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ABSTRACT

Background: With recent advances in biomaterials, there has been growing interest in using pulpotomy to treat irreversible

pulpitis instead of root canal therapy. In this report, we describe a case of pulpotomy with 9-month follow-up in an immature

permanent tooth exhibiting signs and symptoms of symptomatic irreversible pulpitis.
Case Description: A 9-year-old female presented with a chief complaint of a severe toothache in the lower left molar. Radiologic
examination revealed a deep carious lesion and Nolla Stage 9. Based on the findings, a symptomatic irreversible pulpitis was

diagnosed. Pulpotomy was preferred over root canal therapy in order to preserve the pulp and allow the roots to continue devel-

oping. Cold ceramic was used as a biomaterial barrier during pulpotomy. Evidence of dentin bridge formation, root development,

and normal responses to cold and electric pulp tests were observed during the follow-up sessions at 3, 6, and 9 months.

Conclusion: Pulpotomy can be a good treatment option for irreversible pulpitis in immature permanent teeth. Irreversible pulpi-
tis in these teeth does not necessarily mean that the entire pulp has been affected. By removing only the affected part of the pulp

with pulpotomy, the healthy pulp could still be preserved.

1 | Introduction and Importance

When tooth decay is left untreated, it can lead to a serious condi-
tion called irreversible pulpitis.

This happens when the dental pulp becomes inflamed due to
caries or injury. Untreated irreversible pulpitis in young perma-
nent teeth can cause problems like thinning of the root canal
walls, an imbalance between the crown and root size, and ar-
rested tooth development [1]. However, there are no clear guide-
lines for treating irreversible pulpitis in immature permanent
teeth [2, 3].

The American Association of Endodontists (AAE) suggests a
total pulpectomy and root canal filling for irreversible pulpitis

[4]. Another method is apexification, which is used for immature
teeth [5]. However, both these methods involve removing the en-
tire radicular pulp, which could lead to a higher risk of second-
ary root fracture. For reversible pulpitis in permanent teeth, like
in cases of asymptomatic carious or traumatic pulp exposure, a
procedure called pulpotomy can be a good alternative [6]. Young
permanent teeth have a larger apical foramen and pulp tissue at
the apex that moves with the periapical tissues. These teeth also
have good vascularization, making their pulp more resistant to
inflammation [7]. This gives them a natural ability for vital pulp
therapy, which is a key reason why we might try to preserve the
pulp instead of removing it completely [7].

In recent years, there has been growing interest in using pulpo-
tomy to treat irreversible pulpitis.
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New materials and better understanding of how pulp works
have improved the success of pulpotomy in mature teeth,
even for conditions like irreversible pulpitis. However, data
regarding the outcomes of pulpotomy in immature permanent
teeth are still little [8]. In this report, we described a case of
pulpotomy with 9-month follow-up in an immature perma-
nent tooth exhibiting signs and symptoms of symptomatic ir-
reversible pulpitis. The clinical significance of this report is
its valuable images showing dentin bridge formation and root
development after 9-month follow-up. In addition, we used
cold ceramic (CC) as a biomaterial barrier for this case. To the
best of our knowledge, no other study has reported its usage
in a tooth with a similar condition and diagnosis. This mate-
rial is a newly developed bioceramic with comparable clinical
properties with other calcium silicate-based cements, such as
mineral trioxide aggregate (MTA) and Biodentine, and has a
lower cost [9]. This case report has been reported in line with
the CARE checklist.

2 | Presentation of Case

2.1 | Patient Information, Clinical Findings,
and Diagnostic Assessment

A 9-year-old female was referred from a pedodontist to the
Department of Endodontics, Zahedan Faculty of Dentistry, for
root canal treatment of an immature permanent first molar.
The chief complaint of the patient was severe toothache of the
lower left molar. This patient had undergone dental treatments
before and therefore was acquainted with the dental environ-
ment. A thorough assessment of past medical, family, and social
history did not reveal any significant issues. The patient had no
systemic disease and was not consuming any medications. No
allergies were reported in this patient. Dental history revealed
no trauma to the tooth.

Intraoral examination showed positive (++) cold and elec-
tric pulp tests, different sensation on percussion and palpa-
tion, and normal mobility of the lower left molar. No tooth
discoloration was observed. A severe spontaneous pain was
also reported by the patient with a sustained pain after cold
and heat stimulation. Radiologic examination showed a deep
carious lesion and Nolla Stage 9 (root length almost complete
with parallel ends, and open apex with radiolucency and wide
periodontal ligament space) [10] (Figure 1A). Based on these
findings, a symptomatic irreversible pulpitis was diagnosed in
this tooth. The AAE diagnostic criteria for pulpal disease is
presented in Table 1 [11].

2.2 | Therapeutic Intervention

Due to the significant impact of root development on the prog-
nosis of the tooth, pulpotomy was carried out in this case by an
endodontist with more than 2 years of experience.

The patient was given local anesthesia using an inferior al-
veolar nerve block and local infiltration with lidocaine
2%+ 1:80,000 epinephrine hydrochloride (Darou Pakhsh,
Tehran, Iran). A rubber dam was used to protect the area. A

fast emery drill was used to remove the enamel and a slow-
speed tungsten steel ball drill to remove the dentin and expose
the pulp. The dentist first checked the pulp’'s condition and
any bleeding. The texture (liquefied), color (dark red), and ex-
cessive bleeding upon exposure indicated an unhealthy pulp.
Then, a sterile high-speed diamond ball drill was used to par-
tially remove the coronal pulp. The amount of pulp removed
depended on how much bleeding occurred. If the bleeding
could not be controlled after removing part of the pulp, more
pulp would be removed. Next, 5.25% sodium hypochlorite
was used to rinse the area, and a sterile saline cotton ball was
placed in the pulp for 3-5min to help stop the bleeding. Once
the cotton was removed, the area without active bleeding was
considered to have good control of bleeding. Bright red color
and homogeneous texture were other indicators of healthy
pulp. Then, CC (SJM, Iran) of 2-3 mm was applied.

Due to financial challenges, the patient could not afford the
widely studied biomaterials such as MTA and Biodentine.
Therefore, we decided to use CC to address this challenge. The
ideal qualities of CC including shorter setting time than MTA, a
better seal than glass ionomer, ideal biocompatibility and non-
toxicity, and favorable radiopacity led us to select this material
[12, 13].

Light-cure glass ionomer (Fuji II, GC, Japan) was used as a
base, and a temporary amalgam restoration (Cinalux: Owzan
Company, Iran) was used to restore the tooth (Figure 1B). At the
end of treatment, oral hygiene was reinforced, and the patient
was asked to report any discomfort until the next follow-up.

2.3 | Follow-Up and Outcomes

Three months later, the patient was asked for follow-up and
final restoration with composite resin (Tetric N-Ceram, Ivoclar
Vivadent, Liechtenstein). The patient had no signs and symp-
toms on the follow-up session. Cold and electric pulp tests
showed normal findings. The radiologic examination of 3-month
follow-up is shown in Figure 1C. Early signs of dentin bridge
formation was evident. Again, oral hygiene was reinforced, and
the patient was asked to come 3 months later. The radiologic ex-
amination of 6-month follow-up is shown in Figure 1D. Dentin
bridge formation was evident, and the pulp tests were normal.
After 9 months, the development of roots was evident as shown
in Figure 1E. Therefore, dentin bridge formation, root develop-
ment, and normal pulp tests were evident in this case 9 months
after the therapeutic intervention. Patient reported no complica-
tions except a mild pain on the first day of treatment.

3 | Clinical Discussion

The pain that persists indicates the possibility of irreversible
pulpitis; however, this does not necessarily mean that the en-
tire pulp has been irreversibly damaged [14]. Research in the
last few decades has focused on the treatment of irreversible
pulpitis by less invasive methods, aiming to preserve the nat-
ural function of dental pulp [14]. Despite initial claims that
clinical signs and symptoms may not accurately reflect the
actual histopathological condition of the pulp, new research
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FIGURE1 | Radiological examination of the lower left molar (Tooth #36) in a 9-year-old female. (A) Deep carious lesion leading to symptomatic
irreversible pulpitis. (B) Amalgam filling as a temporary restoration after pulpotomy of the tooth using cold ceramic as a biomaterial barrier. (C)
Early signs of dentin bridge formation after 3 months. (D) Dentin bridge formation after 6 months of treatment. (E) After 9 months, the development

of roots was evident.

has now confirmed the apparent correlation between clinical
signs and symptoms and the histopathological condition of the
pulp [14]. The AAE diagnostic classification is based on signs
and symptoms. Although histological examination is consid-
ered the gold standard diagnostic test for pulpal disease, it is
not feasible if pulp preservation is indicated. Wolters et al. [15]
described a new classification focusing on the possible pulp
preservation therapies for each category. Accordingly, pulpitis
is categorized into initial, mild, moderate, and severe pulpitis.
The suggested treatments for each category are as follows: in-
direct pulp treatment (IPT) for initial and mild pulpitis; partial
or full pulpotomy for moderate pulpitis; and full pulpotomy or
pulpectomy (depending on bleeding control) for severe pulpi-
tis [15]. Although Karrar et al. [16] have shown the clinical

validity of this classification, further investigation is required
to assess the clinical outcomes of each suggested treatment for
each category.

Different biomaterials have been used in the pulpotomy of
immature permanent teeth with irreversible pulpitis. CC is a
calcium hydroxide-based material with main components of
calcium oxide, silicon oxide, barium oxide, and sulfur trioxide
[9]. To the best of our knowledge, no previous similar study
has reported the use of CC in the pulpotomy of an immature
permanent tooth with irreversible pulpitis. Several studies
have evaluated its application in other types of treatments.
Rasteh et al. [12] showed that CC has favorable clinical out-
comes in pulpotomy therapy of primary teeth. This material
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TABLE1 | The American Association of Endodontists diagnostic criteria for pulpal disease.

Symptomatic Asymptomatic
Diagnosis category Reversible pulpitis irreversible pulpitis irreversible pulpitis Necrotic pulp
Pain Pain upon stimulation Lingering pain, No pain Often no pain unless

but reverses quickly
after removal
of stimulus.

Diagnostic tests Cold sensitivity
goes away quickly

(within 1-25s).

spontaneous pain,
referred pain, pain on
postural changes, pain
despite using analgesic.

Cold test: pain persists
for more than 10-30s
after removing
the cold source.

the inflammation
has spread to the
apical tissues.

Diagnosis is made
via clinical findings
where the pulp is

No response to cold
or electric pulp tests.

Heat test: intense
pain that lingers.

exposed (e.g., due to

caries or trauma) but

the patient does not
report symptoms.

Percussion/palpation:
usually negative unless
the inflammation
has spread to the
apical tissues.

Radiographs: often
show deep caries or
extensive restorations/
fractures approaching
the pulp chamber.

showed promising results in the treatment of root perforations
according to the studies by Chamani et al. [17] and Modaresi
et al. [18].

The most common used material for pulpotomy of immature per-
manent teeth with irreversible pulpitis is MTA [19]. MTA exhibits
superior biocompatibility and sealing properties compared with
calcium hydroxide, which can promote cell growth in the dental
pulp and result in a thicker, more complete dentin bridge with
fewer defects. Consequently, employing MTA as a barrier material
can enhance the efficacy of this procedure [19]. An earlier inves-
tigation revealed that the continuity and shape characteristics of
dentin bridge structures formed using Vitapex, a material com-
posed primarily of calcium hydroxide, iodoform, and silicone oil,
exhibited inferior results compared with those induced by MTA
[20]. However, MTA has certain limitations. Among them, tooth
discoloration remains an important factor affecting patient qual-
ity of life. Biodentine, a dentin substitute derived from MTA, can
achieve high clinical and radiographic success rates with a lower
rate of tooth discoloration compared with MTA when employed
as a barrier for vital pulp therapy in young permanent teeth [21].

Sodium hypochlorite efficiently removes debris and bacterial
contamination while also aiding in hemostasis [22]. In addition,
sodium hypochlorite does not pose any toxicity to pulp tissue
and does not impair the regeneration of dental pulp; conse-
quently, it has been widely used in pulpotomy [22]. However,
the amount of time needed to achieve hemostasis through this
procedure is still controversial [2, 19, 23]. Therefore, in order to
make sure that all of the inflammatory tissue was removed, it
was recommended to examine the pulp directly under a dental
operating microscope [24].

The dentin bridge formation on the treated pulp section indicates
viability and pulp healing capacity. Dentin bridge formation has
been proposed as a key sign of successful treatment [25]. However,
a number of studies have shown that the treatment success of
immature permanent teeth with carious pulp exposure was also
achieved in several teeth without dentin bridge formation [26, 27].

In our case report, the patient had irreversible pulpitis induced
by a carious lesion. The cause of irreversible pulpitis appears to
be a factor in the success of pulpotomy. In the study by Zhang
et al. [27], the treatment success rate of pulpotomy for trau-
matic crown fracture was lower than for dental caries and dens
evaginatus. The disruption of the pulp blood supply in the api-
cal region and potential damage to periodontal tissue may be
the cause of this finding [28]. However, immediate pulpotomy
after trauma can achieve a higher success rate compared with
delayed pulpotomy [29].

Zhang et al. [27] reported that the success rate of pulpotomy in
Nolla Stage 9 teeth was similar to that in Nolla Stages 7 and 8.
Therefore, it appears that the impact on the treatment outcomes
did not depend upon the degree of tooth-root maturation, and
this finding aligns with earlier research [26, 30].

4 | Conclusion

Pulpotomy can be a good treatment option for irreversible pulpi-
tis in immature permanent teeth.

Irreversible pulpitis in these teeth does not necessarily mean
that the entire pulp has been affected. By removing only the
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affected part of the pulp with pulpotomy, the healthy pulp could
still be preserved. In this case report, we utilized CC as a barrier
and recorded promising outcomes after 9 months in the pulpo-
tomy of a carious immature mandibular molar (Nolla Stage 9)
with signs and symptoms of symptomatic irreversible pulpitis.
However, further investigation is required to validate these find-
ings and address the limitations with a larger sample size and
longer follow-up period.
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