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Abstract

Purpose Currently, mineral trioxide aggregate (MTA) apexification is recommended as the preferred treatment for perma-
nent anterior immature necrotic teeth. Apexification treatment does not enable further development and maturation of the
teeth, resulting in short roots with thin root canal walls, that often are prone to cervical fractures. This study presents the
regenerative endodontic procedure (REP) as an alternative treatment for immature necrotic molars with apical periodontitis
or a chronic apical abscess. REP enables periapical healing as well as root lengthening and widening of the dentinal root
canal walls.

Case series results Six immature first molars teeth (five mandibular, one maxillary) with apical periodontitis or chronic
apical abscess were treated with REP. Patients underwent periodic follow-up visits every 3 months the first year and twice a
year thereafter. The final clinical examination revealed no symptoms, no gingival pockets, and no sensitivity to percussion.
Cold sensitivity tests were negative. Radiographs revealed full periapical healing in all the treated molars, remarkable root
lengthening, and dentinal wall thickening.

Conclusion REP with PRF is feasible and may have some advantages over MTA apexification since it facilitates root elonga-
tion, dentinal thickening of the root canals walls, and narrowing of the apical foramen.

Keywords Immature - Molars - Necrosis - Open apex - PRF - Regenerative endodontics

Introduction

The most frequent causes of endodontic treatment in imma-
ture permanent molars are deep occlusal caries and/or severe
molar incisor hypomineralization (MIH) (Weerheijm 2003)
in contrast to anterior teeth were traumatic injuries are the
main reason for endodontic treatment. The endodontic treat-
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ment of molar teeth is very challenging because the roots of
these teeth are short with thin walls and they have wide-open
apices (Andreasen et al. 2002). Such teeth, that need endo-
dontic treatment, were traditionally treated by apexification
with long-term calcium hydroxide medication (Andreasen
et al. 2002). Torabinejad and Chivian (1999) suggested the
use of MTA for a single appointment apexification. Recently,
the EAPD in its guidelines recommended replacing calcium
hydroxide (Ca(OH)), by MTA for anterior teeth. The use of
REP was recommended only for anterior teeth with a hope-
less prognosis even with the application of MTA (Duggal
et al. 2017). However, no REP treatment protocol was sug-
gested as an option for molars due to caries or MIH.
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The great advantage of MTA apexification over Ca(OH),
is that it shortens the duration of the treatment and enables
completion of treatment in two sessions (Duggal et al. 2017).
The REP is a relatively new therapeutic approach that ena-
bles further maturation of the roots. Iwaya et al. (2001) were
the first to describe this procedure. In 2004, Banchs and
Trope (2004) proposed a treatment protocol for the manage-
ment of such teeth called “revascularization”. This protocol
was adopted by the American Association of Endodontics
(AAE 2016), and by the European Society of Endodontology
(Galler et al. 2016) with minor changes. The treatment was
called “regenerative endodontics”. The indication for this
treatment includes teeth with necrotic pulp or with irrevers-
ible pulpitis. Moreover, in the case of pulpitis PRF maybe
used for pulpotomy (Keswani et al. 2014). The decision on
how to treat teeth depends very much on the cooperation
ability of the child during the treatment. The most impor-
tant part of this REP is the thorough disinfection of the root
canals. Both protocols suggest irrigating the root canals with
sodium hypochlorite and medicating them with Ca(OH), or
triple antibiotic paste comprising of metronidazole, cipro-
floxacin, and minocycline. During the second appointment,
after EDTA irrigation, apical bleeding is induced into the
root canal to produce a blood clot to recruit stem cells and
growth factors (GF). The blood clot serves as a scaffold for
the stem cells and contains GF that facilitates further root
development (AAE 2016; Galler et al. 2016). Duggal et al.
(2017) emphasized that a blood clot is not the ideal scaffold
and suggested to look for alternatives. Recently, the use of
different scaffolds has increased. Platelet-rich plasma (PRP)
has been suggested as an ideal biomaterial for improving
treatment results because it does not act only as a scaffold,
it contains stem cells and GF too (Bezgin et al. 2015; Dohan
et al. 2006; Murray 2018; Sachdeva et al. 2015; Torabine-
jad and Turman 2011; Ulusoy et al. 2019; Zhu et al. 2012).
Platelet-rich fibrin (PRF) is a second-generation scaffold
of PRP developed by Choukroun (Dohan et al. 2006). The
PRF compared to PRP releases the GF slowly over a 2-week
period and thus increases its effectiveness. Its use in regen-
erative endodontics was first described by Keswani and Pan-
dey (2013). The clinical advantages of using PRF over blood
clots and PRP in REP were described in a meta-analysis
comprising 222 cases from 12 studies conducted by Murray
(2018). He concluded that in comparison to blood clots and
PRP, PRF induced a higher rate of apical closure (100%) and
root lengthening after 1 year.

Currently, REP is an accepted treatment for anterior
teeth and there are many articles and random clinical stud-
ies describing its outcome (Arslan et al. 2019; Jeeruphan
et al. 2012; Tong et al. 2017; Duggal et al. 2017; Nazzal
et al. 2020). Only 25 clinical studies and a few case reports
have been published addressing REP as a treatment option
for immature molars (Nosrat et al. 2011; Roghanizadeh and
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Fazlyab 2018; Schmoeckel et al. 2017; Ulusoy and Cehreli
2017; Tzanetakis et al. 2020). The objective of this case
study is to demonstrate the potential of REP using PRF as
a scaffold to promote healing of periapical lesions, apical
closure, and continuation of root development in permanent
immature molars diagnosed with necrotic pulp and apical
periodontitis.

Case series description and results

Six healthy children, ages 7-11 years old, were referred to
endodontics specialized clinic for endodontic treatment of
their carious immature permanent molars. All the patients
suffered from pulp necrosis associated with apical perio-
dontitis (which was confirmed by a periapical radiograph).
Three of these children received previous endodontic treat-
ment in other dental offices. All the teeth were slightly sensi-
tive to percussion but not to palpation and had normal peri-
odontal pockets. One tooth was associated with a sinus tract.
Radiographic examinations confirmed immature roots and
open apices. Accordingly, regenerative endodontic treatment
with PRF was offered, and written informed consent was
received.

Clinical procedure

All cases were treated by a single endodontist (M.Y.).
Medical and dental history was obtained for all patients,
followed by a thorough oral and dental examination.
Mobility and cold sensitivity, electric pulp, probing
and percussion tests were carried out. Two-dimensional
diagnostic radiographs were taken, and a diagnosis was
provided. Some teeth were initially treated by Ledermix
(Haupt Pharma GmbH, Wolfratshausen, Germany) or
Ca(OH)2 as emergency treatment. In cases where appli-
cable, a treatment plan recommending REP was proposed
to the guardians and they were asked to sign an informed
consent. The distribution details of each treated tooth/
patient are summarized in Table 1. During the first visit,
all the patients received local anesthesia: inferior alveolar
nerve block in the lower arch and infiltration in the upper
arch. Each injection included 1 cartridge of 2% Lidocaine
& 1:100,000 epinephrine (Safco, USA). The treatment
was conducted under a surgical operating microscope
(DOM; Labomed, Prima, USA) as described by Yoshpe
et al. (2020). After tooth isolation and access opening,
all cases were treated by means of REP according to the
AAE protocol (Sachdeva et al. 2015). Working length
was established, each tooth was irrigated with 20 ml of
1.5% hypochlorite (NaOCl), dried with paper points,
and dressed with a creamy triple antibiotic paste (TAP),
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Table 1 Patients’ detailed data Case # Age Gender Tooth # Diagnosis Duration of intracanal Fol-
medication (days) low up
(months)
1 10 F 18 NP; CAA 14—Ca(OH), 24
25—TAP
7.5 M 30 PIT; SAP 32—TAP 30
3 10.5 F 195 PIT; SAP 14—“Ledermix” 23
14—TAP
4 7.5 F 19 PIT; SAP 23—TAP 24
5 F 30 PIT; SAP 23—TAP 24
6 F 14 PIT; SAP 28—*“Ledermix” 16
35—TAP

NP necrotic pulp, CAA chronic apical abscess, PIT previously initiated therapy, SAP symptomatic apical
periodontitis, TAP triple antibiotic paste

comprising a mixture of three equal parts (250 mg each)
of metronidazole (Sanofi-aventis, France), ciprofloxacin
(Dexcel, Israel) and cefuroxime (Zinnat,-GSK, UK). The
antibiotics were dissolved in saline to obtain a creamy
paste consistency and inserted into the root canal by Cen-
trix AccuDose® 20ga Needle Tubes (Shelton, CT, USA)
and an endodontic plugger to control the insertion depth.
The teeth were then temporarily restored using interim
restorative material (Dentsply/Caulk, York, PA). During
the second visit, following ensuring that the patients were
asymptomatic, PRF was prepared chairside by drawing
40 ml of blood by a qualified nurse using a butterfly needle
(BC12; Zhejiang Kindly Medical Devices Co, Longwan,
China). The blood sample was immediately centrifuged
for 8 min at 1300 rpm (Dohan et al. 2006). Following cen-
trifugation, the medium phase (buffy coat, about four ml
in each tube) which contained PRF was extracted by for-
ceps, cut into small pieces, and stored in sterile condition
at room temperature until used. The patients were anes-
thetized by one cartridge of 3% Scandonest (Septodont,
Ontario, Canada) without vasoconstrictor, to allow blood
flow into the tooth. The temporary restorative material was
removed under rubber dam isolation. The root canal was
irrigated with 20 ml of 17% EDTA and dried with paper
points (Murray 2018). A file (#20-25) bended at its tip was
introduced one mm beyond the apical foramen to induce
bleeding from the periapical area into the pulp. The pre-
pared PRF, as mentioned above, was inserted into the root
canal orifice and plugged into the premeasured length of
the root canal using endodontic pluggers up to 1 mm below
the root canal orifice. A resorbable collagen plug (Colla-
gen Matrix, New Jersey, USA) was inserted above the PRF
and covered with MTA (Angelus, Londrina, Brazil). MTA
was placed in half of the pulp chamber. The coronal part
was sealed with glass Tonomer (Fuji IX-GC, Japan) and
composite (3 M). Follow up appointments were scheduled

every 3 months for the first year. During all the follow-up
examinations the sensitivity test results were negative.

Patients’ description (Table 1)

Individual details of case series

Case No. 1

A 10-year-old girl was referred to the clinic for endodontic
treatment on her permanent lower left first molar. Clinical
examination revealed a deep carious lesion associated with
buccal vestibular swelling. The periodontal pockets were
less than three mm. The tooth was sensitive to percussion.

Radiographic examination revealed extensive radiolu-
cency and open apexes of both mesial and distal roots. The

A. 27/03/18

C.13/08/18

D. 12/01/20

Fig. 1 Permanent lower left second molar. a Diagnostic X ray. b
Radiograph taken upon completing treatment. ¢ Three-month follow-
up. d 24-month follow up radiograph
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diagnostic X-ray demonstrated a tracing of the sinus tract
(Fig. 1a). Accordingly, the diagnosis of pulp necrosis and the
chronic apical abscess was confirmed. Following explana-
tions and receiving written informed consent, the tooth was
treated by REP, which was performed as described above
(Fig. 1b). Following 3 months, the tooth was asymptomatic
to percussion and to palpation and radiograph examination
revealed impressive healing and diminishing of the radio-
lucency around the roots. Moreover, the apical foramen of
the mesial root began to close (Fig. 1c). No changes were
noted regarding the length of the roots. During the 24-month
follow-up examination, the tooth was still asymptomatic
with no sensitivity to percussion or palpation. The X-ray
radiograph demonstrated complete healing, apical closure,
and thickening of the dentinal walls of the mesial root. The
distal root demonstrated an increase in its length and den-
tinal root canal wall width. A normal PDL surrounding the
roots (Fig. 1d).

Caseno. 2

A seven and a half-year-old boy previously underwent
pulp extirpation of his permanent lower right first molar
to resolve acute pain. The child was referred to our clinic
for the completion of the endodontic treatment. Clinical
examination revealed slight sensitivity to percussion, but

Fig.2 Permanent lower right
first molar. a Diagnostic X ray.
b Radiograph taken upon com-
pleting treatment. ¢ 30-month
follow-up radiograph

A.14/12/16

Fig.3 Permanent lower left
first molar. a Diagnostic X ray.
b Radiograph taken upon com-
pleting treatment. ¢ 23-month
follow-up radiograph

A.29/10/17

e ——
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no sensitivity to palpation, with probing depths less than
three mm and the soft tissue was normal with no patho-
logical signs. Radiographic examination revealed immature
roots associated with 2 x4 mm radiolucency. In addition,
external root resorption at the distal aspect of the mesial
root was also observed (Fig. 2a). Previously initiated endo-
dontic therapy with symptomatic apical periodontitis was
diagnosed. Clinical procedures for REP were performed as
previously described (Fig. 2b). During the 30-month follow-
up, the tooth was asymptomatic. Radiographic examination
revealed slight root elongation, closure of the apices, and
intact PDL surrounding the roots (Fig. 2c). Interestingly, the
outline of the apex of the mesial root recovered and demon-
strated a normal shape.

Caseno.3

A ten and a half-year-old girl was referred to the clinic due
to pain in her permanent lower left first molar. Clinical
tests revealed a negative response to cold test and sensi-
tivity to percussion and palpation. Probing depths were
less than three mm. Radiographic examination revealed
an open apex in both the mesial and distal roots and apical
radiolucency around the distal root (Fig. 3a). A diagnosis
of necrotic pulp with asymptomatic apical periodontitis
was determined. Following written informed consent, REP

%/ 18/01/178.

10/06/19c¢.

B. 5/12/17 C.26 /11/19
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was performed as described above (Fig. 3b). During the
23-month follow-up examination, the tooth was asymp-
tomatic with no sensitivity to percussion or palpation.
Radiographic examination revealed no radiolucency, and
the apexes of both roots were closed with a thicker dentin
walls.

Case no. 4

A seven and a half-year-old girl was referred to our clinic
following an unsuccessful partial pulpotomy in her perma-
nent lower left first molar. Clinical examination revealed
normal soft tissues. The tooth was a sensitive mesial root
and 4 X 6 mm around its distal root (Fig. 4a). Previously
initiated endodontic therapy with symptomatic apical
periodontitis was diagnosed. The following explanation
and written informed consent, the tooth was treated by
REP (Fig. 4b). During the 4-month follow-up examina-
tion, the tooth was asymptomatic. Moreover, a remarkable
resolution of the periapical lesion occurred. The mesial
radiolucency disappeared completely, while the size of
the distal radiolucency also diminished (Fig. 4c). During
the 24-month follow-up examination, the tooth continued
to be asymptomatic. Radiographic examination showed
complete periapical healing, closed apices, and narrowing
of the root canal associated with diffuse obliteration of the
distal root pulp (Fig. 4d).

B. 17112117

D. 20112119

C. 20/12/2017

Fig.4 Permanent lower left first molar. a Diagnostic X ray. b Radio-
graph taken upon completing treatment. ¢ Four-month follow-up radi-
ograph. d 24-month follow-up radiograph

Caseno.5

A 7-year-old girl was referred to the clinic after pulp extir-
pation due to severe pain of the permanent lower right first
molar. Clinical examination revealed pocket depths less than
3 mm, with normal soft tissue. Slight tenderness to percus-
sion was observed. Radiographic examination revealed
immature short roots with open apices. The root canal walls
were very thin, especially in the distal root. Periapical radio-
lucency measuring 7 X 12 mm surrounding the distal root
and 3 X3 mm radiolucency around the mesial root were
noted (Fig. 5a). The tooth was diagnosed as previously ini-
tiated treatment with symptomatic apical periodontitis. REP
was performed as described in the Clinical Procedure sec-
tion (Fig. 5b). Throughout all the follow-up examinations
the tooth was asymptomatic. The radiograph taken after the
24-month follow-up, revealed improved healing, closure of
the apices, further root elongation, intact PDL surrounding
the roots and thickening of the dentinal walls, especially of
the distal root (Fig. 5c¢).

Case no. 6

A 7-year-old girl was referred to the clinic after pulp extirpa-
tion of the permanent upper right first molar due to severe
pain. Soft tissue was normal, probing was at normal depth,
and there was no sensitivity to palpation, but the tooth was
sensitive to percussion. Radiographic examination revealed
short roots with open apices, especially in the palatal root.
Small periapical radiolucency was noted around the mesio-
buccal root (Fig. 6a). Previously initiated therapy with
symptomatic apical periodontitis was diagnosed. Clinical
procedures for REP were performed as described before
(Fig. 6b). Because the patient did not adhere to the treatment

S

B. 21/03/18

A.28218 ~

C. 20/02/20

Fig.5 Permanent lower right first molar. a Diagnostic X ray. b Radi-
ograph taken upon completing treatment. ¢ Radiograph taken 24
months following the regenerative endodontics
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A. 30/03/18

C.05/12/19

Fig.6 Permanent upper right first molar. a Diagnostic X ray. b Radi-
ograph taken upon completing treatment. ¢ 16-month follow-up radi-
ograph

schedule, the intracanal medicament remained in the root
canal for 2 months: 1-month Ledermix and 1-month TAP.
During the 16-month follow-up examination, the tooth was
asymptomatic. Radiographic examination revealed intact
PDL surrounding the roots, thickening of dentinal walls of
both buccal roots, and apical closure but with no further root
elongation (Fig. 6¢).

The overall outcome of all cases regarding periapical
healing was complete healing and apical closure. Radio-
graphic findings of all cases indicated dentinal wall thick-
ening. Most of the cases showed some root elongation and
in some cases, root canal obliteration has occurred. No dis-
coloration was observed in all the treated teeth.

Discussion

This series of cases demonstrates the successful outcome of
REP treatment using PRF in six immature necrotic perma-
nent molar teeth with or without evidence of periapical radi-
olucency. Clinical and radiographic examinations revealed
further root development, apical closure, and complete heal-
ing of the periapical lesions, which is a pivotal objective of
any endodontic treatment (Murray 2018).

These results correspond with many other randomized
control studies and meta-analysis, which show high rates of
complete periapical healing following REP in incisors and
premolars (Arslan et al. 2019; Jeeruphan et al. 2012; Murray
2018; Ulusoy et al. 2019).

@ Springer

We used TAP according to the AAE and ESE recommen-
dations. Arruda et al. (2018) proved that medication with
triple antibiotic solution significantly improved root canal
disinfection, and its effects were at least comparable with
the calcium hydroxide/chlorhexidine paste.

Ulusoy et al. (2019) compared the effectiveness of blood
clots, PRP, PRF, and plasma platelets (PP), as a scaffold in
88 necrotic immature incisors. They showed similarly high
success rates in periapical healing and radiographic root
development of these teeth, where 73.9% showed complete
apical closure and a greater tendency for conical-shaped api-
cal closure, and 86% showed a positive response to sensitiv-
ity tests. In another recent randomized clinical study, Arslan
et al. (2019) compared the outcome of REP with conserva-
tive root canal treatment in mature teeth (CRCT). Absence or
reduction of the radiolucency was observed in 92.3% of the
REP group versus 80% in the CRCT group, with no statisti-
cally significant differences. In all our cases, we observed
apical healing and root elongation. In most of our cases,
sensitivity and electric pulp test results were negative. Bose
et al. (2009) used a geometrical imaging program to more
accurately measure the differences between the preoperative
and recall images of the root length in REP treated teeth.
They evaluated the outcomes of REPs published cases and
compared them to 40 control teeth treated either by apexifi-
cation (20 teeth) or by conventional root canal treatment (20
teeth). They concluded that REP with triple antibiotic paste
or Ca(OH), produced significantly greater root length than
either MTA apexification or nonsurgical root canal treat-
ment. Tong et al. (2017) performed a systematic review and
meta-analysis of the published data on REP. They reported
excellent tooth survival rates and resolution of the periapical
lesion, although the results for apical closure and contin-
ued root development were inconsistent. In 2017 the Euro-
pean Academy of Paediatric Dentistry published guidelines
regarding the management of non-vital traumatized imma-
ture permanent anterior teeth in children and adolescents
(Duggal et al. 2017). They wrote that as the evidence related
to the use of a regenerative endodontic technique is cur-
rently extremely weak, REP should only be used in very
limited situations where the prognosis with other techniques
is deemed to be extremely poor (Duggal et al. 2017). Since
then, many randomized control studies, meta-analyses, case
reports, and case studies have been published (Arslan et al.
2019; Cymerman and Nosrat 2020; Lin et al. 2017; Murray
2018; Tong et al. 2017; Ulusoy et al. 2019; Yoshpe et al.
2020; Nazzal et al. 2020) in addition to previous research
studies (Bose et al. 2009; Jeeruphan et al. 2012). These pub-
lications have added ample evidence that can serve as a basic
proof of the potential of REP to induce healing of periapical
lesions, thickening of the dentinal root walls, increasing the
root-length and the induction of apical closure, consequently
justifying the use of REP in immature teeth with necrotic
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pulp and apical periodontitis (Arslan et al. 2019; Bezgin
et al. 2015; Bose et al. 2009; Iwaya et al. 2001; Jeeruphan
et al. 2012; Lin et al. 2017; Murray 2018; Tong et al. 2017,
Torabinejad and Turman 2011; Ulusoy et al. 2019; Ulusoy
and Cehreli 2017). In the healing achieved by any type of
apexification or conventional endodontic treatment, studies
comparing REP and MTA apexification have concluded that
the healing achieved with REP is superior or equal to that of
MTA apexification (Cymerman and Nosrat 2020; Jeeruphan
etal. 2012; Lin et al. 2017). It should be noted that except for
the shortening of the treatment duration, MTA has the same
shortcomings as those of Ca(OH),, namely inhibiting further
root development (Duggal et al. 2017). Consequently, the
long-term prognosis of apexification-treated teeth is ques-
tionable, and they may still be susceptible to cervical root
fractures. The disadvantage of discoloration that may occur
after REP, although we replaced minocycline, is not relevant
in molar teeth.

Moreover, currently, the recommended protocol for REP
includes only two appointments which are similar to that
of apexification by MTA, or by conventional root canal
treatment. It should be noted that most of the studies cited
evaluated the effectiveness of REP on necrotic permanent
incisors or premolars and very few addressed immature
permanent molars. The first permanent molars are the most
caries-prone teeth in the permanent dentition in young chil-
dren (Schmoeckel et al. 2017). The first permanent molars
have 3—4 times higher probability to develop occlusal car-
ies during the first years following their eruption in the oral
cavity (Weerheijm 2003). This is since the erupting molars
easily accumulate plaque and are not in contact with the
opposing teeth. Moreover, young children usually do not
reach these teeth when brushing, because they are under
the occlusal plane. In addition, many children over 6 years
of age, still use lower concentrations of fluoride in their
toothpaste either because of taste preferences or lack of
awareness. Another prevalent etiology for the development
of deep caries lesion in immature permanent first molars is
a disturbance to enamel development such as molar inci-
sor hypomineralization (MIH) (Weerheijm 2003). This is
one of the most reported etiological factors that may lead
to tooth extraction in young children. The reported preva-
lence of MIH varies from 2.4 to 40.2% in different countries
(Jalevik 2010). Currently, endodontic treatment in severe
cases of MIH is not recommended and extraction of the
teeth followed by spontaneous or orthodontic alignment of
the adjacent teeth is recommended (Elhennawy et al. 2017;
Teo et al. 2013). Nevertheless, tooth extraction is still not
recommended in patients with a small mandible and with
Cl II malocclusion or with a small maxilla and with CI III
malocclusion (Williams and Gowans 2003). Moreover, tooth
extraction may not be recommended in children with partial
anodontia, or in children with an inability to orthodontically

close the space of the extracted tooth, such as in cases of
well-developed second molars or a small gonial angle. There
is ample evidence that REP for treating molar teeth is a pre-
dictable and successful treatment (Tzanetakis et al. 2020).
It is recommended that pediatric dentists will consider REP
before extracting molars in children.

Although the use of the PRF scaffold has certain advan-
tages over blood clot scaffolds, it has some disadvantages as
well. The procedure requires a qualified person to draw the
blood from the young child’s vein. Some training and expe-
rience are needed to prepare and insert the PRF pieces into
the root canal. In cases of treating an uncooperative child,
usage of N,O, sedation, and collaboration with a pediatric
dentist should be considered. From our experience, the ideal
timing for blood drawing is after the induction of N,O and
not at the beginning of the treatment.

Conclusion

REP with PRF is feasible and may have some advantages
over MTA apexification since it facilitates root elongation,
dentinal thickening of the root canals walls, and narrowing
of the apical foramen. Currently, studding REP is a crucial
prerequisite for the approval of endodontic graduate pro-
grams in the USA and Canada.

Consequently, it is recommended that the relevant future
EAPD guidelines and pediatric graduate programs will
include REP as a legitimate treatment for necrotic posterior
immature teeth.
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