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Abstract
BACKGROUND
Endodontic-periodontal lesion is a commonly encountered dental condition. However, the prognosis of the condition varies from good to poor. Some cases are associated with a poor prognosis that requires tooth extraction. This report presents a case of an endodontic-periodontal lesion in a tooth that was successfully treated by root canal treatment. 

CASE SUMMARY
A 51-year-old female patient with no medical history complained about persistent pain and discomfort in her left mandibular first molar. Clinical examination showed the left mandibular first molar with poor restoration. It was also associated with underlying necrotic pulp and periodontal involvement. Radiographic examination revealed visible bone defects in the apical and periodontal areas. Based on the findings, the patient was diagnosed with a primary endodontic lesion. A root canal treatment for the endodontic lesion was performed. The patient received a coronal all-ceramic endocrown restoration. A follow-up was arranged to check the prognosis. At the 3 mo follow-up, the clinical and radiography evaluations showed complete disappearance of signs and symptoms and an increase in the radiopacity of the root area.

CONCLUSION
Despite the poor prognosis associated with many endodontic lesions, this case report highlights that a good prognosis is still possible for an endodontic lesion with apical and periodontal bone loss. In this case, it was achieved via successful root canal treatment without the need for periodontal or surgical intervention. 
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Core tip: We present a case of an endodontic-periodontal lesion in a tooth that was successfully treated by root canal treatment. Sufficient knowledge about the diagnosis, treatment strategies, and intervals of treatment of the endodontic-periodontal lesion is essential to obtain the best outcomes in a short period with a conservative and minimally invasive procedure.


INTRODUCTION
Endodontic-periodontal disease refers to lesions that inflict both pulpal and periodontal tissues of a tooth. Due to the underlying anatomy, the pulpal and periodontal tissue structures are closely connected via three pathways. The main channels of communication between the pulpal and periodontal structures are dentinal tubules, lateral and accessory canals, and apical foramen[1]. The relationship between endodontic and periodontal diseases was first described by Simring and Goldberg[2] in 1964. Currently, there is a common consensus among clinicians that bacterial infections are the main etiology of endodontic-periodontal disease[3]. The bacteria can penetrate the periodontal tissue and the root canal system in different manners. The main access route between the pulpal and periodontal tissues for the microorganism is the root end foramen. Apart from that, other parts of the root canal system such as the abovementioned dentinal tubules, lateral canals, and accessory canals or foramen can also act as the medium of contamination for the bacterial byproducts[4,5]. The presence of pulp exposure, caries, and periodontitis may aggravate the development of bacterial infection. The failure to treat the lesions and achieve a completely disinfected and sealed root canal may enable the remaining bacteria to develop further endodontic-periodontal disease or endodontic reinfection[6-8]. Additionally, the presence of vertical root fractures or root cracks may create a communication channel that links the pulp system to the surrounding periodontal tissue. When this happens, previous periodontal inflammation may spread to the surrounding areas, subsequently resulting in pulp necrosis[9]. 
Based on the underlying pathological origin, an endodontic-periodontal lesion can be classified as a primary endodontic lesion, a primary periodontal lesion, a primary endodontic lesion with secondary periodontal involvement, a primary periodontal lesion with secondary endodontic involvement, or combined lesions[10]. It is important to achieve an optimal diagnosis via careful history-taking, intra-oral, and extra-oral examinations, and application of individual tests to ensure the treatment success of such lesions. In this case report, we described the comprehensive diagnosis and treatment planning for the management of an endodontic-periodontal lesion of endodontic origin.

CASE PRESENTATION
Chief complaints
A 51-year-old female patient with no medical history presented to the Endodontic Department of Jilin University Stomatological Hospital with a complaint of persistent painful swelling at the left mandibular posterior buccal area. 

History of present illness
Upon history-taking, she revealed that she underwent a tooth-filling procedure on the left mandibular posterior area 10 years ago. For the past 3 mo, she had been experiencing slight pain, discomfort, and swelling over the affected area. She took a type of anti-inflammatory drug, and the pain decreased. She was unsure of the type and dosage of the drug she took. However, for the past 1 mo, the pain and swelling recurred. It was worse in severity and not relieved by the same anti-inflammatory drug she took before.

History of past illness
She had no significant medical history. 

Physical examination
The external examination of the face and palpation for lymphadenopathy did not show any significant abnormality. However, a composite resin restoration in the left mandibular first molar (tooth #36) was detected upon the intraoral examination. There was no response on the pulp vitality test, but the patient complained of obvious pain upon percussion. Furthermore, there was slight gingival congestion and swelling at the buccal area of tooth #36 with exudate extrusion upon the application of pressure. The periodontal examination showed a pocket of 6 mm depth in the mesiobuccal (MB) aspect of tooth #36, with a grade I tooth mobility. The intraoral examination also reveals a fair oral hygiene status with no signs of trauma or malocclusion. 

Laboratory examinations
No laboratory tests.
Imaging examinations
The preoperative radiograph (Figure 1A) revealed an occlusal filling close to the pulp cavity in tooth #36. A large area of radiolucency in the apical area was observed along the periodontal lining. It was associated with a bifurcation involvement. Cone beam computed tomography (CBCT) imaging showed that the apical, periodontal, and root bifurcation areas were all connected. Furthermore, a high level of resorption of the buccal bone plate in the tooth #36 region (Figure 2).

FINAL DIAGNOSIS
Based on the clinical and imaging examination, a final pupal diagnosis of pulp necrosis and chronic apical periodontitis of tooth #36 was made, while the periodontal status was apical, bifurcation and buccal bone resorption at the #36 tooth area associated with 6 mm mesiobuccal depth pocket. The case was classified according to endodontic-periodontal lesions classification, as a primary endodontic lesion. The periodontal involvement was secondary to the endodontic one, and may also cure after the root canal treatment success. In view of the periodontal involvement on top of the endodontic lesion, the patient was counseled for root canal treatment. 

TREATMENT
A non-surgical root canal treatment was proposed. The treatment plan was discussed with the patient and based on her condition, the treatment plan was developed and is shown in Figure 3. The patient provided written informed consent in accordance with the bioethical guidelines of the hospital. Before the procedure, local single tooth anesthesia (STA) of 2% lidocaine with 1:100000 epinephrine was applied using the electronic STA Wand System (Milestone Scientific, Livingston, NJ, United States). After rubber dam isolation, the old restoration and decayed tooth tissue were removed, and an appropriate access cavity was refined using a Diamond stone (NTI flex; Kavo Kerr Dent, Berlin, Germany) adapted on high-speed dental handpiece (Sirona T3; Sirona Dental Systems, Bensheim Germany). The coronal pulp tissue was excavated. Using the DG16 endodontic explorer (Hu-Freddy, Chicago, IL, United States) under the dental operating microscope (Leica M320 F12; Lecia Microsystems, Singapore), the detection of four root canal orifices were performed (MB, mesiolingual [ML], distobuccal [DB], distolingual [DL]). The working length was determined using an electronic apex locator (Propex II; Dentsply Maillefer, Ballaigues, Switzerland). The canals were initially instrumented using the ISO 10 K hand file (Dentsply Maillefer). A glide path preparation was done using rotary path file instruments (Pro-Glider; Dentsply Maillefer) adapted on the endodontic micromotor (X-SMART Plus; Dentsply Maillefer). The final instrumentation of the canals was performed using Nickel-titanium rotary instruments (Protaper Next, Dentsply Maillefer) up to size 25 in the MB/ML canals, and up to size 30 in the DB/DL canals. The irrigation was done using 30-gauge needle (NaviTip; Ultradent, South Jordan, UT, United States) and 5.25% sodium hypochlorite (Beyond Technology Corp., Beijing, China). Passive ultrasonic irrigation activation of the 5.25% sodium hypochlorite was applied using ultrasonic tip (Irrisafe; Acteon, Merignac Cedex, France) that was adopted on a piezoelectric ultrasonic unit (P5 Newtron XS; Acteon, Merignac Cedex, France). It was followed by 17% EDTA (Canal Pro, Coltene/Whaledent, Cuyahoga Falls, OH, United States) irrigation and activation and 0.9% sodium chloride (China Otsuka Pharmaceutical Co., Ltd., Tianjin, China) as the final rinse. Canals were dried with absorbent paper points (Dentsply Maillefer) and temporized with non-setting calcium hydroxide (Pulpdent Corp., Watertown, MA, United States) and the coronal cavity was temporized with glass ionomer filling (Ketac Fil plus; 3M Espe, Seefeld, Germany) to be observed during follow-up. The patient was given a prescription for anti-inflammatory drugs with instructions to take for pain only if needed and to inform the doctor immediately in case of discomfort.
During the 2 wk follow-up, the patient reported that all the symptoms had resolved. On examination, the gingival tissue showed proper healing and a normal response to percussion, and the root canals did not show any exudation. Recapitulation and irrigation of the canals were done. Gutta-Percha cones (Dentsply Maillefer) fitting and confirmation of the working length were performed with a periapical radiograph (Figure1 B). By applying absorbent paper points that matched the final root canal preparation size, the canals were dried. Continuous-wave compaction (Gapadent, Tianjin, China) with AH Plus sealer (Dentsply Maillefer) was used for canal obturation. The access cavity was temporized with glass ionomer filling. Finally, a post obturation periapical radiograph was taken for obturation confirmation (Figure 1C).

OUTCOME AND FOLLOW-UP
After 3 mo of observation, the patient remained asymptomatic. A repeated periapical radiograph showed bone reposition in the apical and root bifurcation areas (Figure 1D). The periodontal examination showed decreased probing depth in the mesiobuccal aspect to 4 mm, with absence of tooth mobility. Next, Endocrown, an all-ceramic crown, was performed for the final coronal restoration (IPS e-max CAD; Ivoclar Vivadent, Schaan, Liechtenstein) using the chairside CAD-CAM technology (CEREC; Dentsply Sirona, York, PA, United States). Following the final restoration, her discomfort was alleviated, and she was satisfied by the final result.

DISCUSSION
The endodontic-periodontal lesion is a complicated disease entity that can be challenging for clinicians to diagnose and treat. The lesion might be difficult to diagnose. Often, the prognosis of the affected tooth is poor if not properly managed. According to Kim et al[11], even by using an operating dental microscope during the treatment, endodontic-periodontal lesions often have a lower success rate than isolated endodontic lesion. In endodontic-periodontal lesions, the pulpal and periodontal tissues are mainly connected through the apical foramen. Thus, any pulpal inflammation may extend from the apical foramen into the periapical tissue. This typically results in local periapical inflammation that is associated with bone resorption[12]. Other studies have found that the accessory canals in the furcation area of the multirooted tooth can act as communication channels[1,13]. Nevertheless, the effects of periodontal diseases on the pulpal tissues have not been clearly delineated. In a previous study, there were no changes to the pulpal tissues before the periodontal inflammation spread the root apex[14]. Similarly, other studies have reported no severe effects in the pulp in most periodontal diseases unless there were communication channels created from the recession and exposure of the lateral accessory canals[15,16]. 
In the management of endodontic-periodontal disease, proper diagnosis is critical to ensure treatment success and favorable long-term prognosis. Accurate classification of the lesion is the first step in helping the clinicians to design the most appropriate treatment strategy. To achieve an optimal diagnosis, proper history taking must be performed to determine the most accurate diagnosis based on the disease characteristics. The diagnosis of endodontic-periodontal lesions should be based on a combination of history taking from the patient, clinical evaluation, and radiographic examination. In addition, special tests such as vitality tests, percussion, mobility, and periodontal probing should be performed on the infected tooth after removal of the defective restorations. These are essential diagnostic tests aimed at differentiating between pulpal and periodontal diseases[17]. 
The first step of clinical evaluation in endodontic-periodontal disease involves the examination of the infected tooth vitality. While the pulp vitality status can be estimated by direct viewing, the actual histological status of the pulp cannot be determined completely in this way[18]. For this patient, the presence of defective occlusal restoration and the absence vitality of the affected tooth suggested an endodontic involvement. Periodontal examination of tooth #36 displayed a narrow pocket of 6 mm depth mesiobuccally. This pocket acted as a sinus tract for the drainage of the pulp exudates. Otherwise, the periodontal examination did not show any other significant abnormality. There was also no premature contact of the occlusal surface with the infected tooth, thus indicating that the lesion was of an endodontic origin. Such lesions usually have a better prognosis following the root canal treatment. Furthermore, a previous study reported that the sinus tract extending through the gingival sulcus or the furcation area might disappear in the early stage after disinfection, shaping, and obturation of the root canals[19].
Following clinical evaluation, a radiographic examination should be performed. A two-dimensional periapical technique can show the extension of the radiolucency area around the roots of the tooth. Nevertheless, the sole use of the periapical radiograph cannot determine whether the lesion is of an endodontic or periodontal origin. It must be combined with other clinical modalities to confirm the diagnosis. For example, the CBCT radiographic imaging is often used to obtain an accurate diagnosis before deciding on the best treatment plan[20]. In this case, the CBCT imaging showed extensive bone destruction at the buccal aspect of the affected tooth, indicating a poor prognosis. However, it is possible for lesions with endodontic origin to resolve completely after the removal of the infection source. During the treatment for a lesion with an endodontic origin, the application of intracanal non-setting calcium hydroxide medication was recommended. Calcium hydroxide has good antibacterial activity, and biocompatibility[21] and its application after the root canal procedure could inactivate any exotoxins by hindering the increase in cytokine chemical inflammatory mediators. It could also inhibit any post-penetration preapical inflammation[22-24]. In this patient, the root canal preparation was done with irrigation of sodium hypochlorite and EDTA, followed by a non-setting calcium hydroxide temporization. 
During the follow-up, the outcome of the procedure was favorable. There was an acceptable healing process. The patient’s initial complaints had resolved. The clinical examination showed improvement in the gingival status and a decrease in the secretion of sinus tract exudates. Therefore, the obturation procedure of the root canals could be done safely by performing a successful root canal disinfection and preparation. During the patient’s post-obturation follow-up, significant healing could be detected in the gingival area. The follow-up radiographs showed bone deposition in the affected area, as evidenced by the reduced area of radiolucency. Based on this, it was decided that a final coronal restoration would be sufficient, and no further surgical or periodontal interventions would be needed. 

CONCLUSION
In practice, to improve the treatment success of endodontic-periodontal disease, the clinicians must have sufficient knowledge concerning the etiology, classification, diagnosis, and treatment strategies of the condition. The complexity of such lesions highlighted the importance of an accurate diagnosis to ensure the best treatment plan and outcomes. Therefore, detailed extraoral and intraoral examination, periapical and CBCT radiographic imaging, periodontal analysis, and the application of additional tests to check for the tooth vitality should be performed. The detailed investigation can guide the clinicians towards a proper diagnosis before deciding on the final treatment plan. In this case report, the treatment outcomes suggested that primary endodontic lesions can be managed by root canal treatment alone without surgical interventions, provided that the clinician has the sufficient knowledge about the diagnosis, treatment strategies, and intervals of treatment. In short, immediate and optimum management of such lesions can prevent further complications such as tooth loss. 
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Figure Legends
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Figure 1 Periapical radiograph. A: Initial preoperative periapical radiograph; B: Gutta-Percha cone fitting and working length confirmation with periapical radiograph; C: Post-obturation periapical radiograph; D: Periapical radiograph at the 3 mo follow-up. 
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Figure 2 Images of cone beam computed tomography showing buccal, bifurcation, and apical bone resorption (A-F).
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Figure 3 Flow chart timeline of the treatment plan. 
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