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Permanent teeth with incomplete root formation subjected to pulp exposure due to caries or
Received: 28 December 2022 trauma, this cause interruption of root development and leave it with an open apex. Apexogenesis
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INTRODUCTION

Pulp exposure due to caries or trauma is a
common clinical condition, enamel and
dentine are the outer shell that protects the
pulp any breach of this outer shell makes the
pulp wvulnerable to being colonized by
microorganisms which leads to stimulating
pulpinflammatory response®.

Young or immature permanent
teeth is the term used to describe permanent
teeth which have incomplete development
their pulp

degeneration of immature permanent teeth

of roots, exposure and
stop the process of root formation with the
resulting persistent open apex teeth @,

The apical foramen is formed by
Hertwig’s epithelial root sheath. Three
years after tooth eruption is the approximate
time required for complete root formation
and apical closure @, Interruption of root
development renders the root with an open
apex and the canal fails to gain it is conical
tapering and is referred to as a blunderbuss
canal’ ’means that the canal is wider
towards the apex than the cervical area’ or
non-blunderbuss  “cylindrical ~ shaped”’
which is broad and parallel ©.

The vitality of the pulp should be
preserved otherwise absence of root
development might lead to teeth fragility ©.
In general, the best treatment option for
carious or traumatized vital open apex teeth
at the exposure time is vital pulp therapy
(VPT) which includes pulp capping, and
partial or full pulpotomy, this line of
treatment helps immature teeth to preserve

it is a vitality, complete root development,
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and apical closure with the resulting greater

structural integrity and stronger root
structure ©.
According to the American

Association of Pediatric Dentistry (AAPD)
abiogenesis is defined as the procedure that
stimulates normal root development and
apical closure of pulpily exposed vital
young permanent teeth ©,

One of the minimally invasive
procedures recommended by the American
Association of Pediatric Dentistry to
manage immature permanent teeth with
pulp exposure to achieve abiogenesis is
the’” pulpotomy’” in which the inflamed
pulp tissue in the pulp chamber is excised
and the remaining underlying healthy tissue
is dressed with appropriate dental material
to preserve pulp vitality . Based on Cvek’s
pulpotomy, the level of pulp amputation is
depended on whether the exposure site is
small so a superficial pulpotomy of only 1—
2 mm is indicated while multiple or large
exposure sites need deep pulpotomy to the
the of
cementoenamel junction in the anterior
teeth ©),

According to Megha in 2020 and

Gupta in 2021 apexogenesis is indicated for

root canal orifice or level

immature permanent teeth with coronal
pulp damage and healthy radicular pulp, no
abscess formation, no abnormal response to
thermal stimuli, absence of sensitivity to
percussion, normal radiographic
appearance, no excessive haemorrhage after
coronal pulp amputation and no foul odor

from the involved tooth.
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The
apexogenesis is about 1-2 years, the pulp

approximate  time  of

vitality, root development, and apical
maturation should be followed at a 3-month
recall interval, if the pulp becomes necrotic
or there is any evidence of internal
pulp

apexification therapy should be carried out.

resorption, extirpation, and
dystrophic calcification of the pulp is the
main risk of apexogenesis © &9,

Several studies have assessed the
factors that influence the success of

apexogenesis treatment which include

proper diagnosis through clinical and
radiographic examination ©, Hertwig’s
epithelial root sheath condition, and pulp
inflammation severity as root development
needs healthy pulp and it is recorded that all
the pulp become necrotic after one month of
pulp exposure @9, proper isolation using a
rubber dam, disinfection of the exposure
site, obtaining pulpal hemostasis, accurate
selection of pulp covering agent and skills
of the dentist 9.

The outcome of apexogenesis
should be evaluated from both clinical and
radiographic points of view. Clinically there
should be neither sign of sinus tract nor
symptoms of pain or tenderness to
percussion, with a positive response of the
treated tooth to pulp sensibility testing *2),
Continued root development in immature
teeth, evidence of mineralized bridge

formation, and no signs of apical

periodontitis or internal resorption should

be demonstrated radiographically @2,
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The material used in abiogenesis

1. calcium hydroxide Ca (OH):

In the field of dentistry, calcium hydroxide
was introduced as a biological dressing by
Herman in 1921 @4, For many decades Ca
(OH). which is known commercially as
(dycal, calasept, or present as powder mixed
with saline mixed with

normal or

chlorhexidine digluconate... etc) was
regarded as a gold standard material for
maintaining pulp tissue vitality, and the
standard pulpotomy agent for immature
permanent teeth that maintain the vitality of
the radicular tissue until the completion of
apexogenesis 19,

Hydroxyl ions released from
Ca(OH), in an aqueous environment are
responsible for it is antimicrobial activity
18 Hydroxyl ion's lethal effects on the
bacterial cell are due to protein
denaturation, injury to the cytoplasmic
membrane of the bacteria, and DNA
damage @". The process of preventing
dissolution of the material components of
dentine by neutralizing lactic acid from
osteoclasts and activating phosphatases
which play an essential role in hard tissue
formation is due to alkaline pH induced by
Ca (OH), ®®, This high pH cause necrosis
of the pulp tissue adjacent to Ca (OH)2, with
acute inflammatory changes in the
underlying tissue. A new odontoblastic
layer and a bridge of dentin are formed after
four weeks 19,

Using Ca (OH), is still
controversial, despite its long history of it is

used in different forms of VPT, this is
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because of many imperfections and tunnel
defects in the hard tissue bridge under Ca
(OH), that may permit microleakage and
bacterial reinfection, root weakness from
long term use of Ca (OH). in abiogenesis
makes the tooth susceptible to fracture, lack
of long-term coronal seal and less effective
against Candida albicans and Enterococcus
(20). the

continues for materials that are more

faecalis Therefore, search
biocompatible while stimulating continued
dentin formation and apical closure of
immature teeth.

2. Mineral Trioxide Aggregate (MTA)
MTA was approved for human use in 1998
by Food and Drug Administration (FDA)
and in 1993 it was introduced in the dental
literature @Y, MTA is a biocompatible and
hydrophilic endodontic cement capable of
stimulating repair, healing, and
osteogenesis, it is regarded as one of the
multifunctional materials in dentistry @2,
The basic components of MTA are fine
hydrophilic particles of*” tricalcium silicate,
tricalcium aluminate, tricalcium oxide,
silicate oxide & bismuth oxide’” which
hardens in the presence of humidity @324
Powder hydration results in the formation of
a colloidal gel with a pH of 10.2 and
increased to 12.5 after 3 to 4 hours when it
gets solidifies ®®. MTA is usually provided
as pre-dosed powder and liquid that are
mixed to obtain a putty-like homogeneous
paste with about 3:1 as the recommended
water/powder ratio ?®. Less than 4 minutes
is the appropriate mixing time for MTA as

if it is insertion is delayed this led to
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dehydration of the mixture so the mixing
time of MTA is very important ¢,

From a histological point of view,
placement of MTA in direct contact with
human tissue, can release Ca*" ions for cell
proliferation, it is high pH creates an
antibacterial environment that regulates
MTA

cell

cytokine production;
hard

migration and differentiation to form

therefore,
induces tissue-producing
hydroxyapatite ©®. On exposed pulpal
tissue MTA, stimulate the release of growth
factors which is important to attract and
organize odontoblasts to deposit reparative
dentine @9,

For vital pulp therapy, MTA is
regarded as a new gold standard €%, As a
first choice for pulpotomy, MTA takes the
place of Ca (OH), due to its better
performance in apexogenesis,
biocompatibility, disinfection abilities, and
absence of cytotoxicity 4,
MTA

commercially available MTA in 1999 in the

ProRoot was  first
form of grey-coloured powder due to the
existence of ferrous oxide, later on, it had
been found that the aesthetics were affected
by this grey colour so, the composition was
modified, and ferrous oxide was replaced
by magnesium oxide and marketed in 2002
as white ProRoot MTA @b,

Discoloration  potential, long
setting time, and wet sand-like consistency
that makes MTA handling difficult are the
main drawbacks of MTA ©2, To enhance
MTA clinical

these

utilization and minimize

limitations, modifications in the
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composition of MTA were performed MTA
Angelus which was produced in 2001and
exhibited decreased setting time due to the
elimination of calcium sulfate from it is
composition ¥ Nano-white MTA (NW-
MTA) with fast setting time which is about
6 minutes due to decrease the particle size
which results in increasing the surface area
@, Also to control the setting reaction Light
cured based MTA was formulated, and
Ortho MTA and Micro-Mega (MM) MTA
were introduced to elaborate the drawbacks
(®¥. The addition of sodium hypochlorite
gel had been described to decrease MTA
setting time by about (30-60%) ©%),

MTA and Ca (OH), were compared
by El-Meligy 2006 and Ozgur 2017. El-
Meligy in 2006 (forty teeth in the Ca (OH).
group and forty teeth in the MTA group)
reported the results in 3, 6, and 12-month
follow up and Ozgur in 2017 (fifteen teeth
in the Ca (OH). group and fifteen teeth in
the MTA group) describes 6, 12, 18 and 24-
month follow-up outcomes ©8 & 37, They
found there was no statistically significant
difference in either the clinical or
radiographic success rate between MTA
and Ca (OH). at 6 months of follow-up and
12-month evaluation.

According to a huge randomized
clinical trial achieved by Hilton et al. in
2013 over 2 years, the results showed that
MTA had better performance compared
with Ca (OH)2 ©9,

Histologic evaluation after pulp
capping demonstrated that MTA provides

better long-term sealing, induces a thicker
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dentinal bridge formation at a faster rate,

and reduces pulpal inflammation,
hyperemia, and necrosis when compared to
Ca (OH), ®9.

3. Calcium silicate-based cement

(Biodentine)
Calcium silicate-based cement known as

(dentine) is a bioactive type of bioceramic
material that was specifically designed as a
‘dentine replacement’ material and became
commercially available in 2009 “9, Powder
and liquid are the basic components of
Biodentine “Y. Mainly, the powder is
composed  of

(tricalcium  silicates,

dicalcium silicate, calcium carbonate),
(zirconium oxide) as a radio-opacifier, and
the

constituents include a water-reducing agent,

(iron oxide) as a filler, liquid
calcium chloride as an accelerator agent,
and water-soluble polymer®“? Biodentineis
prepared according to the manufacturer's
instruction to achieve a reproducible
material with optimum properties, with a
setting time being about 12 minutes due to
the presence of a setting accelerator
(Calcium chloride) “3.

Biocompatibility of Biodentine
because it induces the expression of dentine
sialoprotein and osteopontin and cell
proliferation with significant regression of
inflammatory reaction when placed in
direct contact with the pulp tissue “4.

Following pulpotomy, Biodentine
release Ca*™ and increase the release of
Transforming Growth Factor (TGF) - 31
from the cells of the pulp which can

ultimately stimulate angiogenesis, cell
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differentiation, and mineralization of a
tissue barrier in the dental pulp .
According to Adyanthaya et al. in 2021
Biodentine is regarded as a superior pulp
capping material compared to MTA and
calcium hydroxide because Biodentine can
stimulate differentiation, proliferation, and
migration of odontoblast and human pulp
stem cells adhesion “®.

Biodentine has many advantages
such as premium biocompatibility, low
level of cytotoxicity, stimulating dentinal
tags formation, thick dentinal bridge “?, the
marginal adaptation of Biodentine does not
affect by blood contamination “7, also
Biodentine, the release of more silicon and
Calcium ion than MTA @8,  Clinically
Biodentine and MTA have the same
applications, but; dentine has superior
physical characteristics due to the pureness
of tricalcium silicate, finer particle size, and
use of zirconium oxide as a radio-opacifier
“9 lack of tooth discoloration, fast setting
time due to the presence of setting
accelerator, better micromechanical
anchorage and ease to handle &%

According to Bakhtiar et al. in a
2017 histological examination and clinical
trial, for in vivo study, tested Pro Root
MTA, Biodentine and Theracal (Ca (OH)2)
showed that teeth were vital at eight weeks
But;

increased

with all materials. there was

pulpal
inflammation, tissue disorganization, and

significantly

incomplete hard tissue bridge formation
with Theracal (Ca (OH).) when compared
to Biodentine and Pro Root MTA. In the
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same study similar results for Biodentine
and Pro Root MTA (lack of inflammation
and good tissue organization); however,
complete dentinal bridge formation in all
teeth showed in the Biodentine group while
with Theracal (Ca (OH),;) was (11%) and
with Pro Root MTA (67%), respectively ©9.

Another Randomised clinical trial
tested Ca (OH),, Biodentine, and Pro Root
MTA to stimulate the formation of
No
the

reparative  dentine. significant

difference  between materials,
Biodentine had a 100% success rate with
selected failures in Ca (OH); and Pro Root
MTA groups. Both Biodentine and Pro
Root MTA maintain the vitality of the pulp.
Even if not statistically significant MTA
showed one case of failure ©2),

4. Calcium-enriched mixture (CEM)
cement

Calcium-enriched mixture (CEM) cement
was introduced to the field of dentistry as an
endodontic  cement  with clinical
applications similar to MTA but; CEM has
different chemical composition than that of
MTA ©3. When used as pulp capping
materials both CEM cement and MTA have
comparable biocompatibility ©. Similar
sealing ability of CEM and MTA, but CEM
can provide an endogenous source of
phosphate and calcium ions that hasten the
formation of hydroxyapatite (HA) crystal as
a second-seal, promote stem cell
differentiation, and stimulate hard tissue
The
antimicrobial properties of CEM cement are

due to the high alkaline pH of ~11, which is

(59),

formation  (cementogenesis)
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comparable to Ca (OH), and superior to the
MTA antimicrobial effect ®®. The dentin
bridge formed under CEM in different
forms of VPT
irregularities so it is superior to that formed

lacks any defects or

under Ca (OH),and comparable with that in
MTA ©7. The cytotoxic effect of CEM,
MTA, and intermediate restorative material
(IRM) was tested by Mozayeni et al. in
2012 and found that both MTA and CEM
had insignificant and comparable cytotoxic
potential and were significantly superior to
IRM 9,

A rare case report of traumatic pulp
exposure of an open apex maxillary incisor
9 and permanent molar with irreversible
pulpitis and open apex © treated with CEM
clinical and

pulpotomy, radiographic

examination  demonstrated  acceptable
results which include pain relief, formation
of dentine bridge under CEM, complete
root formation and apical closure.

2013 conducted a

randomized clinical trial on 51 persons with

Nosrat et al.

immature permanent teeth having extensive
of
the

dental decay and signs
symptomatic/asymptomatic  pulpitis,
teeth were treated with CEM cement and
MTA, and outcomes were reported at 6- and
12-months follow-up showed
radiographical apical closure in 76.8% in
CEM cement group and 73.8% in MTA
group, and 100 % success rate clinically and
radiographically ©9.

5. Platelet-Rich Fibrin (PRF)

PRF is an autologous and bioactive product

prepared by centrifuging a patient’s whole
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blood, it contains high levels of functionally
intact and nonactivated platelets within a
fibrin matrix that over a few days releases a
relatively constant concentration of growth
factors ©2. PRF was first described by
Choukroun et al. in 2001 ©, When placed
directly over the amputated pulp, PRF
elicits minimal or nil inflammatory
response because of it is biocompatibility
and autologous nature 9, PRF has a unique
healing potential, in which healing of the
pulp is achieved by moderating pulpal
inflammation due to the release of healing
cytokines ©,

Keswani et al. in 2014 used PRF for
pulpotomy in immature permanent teeth
and showed 88.8% success compared to
80.07% with using MTA (66),

A randomized controlled trial using
MM-MTA (Micro Mega Mineral Trioxide
Aggregate), Nano-hydroxyapatite (NHA),
and PRF, reported clinically there was no
significant difference among the tested
materials, while radiographically there was
statistically reduced tendency to pulp canal
obliteration in the PRF group compared to
MM-MTA and NHA groups ©. Also, the
study showed that apical closure in the PRF
group at 6 months was incomplete (19.04%)
while after 12 months there was complete
apexogenesis in (60%) of cases this came
following Keswani et al. ©® that showed
(65.5%) complete apical closure at 12
months and (88.8%) at 24 months.

6. Nano-hydroxyapatite (NHA)
Nano-hydroxyapatite is a biocompatible

and bioactive inorganic material with a
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chemical composition (Caio(PO4)3(OH)2)
similar to the apatite crystals of human
enamel ©). In humans, NHA is used as a
pulp capping agent ©9, and in pigs used as
pulpotomy and pulp capping material (9,
these two studies reported that NHA could
yield proper vascular and cellular response
with complete tubular dentinal bridge
formation.

Despite of different applications of
NHA in dentistry, one study performed in
2022 is the first to estimate the employment
of NHA as a pulpotomy material in the
treatment of immature permanent molars in
humans, the results showed equal clinical
success and apical closure in NHA
comparing to MM-MTA (Micro Mega
Mineral Trioxide Aggregate) and PRF 7,
These results should be related to the ability
of NHA to promote the migration of
osteoblast cells, odontoblast-lime, and hard
tissue regeneration ®°&79_ The advantages
of good handling properties of NHA
compared to PRF preparation and handling,
less expensive compared to MM-MTA
made NAH used as a pulpotomy agent 9,
At 6 and 12 months follow up, obliteration
of pulp canal was more pronounced in the
nanohydroxyapatite (20%, 45%) and MM-
MTA (15%, 35%) groups than the PRF
(0%, 5%) group ©7,
Role of Laser in apexogenesis
Lasers have many dental applications such
as cavity preparation, surgical procedures,

and disinfection, etc., one of the
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applications related to this review is
pulpotomy which needs soft tissue lasers
with a wavelength that is absorbed by dental
pulp and poorly penetrated through dental
hard tissues thus diode lasers suitable for
this When

coagulate

(72),

application used in

pulpotomies,  laser and
decontaminate the affected and exposed
pulp tissue thus maintaining pulp vitality
™, In immature permanent teeth lasers
stimulate the maturation of radicular pulp
and enhance the development of the
radicular dentinal walls ™. Khatoon et al.
in 2019 reported a case of an immature
permanent molar with irreversible pulpitis
treated with Er, Cr: YSGG laser followed
by placement of MTA over the amputated
pulpal tissue, after 17 months follow up
there were no symptoms, complete root
formation, and dentin bridge under MTA
visible radiographically.

Another case report of traumatized
immature maxillary lateral incisor treated
by using a diode laser to amputate the pulp
and achieve haemostasis under standard
aseptic conditions then nano-ionomer
cement was applied over the amputated
pulpal tissue, follow up of 10 months with
1, 3, 6 and 10 months recall visit showed
normal response to electric pulp testing and
complete root formation and apical closure
radiographically ),

CONCLUSION
Several materials have been used in
apexogenesis, each has it is own advantages
and limitations. From our point of view

biodentine and PRF has the superiority.
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However, further studies indicated to assess
of the effects of these materials in depth.
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