor &
not accured in
right

18months

9 months 18 months 18 months

months).
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Figure 3. (A) A radiographic view of a right lateral incisor with the diagnosis of dens invagination. (B) The 1-month follow-up revealed progression in root
development. (C) The preoperative radiographic examination (cone-beam computed tomographic imaging) revealed an immature tooth with an open apex
and labial bone resorption (arrow in the 6th section). (D and E) The 3- and 6-month follow-ups showed thickening of the dentinal walls and apical closure.
(F) The 18-month follow-up indicated further apical closure dentinal wall thickening. (G) The 18-month follow up also showed minimal discoloration.

Regenerative Endodontics
was not tender to percussion or palpation. A primary diagnosis was
made of Oehler class II dens invagination. The radiographic examina-
tion cone-beam computed tomographic imaging revealed an immature
tooth with a necrotic pulp and open apex with labial bone resorption.
Written consent was obtained, and a regeneration procedure was per-
formed using PRF as described in case 1. At the 1-, 3-, 6-, and 18-month
follow-ups, thickening of dentinal walls and progression of root forma-
tion were observed (Fig. 3A–G). The 18-month follow-up shows min-
imal signs of discoloration (Figs. 2 and 3G).

Case Report 3
A 9-year-old female was referred with a history of recurrent

swelling on the anterior maxillary buccal mucosa and pulpectomy
of maxillary central incisors. Examination and radiographic evalua-
tion revealed a history of amelogenesis imperfecta and immature
maxillary central incisors (Fig. 4A). The clinical appearance of cen-
tral incisors indicated extensive discoloration, recurrent carries, and
a history of recurrent abscess (Fig. 4B). The patient’s medical history
was not relevant. Clinical examination revealed no sensitivity to cold
and electric pulp test, and the central incisors did not respond to
palpation or percussion. The treatment protocol described previously
was performed on the maxillary central incisors, and the patient re-
turned 1, 6, 12, and 18 months later (Fig. 4C–F). Radiographic ex-
aminations revealed a decrease in apical lesion size after 3 months
(Fig. 4D). The 12-month follow-up indicated a reduction in lesion
size but it did not completely disappear (Fig. 4E). The 18-month
follow-up examinations revealed progressive loss of lesion
(Fig. 4F), but the apical closure was not complete even after
18 months in the maxillary right incisor. The clinical appearance after
reconstruction of the central incisors compared with their initial
appearance (Fig. 4B) is shown in Figures 2 and 4G.
4 Bakhtiar et al.
Case Report 4
A 7-year-old male was referred with a history of trauma and

intrusion of a right maxillary central incisor 3 months before his
appointment. The medical history was noncontributory. The patient
did not have a history of drugs used before treatment. The extrao-
ral examination showed no significant changes. The intraoral ex-
amination revealed a sinus tract, diffuse swelling, and pus
discharge through the labial and grade 2 mobility (Fig. 5A and
B). The tooth did not respond to either cold or electric pulp tests.
However, the pulp of the left maxillary central incisor had a normal
response to cold and electric pulp tests. Radiographic and clinical
examination revealed an immature tooth with a necrotic pulp with
an open apex and a small periapical lesion associated with the
maxillary right incisor (Fig. 5A). Therefore, a diagnosis of an
immature tooth with a necrotic pulp with chronic apical abscess
was confirmed.

An access cavity was prepared on the right maxillary central
incisor (Fig. 5C). Discharge continued after access cavity prepara-
tion, and on entry to the root canal, purulent hemorrhagic
drainage was noted (Fig. 5D). The treatment protocol was per-
formed as described in the previous cases. At the second appoint-
ment, the sinus tract had completely disappeared, and 6 months
later, the tooth was completely erupted and was level with the adja-
cent teeth; there were also signs of continued root apex develop-
ment (Fig. 5E and F). At the 9-month recall, apical closure was
observed (Fig. 5G). Examination at the 18-month follow-up re-
vealed complete apex development (Fig. 5I) and minimal signs
of discoloration (Fig. 5H and J). Even though the adjacent left
maxillary incisor revealed no evidence of apical closure, it re-
mained responsive to cold and electric pulp tests and there was
no pain on percussion (Fig. 2).
JOE — Volume -, Number -, - 2016



Figure 4. (A) The initial radiograph of the case with pulpectomy of the maxillary centrals. (B) The clinical appearance before treatment of the maxillary incisors.
(C) The 1-month follow-up radiograph. (D) The 3-month follow up radiograph indicated a reduction of the initial periapical lesion. (E) The radiograph at 12
months revealed indications of apical closure. (F) The 18-month follow-up revealed thickening of the lateral dentinal walls in the maxillary right incisor and appre-
ciable apical closure in the maxillary left incisor, but the apical closure was not complete even after 18 months in the maxillary right incisor. (G) The clinical
appearance after reconstruction of the maxillary incisors after 18 months.

Regenerative Endodontics
Discussion
Disinfection of the root canal system is a crucial step in regener-

ative endodontic procedures. The irrigants used should be selected on
the basis of their bactericidal/bacteriostatic properties and their ability
to promote survival and proliferation of stem cells (18). Thus, in this
case series, the irrigant was 1.5% NaOCl (20 mL/canal, 5 minutes) fol-
lowed by irrigation with saline (20 mL/canal, 5 minutes). The irrigating
needle was positioned 1 mm or so from the root end to minimize cyto-
toxicity to stem cells in the apical tissues (19, 20). Higher
concentrations of NaOCl are toxic to stem cells from apical papilla
(SCAPs), whereas lower concentrations of NaOCl may be used as an
irrigant because of its limited cytotoxic effects on human bone
marrow mesenchymal stem cells (21).

Mechanical instrumentation is not recommended in immature
teeth because of their thin dentinal walls (22). However, without appli-
cation of mechanical instrumentation, a biofilm may remain and be
more resistant to antibacterial agents compared with limited filing of
the canal walls (19). Therefore, in this case series, gentle filing was per-
formed in an attempt to disrupt the biofilm and thus achieve maximum
permeation of antimicrobial agents.

Various combinations of antibiotics have been proposed but the
most widely used is a triple antibiotic paste (ciprofloxacin, metronida-
zole, and minocycline). In this case series, minocycline was replaced
with cefaclor to minimize tooth discoloration (20). Indeed, as evident
in the 18-month follow-up photographs (Figs. 1F, 3G, 4G, and 5H and
J), none of our 4 cases showed a bluish discoloration. Previous studies
JOE — Volume -, Number -, - 2016
recommended a 2- to 6-week interval between the first and second ap-
pointments (23); however, it has been shown that long-term exposure
(1–3 months) to triple antibiotic paste and double antibiotic paste may
decrease dentin microhardness (4, 5, 24). Therefore, in this case
series, diluted triple antibiotic paste was retained inside the root
canal system for only 3 weeks. The applied dose (1 g/mL) was not in
accordance with the American Association of Endodontist’s clinical
considerations for a regenerative procedure, which recommends a
concentration of 0.1 mg/mL (22). Clinical application of this low con-
centration is difficult. The American Association of Endodontist’s
recommendation is probably based on the results of laboratory studies
that reported that drug concentrations of more than 100 mg/mL are
cytotoxic to SCAPs and dental pulp stem cells (25). In addition, Netea
et al (26) showed that stem cells do not survive when placed in contact
with previously treated dentin with triple antibiotic paste at a concentra-
tion of 1 g/mL. However, antibiotics tend to lose their effectiveness when
in contact with the dentin complex (27). In addition, although reducing
the concentration of antibiotics decreases their potential cytotoxicity; it
will also dramatically reduce their antimicrobial efficacy. Thus, a
balanced concentration should be used to accomplish effective disinfec-
tion but with low cytotoxicity (19, 28).

At the second appointment, application of 17% EDTA for removal
of the residual diluted triple antibiotic paste is recommended (16).
EDTA releases growth factors from dentinal walls, which can lead to
proliferation and differentiation of stem cells (7). Using EDTA may
also affect the survivability of SCAPs (23).
Second-generation PRF as a Scaffold 5



Figure 5. (A and B) A 7-year-old boy with immature necrotic tooth with chronic apical abscess of the right maxillary central incisors. Intraoral examinations
showed a sinus tract and diffuse swelling and pus discharge through the labial sinus. (C and D) Pus discharge after access cavity preparation. (E and F) Radiographs
after 6 months showed complete eruption of the tooth, and it was level with the adjacent teeth; there were signs of continued development of the apex. (G) At the
9-month recall, apical closure was observed. (I) The 18-month follow-up radiograph showed further apical closure and near complete apex development. (H and
J) The 18-month follow-up showed minimal signs of discoloration.

Regenerative Endodontics
Regenerative endodontic procedures are possible using applica-
tion of the principles of tissue engineering, which requires spatial orien-
tation of stem cells, signaling molecules, and a scaffold (23). Thibodeau
et al (29) reported that revascularization with a blood clot scaffold pro-
duced satisfactory results in animal samples. Lovelace et al (30) re-
ported that collected evoked blood from inside the root canal
contained up to 600-fold accumulation of CD73 and CD105 (markers
of mesenchymal stem cells) in comparison with systemic blood. Never-
theless, this procedure may cause discomfort for the patient while me-
chanically irritating the periapical tissues (31); furthermore, the
formation of a blood clot is sometimes difficult. For instance, when cal-
cium hydroxide is used between treatment sessions, coagulation necro-
sis may occur (32). Extra efforts for evoking bleeding may also damage
the Hertwig epithelial root sheath, which is a crucial element for root
development. Consequently, damage to this structure may result in no
further root development or formation of blunted root tips (33, 34).
Therefore, in this series of cases, bleeding was induced with the aid
of a sharp spreader without lateral or circumferential movements (23).

A collagen pad has been suggested as a scaffold for regenerative
endodontic procedures (35). Biologically, collagen is inactive, contains
no growth factors, and does not have a significant role in stimulating cell
proliferation (29). Platelet concentrates are an interesting source of
growth factors that have been used for enhancing the regeneration of
various tissue defects including dentin and the dentin-pulp complex.
Platelets are rich in growth factors and cytokines (eg, platelet-derived
growth factor, transforming growth factor beta, vascular endothelial
growth factor, interleukin [IL]-1, IL-4, IL-6, tumor necrosis factor
alpha, and so on), variously involved in tissue regeneration, and have
a significant role on cellular differentiation (36, 37). Pure platelet-
rich plasma, leukocyte platelet-rich plasma, pure platelet-rich fibrin,
and leukocyte platelet-rich fibrin are 4 types of platelet concentrates
that have been used extensively for regeneration purposes (38). PRP
is the first generation of platelet concentrates, which can be made
through either 1- or 2-step centrifugation of the anticoagulant periph-
6 Bakhtiar et al.
eral whole blood (39). The platelets are inactive and in a round shape in
PRP form so that they can only be activated after injection to the injury
site and upon exposure to injured collagen fibers. PRP can be manually
activated by the addition of bovine thrombin and CaCl2 into the solution;
thus, platelet gel (PG) is formed. The platelets in the PG are active in
nature and release their growth factors upon implantation in the injured
site (40). However, the complex production procedure, activation, and
sudden fibrin polymerization are disadvantages of PRP and its activated
form, PG (36). In addition, bovine thrombin as an activator can irrigate
immune cells to release and expose antibodies to V and XI factors and
thrombin, which adversely affect the coagulation process (36, 41). In
2001, Choukroun et al (14) suggested a second generation of platelets
called PRF (42, 43). This gel form material is harvested by a single
centrifugation of anticoagulant-free blood and does not require activa-
tion (42, 44). Physiological thrombin available in PRF creates
equilateral junctions in polymerized fibrin, which results in long-
term growth factor release (up to 28 days) and a flexible fibrin network,
which is an appropriate microenvironment for cell migration (36, 43).
Thus, PRF is a preferable scaffold in regenerative endodontics and is
initially used to accelerate tissue healing (45). Briefly, their advantage
over PRP includes ease of preparation, and also there is no need for an
anticoagulation material that results in an autogenic and natural sub-
stance (46, 47). During the degradation of PRP, large amounts of
cytokines such as platelet-derived growth factor, transforming growth
factor-b1, and vascular endothelial growth factor are released, which
reaches a maximum level on day 14 that is coincident with cell ingrowth
(48). The secretion of platelet-derived growth factor and transforming
growth factor beta 1 continues up to 28 days (47). The application of
transforming growth factor beta 1 to odontoblasts in cultured tooth sli-
ces accelerated reactionary dentinogenesis (49). Also, the presence of
leukocytes, cytokines, and few lymphocytes in PRF reduces infection
and inflammation. Angiogenesis is increased because of the release
of vascular endothelial growth factor, which plays an important role
in revascularization (50). Despite the potential effectiveness of platelet
JOE — Volume -, Number -, - 2016
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concentrates in promoting the regeneration of the dentin-pulp complex,
scientific evidence is lacking. Platelet concentrates are not only a rich
source for growth factors but also considered a biomimetic scaffold
for endodontic tissue regeneration. PRF functional theory states that
PRF stimulates stem cell proliferation and higher expressions of osteo-
protegrin proteins and alkaline phosphatase. These proteins are usually
identified as odontoblast differentiation markers (31).

Biodentine was used as a double seal calcium silicate material,
which has a wide range of application and has a shorter setting time
in comparison with MTA (51). Interestingly, it has been shown that Bio-
dentine provokes immortalized murine pulp cell differentiation into
odontoblastlike cells and stimulates biomineralization (52). This
biomaterial has a reparative dentin synthesis capacity because it mod-
ulates transforming growth factor b-1 secretion by pulp cells (53) and
causes minor discoloration compared with mineral trioxide aggregate
(54, 55). Minimal discoloration was observed in all 4 cases (Figs. 1F,
3G, 4G, and 5H and J), which might be related to the biochemical
interaction between Biodentine and PRF.

In previous studies, the tissue formed in root canals was fibrous
connective and cementumlike tissues instead of a mature dentin-pulp
complex. However, what is clinically important is the survival rate of
the treated tooth in regenerative endodontic procedures (100%)
when compared with other endodontic procedures such as apexogen-
esis (77%) (56). It has long been established that the principal objec-
tive of all endodontic treatments is to treat the symptoms of infection
(57). Although this is evaluated based on a lack of pain, inflammation,
and sinus tract as clinician-based outcomes, patient-based outcomes
such as tooth survival and acceptable esthetics play a pivotal role in eval-
uating the overall results of endodontic procedures (57). In this case
series, even though there were minor discolorations in all 4 cases,
the treatment showed a resolution of symptoms. As Diogenes et al
(57) recently reported, regenerative endodontic procedures are
considered the first treatment option for cases of immature teeth with
pulpal necrosis. Numerous reports indicated that regenerative end-
odontic procedure treatment outcomes are subject to considerable var-
iations because of age, sex, and treatment variation (8). The American
Association of Endodontist’s recommendations for follow-up examina-
tions indicate that the resolution of apical radiolucency should be
observed between 6 and 12 months; this is evident in all cases
(Figs. 1 and 3–5) (8). This is followed by evidence of apical closure
(Figs. 1E, 3F, 4E and F, and 5E–I). The American Association of
Endodontist’s guidelines reported increased root width followed by
root length between 12 and 24 months (8). However, Bose et al
(56) reported that the highest percentage increase in root width was
observed in follow-ups longer than 36 months. Indeed, although root
lengthening was not consistently evident in all cases in this study, further
long-term follow-ups (more than 36 months) are required to achieve a
better results in terms of root lengthening.

Conclusion
Tissue regeneration with PRF in teeth with necrotic pulps and open

apices occurred when a strict clinical protocol was followed. Further
clinical trials will providemore evidence that PRF is an appropriate scaf-
fold for pulp regeneration and the nature of the tissues formed within
the root canal. Studies are needed to clarify the precise mechanism
of action of PRF for dental pulp regeneration both in vitro and in vivo.
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