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Abstract
Background: This study examined the clinical effects of mineral trioxide aggregate
(MTA) pulpotomy for permanent molars with caries-derived pulpitis with symptomatic
apical periodontitis. Methods: Based on symptomatic apical periodontitis or not, 52
permanent molars with pulp exposure due to caries were divided into 29 in the non-
symptomatic apical periodontitis group and 23 in the symptomatic apical periodontitis
group. Results: Regardless of the root development degree, both groups were treated
with different depths of pulpotomy according to pulp status and bleeding. Clinical and
radiological examinations were scheduled for follow-up after 1, 3, 6 and 12 months to
undergo clinical and radiological examination. A success rate of 96.6% was achieved in
the non-symptomatic apical periodontitis group; 91.3%was achieved in the symptomatic
apical periodontitis group. There was no significant difference between both groups (χ2

= 0.65, p = 0.42). Conclusions: MTA pulpotomy is an effective treatment for caries-
derived pulpitis in permanent molars with symptomatic apical periodontitis, offering a
new approach for clinical treatment.
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1. Introduction

Clinical treatment options are more complicated when per-
manent molars have caries-derived pulp exposure with symp-
tomatic apical periodontitis [1, 2]. For pediatric stomatology
patients under 14 years, permanent molars development may
range, from formation only 1/3 of the tooth roots to completing
apical foramen development. In previous studies, pulpotomies
have been found to be primarily performed on young perma-
nent teeth with undeveloped apical foramen and crown pulp
lesions [1]. As research and materials continue to advance,
more scholars are adopting pulpotomy for mature permanent
teeth confined to the crown pulp [3–5]. However, few studies
have examined whether pulpotomy can be applied when pulp
infection extends beyond the apical foramen with obvious
symptomatic apical periodontitis. Therefore, we performed
pulpotomy and follow-up observation on caries-derived pul-
pitis with symptomatic apical periodontitis, compared with the
group without symptomatic apical periodontitis. We speculate
that both groups can achieve better therapeutic effects.

2. Materials and method

2.1 Experimental subjects

A total of 52 caries-derived pulp exposed permanent molars
were selected from 42 children treated in the pediatric stom-
atology department from January 2019 to December 2021.
Therewere 36 first permanentmolars and 16 second permanent
molars among all participants. According to whether theywere
had symptomatic apical periodontitis or not, 29 were assigned
to the non-symptomatic apical periodontitis group and 23 to
the symptomatic apical periodontitis group. 19 males and 23
females ranged in age from 7 to 14 years. The size of exposed
myeloid foramen varied from needle-like punctures to partial
exposure of root pulp. Tooth pain duration varied from initial
pain to recurring pain for more than 6 months. As this study
did not involve the collection of clinical specimens, it only
involved X-ray observations required for routine follow-up.
In addition, the entire clinical process can only be seen as
patients choosing different treatment plans, so there is no need
for clinical trial registration.

All the affected teeth met the following criteria: history of
spontaneous pain; pulp exposure found in the examination;
positive pain in the exposed pulp; teeth with symptomatic
apical periodontitis suffered from obvious percussion pain.
The exclusion criteria were as follows: combined periodontitis
and loose teeth; accompanied by tooth root fracture;and the
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child was unable to cooperate. All participants were provided
with information sheets about the study’s objectives the rel-
evant treatment process, and the need for cooperation. Each
participant’s legal guardian signed the consent form.

2.2 Pulpotomy and follow up
Both groups were isolated with a rubber barrier under lo-
cal anesthesia, and pulpotomies at different depths were per-
formed using a high-speed ball drill according to pulp sta-
tus and bleeding (the bleeding could be controlled within 5
minutes). Pulp was covered by MTA (Tulsa Dental Products,
Tulsa, OK, USA), the pulp cavity was kept moist by a normal
saline cotton ball, and zinc oxide (Shanghai Medical Equip-
ment Co., LTD. Dental materials factory, Shanghai, China)
was temporarily sealed. After 24 hours, the temporary filling
was removed, and the dental crown section was repaired with
light curing resin (3M Company, Paul, MNUS, USA).
A series of the clinical symptoms and positive signs were

monitored at 1, 3, 6 and 12 months after treatment. The criteria
for treating a patient successfully are no subjective discomfort,
no abnormalities were found during the clinical examination.
According to the changes in root length, pulp cavity and
root canal wall thickness, X-ray film (Blue X Imaging SRL,
VIA IDIOMI 1/8-33-20090 ASSAGO (MI), Italy) was used to
assess the vitality of the root pulp and the development trend
of the root. When the periapical tissue shadow was identified,
the root development stopped or the root internal and external
absorption occurred, apexification or root canal therapy was
performed according to the degree of root development.

2.3 Date statistics and analysis
Data analysis was performed using SPSS 21.0 software (SPSS
Incorporated, Chicago, IL, USA). Chi-square test was used to
evaluate the effect of different treatment methods. Statistical
data results were expressed as mean± standard deviation, and
p < 0.05 was considered statistically significant.

3. Results

3.1 Evaluation of apical lesion healing
Based on the above treatment success criteria, 28 of the 29 af-
fected teeth in the non-symptomatic apical periodontitis group,
and 21 of the 23 affected teeth in the symptomatic apical
periodontitis group were successful, as shown in Table 1. In a
Chi-square test, no significant differences were found between
both groups (χ2 = 0.65, p = 0.42).

3.2 Typical case
3.2.1 Typical cases in non-symptomatic apical
periodontitis group
3.2.1.1 A 13-year-old male
He presented with spontaneous pain in the right lower posterior
tooth for 2 weeks. Teeth 47 had deep caries with exposed
pulp, probing pain (+), percussion pain (−), no loosening, root
development of about 1/3, no periapical low-density imaging
was observed. We performed a full pulpotomy under local
anesthesia, followed by MTA capping. After 12 months of

TABLE 1. Assessment of apical lesion healing at 12
months follow-up.

Success Fail Sum Success
rate

Non-symptomatic api-
cal periodontitis group

28 1 29 96.6%

Symptomatic apical pe-
riodontitis group

21 2 23 91.3%

Sum 49 3 52 94.2%

Note. Chi-square test showed no statistically significant
difference between the two groups, p > 0.05.

follow-up, apical foramen had essentially formed (Fig. 1).

3.2.1.2 A 10-year-old male
He was diagnosed with spontaneous pain in the right lower
posterior tooth for 3 days. Teeth 46 fillings were partially
exfoliated and exposed pulp, probing pain (+), percussion pain
(−), no loosening, uncompleted apical foramen development,
and no periapical low-density imaging was observed. We per-
formed a full pulpotomy under local anesthesia, followed by
MTA capping. After 12 months of follow-up, apical foramen
had essentially formed (Fig. 2).

3.2.1.3 A 13-year-old female
She presented with spontaneous pain in the right lower poste-
rior tooth for 1 week. Teeth 46 had deep caries with exposed
pulp, probing pain (+), percussion pain (−), no loosening,
completed apical foramen development, and no periapical low-
density imagingwas observed. We performed a full pulpotomy
under local anesthesia, followed by MTA capping. After 12
months of follow-up, no subjective discomfort, and abnormal-
ities were found during clinical examination (Fig. 3).

3.2.2 Typical cases in symptomatic apical
periodontitis group
3.2.2.1 A 8-year-old female
She presented with left lower posterior tooth spontaneous pain
for 2 months. Teeth 36 had deep caries with exposed pulp,
probing pain (+), percussion pain (+), no loosening, uncom-
pleted apical foramen development, periapical low-density
imaging was observed. We performed a full pulpotomy under
local anesthesia, followed by MTA capping. After 12 months
of follow-up, apical foramen had essentially formed and no
periapical low-density imaging was observed (Fig. 4).

3.2.2.2 A 12-year-old male
He was diagnosed with spontaneous pain in the left lower
posterior tooth for 1 month, and received treatment for dental
pain in another hospital 3 months ago. Teeth 36 temporary
fillings were partially shed, probing pain (+), percussion pain
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FIGURE 1. Examples of X-rays taken in non-symptomatic apical periodontitis group at the beginning of treatment and
during follow-up. (A) initial, (B) immediately after surgery, (C) 3 months follow-up, (D) 6 months follow-up, (E) 12 months
follow-up.

FIGURE 2. Examples of X-rays taken in non-symptomatic apical periodontitis group at the beginning of treatment and
during follow-up. (A) initial, (B) immediately after surgery, (C) 3 months follow-up, (D) 6 months follow-up, (E) 12 months
follow-up.
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FIGURE 3. Examples of X-rays taken in non-symptomatic apical periodontitis group at the beginning of treatment and
during follow-up. (A) initial, (B) immediately after surgery, (C) 3 months follow-up, (D) 6 months follow-up, (E) 12 months
follow-up.

FIGURE 4. Examples of X-rays taken in symptomatic apical periodontitis group at the beginning of treatment and
during follow-up. (A) initial, (B) immediately after surgery, (C) 3 months follow-up, (D) 6 months follow-up, (E) 12 months
follow-up.
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FIGURE 5. Examples of X-rays taken in symptomatic apical periodontitis group at the beginning of treatment and
during follow-up. (A) initial, (B) immediately after surgery, (C) 3 months follow-up, (D) 6 months follow-up, (E) 12 months
follow-up.

(+), no loosening, completed apical foramen development,
periapical low-density imaging was observed. We performed
a full pulpotomy under local anesthesia, followed by MTA
capping. After 12 months of follow-up, no periapical low-
density imaging was observed (Fig. 5).

3.2.2.3 A 13-year-old female
She presented with spontaneous pain in the right lower pos-
terior tooth for 3 weeks. Teeth 46 had deep caries with
exposed pulp, probing pain (+), percussion pain (+), no loos-
ening, completed apical foramen development, periapical low-
density imagingwas observed. We performed a full pulpotomy
under local anesthesia, followed by MTA capping. After 12
months of follow-up, no periapical low-density imaging was
observed (Fig. 6).

4. Discussion

Living pulp preservation therapy preserves healthy pulp tissue,
which promotes restorative dentin formation and maintains
teeth’s normal physiological functions. Considering its min-
imally invasive nature, it is significant development trend
in contemporary endodontic therapy [6, 7]. As long as the
infection can be completely removed, healthy pulp tissue can
be preserved successfully with pulpotomy for caries-derived
pulp exposures [8, 9]. However, it is unclear whether living
pulp amputation can be used with symptomatic apical peri-
odontitis when pulp infection has permeated part of the root
pulp. Past beliefs held that pulp tissue could not be retained
during infection invaded the root pulp and symptomatic apical
periodontitis. It is necessary at this point to perform root
canal treatment on mature permanent teeth. Young permanent

teeth with incomplete apical foramina development require the
preservation of the apical papilla to induce apical development,
restore pulp blood supply or regenerate pulp. Physicians’ skills
and equipment performances are highly demanding for each
of these tasks [10]. Recent advances in molecular biology,
histopathology, materials science and clinical research sup-
ported pulpotomy as a viable concept [11, 12].

We selected 52 cariogenic pulp-exposed permanent molars
and divided them into 29 in the non-symptomatic apical pe-
riodontitis group and 23 in the symptomatic apical periodon-
titis group. During pulpotomy, we did not consider whether
there was symptomatic apical periodontitis, and chose different
living pulp amputation depths based on the control degree of
bleeding. A success rate of 96.6% (1 failed) was achieved
in the non-symptomatic apical periodontitis group. 91.3% (2
failed) was achieved in the symptomatic apical periodontitis
group. The 3 failed teeth were all found to have pulpitis,
and 1 had symptomatic apical periodontitis, but they were all
associated with more intraoperative bleeding. It is suggested
that the key to the pulpotomy success lies in the removal of
infected tissue, and an important criterion in the treatment is
the ability to effectively control bleeding, while whether there
is symptomatic apical periodontitis does not play a decisive
role in the success rate of treatment. Pulpotomy has higher pain
control efficiency than root canal therapy, while being simpler
and less invasive [10]. This study suggests that despite pulpitis
accompanied by symptomatic apical periodontitis, pulpotomy
can provide better therapeutic outcomes when inflammation is
effectively controlled.

There is a questionable correlation between pulp tissue heal-
ing ability and root development degree [13, 14]. Conventional
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FIGURE 6. Examples of X-rays taken in symptomatic apical periodontitis group at the beginning of treatment and
during follow-up. (A) initial, (B) immediately after surgery, (C) 3 months follow-up, (D) 6 months follow-up, (E) 12 months
follow-up.

wisdom holds that young patients have better healing abilities
for pulp tissue, which increases pulp survival rates. A pulpo-
tomy is not recommended for mature permanent teeth, since
the apical foramen is closed during root development. The
pulp tissue only relies on the narrow apical foramina to obtain
blood supply. Pulpotomy, however, has proven to be more
effective in treating affected tooth with fully developed apical
foramina [15–17]. In this study, we selected first or second
molar teeth from pediatric stomatology patients. Root devel-
opment degree was not clearly defined, ranging from 1/3 or the
root length to the complete apical foramen development. An
aseptic pulpotomy was performed on all children with a rubber
barrier. It was found that all patients achieved significant
therapeutic effects despite varying degrees of apical foramen
development. 3 cases of treatment failure occurred in both
groups. 2 involved incomplete apical foramina development
and 1 involved complete apical foramina development. Apical
foramen had no statistically significant effect on pulpotomy
success rates, indicating that the apical foramen’s development
was not the main factor in selecting pulpotomy [18]. In
line with previous research, there is no direct relationship
between apical foramen development degrees and pulpotomy
success rates. However, due to the small sample size and brief
observation period of this study, further investigation of apical
foramen status on pulpotomy prognosis is still required.
Preservation of pulp vitality is the basic principle of the

clinical treatment of endodontic diseases. Its success depends
on many factors, including dental caries depth, pulp infection

scope, hemostasis control during the operation and materials
biological properties [19, 20]. The pulp agent must be covered
after pulpotomy to prevent the invasion of pathogenic microor-
ganisms and the external adverse stimuli. At the same time,
through the pulpectomy material, stem cells in the pulp tissue
are induced to differentiate into odontoblast cells, thus pro-
moting the formation of a hard tissue barrier. Pulp tissue can
be protected from micro-organisms invasion, thereby delaying
root canal treatment and improving the long-term survival rate
of the affected tooth [21, 22]. MTA plays crucial role in
living pulp resection because of its good histocompatibility,
tight leak-proof performance, and strong ability to induce
restorative dentin formation. As MTA caps the pulp, it is more
tightly bound to the wall of the pulp cavity, resulting a tighter
seal, facilitating the formation of restorative dentin [23–25].
Both groups used MTA after pulpotomy to cap the pulp.

The cure rate of two components was above 90%, indicating
that MTA can preserve pulps well. We analyzed failure cases
and found that incomplete MTA curing occurred at 24-hour
dressing change. The reasons were as follows: (1) Despite
strict bleeding control during pulpotomy, small amounts of
blood leakage cannot be excluded later. (2) MTA needs to be
fully cured in humid environment, however if the inflammation
is not well controlled, bleeding may significantly affect its
performance, resulting in incomplete curing. (3) Lack of
timely replenishment of material above the incomplete solid-
ified MTA led to microleakage that caused poor calcification
bridge formation. Thus, inflammation and excessive bleeding
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occur during pulpotomy, resulting in not only an easy shift of
the pulp capping agent, but also a blockage of pulp capping
agent and the pulp segment, affecting the formation of restora-
tive dentin and calcification rate. Materially, this indicates
that good control of inflammation is crucial for pulpotomy
success. As a result of the limitations of conditions, the
existing histological study period is short, and the long-term
hard tissue changes cannot be observed [26, 27].

5. Conclusions

This study indicates that pulpotomy is more effective if in-
flammation is effectively controlled, regardless of whether
symptomatic apical periodontitis exists or the apical foramen
is developed. Clinical practice is still plagued by numerous
problems, for example, the lack of objective criteria and clin-
ical norms for selecting indications and treatment methods,
the need for new methods to accurately assess pulp status and
pulpitis degree, as well as long-term histological observations
of pulp tissue after treatment. New diagnostic and treatment
techniques are expected to lead to more accurate and less
invasive endodontic treatment with research advancement.
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