
Case Report

Maturogenesis of a cariously exposed
immature permanent tooth using MTA for
direct pulp capping: a case report

Apexogenesis is a vital pulp therapy procedure
performed to encourage continued physiological
development and formation of the root end;
frequently used to describe vital pulp therapy
performed to encourage the continuation of this
process (1). This conservative approach is aimed at
treating reversible pulpal injuries by preserving the
vitality of the tissue and sealing the pulp in order to
prevent further microbial contamination (2). Expo-
sure of the dental pulp and periapical tissues to
microorganisms results in the development of pulpal
and periradicular pathosis. The role of microorgan-
isms as the dominant etiologic factor for pulpal
pathology has been well established (3, 4).

Immature teeth can be affected by caries or by
trauma, which can influence the development and
maturation of the root (5–7). If the pulp of an
immature tooth becomes irreversibly inflamed or
necrotic, the treatment can be difficult and un-
predictable (7–11). Progress in understanding the
molecular and cellular process during tooth
development (2) and how they are mimicked during
tissue repair (12, 13), offers the opportunity to assess

the biologic strength of vital pulp therapy (14).
Therefore, our clinical goal should be to maintain
pulp vitality and to be aware of factors that
influence pulp healing (15).

The literature supports the potential of biocom-
patible materials such as mineral trioxide aggregate
(MTA) to enhance pulpal repair by providing a
good seal after direct pulp capping (16–20). MTA
has been proved to be an effective pulp capping
material with respect to its ability to improve
reparative dentin formation by the stereotypic
defensive mechanism of early pulpal wound healing
(21–25).

Recently, the term maturogenesis gained new
attention and has been defined as the physiological
root development, not restricted to the apical
segment (26). The continued deposition of dentin
occurs throughout the length of the root, providing
greater strength and resistance to fracture. A case
report is presented in which the vitality of the pulp
was maintained utilizing MTA as a direct pulp
capping material allowing physiological root
development.
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Abstract – Successful direct pulp capping of cariously exposed
permanent teeth with reversible pulpitis and incomplete apex
formation can prevent the need for root canal treatment. A
case report is presented which demonstrates the use of mineral
trioxide aggregate (MTA) as a direct pulp capping material for the
purpose of continued maturogenesis of the root. Clinical and
radiographic follow-up demonstrated a vital pulp and physiologic
root development in comparison with the contralateral tooth.
MTA can be considered as an effective material for vital pulp
therapy, with the goal of maturogenesis.
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Case report

A 9-year-old Caucasian girl was referred by her
dentist for evaluation and root canal therapy of her
lower left first premolar. The patient’s medical
history was non-contributory. No spontaneous pain
was reported by the patient and her main complaint
was sensitivity to cold and sweets. The pain and
sensitivity were localized on the left side in the lower
jaw. Clinical examination revealed gross occlusal
caries on her lower left first premolar with no signs
of extraoral or intraoral swelling or sinus tract
formation. The lower left first premolar tested
negative to percussion and palpation tests and the
mobility was within normal limits. Pulp vitality tests
using tetrafluoroethane (Endo-Ice, Hygenic Corp.,
Akron, OH, USA) showed a normal positive
response, with no lingering sensation. The adjacent
teeth also responded positive and within normal
limits to cold stimulation. Radiographic findings
revealed caries in close proximity to the mesial pulp
horn and an undeveloped root with a wide-open
apex and no evidence of periradicular pathology. In
order to establish a baseline for follow-up, the status
of root development was compared with the con-
tralateral lower right first premolar at the same
appointment.

Based on the results of clinical and radiographic
examination, the pulpal status of the lower left first
premolar was determined as vital with reversible
inflammation due to caries. The initial treatment
plan included the removal of the carious lesion and
clinical evaluation of the pulp exposure. Vital pulp
therapy including either direct pulp capping or
partial pulpotomy with mineral trioxide aggregate
was planned for the anticipated pulp exposure. As
the patient was a minor, informed consent was
obtained from her father.

Following administration of local anesthesia, the
tooth was isolated with rubber dam. A dental-
operating microscope was used to enhance visual-

ization and caries removal was performed using a
no. 4 sterile round bur on a low speed handpiece
with copious water irrigation. Caries indicator
(Seek, Ultradent, South Jordon, UT, USA) was
used to ensure removal of all infected dentin and
prevent undue removal of affected dentin. After
removal of caries, exposure of pulp horns with
moderate bleeding was observed (Fig. 1). A sterile
cotton pellet moistened with saline was used to
apply moderate pressure to the exposed pulp for
5 min and hemostasis was achieved. Sodium hypo-
chlorite (5.25%) was then utilized as a rinse for
2 min to disinfect the surgical exposure and the
dentin (Fig. 2). The cavity preparation was again
gently rinsed with sterile water to remove the
superficial clot and debris. The cavity was lightly
dabbed with a moist pellet to remove the excess
moisture.

Mineral trioxide aggregate (MTA; Pro Root
MTA, Dentsply Tulsa, Tulsa, OK, USA) was mixed
according to the manufacturers instructions and a
1–2 mm thick layer of MTA was placed over the
exposure site and adjacent dentinal surface with a

Fig. 1. Pulp exposure presenting with moderate bleeding.

Fig. 2. Disinfection of exposure site by rinsing with 5.25%

sodium hypochlorite.

Fig. 3. Immediate postoperative periapical radiograph showing

pulp capping with MTA, cotton and temporary filling material.
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plastic carrying instrument. The mix was then
padded with a moist cotton pellet to ensure
optimum contact of MTA with exposed pulp tissue.
A moist cotton pellet was then placed over the MTA
and the rest of the cavity was restored with
temporary filling material (Tempit, Centrix Inc,
Shelton, CT, USA; Fig. 3). The patient was sched-
uled after 48 h to evaluate the setting of MTA and
also to follow up on any abnormal symptoms.

At the 48 h follow-up appointment the patient
was asymptomatic. Under rubber dam isolation and
the use of a dental-operating microscope, the
provisional restoration and cotton pellet were
removed and the complete setting of the MTA
was confirmed by probing its surface (Fig. 4). A
light-cured microfilled hybrid resin composite res-
toration (GradiaTM Direct, Alsip, IL, USA) was
incrementally placed over the MTA and the crown
was permanently sealed and restored (Fig. 5).

The patient was scheduled for a 3-month follow-
up in order to evaluate root development and to
monitor for any signs or symptoms. The parents
were asked to call and inform the dental office if the
patient reported any pain or discomfort.

Four months later, clinical examination revealed
an intact restoration and absence of any abnormal

signs or symptoms. The lower left first premolar
tested positive and normal to thermal pulp stimu-
lation with cold. A periapical radiograph showed
continued development and maturation of the root
(Fig. 6).

At 11 months, no abnormal findings were
observed and the pulp tested within normal limits.
A normal developmental radiolucent area with a
corticated margin surrounding the periapex was

Fig. 4. Verification of the setting of MTA at 48 h.

Fig. 5. Final coronal restoration with composite.

Fig. 6. Follow-up periapical radiograph at 4 months presenting

with continued root development.

Fig. 7. Follow-up periapical radiograph at 11 months showing

maturogenesis of the root.
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observed for the lower left first premolar as well as
for the contralateral lower right first premolar.
Root maturation was observed to have significantly
progressed when compared with the preoperative
radiographs and was similar to the status of root
development and maturation of the contralateral
premolar (Figs 7 and 8). The patient was sched-
uled for routine recall visits every 6 months.
The parents were informed about the potential
need for root canal therapy incase of signs and
symptoms.

Discussion

Vital pulp therapy and regeneration of necrotic
pulps has become an alternative conservative treat-
ment option for young permanent teeth with
immature roots (2, 8, 10, 17). The aim of vital pulp
therapy is to preserve and protect the reversibly
inflamed pulp tissue from additional injury and to
facilitate its healing and repair while maintaining
vitality (2).

An immature tooth with early irreversible pulp
involvement presents with thin divergent or parallel
dentinal walls. This clinical situation may cause
difficulty in cleaning and obturation of the root
canal system, thus affecting the long-term outcome
of the treatment. Maintenance of vitality will exploit
the full potential of the pulp for dentin deposition
and will produce a stronger mature root that is
better able to withstand fracture (7).

Much debate continues between the advocacies
of pulp capping vs pulpotomy, but it is generally
accepted that an attempt must be made to preserve
pulp vitality in immature teeth with exposed pulps.
Seltzer and Bender have suggested that a mechan-
ically exposed young pulp has a better prognosis
because of its repair potential in the absence of
contamination when compared with carious expo-
sures which have chronic inflammation secondary
to microbial invasion (27). Factors which influence
treatment decisions when encountering teeth with
pulpal exposure include the degree of infection and
inflammation in the pulp space, rather than the size
or duration of pulp exposure (20). For traumatic
exposures in young asymptomatic immature teeth, a
direct pulp cap or partial pulpotomy are the
treatments of choice. In contrast to traumatic
exposures, carious process can lead to marked
changes within the pulp-dentine complex, which
can vary considerably depending on the severity of
the disease and the age of the pulp. It is generally
agreed that larger carious exposures have a poor
prognosis due to a more severely inflamed pulp, risk
of necrosis and bacterial contamination (28). Careful
case selection and treatment planning is critical for a
better outcome of treatment rendered.

The histologic extent and degree of inflammation
cannot be accurately predicted clinically. Studies
have demonstrated that optimum hemorrhage con-
trol is essential for successful outcome of direct pulp
capping regardless of the material used (29, 30).
Sodium hypochlorite (NaOCl) in concentrations
2.5–5.25%, in addition to being ideal for hemo-
rrhage control when placed on an exposed pulp,
also provides asepsis, chemical amputation of the
blood clot and fibrin and removal of damaged cells
and operative debris from the mechanical exposure
and subjacent pulp. Optimum hemostasis will also
help achieve the goal of bacteriometic seal. Other
studies showed that sodium hypochlorite does not
impair or retard the cellular healing of exposed
pulps and is not inhibitory to the biologic mecha-
nisms of odontoblastoid cell or dentin bridge
formation (31, 32). In addition, it can be use for
removal of residual microbial flora, which can be a
major deterrent in healing of exposed pulp.

MTA has been compared with various capping
materials including calcium hydroxide, which is the
historical panacea of endodontic therapy (33). The
deficiencies of calcium hydroxide include poor
adherence to dentin, inability to form a long-term
seal against bacterial microleakage and a porous
dentinal bridge formation (18). However, despite
these issues, some studies reported that partial
pulpotomy of cariously exposed immature teeth
with calcium hydroxide have a long-term success
rate of 93% (34, 35). In contrast, pulps capped with

Fig. 8. Periapical radiograph of contralateral premolar com-

paring root development at 11 months postoperative.
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MTA consistently demonstrated complete tubular
bridge formation and lack of pulpal inflammation
(16–18). The dentinogenic effects of MTA can be
attributed mainly to its sealing ability and biocom-
patibility with subjacent tissues, which facilitates
restoring normalcy to the pulpal and periradicular
tissues. In cases where a permanent seal is placed
over the direct pulp capping material and the
therapy proved successful during the follow-up
evaluation, there is no further need for barrier
verification or immediate endodontic treatment.

Clinical and radiographic evaluation at 3-month
intervals is stressed after maturogenesis therapy so as
to assess pulp vitality and progression of root
development. Current vitality tests still depend on
neurological stimulation and its reliability on im-
mature teeth is considered questionable (15). The
radiographic diagnosis of periapical pathology may
also become difficult in immature teeth because of
the normal radiolucency of the developing root
sheath which occurs apically as the root matures.
Comparison of root formation with the contralateral
teeth should be always performed to evaluate
treatment outcome. Hopefully, the future of vital
pulp therapy will witness the development of more
tissue engineering and biomimetics for tissue regen-
eration after injury.

Conclusion

The use of MTA has been proven clinically and by
various in vivo and in vitro studies to allow pulp
healing after injury. Immature teeth, destined for
endodontic therapy will be imparted an opportunity
to complete maturation with conservative manage-
ment. However, the treatment outcome for carious
exposed pulps is questionable and in case of failure,
pulp revascularization and apexification should be
considered.
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