Guided endodontics: a case report of maxillary lateral incisors with multiple dens invaginatus
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Abstract
Navigation of the main root canal and dealing with a dens invaginatus (DI) is a challenging task in clinical practice. Recently, the guided endodontics technique has become an alternative method for accessing root canals, surgical cavities, and calcified root canals without causing iatrogenic damage to tissue. In this case report, the use of the guided endodontics technique for two maxillary lateral incisors with multiple DIs is described. A 16-year-old female patient was referred with the chief complaint of pain and discoloured upper front teeth. Based on clinical and radiographic findings, a diagnosis of pulp necrosis and chronic periapical abscess associated with double DI (Oehler's type II) was established for the upper left lateral maxillary incisor (tooth #22). Root canal treatment and the sealing of double DI with mineral trioxide aggregate was planned for tooth #22. For tooth #12 (Oehler's type II), preventive sealing of the DI was planned. Minimally invasive access to the double DI and the main root canal of tooth #22, and to the DI of tooth #12, was achieved using the guided endodontics technique. This technique can be a valuable tool because it reduces chair-time and, more importantly, the risk of iatrogenic damage to the tooth structure.
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INTRODUCTION
Dens invaginatus (DI), an enamel-lined developmental malformation, occurs as an invagination in the surface of the crown during tooth development [1]. The exact aetiology of DI remains unclear. However, genetic factors, trauma, infection, focal growth retardation/acceleration on the tooth bud, and restriction of the dental arch on the enamel organ are considered to be causal elements [234].
DI is usually detected accidentally on a radiograph. Clinically, a deep foramen coecum and abnormal crown morphology can be the first sign of an invaginated tooth [4]. Oehler [5] suggested the following classification: type I, an enamel-lined minor invagination occurring within the crown and not extending beyond the cemento-enamel junction; type II, an enamel-lined invagination extending into the root, beyond the cemento-enamel junction, and terminating as a blind sac; type III, invagination penetrating through the root to form an additional apical or lateral foramen [6].
Recently, guided endodontics has gained popularity in the management of calcifications [7], anomalous tooth [8], dens evaginatus [9], access cavity preparations in the normal tooth [10], and micro-endodontic surgical procedures [11]. In the guided endodontics technique, a digital impression is taken and is superimposed onto cone-beam computed tomography (CBCT) data. A path for the drill is created, and a guide is designed to access the root canal using computer-aided design software. Finally, using a 3-dimensional (3D) printer, the guide is printed. The guided endodontics technique can reduce iatrogenic damage to the tooth while obtaining access to the main root canal or the DI, and can decrease the duration of the treatment [1213141516]. The purpose of this case report is to describe the use of the guided endodontics technique for 2 lateral incisors with multiple DI.

CASE REPORT
A 16-year-old female patient was referred to the Department of Conservative Dentistry and Endodontics, with the chief complaint of pain and 2 discoloured teeth in the upper front tooth region. The patient was classified as score I according to the American Society of Anaesthesiologists physical status scoring system. The patient reported an intermittent purulent discharge from the gingival sulcus of teeth #21 and #22, starting approximately 1 year ago. The patient had visited the dentist 3 days previously with a complaint of extraoral swelling, and was offered emergency pain management with the initiation of endodontic treatment of tooth #21. A clinical examination revealed a prepared access cavity in relation to tooth #21 and discoloured maxillary left central (tooth #21) and lateral (tooth #22) incisors. The clinical crown of tooth #22 showed an increased labio-lingual dimension, and 2 deep palatal pits were found on tooth #22. There was also a deep palatal pit on tooth #12. Teeth #21, #22, and #23 did not respond to an electric pulp test (Analytic Pulp Tester; Analytic Technology Corp., Richmond, VA, USA) and a thermal test (Pulper G; C Corporation, Tokyo, Japan). However, tooth #12 responded. Teeth #21 and #23 had wide carious lesions. An initial periapical radiographic examination of teeth #12 and #22 revealed abnormal morphology, with an invagination that appeared narrow and enamel-lined, extending to the middle third of the root and a periapical radiolucency in relation to teeth #21, #22, and #23. However, there were 2 bulb-like enamel-lined structures noted, of which one was superficial and other extended to the middle third of the root in relation to tooth #22 (Figure 1A). Based on the clinical and radiographic findings, a diagnosis of pulp necrosis and chronic periapical abscess associated with double DI (Oehler's type II) was established for tooth #22. Root canal treatment and sealing of the double DI with mineral trioxide aggregate (MTA) was planned for tooth #22 (Figure 2). Tooth #12 had one DI (Oehler's type II) without symptoms or signs. Consequently, preventive sealing of DI on tooth #12 was decided upon (Figure 3A).
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Figure 1 Representative radiographic images of the case. (A) Radiographic view of tooth #22 revealed a large periapical lesion, double dens invaginatus (DI), and a large root canal. (B) A cone-beam computed tomography image revealed that the double DI corresponded to a superficial one and a deep one extending to middle third of the root. (C) After sealing of the double DI and obturation of the root canal.
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Figure 2 Radiographic and clinical images illustrating access to main canal and double dens followed by sealing of double dens with MTA. (A) Path of the bur to the deeply seated dens invaginatus (DI). (B) Path of the bur to the superficial DI. (C) Path for the bur to the main root canal. (D) Preparation of the DIs. (E) Sealing of the DIs with mineral trioxide aggregate. (F) Access to the main root canal of tooth #22.
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Figure 3 Illustrations showing the Guided prophylactic management of dens invaginatus (A) Tooth #12 with one dens invaginatus (DI). (B) Path of the bur. (C) Clinical view of guided access to the DI only. (D) Mineral trioxide aggregate obturation of the DI cavity. (E) Immediate radiographic view after the procedure. (F) One-year follow-up.

With consent of the patient, a CBCT (Carestream 9300; Carestream Health, Rochester, NY, USA) scan with a constant thickness of 0.65 mm per slice, and with exposure parameters of 84 kV, 6.0 mA, and 12 seconds, was taken of the area of interest. The scan revealed the presence of a periapical radiolucency larger than that revealed by the conventional radiograph (Figure 1B). The axial scan images demonstrated no communication with the main root canal.
Due to the difficulty and potentially high risk of iatrogenic damage to the tooth structure, 3D-printed guides were designed to aid the preparation of the access cavity and the DI cavities. Impressions were taken to obtain a study model of the maxillary teeth. An AutoScan-DS200 Dental 3D Scanner (Shining 3S Tech Co. Ltd., Hangzhou, China) was then used to obtain a stereolithography file of the arches to be used in computer-assisted designs of the splints. The 3D implant planning software (exocad Asia Ltd., Tsim Sha Tsui Kowloon, Hong Kong) was used to design the splints (Figure 4A and 4B) and a 3D printer (Formlabs Inc., Somerville, MA, USA) was used to fabricate the guides (Figure 5A–5D). Paths for the bur were created in order to maintain straight-line access up to the root canal and the DIs (Figures 2A–2C and 3B). The guides were made using dental SG resin (Formlabs Inc.). The length and the diameter of the guiding cylinder were 5 mm and 1.3 mm, respectively. We selected a MI-45F diamond bur (Mani Inc., Tokyo, Japan) with a length of 19.2 mm and a bur head diameter of 1 mm. We chose the milling depth on the basis of the CBCT images, ensuring access to the double dens part, the main root canal of tooth #22, and the dens part of tooth #12.
[image: Figure 4]
Figure 4 Illustration depicting 3-dimensional (3D) printed guide. (A) The 3D endodontic guide 1 design for the deeper dens invaginatus (DI) on tooth #22 and the DI on tooth #12. (B) The 3D endodontic guide 1 in the mouth. Arrows indicates the guide for tooth #12.
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Figure 5 Three guides for tooth #22. The images shown in 5A-5C were rotated to make each canine tooth parallel (blue line). (A) 3D endodontic guide planning for the superficial dens invaginatus (DI) on tooth #22 (yellow line demonstrates the direction of access). (B) The 3-dimensional (3D) endodontic guide planning for the deeper DI on tooth #22 (green line demonstrates the direction of access). (C) 3D endodontic guide planning for the main canal (red line demonstrates the direction of access). (D) Comparison of the direction of each access.

Before placing the guides, multiple teeth were isolated using a rubber dam (Hygenic, Coltene Whaledent Inc., Akron, OH, USA). The 3D guide was placed on the maxillary teeth. Following access to the area of invagination using the guide for teeth #12 and #22, white MTA (ProRoot MTA; Dentsply Tulsa, Tulsa, OK, USA) was placed into the DI cavities (Figure 2D and 2E). MTA was chosen because of its superior tightness properties. The MTA was placed and ultrasonically activated with an Ultra-X device (Eighteeth Medical Technology Co. Ltd., Jiangsu, China), and after wet cotton placement, the teeth (#12 and #22) were temporized. The next day, the cavity was sealed with glass ionomer cement (tooth #22) (Vitrebond; 3M ESPE, Seefeld, Germany) and composite resin (tooth #12) (3M ESPE Dental Products, St. Paul, MN, USA) (Figure 3C–3E).
Using the guide, access was established to the main canal of tooth #22 (Figure 2F). Straight-line access was planned to the main canal, as labial access to the main canal enables the preservation of tooth structure. The root canal was negotiated with a size 15 K-file (Dentsply Maillefer, Ballaigues, Switzerland). The working length was determined using an apex locator (e-pex pro; Eighteeth Medical Technology Co. Ltd.) and was confirmed radiographically. Rotary instrumentation was performed with NiTi instruments (NeoNiti; Neolix, Châtres-la-Forêt, France) and K files up to a size 60. The canals were irrigated with 3% sodium hypochlorite (Novo Dental Product Pvt Ltd., Mumbai, MH, India) and saline, and dried with paper points. Calcium hydroxide paste was placed as an intracanal medicament. The tooth was temporized using Cavit G (3M ESPE) and the patient was recalled after a period of 1 week.
At the next appointment, the calcium hydroxide paste was removed using ultrasonically-activated 5% ethylenediaminetetraacetic acid. MTA was placed in the main root canal of tooth #22 and temporized (Figure 6A). The next day, the access cavity was restored with Filtek-Z250 composite resin (3M ESPE Dental Products) and conventional endodontic management of teeth #21 and #23 was completed (Figures 1C and 3E).
[image: Figure 6]
Figure 6 Intraoral periapical radiographs. (A) Immediate postoperative radiograph taken of tooth #22. (B) Radiographs taken at the follow-up visit (1 year later) showed regression of the periapical lesion in relation to tooth #22.

Radiographs taken at the follow-up visit showed regression of the periapical lesion in relation to teeth #21 and #22 (Figure 6B). Tooth #12 showed stable clinical parameters (Figure 3F).

DISCUSSION
Recently, the field of endodontics has begun to undergo an era of digitalization, as in other branches of dentistry. The guided endodontics technique is now applicable and increasingly used by clinicians. The guided endodontics technique was first described by Krastl et al. [17], who presented its use for teeth with pulp canal calcification that required root canal treatment. Up to the present, the technique has been used in a wide variety of cases in endodontics, such as calcification [718], dens evaginatus [9], an anomalous tooth [8], access cavity preparations [10] and micro-endodontic surgical procedures [11]. The present report is the first case report describing the use of the guided endodontics technique in two lateral incisors with multiple DIs.
The structural variations associated with DI make it difficult to undertake endodontic treatment. Endodontic treatment of a tooth with DI should only be initiated when the tooth presents relevant signs and symptoms [19]. According to the American Association of Endodontics (AAE) Endodontic Case Difficulty Assessment Guidelines [20], treating a tooth with DI is considered as being of high difficulty in endodontic practice. Management of a tooth with DI is expected to be difficult for even the most experienced clinicians. Furthermore, 3D navigation of DI and the main root canal while minimizing iatrogenic damage to the tooth structure is both time-consuming and challenging. Thus, conventional endodontic access can lead to iatrogenic damage to the tooth structure, resulting in an increase in treatment duration. In the present case report, tooth #22, which required endodontic treatment, had double DI, and tooth #12 had one DI. The aid of a 3D-printed guide facilitated the procedure.
The time needed to plan, design, and manufacture the guide was relatively long. However, the reduction in the duration of the treatment compensated for this. The possibility of iatrogenic damage to the tooth structure was also eliminated. After protocols are established, the planning period can be further shortened. A further advantage was that the use of a guide facilitated localization of the DI and the root canal, thereby making the root canal treatment easier [7].
If there are no teeth adjacent to the endodontic treatment-requiring tooth, the access cavity preparation must be prepared without rubber-dam isolation [16]. One of the strengths of this case report was that all the procedures were performed under rubber-dam isolation. Isolation of multiple teeth is needed to support the guide. A disadvantage of the guide is the limited visualization of the treatment under the guide. Thus, it may be necessary to disassemble the guide intermittently to ensure that the appropriate path is still being followed [318].

CONCLUSION
Minimally invasive access to both the DI and the main root canal was achieved in the teeth being treated using the guided endodontics technique. This technique can be a valuable tool for negotiation of the DI and the main root canal, reducing chair-time and, more importantly, the risk of iatrogenic damage to the tooth structure.
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