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Abstract

Background: Despite the long-standing concept of pulp tissue necrosis as the main etiologic factor for periapical lesions, there
has been new evidence that inflamed vital dental pulps can cause apical periodontitis (AP). Infected pulp could heal when the
etiological factor is eliminated. The present cases aimed to assess the outcome of vital pulp therapy (VPT) in permanent teeth with
vital pulps and signs of an AP.

Cases presentation: In the first case report a 15-year-old boy presented with a chief complaint of constant pain in #15
tooth, lasting for five days. After the clinical and radiographic examination, a diagnosis of pulp necrosis and symptomatic apical
periodontitis was conducted, and the root canal treatment (RCT) was initiated. The pulp chamber roof was removed. No intense
bleeding and coherent vital pulp tissue were observed; however, the pulp was in dark red color. VPT (pulpotomy) was decided to be
performed. In the second case a 16-year-old girl presented for an annual observation. After clinical and radiographic examination,
#45 tooth was diagnosed with caries. The excavation revealed caries lesion reaching the pulp. The exposed pulp was bright red
color, no intense bleeding overflowing from the exposure site was observed. VPT (pulpotomy) was a treatment of choice. In both
cases a layer of hydraulic calcium silicate cement was applied over the vital pulp tissue. In the second case a periapical radiograph
performed after the treatment revealed the large apical radiolucency. The teeth crowns were restored with the glass ionomer
cement initially or composite resin permanently, in the first and second case, respectively. At the follow-up visits, the patients
reported no symptoms. The dental periapical radiographs showed radiolucency considerably reduced in size and completely
healed after one year and two years.

Conclusion: Clinical and radiographic evidence of cases showed the successful use of mineral trioxide aggregate for pulpotomy
of mature teeth with vital pulps and signs of apical periodontitis.
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Background

[1,2]. Considering a mature permanent tooth as a candidate for
Inflamed pulp has the ability to heal when the etiological

factor is eliminated. According to the guidelines, vital pulp therapy
(VPT) is primarily indicated for immature permanent teeth with

VPT requires careful assessment of the extent of damage to the
pulp tissue using clinical and radiographic measures [3]. The
pulp condition, routinely preoperatively suspected of past and

reversible pulpitis caused by mechanical pulp exposure during present signs and symptoms and reactions to clinical tests, must

carious excavation operative procedure or a traumatic pulp

be confirmed intraoperatively by assessing pulp bleeding, tissue
exposure of healthy teeth with minimal bacterial contamination

colour and consistency [4]. The critical point in the success of VPT
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is the continued vitality of the tooth, especially the presence of
sufficient blood supply to advance [5]. AP has been demonstrated
to be a direct extension of pulpitis into the periapical tissues
before total pulp necrosis [6]. Periapical changes, including the
sprouting of nerve fibres, appeared following the establishment
of irreversible pulpitis after pulp exposure lesions [7]. Therefore,
identifying microorganisms in pulpitis, especially with periapical
rarefaction and periodontal ligament widening in the radiography,
can be promising in diagnosing the severity of inflammation. In
addition, it can result in new treatment methods by interfering with
the microbiota ecosystem [8,9].

The regeneration and preservation of vital dental pulp with
vasculature and nerve components remain one of the significant
challenges in modern therapies [10]. The periapical lesion
represents a local immune response to the pulp infection. It may
be viewed teleologically as a second line of defence, the purpose
of which is to localise the infection within the confines of the root
canal system [11]. The pulpal and periapical innervation may
modulate several aspects of the inflammatory response via the
secretion of neuropeptides, a process referred to as neurogenic
inflammation, in addition to mediating pain perception [12]. The
term neurogenic inflammation has been developed to describe the
component of inflammation caused by an appropriate stimulus
applied to peripheral neurons, which leads to the release of
neuropeptides that alter multiple processes, including vascular
permeability and vasodilation at the site of injury [13,14]. For this
reason, it is widely accepted that the nervous system contributes
to the pathophysiology of peripheral inflammation. A neurogenic

component has been implicated in many inflammatory diseases,
including oral diseases such as periodontitis and pulpitis [15].
Periapical inflammatory infiltrates, increased osteoclast numbers,
and bone destruction is apparent well in advance of total pulpal
necrosis, with vital pulp tissue still present in the apical portions
of the root canal [16,17]. This finding explains the common clinical
observation that vital tissue (and pain) may occur even in teeth
with radiographic evidence of periapical bone destruction. Hence,
the present cases aimed to assess the outcome of VPT in permanent
teeth with signs of an apical periodontitis (AP).

Case 1 Presentation

A 15-year-old boy presented to the dental office of one of the
authors (ZG) with a chief complaint of constant pain in #15 tooth,
lasting for five days. The tooth was painful on biting. The patient
has taken Ibuprofen 400mg, one tab./3 times per day. The patient
mentioned that six months earlier, he had suffered a few days of
spontaneous pain of this tooth. At that time, he visited a dentist,
but the tooth was not painful anymore, was free of caries and the
restoration was of good quality. Therefore, the treatment was
postponed. Clinical examination of #15 tooth revealed restoration
on the distal contact surface and the tooth free of caries. The
cold test (Cold Spray, Polydent, Germany) was negative on the
observational tooth, whereas positive responses were elicited in the
adjacent teeth. Tooth #15 was sensitive to percussion with standard
periodontal probing depth (2 mm) around the tooth. Periapical
radiographic examination revealed periapical radiolucency and
apical root resorption of #15 tooth (Figure 1).

Figure 1: Case 1. Pre-treatment periapical radiograph of tooth 15 showing the periapical radiolucency and inflammatory root
resorption.
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After clinical and radiographic examination, a diagnosis of
pulp necrosis and symptomatic AP was made on #15 tooth and the
RCT was initiated. The parents and child were informed of RCT’s
risks, complications, and possible outcomes. At the first visit, under
dental microscope and rubber dam isolation, an endo access cavity
preparation was started using a round diamond high-speed bur
(Hager & Meisinger, Germany) with water coolant without local
anesthesia. Close to the pulp chamber, the patient complained about
the pain. Local anaesthesia was performed using 4% articaine -
epinephrine 1:100000 (Ubistesin forte, 3M Science, USA). The
pulp chamber roof was removed with sterile round diamond high-
speed bur (Hager & Meisinger, Germany). No intense bleeding and
coherent vital pulp tissue were observed; however, the pulp was in
dark red color. Vital pulp therapy (pulpotomy) was decided to be
performed. After explaining the possible risks of VPT, the written
informed consent from the patient’s parents was obtained. The pulp
tissue was removed with a sterile long-shank, high-speed, round
diamond bur (Hager & Meisinger, Germany) until the attached pulp
tissue was observed.

The bleeding was stopped in 2 min. with a cotton pellet soaked
in 2,5% sodium hypochlorite solution (Cerkamed, Poland) (Figure
2). A layer of hydraulic calcium silicate cement MedcemMTA
(Medcem GmbH, Austria) was applied over the vital pulp tissue
and periapical radiograph was performed immediately after the
treatment (Figures 3A & 3B). The endo access cavity was sealed
with glass ionomer cement (GIC) (i-Fil, Vita Zahnfabrik H. Rauter
GmbH & Co. KG, Germany). The patient and his parents received
oral hygiene instructions and were informed about the emergency
visit in case of pain or swelling. Two weeks later, the patient
returned for a permanent restoration. The GIC was removed,
leaving a 2mm layer on the Medcem-MTA. The final resin composite
(ONE shade, Olident, Poland) restoration was performed, followed
by the finishing and polishing procedures. The treated tooth was
followed 4, 8,12, 24 months after the treatment. The patient had
no complains. Clinical examination revealed no sensitivity to
percussion and palpation on #15 tooth. The cold test elicited a
negative response. Radiographically, the periapical radiolucency of
#15 tooth had significantly decreased over the time with complete
healing and no symptoms after 12 and 24 months (Figures 4A-4D).

Figure 2: Case 1. Opened vital pulp tissues after bleeding stopped.

Figure 3: Case 1. Pulp tissues closed with MTA. (A) intraoral radiograph. (B) periapical radiograph taken immediately after
placement of MedCem MTA in the root canal at the first treatment visit.
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Figure 4: Case 1. Periapical radiographs of follow-up visits. (A) Follow up after 4- months. (B) Follow up after 8- months. (C)
Follow up after 12- months; radiolucency disappeared completely. (D) Follow up after 24- months.

Case 2 Presentation

2

Figure 5: Case 2. Pre-treatment periapical radiograph.

A 16-year-old girl presented the dental clinic of one of the
authors (ZG) for an annual observation. Clinical examination
revealed a large carious lesion involving the occlusal and distal
surfaces of the right mandibular permanent second premolar. The
patienthad no complaints. The tooth responded positively to the cold
test (Cold Spray, Polydent, Germany) and the periapical radiograph
was taken to evaluate the depth of the caries process (Figure 5).
As the radiograph was taken to evaluate only the depth of the

caries and a tooth responded to the pulp sensitivity test positively,
the attention was not paid to the quality of the x-ray although the
apex of the tooth and surrounding apical periodontium was not
seen. After clinical and radiographic examination, #45 tooth was
diagnosed with vital pulp. Under dental microscope, rubber dam
isolation and local anesthesia with 4% articaine and epinephrine
1:100000 (Ubistesin forte, 3M Science, USA), caries was excavated.
The excavation revealed caries lesion reaching the pulp, but the
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exposed pulp appeared vital, judged by its appearance, bright red
color, and not intense bleeding overflowing from the exposure site.
Vital pulp therapy (pulpotomy) was a treatment of choice.

After explaining the possible risks of VPT, written informed
consent was obtained from the patient’s parents. With a sterile
long-shank, high-speed, round diamond bur (Hager & Meisinger,
Germany) the pulp tissue at the exposure site was removed
till attached vital tissue was observed, and irrigated with 2.5%
sodium hypochlorite solution (Cerkamed, Poland). The bleeding
was stopped in 2 min. with a cotton pellet soaked in 2,5% sodium
hypochlorite (Cerkamed, Poland) within five minutes. A layer of

hydraulic calcium silicate cement MedcemMTA (Medcem GmbH,
Austria) was applied over the vital pulp tissue. The cement was
covered with chemically cured GIC (i-FIL LC, Vita Zahnfabrik H.
Rauter GmbH & Co. KG, Germany), following the final restoration
with light-cured composite (ONE shade, Olident, Poland). A
periapical radiograph was performed immediately after the
treatment (Figures 6) and revealed the large apical radiolucency. At
the follow-up visits, the patient reported no symptoms. The dental
periapical radiographs showed radiolucency considerably reduced
in size (Figures 7A & 7B). After one year, no periapical radiolucency
was evident on the x-ray, and intact lamina dura was observed
(Figure 7C).

Figure 6: Case 2. A periapical radiograph after the placement of MedCem MTA.

Figure 7: Case 2. (A) Three-month follow-up. The lesion size has been reduced. (B) Fourth month follow-up. (C) One-year follow-
up. The bone destruction has healed.
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Discussion and Conclusion

The leading cause of pulp inflammation is microorganisms that
usually enter the pulp cavity through caries-damaged tooth. The
progression of inflammation likely results in pulp necrosis. Non-
treated persisting infection in the root canal system can cause a
formation of periradicular lesions [18]. Despite the long-standing
concept of pulp tissue necrosis as the main etiologic factor for
periapical lesions, there has been new evidence that inflamed
vital dental pulps can cause apical periodontitis (AP) the same as
necrotic pulp does [19]. The first treatment of choice for teeth
with chronic AP is root canal treatment (RCT). RCTs have shown
high success rates, with a survival rate of 85- 94% after a 4-year
follow-up [20]. Although RCTs have shown high success rates,
root canal-filled teeth are more susceptible to complications such
as postoperative fractures and reinfections [21] as the protective
stress-reducing damping effects and mechanoreceptor functions
[22] are lost with the removal of the pulp tissue. Hence, the
suggestions of vital pulp therapy as a treatment option in cases of
irreversible pulpitis (IP) is widely accepted. Asgary S et al. reported
that teeth with IP associated with apical periodontitis, treated by
VPT, are more successful at 6- and 12-month recalls compared
to RCT [23]. The spread of infection could be successfully halted
through the implementation of VPT.

It could be hypothesized that if the AP has been caused by
inflammation of the pulp, and the pulp is still vital (although it could
be inflamed), can the teeth with radiographical signs of AP treated
by VPT procedures? Suppose the bleeding tissues are observed
during the treatment. In that case, pulpitis is the possible state of
the treated tooth [24], and even with radiolucency in radiography,
VPT can be considered the treatment of choice. One but not the
slightest reason why pulpotomy should be a treatment of choice
- nonvital teeth are more likely to be exposed to higher bite force
levels because they are deficient in protective mechanosensation
[25] - chewing triggers a unique and complex neural control system.
This system protects the structure of the teeth. A tooth’s ability to
withstand chewing depends on having a complex neural control
system to keep the tooth intact. The cornerstone of this neural
control system is the intact dental pulp [25]. It must be mentioned
that in the first clinical case, the tooth showed a false negative
response to the cold test. This clinical case proves information that
the current pulp sensitivity tests are unreliable in determining
the pulp’s status because the vascular supply is more critical in
determining the pulp vitality than the sensory supply. The pulp
can only be healed if the circulating blood flow is healthy. Dental
clinicians have an urgent need for more definitive tests [26].

It is essential to follow up clinical cases after the VPT. The teeth
with a full pulpotomy performed cannot be evaluated with pulp
sensitivity tests. The absence of symptoms, clinical and radiographic
signs can assume that the radicular pulp remained vital, and the
treatment outcome is successful. Radiographically, there should
be no signs of internal root resorption, no new periapical pathosis,
and healing of previous periapical pathosis should be observed
[27]. Two-year follow-up has been considered adequate for MTA

pulpotomy because most complications develop precisely during
this period [28]. The follow-up period of the second case should
be extended to two years to evaluate the treatments’ outcomes. In
both clinical cases coronal pulpotomy was a treatment of choice.
According to Riccuci et al. (2019), after pulp exposure in deep
carries lesion case, inflammation becomes irreversible and mostly
confined to the coronal region immediately beneath the carious
exposure (typically limited within 2 mm) and removal of the
carious and infected dentin is not sufficient to provide a predictable
outcome [29]. If the pulp is irreversibly inflamed, it has to be
partially or totally removed for improved treatment outcome. As we
don’t know the real pulp inflammation status, for better outcomes,
in present cases, the part of detached pulp tissues in the coronal
part were removed, what showed that they might be inflamed and
infected [30]. These case reports represented a successful coronal
pulpotomy in symptomatic and asymptomatic teeth with vital pulps
associated with periradicular lesions. After 12 and 24 months,
the preoperative periradicular lesions healed with a standard
periodontal ligament space and lamina-dura re-established. The
outcomes of the present cases reports were in consistent with the
previous studies [31]. Clinical and radiographic evidence of cases
showed the successful use of mineral trioxide aggregate for VPT of
mature teeth with vital pulps and signs of apical periodontitis.
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