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Abstract – Introduction: Trauma is one of the primary causes of tooth loss
and pulpal injury in adolescents and children. Prior to regenerative end-
odontics, treatment of necrotic, immature teeth with open apices was lim-
ited to long-term calcium hydroxide (Ca(OH)2) apexification and
subsequent root canal therapy or extraction. Through revascularization,
retention of these teeth can be achieved and the elimination of patient
symptoms and the radiographic appearance of continued root development
were obtained. Case Review: This report illustrates a revascularization
protocol through a case where platelet-rich fibrin (PRF) was utilized as an
autologous scaffold for traumatized, necrotic, immature teeth with incom-
plete root development. Through consistent follow-up reports, comprising
of both clinical examination and radiographs, marked improvement in the
condition of the traumatized tooth was noted. Discussion: This case dem-
onstrates the feasibility of utilizing PRF as an effective treatment protocol
for traumatized teeth in lieu of traditional treatment protocols, such as
long-term calcium hydroxide (Ca(OH)2) apexification or extraction. The
choice of utilizing PRF, as opposed to other platelet concentrates, such as
platelet-rich plasma (PRP) or a blood clot, lies in PRF’s ability to allow
for a slow, long-term release of autologous growth factors.

Dental caries and dental trauma are the two leading
causes of injury to the dental pulp (1). Although the
oral cavity comprises less than 1% of the total body
area, it accounts for 5% of injuries in all ages and
17% of injuries in children (2). Dental trauma in chil-
dren can lead to pulp tissue damage and is of particu-
lar concern in the underdeveloped tooth, as immature
and open apices limit possible treatment options.

Historical approaches utilizing long-term calcium
hydroxide therapy for apexification have resulted in
increased fracture rates due to loss of flexural strength
as dentinal organic matrix is weakened with extended
exposure to calcium hydroxide (3, 4). The process of
revascularization has allowed for enhanced survivabil-
ity of the tooth, alleviation of symptoms, and a radio-
graphic confirmation of root thickening and
lengthening (5, 6). Nygaard-Ostby focused the role of
blood clot in endodontic therapy (7, 8) while Myers’
work encompassed dental pulp regeneration through
utilization of blood and blood substitutes (9).

Unlike apexification, which mainly relies on exoge-
nous materials to create an apical barrier within the
root canal system (10, 11), revascularization utilizes a
combination of antibiotic paste and a biologic scaffold
(12). The antibiotic paste historically consisted of a
combination of metronidazole, ciprofloxacin, and mi-
nocycline (13, 14). Its purpose was to decrease and

potentially eliminate bacterial strains and the pro-
inflammatory response within the root canal system in
preparation for the biologic scaffold (15). Concerns
over tooth discoloration have been attributed to mino-
cycline use. The survivability of stem cell progenitors
within the root canal system in the face of the antibi-
otic treatment may also be jeopardized (16).

In traditional revascularization cases, a blood clot
within the root canal system served as a biological scaf-
fold (17, 18). Although the induction of a blood clot
within the canal space is not always possible (19), its
overall clinical success paved the way for the next
phase of revascularization—platelet concentrates pro-
viding an autologous scaffold (20). Torabinejad and
Turman reported a case where PRP, a first generation
platelet concentrate, was used for revascularization
(21). Recently, Pandey (2013) reported a case of an
anterior traumatized permanent tooth where platelet-
rich fibrin (PRF), a second-generation platelet concen-
trate consisting of autologous platelets and leukocytes
present in a complex fibrin matrix, was utilized as a
scaffold for revitalization with a follow up of
15 months (22). PRF is composed of fibrin membranes
enriched with platelets, growth factors, and cytokines
(23). PRF has the capability to enhance the healing
potential of soft and hard tissues and slowly release
growth factors, such as PDGF and TGF-B1 over the
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span of 7–14 days (24), which facilitates angiogenesis,
cellular growth, and differentiation over an extended
period of time.

The purpose of this study was to discuss a revascu-
larization protocol utilized for the treatment of a trau-
matized permanent tooth with an immature apex. The
case demonstrates the viability of utilizing platelet-rich
fibrin as a potential modality to treat necrotic, imma-
ture teeth with open apices.

Case review

An 11-year-old male was evaluated 4 months after
sports-related trauma to the permanent maxillary left
central incisor or tooth #9. This tooth was not respon-
sive to cold testing, insensitive to percussion, but tender
to palpation at initial presentation. Class II mobility
was present with deep pockets noted on all sides. Previ-
ously, it was restored with a Class IV composite resin
restoration to replace the missing tooth structure. The
tooth was intruded 3 mm and luxated buccally. Peri-
apical radiolucency, thin dentinal walls, and incomplete
root development with an open apex were evident on
the preoperative radiograph. An irregular root surface
(indicative of external root resorption) was also noted
(Fig. 2a). Tooth #9 was diagnosed as necrotic, with
asymptomatic apical periodontitis. The treatment
options presented included a conventional root canal
therapy with a mineral trioxide aggregate (MTA) plug,
an extraction, and revascularization procedures. The
patient agreed to revascularization.

At the first treatment appointment, rubber dam iso-
lation was used without anesthesia. The root canal
space was accessed lingually and irrigated with copious
amounts of an alternating rinse of 0.5% NaOCl and
17% EDTA to remove all necrotic tissue using a 27-
gauge needle. The canal space was dried, and a double
antibiotic paste (DAP), consisting of 200 mg ciproflox-
acin and 500 mg metronidazole mixed into propylene
glycol, was placed within the canal system. The tooth
was temporized with a cotton pellet and Ketac Glass
Ionomer temporary restoration. Post-treatment radio-

graphs were taken. Rubber dam isolation was removed.
Postoperative home care instructions were given, and a
second appointment was scheduled.

At the second treatment appointment (4 weeks after
the first treatment appointment), 3% mepivacaine with-
out vasoconstrictor was used to obtain local anesthesia.
The canal space was accessed under rubber dam isola-
tion and irrigated with 0.5% sodium hypochlorite, fol-
lowed by 17% EDTA with 27-gauge needle tips.
Concurrently, a blood draw was performed by the
Anesthesiology Department at the University of Pitts-
burgh School of Dental Medicine. Approximately, 7 ml
of blood from the patient was obtained in non-heparin-
ized test tubes (Becton, Dickinson, and Company
Franklin Lakes, NJ). The tubes were placed in a centri-
fuge (Salvin Sealed Technology, Charlotte, NC) and
spun for 20 min at 402 g, separating the blood sample
into the plasma-poor, plasma-rich, and red blood cell
components. After centrifugation, the straw-colored
plasma-poor layer was decanted. The platelet-rich
fibrin, which appears as a gelatinous yellow–white sub-
stance, was removed from the vial with sterile college
pliers (Fig. 1a) and dragged across a sterile 4 9 4
gauze pad to remove excess red blood cells. The pre-
pared PRF sample was then cut into segments approxi-
mately 2 by 5 mm (Fig. 1b). Segments were placed into
the canal space to a level 3 mm below the DEJ (den-
tin–enamel junction) using hand pluggers following the
induction of apical bleeding by passing a sterile hand
file 1 mm beyond the anatomical apex of the tooth.
Induction of bleeding into the canal space delivers
mesenchymal stem cells into the canal space from the
apical papilla (25). An MTA cap was placed over the
PRF scaffold, followed by a glass ionomer base. A
composite resin restoration provided a definitive seal to
the access of the cavity (Figs 2a and 3).

Discussion

The presented method describes an evolving and viable
alternative to the original protocol for tooth revascu-
larization. The use of PRF addresses two parts of the

(a) (b)

Fig. 1. (from left to right): (a) retrieval of PRP from test tube; (b) prepared PRF segments. In all subsequent follow-up
appointments (up to 36 months), tooth #9 presented without any symptoms. The tooth remained negative to cold testing, but
tested positive to EPT testing at 24- and 36-month recalls. Osseous healing was noted radiographically. Calibration of
radiographs to adjust for orientation showed an increase in root length and an intact lamina dura, as seen on 12 months
(Fig. 2b), 24 months (Fig. 2c), and 36 months (Fig. 2d). While some discoloration is evident clinically, the tooth exhibits no
abnormal pocketing or probing depths (Fig. 3).
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triad for tissue regeneration (26), growth factors and a
scaffold; the third part of the triad is addressed with
SCAP cells from the dentin papilla. The use of autolo-
gous tissues makes this both economical and excepted
as safe by the patient. There have been reports of suc-
cessful revascularization utilizing platelet exudates (21).
Concurrently, successful use of autologous platelet con-
centrate has been widely described in oral and maxillo-
facial surgery for bone grafting (24) and promotion of
soft-tissue healing (27). PRF is a fibrin biomaterial that
encourages the migration of stem cells and angiogene-
sis, while acting as an autologous source for the con-
trolled release of growth factors over an extended
period of time (23). While there is still much to learn
about the various platelet concentrates, the protocol
presented illustrates the feasibility of PRF in clinical
use.

Controlling infection is an important first step for
revascularization procedures. The use of triple and
double antibiotic paste combinations has proven effi-
cacy against a wide variety of odontogenic bacteria.
Moreover, DAP (double antibiotic paste) consisting of
ciprofloxacin and minocycline has shown to minimize
crown discoloration compared to TAP (triple antibiotic

paste) while providing similar intracanal disinfection
benefits (25). However, stem cells of the apical papilla
(SCAP) experience over 80% cell death with double
and triple antibiotic paste concentrations as low as
10 mg ml�1 (28). In retrospect, the cytotoxic concen-
tration of antibiotics that SCAP cells were exposed to
in this case may explain the lack of increase in root
thickness in the presence of osseous healing, root
length increase, and periodontal healing. Calcium
hydroxide should be considered instead, as it is shown
to be conducive to SCAP cell survival when compared
to various double and triple antibiotic combinations
(28). Calcium hydroxide has demonstrated promising
results in continued root formation in immature necro-
tic teeth (19).

Moreover, higher NaOCl concentrations have also
shown a negative effect on SCAP cell survival and den-
tin sialophosphoprotein (DSPP) expression. The use of
0.5% or 1.5% NaOCl, followed by 17% EDTA, coun-
ters these deleterious effects on stem cell viability (16,
29). SCAP cells are capable of odontoblast-like differ-
entiation and formation of dentin in vivo. Their high
proliferative potential makes them a likely source of
odontoblasts for root dentin formation even during
conditions of pulp necrosis. In a mouse model, after
dentin conditioning with EDTA, SCAP cells exhibited
an intimate association with dentin and differentiated
into odontoblast-like cells with the expression of DSPP.
Moreover, cells with sodium hypochlorite used without
ETDA as a final rinse showed multinucleated giant
cells and resorption lacunae (26). Therefore, disinfec-
tion of the dentinal space with the appropriate concen-
tration of NaOCl and dentin conditioning with a final
rinse of ETDA can significantly boost SCAP cell sur-
vivability and differentiation.

Platelet-rich fibrin (PRF) has been described as an
immune and platelet concentrate that contains all the
constituents of a blood sample considered to be favor-
able for healing and immunity (23). Understanding the
matrix configuration of PRF is crucial for discerning
the differences of biologic kinetics between PRP and
PRF (23). He et al. compared the efficacy of PRF and
PRP on proliferation and differentiation of rat osteo-
blasts. The levels of released growth factors, such as

(a) (b) (c) (d)

Fig. 2. (from left to right): (a) Postoperative radiograph immediately after placement of PRF and definitive restoration; (b) 12-
month recall; (c) 24-month recall; (d) 36-month recall.

Fig. 3. Clinical photograph on 36-month follow up.
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TGF-B1 and PDGF, were markedly increased and
reached the highest amount on day 14, and then
decreased mildly for PRF. In contrast, PRP demon-
strated an uncontrolled release of TGF-B1 and PDGF,
which reached the highest amount on day 1 and then
decreased rapidly (30). In short, PRF provides a
delayed and prolonged release of growth factors, as
opposed to the single sharp burst of growth factors
provided by PRP (30, 31). Mesenchymal cells of the
apical papilla, endothelial cells, osteoblasts, and fibro-
blasts also express receptor for these growth factors
(32). Apart from growth factors, the fibrin matrix of
PRF is essential to encourage angiogenesis (23), as well
as osseous regeneration (33). An observation in healing
associated with the cases where PRF has been used is
the radiographic appearance of the canal space not
being obliterated by calcification, which may be attrib-
uted to the controlled release of growth factors. These
can be utilized by stem cells of the apical papilla, which
migrate into the canal space as bleeding is induced.
Additional clinical advantages of PRF include the pro-
vision of an autologous mechanical substrate to con-
dense the MTA, the provision of a biodegradable fibrin
scaffold, and inherent microbicidal properties. PRF can
hence serve as a bioscaffold for revascularization and a
reservoir for growth factors (27).

Recent studies have addressed the possibility of uti-
lizing revascularization therapy in teeth with more
developed apices. For instance, Laureys et al. suggest
that the size of the apical foramen is not the decisive
factor for determining whether revascularization is pos-
sible. Cases with a diameter much smaller than 1 mm
did not prevent the ingrowth of new vital tissue (34).
Furthermore, new vital tissue regeneration has been
demonstrated in pulpectomized mature canine teeth
through the use of platelet-rich plasma (35). Based on
these findings, it may be possible to extend the utility
of revascularization beyond teeth with immature open
apices and realize the potential for a biological obtura-
tion of the root canal system.

Conclusion

This case demonstrates a clinically feasible protocol
utilizing platelet-rich fibrin as an autologous scaffold
for pulp revascularization. Studies have demonstrated
that PRF is rich in growth factors, which enhances cel-
lular proliferation, differentiation, and angiogenesis. It
allows for the slow and continuous release of growth
factors for revascularization and regulates inflamma-
tory reactions. Further studies and continued improve-
ments in the revascularization protocol can determine
how fibrin matrix predictably increases the success of
revascularization and consistently produces long-term
successful clinical outcomes.
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