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Abstract
BACKGROUND
A key requirement for biomimetic regeneration of tissues is a 3D scaffold. The
gold standard scaffold for revascularization is the blood clot, however, an
adequate blood clot cannot always be achieved in narrow canals or mature roots.
Hereby, we document the effects of platelet-rich fibrin (PRF) for the regenerative
endodontic treatment (RET) of two immature permanent teeth with necrotic
pulps for up to 48 mo.
CASES SUMMARY
The first patient was a 22-year-old female with history of trauma in tooth #9 with
a sinus tract and a large periapical lesion. The second was a 9-year-old male
presenting with a badly decayed tooth #14. Both cases were treated with RET and
PRF prepared from the patients’ blood. PRF and its extract were used as a
scaffold for RET. Patients were followed-up to 9 and 48 mo (4 years), respectively.
Both patients, were asymptomatic after treatment. At the 9-mo-follow-up of case
#1, there was radiographic evidence of periapical bone healing, however, the root
apex was still open. In case #2, the roots exhibited apical closure and normal
periapical bone architecture at 12-mo follow-up, while no root lengthening was
observed. After 48 mo, case #2 showed extensive intracanal calcification in all
root canals that complicated conventional root canal treatment.
CONCLUSION
RET with PRF and its extract could be used in revascularization of immature
permanent teeth. However, proper case selection to comply with long-term
follow-up is necessary and adverse events such as calcification and canal
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Core tip: This report investigated the effects of platelet-rich fibrin (PRF) for the
regenerative endodontic treatment (RET). The first patient had a history of trauma in
tooth #9 with a sinus tract and a large periapical lesion. The second patient presented
with a badly decayed tooth #14. Both cases were treated with platelet-rich fibrin (PRF)
as scaffold for RET. Patients were followed up to 9 and 48 mo, respectively. There was
radiographic evidence of periapical bone healing in both cases. The second patient
showed root maturation after 12 mo and extensive intracanal calcification at 48 mo.

Citation: Eltawila AM, El Backly R. Autologous platelet-rich-fibrin-induced revascularization
sequelae: Two case reports. World J Stomatol 2019; 7(3): 28-38
URL: https://www.wjgnet.com/2218-6263/full/v7/i3/28.htm
DOI: https://dx.doi.org/10.5321/wjs.v7.i3.28

INTRODUCTION
Regenerative endodontic treatments (RETs) require a 3D biological scaffold to
promote tissue regeneration[1,2]. The most common scaffold is a blood clot, created
from induced periapical bleeding through the root apical foramen [3] . Periapical
bleeding delivers mesenchymal stem cells (MSCs)[4] and the blood clot forms a 3-D
network for endodontic tissue and root generation. However, an adequate blood clot
scaffold cannot always be achieved from periapical bleeding[3]. Most practitioners
believe that RETs can be more beneficial than apexification for the treatment of
immature teeth with necrotic pulps[5], though they want to know how to make RETs
more successful[5], by identifying a more reliable scaffold, such as platelet-rich fibrin
(PRF).
PRF is a second-generation platelet-rich concentrate that allows a sustained release
in a slowly degrading fibrin matrix for multiple growth factors, such as; platelet
derived growth factor; transforming growth factor-β; and vascular endothelial growth
factor[6], and numerous cytokines[7]. Platelet-rich concentrates are a naturally occurring
cocktail of growth factors and cytokines organized in a 3D framework [7] . These
bioactive factors are involved in all phases of wound healing and subsequently tissue
regeneration. These properties, in addition to the ease of preparation and
manipulation, make PRF an excellent candidate for RETs[8]. Additionally, the fluid
obtained when centrifuging PRF (PRF-extract) can further stimulate endogenous
regeneration by having synergistic action with mineral trioxide aggregate as it has
been shown to enhance odontoblastic differentiation of human dental pulp stem
cells[6]. Herein, we describe the successful use of PRF and its extract in conjunction
with induction of bleeding, or as an alternative scaffold, for the regenerative
endodontic management of two challenging cases.

CASE PRESENTATION
Preparation protocol of PRF and PRF-extract
PRF and its extract were prepared from venous blood collected from the patients’
arms immediately prior to centrifugation and use[9], these steps are illustrated in
(Figure 1). All procedures were performed per the institutional ethical guidelines
instated by the IRB of the Faculty of Dentistry, Alexandria University and following
informed patient and parent/guardian consent. 5-10 cc of the patient’s venous blood
was collected from their median cubital vein in a non-coated glass tube. The collected
blood was immediately centrifuged at 3000 RPM for 10 min. The PRF clot was
compressed against a metallic mesh to collect the fluidic extract. The PRF preparation
was done chair-side and immediately before use (Figure 2A). The red corpuscle layer
was gently wiped off the surface of the PRF clot set aside. At the time of insertion,
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care was taken to pack the PRF clot with the platelet-plug facing the apical tissues.

Case 1
A 22-year-old female patient was referred to the conservative dentistry department
clinics at the faculty of dentistry, Alexandria University complaining of a discolored
upper anterior tooth. Upon examination, tooth #9 was found to be discolored with a
sinus tract opening on the labial surface related to the same tooth when traced with
Gutta Percha points. The patient reported a history of trauma when she was 8-years
old. The periapical and panoramic radiographs revealed a large periapical lesion
related to the teeth #9, #10 and tooth #11. Tooth #9 had an immature root. The tooth
was tender to percussion. The cold pulp test was negative for #9 and #10. Tooth #9
responded negatively to hot and tooth #10 showed mild response when compared to
the contralateral tooth. Periodontal examination revealed normal probing depths.

Case 2
A 9-year-old systemically healthy male was referred from the orthodontics
department for RET of an immature permanent maxillary first molar. The patient had
been complaining of toothache, then the tooth became asymptomatic except the night
before treatment. Upon clinical examination the tooth appeared badly decayed, tender
to percussion, and negative to both cold and hot tests, however, there was normal
periodontal probing depth. Digital periapical radiographs were obtained using
Sidexis software system (Sirona Dental Gmbh), and revealed a radiolucent periapical
lesion in relation to the palatal root of tooth #14 which appeared to be immature while
both buccal roots showed wide apices (Figure 3).

FINAL DIAGNOSIS
Case 1
A diagnosis of the immature tooth #9 was concluded as necrotic pulp and chronic
periapical abscess. The patient had an irrelevant medical history and a regenerative
approach was decided after appropriate consent was obtained.

Case 2
A diagnosis of necrotic pulp with symptomatic apical periodontitis was made in
relation to tooth #14. Since the tooth appeared to have at least one immature root, a
decision was made to treat the tooth using RETs. The risks and benefits of the
procedure were explained to the parent and informed written consent was obtained.

TREATMENT PROCEDURES
Case 1
After local anesthesia and rubber dam isolation of tooth #9, the pulp chamber was
accessed. Pus was drained from the canal and flushed with copious saline irrigation.
Working length was determined using digital x-rays and the canal was minimally
instrumented. Copious irrigation using 20 mL of 1.5% sodium hypochlorite for 5 min
was done. Finally, the canal was dried with sterile paper points followed by filling the
root canal with Calcium Hydroxide paste (Ultra-Cal XS, Ultradent, United States).
Three weeks later, the tooth was asymptomatic and the labial sinus tract opening
had healed. The tooth was anesthetized with 3% Mepivicaine without vasoconstrictor
(Alexandria Co. for Pharmaceuticals, Egypt), the canal was found to be dry and then
it was copiously irrigated with 1.5% Sodium Hypochlorite followed by 10 mL of
sterile saline. After drying the canal with paper points, the dentin was conditioned
with 17% EDTA (Glyde) for one minute then it was rinsed with saline irrigation. The
canal was dried and intra-canal bleeding was provoked using a K-file #15 extending 2
mm beyond the working length. Meanwhile, PRF was prepared as described before
(Figure 2A). PRF-extract was injected inside the canal followed by packing of the PRF
clot just apical to the cementoenamel junction (Figure 2B-D). A coronal barrier with
MTA was made (MM-MTA™, MicroMega, France) followed by glass ionomer and
composite restoration.

Case 2
The tooth was anesthetized with Mepecaine-L (2% mepivacaine HCl, levonordefrin
1:20000, Alexandria Co. For Pharmaceuticals, Egypt). Caries was removed, the pulp
chamber was accessed and the tooth was isolated with rubber dam. Four root canals
were identified; two mesiobuccal, distobuccal and palatal canals. Canals were
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Figure 1

Figure 1 The preparation steps of platelet-rich fibrin and platelet-rich fibrin-extract, and how they were used for the regenerative endodontic treatments.
PRF: Platelet-rich fibrin.

irrigated with 2.5% sodium hypochlorite (NaClO) (Household Cleaning Products
Company of Egypt, Cairo, Egypt) and normal saline. The working length was
estimated based on the digital periapical x-rays and the canals gently instrumented
with #15 K-files, then filled with Calcium hydroxide paste (Ultracal XS, Ultradent,
United States), and the tooth was temporary filled (Ora-fil G, Prevest Denpro, India).
After one week, the patient had slight pain on biting and was recalled. The
temporary filling was removed after the application of rubber dam. The tooth was
etched (Dentsply), bonded (Excite DSC, Ivoclar-Vivadent, Liechtestein) and the
missing tooth walls were restored with composite resin (Te econom, Ivoclar-Vivadent,
Liechtestein). The canal orifices were enlarged using sizes 3 and 4 Gates Glidden drills
and copiously irrigated with 2.5% NaClO, dried and filled with calcium hydroxide.
The cavity was filled with a temporary restorative material and Cone Beam
Computed Tomography (CBCT) was ordered (Figure 3E-H). After two days, the
patient was recalled. The distal and palatal canals were minimally instrumented up to
#15 and #20 hand K-files based on the lengths measured on CBCT. The mesial canals
were instrumented up to size #30. Then, canals were irrigated, filled with calcium
hydroxide paste and the access cavity was sealed with temporary filling.
After 4 wk, the patient was recalled and the tooth was asymptomatic. It was
anesthetized with 3% Mepivacaine without vasoconstrictor (Mepivacaine HCl 3%,
Alexandria Co. for Pharmaceuticals, Egypt), isolated with rubber dam and the
temporary filling was removed. Canals were irrigated with 2.5% NaClO; 10 mL/
canal with a final application of 17% EDTA (Glyde, Dentsply-Maillefer, Switzerland)
for one minute then dried with sterile paper points. Bleeding was initiated by passing
a pre-curved #25 K-file into the periapical tissues to create an injury milieu. Bleeding
appeared minimal from the mesial canals. In parallel, PRF was prepared and used as
described above. PRF-extract only was injected inside the mesial canals. A coronal
barrier of white mineral trioxide aggregate (MTA) (Pro-root, Dentsply Tulsa, OK,
United States) was placed. After two weeks, setting of MTA was checked and the
tooth finally restored with composite resin.

OUTCOME AND FOLLOW-UP
Case 1
The patient was followed-up at 2-wk, 1, 3 and 9 mo (Figures 2 and 4) and (Table 1).
The patient did not return for later follow-up. The sinus tract had completely resolved
at the second visit. There was mild pain which subsided after 1 mo, after that, the
tooth was asymptomatic and periodontally healthy at all visits (Figure 2E-H). All pulp
tests were negative for tooth #9. The periapical radiograph showed root thickening
and progressive apical closure of #9. The panoramic radiograph after 9 mo (Figure 2I
and J) showed the increase of bone density and diminution of the size of the lesion
especially around #9 and at the peripheries of the lesion. However, the lesion had not
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Figure 2

Figure 2 Revascularization procedure using platelet-rich fibrin and follow-up digital periapical radiographs and orthopantograms for case #1 (tooth #9). AD: Prepared platelet-rich fibrin (PRF) clots in A with insert showing squeezing of clots in a metallic mesh to release supernatant (extract); B: Packing of PRF clot into
the root canal with platelet-plug facing apical tissues using sterile cotton pliers and endodontic pluggers; and removal of excess extract and cleaning of pulp chamber
in C and D, respectively; E, F: Periapical radiographs of the case showing in E pre-operative radiograph; F: after 1 mo; G: After 3 mo and; H: After 9 mo; I, J: Show
pre- and 9 mo post-revascularization panoramic radiographs using the same device, respectively. Inserts represent magnifications of the selected regions of interest
shown in I and J, respectively. Follow-up radiographs show progress in healing of the periapical lesion in terms of both size and density. The lesion originally extended
from the maxillary left central incisor to the mesial root surface of the left canine. Teeth were asymptomatic. The case was unfortunately lost to follow-up after 9 mo. All
digital periapical radiographs were aligned using the Turboreg plugin- image J software (http://bigwww.epfl.ch/thevenaz/turboreg/).

healed completely. The analysis of bone density of the periapical radiographs (Figure
4) revealed an overall increase in bone density except at the center of the lesion.
Details are explained in the supporting information.

Case 2
The patient was followed up at 2 wk, then at 1, 3, 6, 12, and 48 mo (Table 2). The
patient reported normal function and did not complain about pain at any of the recall
visits. There was no pain on palpation or percussion. All pulp tests, cold and hot,
were negative throughout the follow-up period. The radiographs showed increased
bone density and periapical healing with palatal root maturation (Figure 3). Upon
comparing the pre-operative with the CBCT obtained at 12 mo, all roots showed
apical closure, narrowing of canal space and complete resolution of the periapical
lesion with normal periapical bone architecture. However, no root lengthening was
observed in any root. Imaging parameters and image processing details are available
in the supporting information. The patient was recalled after 48 mo to initiate
orthodontic treatment and the tooth was asymptomatic. However, recurrent decay
was noticed at the distal surface of the tooth and it was extending underneath the
composite restoration but with normal periapical tissues in the digital periapical
radiograph (Figure 5A). The caries, composite restoration and the MTA plug were
removed. The canals appeared clean and dry with minimal fragments of tissues
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Figure 3

Figure 3 Showing average density changes of the periapical lesion in case#1. A, B: Average density profile measurement of periapical lesion pre-operatively and
after 9 mo, respectively in the selected region of interest (ROI); C: Graph displaying the grey value changes reflecting the increase in bone density after 9 mo; D, E:
Image subtraction of occlusal radiographs before and after 9 mo, where E shows the traced ROI to be measured using 3D surface plotting. Note that the left nostril is
superimposed with the upper border of the defect circles; F: 3D plot showing change in bone density corresponding to ROI selected in E. Areas in red represent those
with the lowest density such as the nostril area and the center of the defect (arrows). The detailed method for measurement of bone density is available in the
supplementary material.

retrieved from the pulp chamber and canals (Figure 5B), but appeared with varying
degrees of intracanal calcification (Figure 5C). The maximum length reached using a
#10 K-file even following negotiation with ultrasonics (E-25 tip, Satelec, Acteon,
France) was 16 mm for the palatal canal, 14 mm for the first mesiobuccal canal and 3
mm for the distobuccal canal while only the canal orifice was negotiated for the
second mesiobuccal canal. The canals were instrumented to these lengths using
manual files to remove any residual biofilm, copiously irrigated with 5.25% NaClO,
dried and finally filled with gutta-percha followed by placement of glass ionomer and
composite restoration (Figure 5D). The patient was recalled after 6 mo and reported
the tooth as being asymptomatic with the coronal restoration intact and he was
scheduled to start orthodontic treatment.

DISCUSSION
The present report is the first to document the long-term efficacy of RET for up to 48
mo. Clinical case reports documenting RET normally only extend to one year, with
the longer-term outcomes being unpredictable[3], and the reliance on a small number
of short-term studies, raises RET failure concerns among dentists[5]. This is also one of
the rare clinical studies of using PRF and PRF-extract as scaffolds for RETs. Most RET
case reports investigated blood clots[3]. There are a few unorthodox RET cases; which
range from the treatment of elderly patient’s teeth to the re-treatment of failed
cases[2,10]. Since apical diameter and patient age appear to be two important factors for
the success of REPs[11], such novel applications will undoubtedly require modifications
to the originally proposed protocol in order to fully encompass the triad of tissue
engineering. One interesting observation was that the RET with PRF can initiate root
canal wall thickening and lengthening, which is self-limiting over the long-term as the
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Table 1 The follow up outcomes of case #1
Radiographical
Sinus tract

Pulp test

Pain on percussion
Dentin thick

Apical closure

Bone

Hot

Cold

Day 0

+

+

NA

NA

NA

-

-

2 wk

-

+

-

-

-

-

-

1 mo

-

-

-

-

-

-

-

3 mo

-

-

-

-

-

-

-

9 mo

-

-

+

-

+

-

-

roots did not continue growing abnormally long. This observation resolves a concern
among clinicians, about the long-term problems of using RET.
The use of platelet-rich concentrates for RETs including both platelet-rich plasma
(PRP) and PRF has been successful in the regenerative applications. While with PRP,
there is a release of growth factors within a few hours, PRF scaffolds entrap these
factors within the fibrin mesh and slowly release them with a peak at 14 d[12]. In
addition, no external chemicals, i.e., thrombin or CaCl2, are needed to prepare PRF.
Additionally, PRF can be divided to a clot and to a liquid (PRF-extract). The PRFextract itself is a reservoir of bioactive cues that can on its own trigger the migration,
proliferation, and differentiation of stem/progenitor cells[6,9,13]. Furthermore, Chai et
al[14] recently reported that liquid PRF (prepared by centrifugation at 700 g for 3 min,
the upper plasma layer is considered as liquid PRF) promotes dental pulp cellular
migration, proliferation, and differentiation. The liquid PRF has also a partial immune
defense against the induced inflammation.
The injectable forms of PRF may be used in inaccessible and narrow canals, which
is of special importance when there is limited space for placement of a PRF clot and
when induced bleeding is insufficient. In retrospective meta-analysis done by
Murray[15] on a 222 immature permanent teeth, he found that PRF scaffolds showed
higher success rate in terms of periapical lesion healing, root lengthening, and apical
closure. While there was no difference in the thickening of dentinal walls. However,
the superiority of PRF over blood clot in RETs is still controversial[16,17].
In this report, we presented two challenging regenerative endodontic cases. In
case#1, the older age of the patient in addition to the presence of a large long-standing
periapical lesion posed significant challenges. For case#2 presented with a permanent
maxillary molar with 4 root canals and roots at different developmental stages. Hence,
we used PRF and PRF-extract as a natural ameliorate for tissue regeneration. It is also
noteworthy to state that induction of bleeding, although expected to be insufficient,
was still done to create an injury stimulus to trigger stem/progenitor cell recruitment.
The PRF clot was placed so the platelet-plug will face the apical tissues, which may
have provided a higher gradient of cytokines and growth factors to enhance the
healing process [18] . Moreover, antimicrobial properties of PRF have also been
revealed[19]. This coupled with previously mentioned properties of PRF may have
contributed to the improved healing outcome in this report.
Incomplete root maturation was observed in case#1 after 9 mo. The patient did not
complain about pain, and the bone density had improved. This is analogous to two
cases with periapical lesions in middle-aged patients[20,21]. The first reported by Saoud
et al[21] involved a large periapical lesion in a 23-year-old patient. The authors found
that after one year there was more trabecular bone deposition but incomplete
resolution. The second case by Wang et al[20], demonstrated a 39-year-old patient with
an extensive bilateral apical radiolucency. The radiolucency resolved 30 mo after
treatment. This slow healing could be due to size of the lesion, the long-standing
infection and age of the patient. RET outcomes appears to improve if the pulp
necrosis occurred less than 6 mo prior to treatment[22].
The effectiveness of disinfection needed for RET is more critical than that needed in
traditional endodontics, hence, in these cases, we used lower concentrations of NaClO
to avoid killing the stem cells[23,24]. In addition, calcium hydroxide was selected as an
intracanal medicament because it could enhance the attachment, viability and
proliferation of apical papilla cells in contrast to other medicaments[24].
The use of PRF and its extract could have accelerated the healing in the first case;
unfortunately the patient was lost to follow-up prohibiting long-term assessment. Age
has also been shown to influence the outcome of regeneration. Dental pulp stem cells
from aged individuals have shown impaired proliferation and neuronal
differentiation capacities[25]. This may be one factor explaining the delayed healing
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Figure 4 Twelve months periapical radiographs and cone beam computed tomography images of case #2 (tooth #14). A-D: Digital periapical radiographs
showing in an immediate post-operative radiograph; B: After 3 mo; C: After 6 mo and; D: After 12 mo; E-H: Cone beam computed tomography images (CBCT) images
before the revascularization procedure (but after placement of intracanal medication); I-L: Follow-up after 12 mo; E, I: Mesial root; F, J: Distal root; G, K: Palatal root;
H, L: Coronal section at apical third level showing the diameters of each root canal. All roots showed apical closure with complete periapical bone healing. Again,
progress of periapical healing is evident along with root thickening and closure. The tooth remained asymptomatic throughout the follow-up period. All digital periapical
radiographs were aligned using the Turboreg plugin- image J software (http://bigwww.epfl.ch/thevenaz/turboreg/). Details on the CBCT parameters and method are
available in the supplementary material.

with age and encourage the use of bioactive materials to enhance stem cell homing
and endogenous tissue regeneration.
After 12 mo, in case#2, where PRF-extract was used solely as the bleeding was not
successful in the two mesiobuccal canals, demonstrated the greater promise of the
PRF approach. Although the roots did not show any root lengthening, they showed
maturation and wall thickening. This is with accordance with a meta-analysis by He et
al [26] , they suggested that apical closure is not necessarily associated with root
lengthening. After 4 years, the tooth was asymptomatic and radiographically
successful, however, recurrent caries at the distal surface was extensive which
necessitated re-intervention. This highlights the importance of proper patient
selection and the importance of patients’ oral hygiene for the success of the treatment.
Perhaps the most interesting result is the extensive intracanal calcification noted in
case #2. This may be attributed to remnants of calcium hydroxide pastes which are
difficult to remove and could remain inside root canals. Song et al[27] found that 61.5%
of cases (8 of 13 cases) with complete canal obliteration had occurred when Ca(OH)2
was used as an intracanal medication, compared to (30.8%, 4 of 13) when antibiotic
pastes were used.
The source of cells appears to plays a key role in root maturation and calcification,
where PDL and bone marrow stem cells may contribute to extensive deposition of
cementum/bone-like tissues [27] also found that cases with induced bleeding had
higher frequency of calcification (69.6%, 16 of 23 cases) than those without bleeding
when vital tissues were found in the canals. Documentation of long-term outcomes
such as the extensive intracanal calcification seen in case#2 is crucial, particularly for
long term treatment planning. RETs assisted by PRF and PRF-extract did help retain
tooth#14 until orthodontic treatment commenced. Natera et al[28] reported a similar
case that received orthodontic treatment one year after REPs in tooth #20. Although
the tooth lacked further root maturation, it remained asymptomatic clinically and
radiographically after 4 years and the tooth responded to orthodontic treatment as
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Table 2 The follow-up outcomes of case #2
Radiographical
Sinus tract

Pulp test

Pain on percussion
Dentin thick

Apical closure

Bone

Hot

Cold

Day 0

-

++

NA

NA

NA

-

-

2 wk

-

+

-

-

-

-

-

1 mo

-

-

-

-

-

-

-

3 mo

-

-

-

-

-

-

-

6 mo

-

-

+

-

+

-

-

12 mo

-

-

+

+

+

-

-

48 mo

-

-

+++

++

+

-

-

non-endodontically treated teeth.
A case report has been recently published by Chaniotis et al [29] who started
orthodontic treatment 3 years and half after RET in tooth #8. The patient had skeletal
Class II division 1, which had subjected tooth #8 to multiple traumas that lead finally
to a periapical lesion and fracture. By the end of orthodontic treatment that lasted for
2 years, the periapical radiographs revealed a marked remodeling of the periapical
tissues; the fractured apical third showed signs of resorption, along with the
resolution of the periapical lesion. The presence of tooth #8 was essential for the
success of the orthodontic treatment, however, the orthodontic forces may have
disturbed the reattachment of the fractured root part. Similarly, retention of the
tooth#14 in case#2 in this report was essential in spite of the need to later retreat the
tooth. The decision to retreat calcified/obliterated root canals is based on multiple
factors yet calcification itself may not be a failure per se[30] unless coronal seal is lost
and bacterial re-infection is a risk as was the case in this report.
Both the RETs in this present report exhibited negative responses to pulp testing.
However, this does not negate the possibility of re-vitalization[31]. A longer-term
follow-up may be required to accurately assess the pulp re-vitalization parameters.
Some previous histological studies have shown that the use of PRP did not change
the nature of the regenerated tissues, when compared to blood clots within root
canals[32]. It was not possible to conduct a histologic analysis of the teeth following
RET, due to the lack of patient consent to extract healthy functioning teeth.
In conclusion and within the limitations of this report, it was observed that: RET
with PRF can generate the root structure of immature permanent teeth with a necrotic
pulp following caries and trauma. RET with PRF can initiate root canal wall
thickening and lengthening, which is self-limiting over the long-term as the roots did
not continue to grow abnormally long. RET with PRF could benefit patients by saving
immature teeth with a necrotic pulp from subsequent fracture and requiring
extraction.
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Figure 5

Figure 5 Four-year treatment outcome and re-treatment procedures for case #2 (tooth #14). Figure shows the condition of the tooth after 4 years. A: The 4
years periapical radiograph showing recurrent decay on the distal surface of the tooth underneath the composite restoration. Insert in A shows the extent of the decay
and the pulp chamber prior to complete removal of the MTA coronal plug. Note that the periapical tissues appear healthy; B: Shows the pulp chamber after removal of
residual MTA material taken using a Kaaps dental operating microscope (x 10, Original magnification). Insert in B shows location of orifices. Minimal traces of
fragmented tissues were retrieved from the pulp chamber; C: Higher magnification of the first mesiobuccal canal (x 25, original magnification) shows diffuse
calcification and an obliterated canal beyond this level; D: Immediate post-operative radiograph showing root canal filling with gutta percha till the level of canal
obliteration for the 4 canals. The maximum length reached was 16 mm for the palatal canal, 14 mm for the first mesiobuccal canal and 3 mm for the distobuccal canal
while only the canal orifice was negotiated for the second mesiobuccal canal.
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