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Abstract
BACKGROUND
[bookmark: OLE_LINK3833][bookmark: OLE_LINK3834]Type Ⅲb dens invaginatus (DI) with a lateral canal located at the mid-third of the root is rarely reported. Here, we report a rare case of type Ⅲb DI in the left upper anterior tooth with a lateral canal that led to persistent periodontitis.

CASE SUMMARY
[bookmark: OLE_LINK3340][bookmark: OLE_LINK3341]A 15-year-old female patient presented with a chief complaint of pain associated with recurrent labial swelling in the area of the left anterior tooth. A diagnosis of type Ⅲb DI and chronic periodontitis was made. Intentional replantation was performed after conventional endodontic treatment failed. After 6 mo, the patient was asymptomatic, but a sinus tract was observed. Cone-beam computed tomography images showed bone loss in the mesial of the mid-root. Based on methylene blue staining and microscopy images, the lateral foramen located at the middle third of the root was surgically treated. After 3 years of follow-up, the clinical findings and radiographic assessment presented a favorable prognosis of bone healing without root absorption or ankylosis.

CONCLUSION
Type Ⅲb DI with a lateral canal can be successfully treated by root canal treatment, intentional replantation, and surgical therapy.
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[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK41]Core Tip: Type Ⅲb dens invaginatus (DI) with a lateral canal located at the mid-third of the root is first reported. Here, we report a rare case of type Ⅲb DI in the left upper anterior tooth with a lateral canal that led to persistent periodontitis and it was successfully treated by a combination of root canal treatment, intentional replantation, and surgical therapy.

INTRODUCTION
Dens invaginatus (DI) is a dental developmental anomaly resulting from enamel enfolding into the dental papilla prior to calcification. DI occurs more often in permanent maxillary lateral incisors and less frequently in mandibular anterior and deciduous teeth[1]. Clinically, pits lined with enamel defects and dentin invaginated into the dental/teeth with DI are susceptible to caries due to microorganism accumulation, easily leading to pulp necrosis and periapical inflammation[2]. However, DI may be easily overlooked due to the absence of clinical signs of malformation.
[bookmark: OLE_LINK3342][bookmark: OLE_LINK3343]The most widely known classification of DI into three types was made by Oehler[3] in 1957 based on the extent of invagination from the crown into the root. Type III is the most complicated form due to the more extreme anatomical complexity. Type Ⅲa refers to invagination penetrating through the root and forming a lateral foramen as a pseudoforamen, while type Ⅲb refers to invagination extending through the root with an apical foramen. There is usually no communication with the pulp, which lies compressed within the wall around the invagination process. However, to our knowledge, this is the first report of a tooth of type IIIb DI infected via a lateral canal.
DI poses a great challenge in endodontic treatment due to the development of malformations with distortion of the teeth. Canal irregularities and invagination may prevent mechanical and chemical preparation. Due to the anatomic variations of the complex root canal morphologies, various treatment options have been proposed, including sealing of the invagination, root canal treatment, intentional replantation, periapical microsurgery, and extraction[4-6]. Here, we report a complex case of type Ⅲb DI with a lateral canal. After endodontic treatment, intentional replantation, and periapical microsurgery, the clinical findings and radiographic assessment presented a favorable prognosis of effective periapical healing at a 3-year follow-up assessment.

CASE PRESENTATION
Chief complaints
A 15-year-old female patient presented to the Department of Endodontics, Anhui Medical University, China with a chief complaint of pain associated with recurrent labial swelling in the area of the left anterior tooth for the past 6 mo. The patient reported that she had undergone endodontic treatment 1 mo earlier with symptom recurrence.

History of present illness
The patient presented to the Department of Endodontics, Anhui Medical University, China, with a chief complaint of pain associated with recurrent labial swelling in the area of the left anterior tooth for the past 6 mo. 

History of past illness
The patient reported that she had undergone endodontic treatment 1 mo earlier with symptom recurrence.

Personal and family history
The patient had a noncontributory personal and family history. 

Physical examination
Oral examination revealed fluctuating buccal swelling with a sinus at the apical area (Figure 1A). Tooth 22 showed an intact crown with a palatal access cavity (Figure 1B). Sensitivity to vertical percussion and negativity to palpation and electric pulp testing were observed, whereas the response of adjacent teeth was normal. The periodontal probing depths were within the normal range with slight mobility. Radiography showed an invagination of dentin lined by enamel into the pulpal space, expanded space in the middle of the teeth with a large periapical radiolucent lesion, and the presence of bone resorption (Figure 1C).

Laboratory examinations
The patient's blood test results were all normal. 

Imaging examinations
A cone-beam computed tomography (CBCT) scan showed invagination extending from the crown into the root with an apical foramen associated with a large periapical radiolucent lesion, which caused variation in the main root canal. A well-defined unilocular periapical radiolucent lesion was observed. Sagittal CBCT images showed that a loop-shaped chamber separated the main root canal (Figure 1D-G).

FINAL DIAGNOSIS
A diagnosis of type Ⅲb DI and chronic periodontitis was made. 

TREATMENT
Under rubber dam isolation, the temporary filling was removed, and access to the main and invaginated canals was completed. Pulp vitality in the main canal and dens invaginatus canal confirmed necrosis. The total length of the canals was estimated to be 19 mm, and the canals were then thoroughly prepared to apical size 30 by the crown-down technique with a NiTi file. A large volume of pale-yellowish fluid drained from the canal. Following thorough irrigation with 5.25% sodium hypochlorite (NaOCl), the root canals were dried with paper points, and calcium hydroxide paste was placed into the two canals (Figure 2A). The coronal access was sealed with a 3-mm-thick temporary restorative material. The patient was scheduled to return after 2 wk.

Intentional replantation
As endodontic therapy failed and the aberrant anatomic structure hampered adequate disinfection and obturation, the patient was informed that root canal retreatment could not clean out the infected pulp tissue clearly and obturation could not seal the pseudo canal tightly. Intentional replantation and surgical treatment were chosen as the next treatment. After discussing the risk and the financial cost, her parents chose to perform intentional replantation at the 2-wk follow-up appointment (Figure 2B). The patient received 500 mg amoxicillin and 400 mg ibuprofen 30 min before surgery and was instructed to rinse with 0.2% chlorhexidine gluconate solution. After local anesthesia, a minimal portion of tooth 22 was extracted without any fracture. The crown was held by saline-soaked wet gauze to keep the teeth moist and to minimize damage to the periodontal ligament (PDL) (Figure 2C). Under the dental operating microscope, the apex of the tooth was resected with a high-speed handpiece for 3 mm, and the foramen was clearly and deeply prepared by ultrasonic tips. iBoot BP (Innovative BioCeramix Inc., Vancouver, Canada) was placed to completely seal the retrograde cavity (Figure 2D). Then, the tooth was gently replanted into the socket and fixed by a wire and composite resin splint (Figure 2E). The extraoral times were limited to under 13 min. A radiograph was taken to confirm that the depth of iBoot BP was approximately 5 mm (Figure 2F). After the surgery was performed, amoxicillin (500 mg, 3 times per day) was administered for 3 d to prevent wound infection. The patient was instructed to maintain a soft diet and use a 0.2% chlorhexidine gluconate oral rinse for 2 wk.
Two weeks after the procedure, the patient returned, and the wire and composite resin splint were removed. After removal of the temporary restorative material under rubber dam isolation, calcium hydroxide paste in the root canals was cleared by ultrasonication. After drying the canals with paper points, the canals were fully obturated with gutta percha, and iRoot BP (Innovative BioCeramix Inc.) was performed using a vertical condensation technique. Subsequently, tooth 22 was restored using acid-etch and composite resin Z350 (3M ESPE, MN, United States).
Unfortunately, 6 mo later, the patient returned pain-free, but the swelling (sinus tract) in the buccal maxillary region reappeared (Figure 3A and B). A gutta percha point in the draining sinus revealed point tracking to a large periapical lesion associated with the mesial surface of tooth 22 (Figure 3C and D).

Surgical treatment
The patient refused the extraction and had a strong desire to preserve natural tooth 22. The patient and her parents agreed to perform endodontic microsurgery as a last resort to seal the lateral canal in the mesial of tooth 22. After local anesthesia, a full-thickness triangular mucoperiosteal flap was made to expose the mesial area of tooth 22. The root surface was stained with methylene blue to identify the lateral foramen. An L-shaped pit on the mid-root surface was observed, which was then prepared with an ultrasonic tip and obturated with iRoot BP (Figure 3E and F). The granulomatous tissues were curetted, and the surgical region was irrigated with 0.9% saline. Finally, the flap was repositioned and sutured. The sutures were removed after 2 wk.

OUTCOME AND FOLLOW-UP
At the 3-year recall evaluation, the patient had no painful symptoms. The radiograph image presented complete healing of the periapical lesion around the tooth root. Continuity of the periodontal ligament was observed, and intercortical bone had formed completely without any root resorption or ankylosis (Figure 4).

DISCUSSION
[bookmark: OLE_LINK6][bookmark: OLE_LINK3423][bookmark: OLE_LINK3424]Treatment for DI varies depending on the invagination type, anatomy of the canal, level of pulp involvement, and morphology of the apex. To our knowledge, this is the first report of an infection of type IIIb DI with a lateral canal resulting in the persistence of periapical damage. Microorganism contamination in the invagination easily inflames the pulp irreversibly and even causes pulp necrosis both in the main canal and the invagination canal, especially in patients with type III DI. In patients with type IIIa DI, endodontic treatment should be performed on the canals as if they were two independent canals[6]. In patients with type IIIb, some authors recommend removing the extremely large anomalous invagination using ultrasonic instruments and combining the two canals as one space to allow for complete and sufficient disinfection[7]. The removal of the single and large canal was followed by obturation with mineral trioxide aggregate in the apical third. However, the elimination of invagination severely compromised the strength of the tooth and increased the risk of tooth fracture. Martins et al[7] reported that three Fibercore posts were applied to the root canal to reinforce the thin root wall. In this reported case, the invaginated cavity occupied the center of the canal and adhered labially to the canal wall. Removal of the invaginated hard tissue was impractical. Such removal would cause a thin outer shell of dentine to remain, which may result in a poor prognosis.
Successful root canal treatment is based on the complete removal of all infections in the entire root canal system[8]. However, due to the anatomical impediments of type IIIb DI that restrict instrument cleaning and sufficient shaping, chemomechanical preparation cannot effectively eliminate all the infected tissues in the main canal or the invagination canal, including lateral canals and apical ramifications[9]. This would cause root canal treatment to occasionally fail, resulting in the persistence of periapical damage. Since a conventional root canal, as the first alternative, had already been initiated and failed in this patient, surgical endodontic or intentional replantation was the second treatment option instead of tooth extraction[10].
[bookmark: OLE_LINK3][bookmark: OLE_LINK3345][bookmark: OLE_LINK3344]Intentional replantation is defined as deliberate extraction of the teeth and visual endodontic manipulation followed by reinsertion back into the original socket. The advantages of intentional replantation are that the major procedure is performed visually and that it benefits inaccessible areas, including the morphological variation in type IIIb DI[11]. A recent systematic review demonstrated that the survival rate of intentional replantation was 90%[12]. In a retrospective study of ten cases of type IIIb DI with apical periodontitis treated by intentional replantation, the survival rate was 80%[13]. Due to its high survival rate, low invasiveness, and cost-effectiveness, intentional replantation is regarded as a reliable and viable treatment when root canal treatment fails. PDL is important for the success of intentional replantation. Yu et al[14] reported that PDL cells remained alive within 15 to 20 min, which was crucial for the ability of PDL cells to attach to the alveolus. In this patient, we limited the extraoral time to 13 min, leading to successful periradicular healing.
[bookmark: OLE_LINK9][bookmark: OLE_LINK4]Unfortunately, the sinus tract in the buccal maxillary region was noted at six recall evaluations. In the initial radiograph, we focused on the morphological variation of DI and periapical infection while ignoring the lateral infection caused by organisms in the lateral canal. Considering the patient’s wishes and with the aid of methylene blue staining, surgical treatment was attempted as the last resort to obturate the lateral canal. Lateral canals are accessory canals that usually extend vertically to the main canal. They are not easily visible in preoperative radiographs[9]. Ricucci et al[9] assessed 500 representative extracted teeth that were scanned by microcomputed tomography. The authors found that lateral canals occurred more frequently in the apical third of the root than in the middle of the root. The shape and tortuosity of the lateral canals may vary among different teeth. Most of the lateral canals were curved and not circular, as reported in this patient, which increased the complexity of the treatment. The median diameter of the lateral canals is 67 µm, while the diameter of the main canals is two to three times larger[15,16]. Therefore, apical periodontitis occurs far more frequently than lateral periodontitis.
[bookmark: OLE_LINK5][bookmark: OLE_LINK3427]Some studies have reported that periradicular inflammation has no relationship with unfilled lateral canals[17], and some authors have argued that an insufficiently obturated lateral canal can lead to endodontic treatment failure. This was attributed to the patency of the lateral canal and microbiological involvement[18]. Kim and Kratchman[19] recommended resecting at least 3 mm of apical root to eliminate 98% of apical ramifications and 93% of lateral canals that exist within 3 mm of the root end. However, in this patient, the foramen of the later canal was located at the middle third of the root. Therefore, removal of 3 mm of root end by surgical treatment would not have benefited lateral periodontitis healing. To our knowledge, this is the first report of a tooth of type IIIb DI infected via the lateral canal located at the middle of the root.

CONCLUSION
Type IIIb DI has a variety of atypical internal morphologic complexities, which presents a great challenge for treatment in the clinic. This reported case highlights the significance of awareness of type IIIb DI with a lateral canal in the middle of the root. This result indicated that complex type IIIb DI can be successfully treated by a combination of intentional replantation and surgical treatment when conventional endodontic therapy fails.
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[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Figure 1 Preoperative photograph of the left upper anterior teeth. A: Labial view showing an intact left lateral incisor with a sinus on the distobuccal aspect; B: Palatal view showing tooth 22 with an access cavity; C: Radiograph showing the presence of dens invaginatus (DI) associated with a large periapical lesion; D-F: Cone-beam computed tomography images: Transverse view showing radiolucency surrounding tooth 22 (D), coronal view showing a DI extending to the apex of the root (E), and sagittal sections showing DI with a large periapical radiolucency (F); G: Three-dimensional reconstruction indicating loss of labial cortical plate.
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[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Figure 2 Canal disinfection and intentional replantation. A: Radiographic image showing that tooth 22 was placed with hydroxide paste; B: Radiographic image of tooth 22 at the 2-wk recall; C: Tooth 22 was extracted, and the apex of the tooth was resected; D: Obturation of root canal space and retroseal of the apex with iRoot BP; E: Replantation of tooth 22 with a composite resin splint; F: Radiographic image of the replantation of tooth 22 (red arrow indicates the boundaries of the lesion).
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[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Figure 3 Intraoral examination after 6 mo and surgical treatment. A: Labial view showing the left lateral incisor with a sinus on the mesiobuccal aspect; B: Radiograph image showing enlargement of a large periapical radiolucency (red arrow) around the mid-root of tooth 22; C: A gutta percha was placed into the sinus of tooth 22; D: Radiograph of tooth 22 with a gutta percha point in the sinus tract; E: Surgical confirmation of the L-shaped pit on the mid-root surface (black arrow); F: Postoperative radiograph.
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[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Figure 4 Follow-up photographs and radiograph. A: Three-year recall labial view; B: Three-year recall palatal view; C: Three-year recall radiograph. The obturated lateral canal was visualized; D: Sagittal sections showing bony healing; E: Three-dimensional reconstruction indicating continuous bony plates.
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