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Abstract: Traditionally, immature teeth diagnosed with necrotic pulp and periapical periodontitis
were treated by apexification with long-term calcium hydroxide or in one session with mineral
trioxide aggregate (MTA) or Biodentine apical plug. However, these teeth become fragile and
susceptible to root fracture. Regenerative endodontic procedure is a new therapeutic approach that
promotes continuation of root growth in immature necrotic teeth potentially preventing root fracture.
Only few case reports have shown the success of this procedure on molar cases. The current case
report demonstrates a regeneration of a lower first molar with necrotic pulp and chronic apical
abscess treated with Micro Mega-MTA (MM-MTA), a new endodontic biomaterial that has not been
described previously. Calcium hydroxide was used as an intracanal medicament for two weeks.
Next, calcium hydroxide was removed and after blood clot creation, MM-MTA® was placed over it.
Apical healing and continuation of root growth were evident at nine months follow-up. CBCT at two
years follow-up confirmed apical closure and complete healing. This case shows that a regenerative
endodontic procedure for management of an immature necrotic permanent molar is feasible and can
be successfully done using Ca(OH)2 and MM-MTA.

Keywords: calcium hydroxide; Cone Beam Computed Tomography; immature necrotic permanent
tooth; MM-MTA; regenerative endodontic treatment

1. Introduction

Treatment of immature necrotic teeth is clinically challenging. Treatment options include
apexification procedures using of calcium hydroxide (Ca(OH)2) to induce formation of a calcific
barrier at the apex or placement of mineral trioxide aggregate plug (MTA) [1–4]. Both techniques
achieve clinical success but do not allow further root development, leaving the tooth susceptible to
fracture [4–6].

More recently, regenerative endodontic treatment (RET) presented as an alternative treatment
option that allows continued root formation and apical closure, following a successful disinfection of
the root canal [7–13]. Regenerative endodontics is defined as “restoration of tissue architecture and
biological function of damaged tissues by tissue similar to the original tissue” [14]. This treatment
usually begins with chemical disinfection of the canals. Abundant irrigation with ethylene diamine
tetra-acidic acid (EDTA) is the initial step. EDTA allows the release of the growth factors from dentin.
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The irrigation is followed by root canal dressing with triple antibiotic paste (TAP) or calcium hydroxide
(Ca(OH)2). Hemorrhage is then induced into the root canal to form a blood clot that provides growth
factors for the cells and acts as a scaffold [8,15]. The last step consists of sealing the canal orifice with
MTA or Biodentine, which allows the regeneration of new tissue adjacent to it. Finally, the permanent
coronal restoration is placed.

Ca(OH)2 has been successfully used for root canal disinfection before regenerative endodontic
procedures [16–18]. However, reports with Ca(OH)2 medication are limited, particularly in molar
teeth [19]. The use of MM-MTA a new endodontic biomaterial instead of MTA in molar teeth has not
been previously reported.

This case report describes a successful regenerative endodontic therapy performed on an
immature permanent molar with necrotic pulp and symptomatic apical periodontitis, using Ca(OH)2

as an intracanal medication and MM-MTA® (Micro Mega, Besançon, CEDEX, France) for coronal
sealing [20].

2. Case Presentation

Based on the institution’s guidelines, approval from the ethics committee is not required for
individual case description. A written consent has been obtained from the patient’s mother authorizing
the use of the medical information and imaging.

A healthy 7-year-old girl presented with a history of swelling and pain of the left side of the
mandibular region. Clinical examination showed dentin caries lesion on the mandibular left first
molar with notable localized swelling in the buccal mucosa. The cold test for the affected molar was
negative. The molar was extremely sensitive to percussion and palpation with class I tooth mobility.
Radiographic examination showed radiolucent periapical lesions adjacent to the distal and mesial roots
with immature wide open apices (Figure 1). A common diagnosis of pulp necrosis with symptomatic
apical periodontitis was made. After explaining all treatment options (apexification with MTA, RET),
risks and benefits, an informed consent was obtained from the patient’s parents and the decision was
to attempt RET with both Ca(OH)2 and MM-MTA.
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2.1. First Appointment 

The patient was very cooperative. The pulp chamber was accessed after local anesthetic injection 
with 3% mepivacaine (Septodont, CEDEX, Saint-Maur-des-fosses, France) without vasoconstrictor 
and rubber dam isolation. Each root canal orifice was gently irrigated with 10 mL of 2.5% sodium 
hypochlorite (NaOCl) without any instrumentation followed by 5 mL of 20% EDTA (Pulpdent, 
Watertown, MA, USA) activated with EndoActivator (Dentsply Tulsa Dental, Tulsa, OK, USA) for 1 
min in the coronal third. NaOCl and EDTA were delivered via a 27-gauge closed ends and side vents 
positioned approximately 1–2 mm below the root canal orifice. Ca(OH)2 powder (Merck, Darmstadt, 
Germany) was mixed with sterile water in a 3:1 ratio to produce a thick, homogeneous paste. The 
mixture was placed in the pulp chamber and was loosely packed into the coronal portion of the root 

Figure 1. (A) Preoperative radiograph. (B) Placement of Ca(OH)2 in the pulp chamber. (C) Postoperative
radiograph after root canal disinfection, bleeding induction, placement of MM-MTA over blood clot,
placement of coronal restoration.

2.1. First Appointment

The patient was very cooperative. The pulp chamber was accessed after local anesthetic injection
with 3% mepivacaine (Septodont, CEDEX, Saint-Maur-des-fosses, France) without vasoconstrictor
and rubber dam isolation. Each root canal orifice was gently irrigated with 10 mL of 2.5% sodium
hypochlorite (NaOCl) without any instrumentation followed by 5 mL of 20% EDTA (Pulpdent,
Watertown, MA, USA) activated with EndoActivator (Dentsply Tulsa Dental, Tulsa, OK, USA) for
1 min in the coronal third. NaOCl and EDTA were delivered via a 27-gauge closed ends and side
vents positioned approximately 1–2 mm below the root canal orifice. Ca(OH)2 powder (Merck,
Darmstadt, Germany) was mixed with sterile water in a 3:1 ratio to produce a thick, homogeneous
paste. The mixture was placed in the pulp chamber and was loosely packed into the coronal portion of
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the root canals with moist cotton pellets (Figure 1). The access cavity was sealed with Cavit (3M Espe,
St. Paul, MN, USA).

2.2. Second Appointment

After 3 weeks, the patient came for treatment completion. Clinical examination revealed no pain
to percussion/palpation and no soft-tissue swelling. The tooth was similarly anesthetized with 3%
mepivacaine (Septodont, CEDEX, Saint-Maur-des-fosses, France) without vasoconstrictor to facilitate
bleeding, and isolated with a rubber dam, and reaccessed. Ca(OH)2 paste was removed with copious
distilled water. Root canals were irrigated with 5 mL of 20% EDTA for 5 min followed by a 10 mL
sterile saline. Apical bleeding was induced by gentle irritation with #15 K-files (Dentsply Maillefer,
Ballaigues, Switzerland). The file was placed a few millimeters beyond the apical foramen and bleeding
was induced up to 3 mm from the cemento-enamel junction (CEJ). After formation of the blood clot,
MM-MTA (Micro-Mega, Besançon CEDEX, France) was prepared according to the manufacturer’s
instructions and was gently adapted over the blood clot. The tooth was sealed with glass ionomer
cement (Glasionomer FX-II; Shofu Inc., Kyoto, Japan) to allow the MM-MTA to set. After twenty
minutes, the glass ionomer was removed and the access cavity was restored using resin composite
(Z350; 3M ESPE, St. Paul, MN, USA) (Figure 1).

2.3. Follow Up

In the 3, 9, 12 and 24-month follow-ups, the tooth was asymptomatic. Clinical examination
showed physiological mobility and absence of sensitivity to percussion and palpation. The follow-up
radiographs revealed complete periapical healing in the mesial and distal roots at 9 months, with apical
closure as well as significant increase in root length and dentin thickness at 12 months. Cone-beam
computed tomography (CBCT) (Carestream, CS8100) with a small field of view (FOV) was used at
24 months to assess radiographic changes after regenerative endodontic procedures, allowing for axial
and oblique views of the roots and bone (Figures 2 and 3).
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3. Discussion

This case highlights the potential of the regenerative endodontic technique for treatment of
immature necrotic permanent molar using Ca(OH)2 and MM-MTA. Key factors for a successful
outcome are careful case selection and the choice of medications for disinfection and sealing.

In young children and with a large apical diameter greater than 1mm radiographically, RET
shows better results compared to apexification [21,22]. Therefore, RET was the procedure of choice.
No instrumentation was performed in the present case. Instrumentation is contraindicated in regenerative
endodontic procedure based on the 2016 guidelines by the American Association of Endodontists [23].
The root dentinal walls are so thin and susceptible to fractures by any instrumentation. In addition,
the formation of a smear layer can occlude the dentinal walls and tubules [13].

Disinfection of the root canal system was accomplished with 10 mL NaOCl irrigation (2.5%).
A concentration of 2.5% of NaOCl has shown to be effective on necrotic and organic tissues and has an
antimicrobial effect. Higher concentrations of NaOCl are not recommended due to cytotoxicity on the
stem cells of the apical papillae (SCAP) [24,25].

Ca(OH)2 has been used as the intra-canal medication to prevent infection and improve root
length and wall thickness as shown by Bose et al. [18]. A study by Althumairy et al. [26] showed a
higher survival rate for the SCAP when dentine was exposed to Ca(OH)2 compared to the lowest
recommended concentration of TAP (0.1 mg/mL). Furthermore, in many of the case reports where the
TAP was used, allergies and tooth discoloration have been reported.

The liberation of growth factors from the dentinal matrix is essential for the differentiation of the
stem cells. EDTA is a chelating agent that demineralizes the dentin, which results in the liberation of
these growth factors. In addition, the lower survival rate of SCAP due to the use of NaOCl can be
reversed by using 20% EDTA [24,25].

In most RET case studies, MTA is used as the coronal sealant. The sealing properties and excellent
biocompatibility of MTA make it the material of choice for clot protection [27–30]. MM-MTA® is a
novel product that has similar benefits and properties like MTA. MM-MTA® is composed primarily
of Portland cement and bismuth oxide such as other MTA products. MM-MTA® contains calcium
carbonate and a chloride accelerator. These additives result in a shorter setting time (20 min) when
comparing it to other MTA products [31]. In terms of biocompatibility, MM-MTA® proved to be similar
to MTA: either showed no or very limited toxic effects in vitro and similar biocompatibility in vivo [32].
A recent study showed that the three inductive biomaterials MTA, Biodentine and MM-MTA® did not
exhibit a cytotoxic effect on the human bone marrow stem cells and all materials stimulate osteogenic
differentiation of human bone marrow stem cells [33].

Radiographic outcome using 2D images is in accordance with the reports of Chueh et al. [9]
showing resolution of apical radiolucency within 3–21 months (mean = 8 months) and “nearly normal”
root development 10–29 months (mean = 16 months) after REP. The most accurate method for the
assessment of root development is 3-dimensional (3D) imaging because the root development occurs in
a 3D pattern. Data on 3D assessment of root development after RET in immature teeth are very limited.
Although CBCT scanning may expose the patient to higher levels of radiation, it can be used in a small
FOV while providing the additional radiographic information needed. In this case, no preoperative
CBCT images were taken. CBCT images at 24 months showed complete periapical healing and closure
of the apical foramen on both mesial canals and distolingual canal. The distobuccal canal presented a
resolution of the apical lesion without complete apical closure.

4. Conclusions

This case shows that regenerative endodontic technique for management of an immature necrotic
permanent molar is feasible and can be successfully done using Ca(OH)2 and MM-MTA. Future clinical
trials comparing RET with Ca(OH)2 in molar teeth to the traditional apexification techniques are needed
to understand better the effect of RET on periapical healing in molar teeth.
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