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ABSTRACT

Introduction: Treatment of permanent teeth with weak root dentin, exposed apex, necrotic pulp, periapical disease, and stunted root growth
present a significant challenge to the practicing conservative dentistry. Necrotic immature permanent teeth with open apices are arduous to
seal by thermo-plasticized or lateral condensation methods. Apexification methods have traditionally used a variety of materials including
calcium hydroxide, biodentine, and mineral trioxide aggregate (MTA). Calcium hydroxide apexification takes a long time to develop an apical
barrier and contains large pores, resulting in inadequate sealing ability and a bad outcome. MTA is a biomimetic and bio-inductive substance
that has been employed to construct a single-step apical barrier in immature open apices with and without periapical pathology. Endodontic
in this 21 century uses regenerative procedures in a nonvital, immature tooth with wide-open apices but it is also a very lengthy procedure
and poor patient compliance due to slow biologic healing and long-term follow-up of the patients. Platelet-rich plasma (PRP) contains various
growth factors such as platelet-derived growth factors and transforming growth factors and has been proposed as a potentially ideal scaffold
for accelerated wound healing.

Aims and Objectives: To evaluate and compare the clinical and radiographic outcome of MTA apexification with and without PRP in
periapical healing kinetics in nonvital, immature teeth.

Materials and Methods: An analysis was performed on patient with immature teeth, open-apex, maxillary front nonvital that were randomly
divided into two groups of eighteen patients (eighteen roots permanent upper anterior) each: Group | in which MTA apexification was performed
without PRP and Group Il consisting of 18 roots where MTA apexification were carried out on a collagen sponge supplemented with PRP.
Results: The cases were followed up at 6 months and 12 months after treatment, both clinically and radiographically, by two independent
assessors. Periapical healing (PAH) was good in 6-18 roots, and in Group I-11 roots showed excellent healing. In Group 1I-17 roots showed
excellent results. Case number 18 and case number 9 were lost to
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and 55% in girls),”? leading to tooth displacement, fracture,
or loss due to increased outside activities. Fractures that
involve enamel (74.8%) or enamel with dentin without pulp
exposure (11.7%) are characterized as simple fractures and can
be repaired with various restorative procedures.” However,
in cases of complicated tooth fractures including tooth pulp,
root canal therapy must be undertaken.

The nonsurgical endodontic management of mature teeth has
shown a favorable outcome rate of 95% in teeth diagnosed
with irreversible pulpitis®’ and 85% in necrotic cases."!
However, necrotic immature permanent teeth caused either
by caries or trauma, offer a prognosis due to thin dentinal
walls that are prone to fracture.*® Moreover, open apices
are difficult to seal either by thermo-plasticized or lateral
condensation methods. Open apices are difficult to seal either
by thermo-plasticized or lateral condensation methods. It is
reported that 30% of these teeth fracture during or after such
treatment.” Various materials have been used in apexification
procedure such as calcium hydroxide, biodentin, and mineral
trioxide aggregate (MTA)” Calcium hydroxide apexification
takes a lot of time for the formation of apical barrier and
has many pores which results in inadequate sealing ability
and contribute to a poor outcome. MTA create an artificial
apical barrier to allow optimal filling of root canal obturating
material avoiding over-extrusion and has been regarded
as an ideal material for perforation repair.”® The chemical
composition of MTA was determined by Torabinejad and
Parirokh® developed at Loma Linda University, in the
1990s”! introduced in dental literature in 1993 and has
been approved by the Food and Drug Administration to be
used in the United States in 1997 and became commercially
available as ProRoot MTA.F'% The material consists of
fine hydrophilic particles, and the main components are
tricalcium silicate, tricalcium aluminate, tricalcium oxide
and silicate oxide, and bismuth oxide (4:1).'""l Plethora of
studies has demonstrated its excellent sealing ability and
biocompatibility. It is an ideal material for treating root
perforation as it is nontoxic, nonabsorbable, and radiopaque
and has antimicrobial properties.” The repair capacity of
MTA can, in turn, be attributed to its antimicrobial properties
due to its high pH (12.5). Regenerative endodontics can be
defined as biologically based procedures designed to replace
damaged structures, including dentin and root structure, as
well as cells of the pulp-dentin complex.” The most studied
and successful approach of regenerative endodontics is
revascularization which is done to re-establish the vitality in a
nonvital, immature tooth with wide-open, often blunderbuss
apical opening to allow repair and regeneration of tissues
in the form of thickening of lateral dentinal walls and
elongation of the fragile, underdeveloped root. Hargreaves
et al."have identified three components contributing to the

success of this procedure. To aid the ingrowth of new tissues
into the canal space, various scaffolds material have been
recommended such as synthetic polymers polylactic acid and
polyglycolic acid, and natural polymers such as blood clot and
collagen. Revascularization research has studied collagen as
a natural scaffold in the canal space.l'""?

Platelet-rich plasma (PRP) was first term used was “PRP” by
Kingsley in 1954,/ “Fibrin glue” was introduced by Matras
in 1970,/ called it “gelatin platelet-gel” foam in 1979,
platelet-derived wound healing factors Knighton et al. in
1986, first introduced in Dentistry by Whitman et al."™ in
their 1997 article entitled “Platelet gel”: Choukroun et al.l"®!
developed another form of PC in France which was labeled
as “PRF” in year 2000, Mishra et al.'” proposed another
classification which was limited to “PRP” in year 2012 and
finally Mourao et al.l'"¥ in year 2015 gave a detailed technical
note on the preparation of injectable-PRF. The authors
believed that “improved wound healing can be expected
through activation of the platelets within the gel and the
subsequent release of growth factors.” Therefore, MTA
apexification as a single-step apical barrier with PRP was
used in this study, which can induce healing kinetics of the
periapex and treatment can be completed in a few sittings,
improving patient compliance.

* To evaluate and compare the outcome of MTA
apexification with and without PRP in periapical healing
kinetics in nonvital, immature teeth.

* To evaluate the efficacy of MTA apexification without
PRP in the healing of Periapex

* To evaluate the efficacy of MTA apexification with PRP
in the healing of Periapex

* To compare the results of MTA apexification with and
without the use of PRP in healing kinetics in immature,
nonvital teeth.

The Department of Conservative Dentistry and Endodontics at
the Post Graduate Institute of Dental Education and Research
at the Indira Gandhi Institute of Medical Sciences in Patna,
Bihar, India, was where this study was carried out. The study
was conducted in accordance with the Declaration of Ethical
Criteria for Medical Research Involving Human Participants in
line with the Declaration of Helsinki, after independent peer
review and approval by the Institutional Ethical Committee,
before commencement. Following a thorough explanation
of the treatment procedure in accordance with the patient
information sheet, written informed consent was acquired
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from the patient (or parent, if the patient was younger
than 14 years of age). The treatment outcome based on
clinical and radiographic criteria was assessed by calibrated
examiners. Patients of both groups were recalled for follow-up
examinations after the first intervention at 6 and 12 months for
the 1% year, and every year thereafter until the end of the study.

e Patients having maxillary anterior nonvital, immature
teeth with open apex/apices with or without radiographic
evidence of periapical lesion

* Involving only occlusal surface, should not be tender to
percussion

e Ideal periodontal probing depth of 2-3 mm

* The absence of furcation radiolucencies and periapical
pathology were included in the present study

e Radiographic evidence of deep caries proximal to the
pulp chamber with no evidence of periodontal ligament
thickening/widening.

* History of any systemic conditions such as diabetes, blood
dyscrasias, patients on immunosuppressants, patient
with bleeding disorder, platelet count <150,000/mm, 3
Asthmatic which could compromise the healing response

* Root Fracture and symptomatic teeth (history of
spontaneous pain) and nonrestorable teeth

* Radiographic evidence of periapical changes or pathology

* Negative response to pulp sensibility testing

* Tooth not conducive for rubber dam isolation

* History of the previous restoration in the tooth under
consideration for pulp capping

* Periodontally compromised teeth and patients with
unsatisfactory oral hygiene maintenance and

*  Pregnant and lactating females

e Patient not willing to participate in the study.

Patient’s medical, dental history, demographic, and
socioeconomic data were collected. Intraoral examination
was performed by a principle investigator. Pulpal and
periradicular status was assessed through percussion,
palpation, thermal, and electric pulp tests (Diagnostic unit;
Sybron, Orange, CA). Periapical radiographic examination was
performed using Rinn XCP devices (Rinn Corp, Elgin, IL) with
Radio Visio Graphy (Vatech, Villa India, New Delhi, India).

The sample size was calculated using a free online
available software G*Power (latest ver. 3.1.9.7;
Heinrich-Heine-Universitit Diisseldorf, Diisseldorf, Germany)
for accessing Periapical healing (PAH) after 1 year. The
calculation used an equivalence limit of 0.5, a standard

deviation of 0.73, an alpha level of 0.05, an 85% power
test, and a two-tailed hypothesis. In addition to it, in the
present study, the sample size was also increased by 18%
to compensate for any drop-out. This resulted in 18 roots
each comprising of total 36 nonvital, immature, maxillary
incisors and all were recruited for the study. Each patient
was asked to select a chit from a box randomly representing
the two groups with treatment protocols. The patients were
categorized into two groups having eight carious roots
each: Group I in which MTA Angelus (Angelus Industria de
Produtos Odontolégicos S/A, Brazil) apexification was done
without PRP into the canal and Group Il had 8 roots where
MTA apexification was supplemented with PRP carried on a
collagen sponge (Metrogene — Septodont, France).

The procedure of MTA Apexification was carried out as
follows: Under Rubber dam isolation, access preparation
was done in necrotic immature permanent teeth of all the 36
subjects. Canals were copiously irrigated with 2.5% sodium
hypochlorite, and minimal instrumentation was done to
prevent the weakening of the lateral dentinal walls. Triple
antibiotic paste (TAP) was placed as an inter-appointment
medicament in the dried canals, and the coronal access was
sealed with intermediate restorative material for 4 weeks.
During the visit of patients after 4 weeks under rubber dam
isolation, TAP was removed from the canal using irrigation
with 2.5% sodium hypochlorite. Canals were dried and
following the procedure was carried out [Figure 1a-c].

In Group I, MTA was placed in the canal using messing gun
to form the 3—4 mm of apical plug. It was obturated using
gutta-percha and AH Plus sealer. The tooth was permanently
restored with adhesive restoration in the same visit.

Under Rubber dam isolation, access preparation was done in
necrotic immature permanent upper anterior of 18 patients
(18 roots). In the cases subjected to revascularization, local
anesthesia without a vasoconstrictor was administered at
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the first visit, with preparation of an access cavity, working
length instrumentation, irrigation with 1.5%-2.5% sodium
hypochlorite and 17% ethylenediamine tetraacetic acid, Canals
were copiously irrigated with 2.5% sodium hypochlorite, and
minimal instrumentation was done to prevent the weakening
of the lateral dentinal walls. The TAP was placed as an
inter-appointment medicament in the dried canals, and the
coronal access was sealed with intermediate restorative
material for 4 weeks. Moreover, patients were recalled
after 4 weeks of treatment. In Group Il PRP + collagen was
introduced as a scaffold and pushed toward the apical area
using endodontic pluggers and then MTA apexification was
done using messing gun to form the 3—4 mm of the apical
plug. It was obturated using gutta-percha and AH Plus
sealer. The tooth was permanently restored with adhesive
restoration during the same visit [Figure 2a-c]|.

It was done in a simple, tabletop laboratory centrifugation
machine (Lab Care, LB-DCMS8 India). 8.5 mL of whole blood
was drawn by venipuncture of the antecubital vein. It was then
collected in a 10 mL sterile glass tube with an anticoagulant (Acid
Citrate Dextrose) in it. After 1% centrifugation at 2400 rpm for
10 min (soft spin), three separate layers were seen in the tube.
After that, the PRP, soaked on a collagen sponge was introduced
into the root canal and taken to the apical part of the canal
and MTA apical plug was placed in the same appointment. In
both the experimental groups, resin-modified glass ionomer
cement was placed extending 3—4 mm in the canal. The access
cavity was sealed with composite (Clearfil Majesty, Kuraray
Medical Inc., Tokyo, Japan) during the same visit. Patients
were kept on the follow-up of 6 and 18 months. Both clinical
and radiographic evaluation was done at each follow-up
visit. Clinically relief of symptoms such as pain, swelling, and
resolution of sinus was evaluated and on radiograph healing
of periapical lesion was noted.

The cases were followed up at 6 months and 12 months’
posttreatment both clinically and radiographically by
two independent evaluators who were blinded about the

treatment groups. The clinical evaluation considered relief of
symptoms such as pain, absence of swelling, and resolution of
sinus. Radiographic evaluation included PAH. Clinically both
groups showed excellent results (subjective evaluation). The
pain, swelling, intra-oral sinus, etc., had resolved completely
in all the cases in both groups. X-rays were scored either
as satisfactory (+), good (++), or excellent (+++) for
all the above parameters subjectively by consensus of the
two evaluators, which is presented in Table 1. Statistical
comparison between Group I (MTA Apexification) and For
Group II (MTA Apexification + PRP on a collagen sponge),
P < 0.05 was considered to be statistically significant. Of
18 roots of PAH were good in 6 roots and 11 roots showed
excellent healing in Group 1 [Table 1]. In Group Il 17 cases
showed excellent results [Table 2]. Case no 18 and case no 9
in Group I and I, respectively, were lost in follow-up due to
migration. Apical closure was 100% in Group Il and 77% in
Group L.

This pilot clinical study documented the effectiveness of
MTA apexification with PRP serves as a successful scaffold
for regenerative endodontic treatment in nonvital, immature,
anterior teeth, and speeds up the healing kinetics, saves time,
and has a better patient compliance rate.”! Conventionally,
apexification with calcium hydroxide was done but it has
its own disadvantages, including prolonged treatment
time (6-24 months for barrier formation), patient compliance
for attending the recalls, and increased risk of tooth fracture
after dressing with the material for extended periods. Calcium

Group | Tooth Periapical healing Apical
number MTA apexification closure

Case 1 " +4++ +4++
Case 2 " +4++ +4++
Case 3 21 +++ +++
Case 4 1 +++ +++
Case 5 21 +++ +++
Case 6 1 ++ +++
Case 7 21 ++ ++
Case 8 1 +++ +++
Case 9 21 +++ +++
Case 10 21 ++ ++
Case 11 " +++ +++
Case 12 21 +++ +++
Case 13 21 ++ ++
Case 14 1" +++ +++
Case 15 " +++ +++
Case 16 21 +4++ +++
Case 17 " +++ +4++
Case 18 21 No follow up No follow up

++: Good, +++: Excellent, MTA: Mineral trioxide aggregate
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Group Il Tooth Periapical healing Apical
number MTA + PRP closure
Case 1 " +++ +++
Case 2 1" +++ +++
Case 3 21 +++ +++
Case 4 21 +++ +++
Case 5 1" +4++ +++
Case 6 21 +++ +++
Case 7 21 +4++ +4++
Case 8 1" +4++ +4++
Case 9 " No follow up No follow up
Case 10 21 +4++ +4++
Case 11 21 +4++ +4++
Case 12 21 +++ +++
Case 13 1 +++ +++
Case 14 21 +++ +++
Case 15 " +++ +++
Case 16 1" +++ +++
Case 17 21 +++ +++
Case 18 " +++ +++

For statistical simplicity, satisfactory score was denoted by 1(+), good by 2(++)
and excellent by 3(+++). The data was then analyzed by Chi-square test and
P<0.05 was considered to be statistically significant. MTA: Mineral trioxide
aggregate, PRP: Platelet rich plasma

hydroxide being hygroscopic!™ absorbs moisture from root
dentin making it brittle. Its proteolytic properties??'! are
known to alter the collagen of the ground substance of dentin
adversely affecting the strength of the dentin. Both these
effects make the tooth brittle and susceptible to fracture.
Although the open apex might be “closed” by a calcific barrier,
apexification does not promote the continued development
of the root (i.e. maturogenesis). This barrier formed is often
porous and not continuous. Open apex can be managed by
single sitting MTA a barrier or biodentin. Periapical surgery
with retrograde seal is another approach for the successful
management of such teeth. However, it is an invasive
procedure with its accompanying shortcomings, including
the possibility of surgical complications, increased cost of
treatment, and possible psychological distress, especially in
children, and can also lead to a compromised crown: Root
ratio in a tooth already weakened as a result of immature root
development. Recently a technique based on regenerative
principles termed “revascularization” or “revitalization”
has been found successful in inducing maturogenesis (or
apexogenesis) in cases of immature, nonvital teeth but it
has major disadvantages like entire canal might be calcified
making it difficult in the retreatment and In case, requiring
post and core as the final restorative treatment plan,
revascularization is contraindicated.”?"

Akgun et al.”? showed that TAP when used as an intracanal
medicament in immature necrotic teeth can help promote

further development of the pulp-dentin complex. Hargreaves
et al.®! in their retrospective review article showed that
TAP when used as an intracanal medicament in immature
necrotic teeth can help promote further development of
the pulp-dentin complex. Hence, in the present study, the
disinfection was achieved by 5.25% of sodium hypochlorite
irrigation with minimum instrumentation and by use of
TAP. The formulation as suggested by Sato et al.? was
used in the present study. Regeneration approaches!?
offer advantages over apexification, because they allow
greater maturation of root in both length and thickness
thanks to regenerated vital tissue and PRP can be used as
a scaffold in PAH and revascularization® as mentioned by
Hargreaves KM, et al.'"" PRP is a volume of autologous plasma
that has supra physiologic platelet concentration and was
introduced in dental science by Whitman et al.™ in 1997.
It is a concentrated suspension of growth factors that have
been demonstrated to induce the healing and regeneration
of tissues. It works via the degranulation of alpha granules
that contain different growth factors that stimulate bone
and soft tissue healing.'® This present study of MTA
apexification with PRP on Collagen was done because of the
following proven benefits PRP helps in PAH because of the
jump start osteogenesis, improves trabecular bone density,
is osteoconductive, accelerates endothelial, epithelial, and
epidermal regeneration and stimulates angiogenesis and
collagen synthesis. Hence, the present study used PRP before
MTA apexification and we achieved 100% success.

PRP can easily be procured from the patient’s own blood
chair-side in the operatory. It requires a minimum quantity
of blood (just 5 mL) and the machine is relatively inexpensive.
As it is autologous, there is no chance of antigenic reaction.
As PRP itself has an anti-inflammatory property as explained
above, it does not cause any adverse inflammatory response.
In the present study, collagen (Metrogene, Septodont, France)
was used as a carrier for PRP. Collagen has similar chemical
and biological characteristics as compared to natural tissue
with low antigenicity. In the present study metronidazole
containing collagen (Metrogene) was used as a carrier which
has many advantages. (a) It is present in the form of a sponge
and hence easy to carry PRP into the root canal. It contains
resorbable collagen fibers with 4.5 mg Metronidazole which
is an antimicrobial. (b) It has sustained antimicrobial activity
and covers the most of diverse, polymicrobial endodontic
flora from necrotic-infected root canals. (c) It is also a
bio-inductive material and can improve the healing kinetics
of periapical reasons. In the present study, MTA apexification
was done after PRP and it showed 100% success in Healing
and Periapical closure. The third important prerequisite for a
successful outcome for such cases is a tight coronal seal, as
coronal leakage and percolation may facilitate the invasion of
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canal space by bacteria and can result in treatment failure."!
MTA has been regarded as an ideal material for apexification
procedures and perforation repair.!! The repair capacity of
MTA can in turn be attributed to its antimicrobial properties
due to its initial pH of 10.2, which rises to 12.5 3 h after
mixing.*! These characteristics of MTA promote the growth
of cementum and the formation of new bone.*!

Hence, utilizing the benefit of MTA, apexification after
PRP with collagen was done and the coronal part with
resin-modified glass ionomer cement and Composite was
used to obtain a 3D seal. This present study achieved 100%
success rate in group Il when both groups were compared
in PAH and apical closure in 1 year.

This study evaluated and compared the outcome of MTA
apexification with and without PRP for apexification in nonvital,
immature teeth. Thirty-six cases comprising of 34 nonvital,
immature, maxillary incisors were recruited for the study as 2
subjects 1 in each group were lost up due to migration. The
patients were distributed into two groups randomly: Group [
in which MTA apexification was done without PRP and Group I
where MTA apexification was done with PRP on a Collagen
sponge. An intraoral radiograph was taken for baseline record
to be compared with follow-up radiographs at 6 months and
12 months. Both clinical and radiographic evaluation was done
at each follow-up visits by two independent evaluators who
were blinded regarding the treatment protocol. Clinically relief
of symptoms such as pain, swelling, and resolution of the sinus
was evaluated and on radiograph healing of periapical lesion
was evaluated. Clinically both the groups showed excellent
results. The pain, swelling, and intra-oral sinus had resolved
completely all the cases in both the groups. Out of 36 cases,
PAH was rated as good in 4 cases and the remaining 13 cases
showed excellent response in Group 1 while in Group 2, apical
closure and PAH were excellent in all cases. One patient in each
group was lost due to migration issues.

*  Single-step MTA apexification with PRP is a conservative
and effective method for inducing PAH and is time-saving
in managing nonvital, immature teeth with an open apex

* The addition of PRP on a collagen scaffold after MTA
apexification enhanced the reparative response in terms
of PAH and apical closure.
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