Name of Journal: World Journal of Clinical Cases
Manuscript NO: 72782
Manuscript Type: CASE REPORT

Management of the palato-radicular groove with a periodontal regenerative procedure and prosthodontic treatment: A case report

Ling DH et al. Management of teeth with palato-radicular groove

Dan-Hua Ling, Wei-Ping Shi, Yan-Hong Wang, Dan-Ping Lai, Yan-Zhen Zhang

Dan-Hua Ling, Wei-Ping Shi, Dan-Ping Lai, Yan-Zhen Zhang, Department of Comprehensive Dentistry, The Second Affiliated Hospital of Zhejiang University School of Medicine, Hangzhou 310052, Zhejiang Province, China

Yan-Hong Wang, Department of Comprehensive Dentistry, Jiangnan Hospital Affiliated to Zhejiang Chinese Medical University, Hangzhou 311221, Zhejiang Province, China

Author contributions: Ling DH and Zhang YZ contributed to the conception of the study; Shi WP designed the work; Wang YH and Lai DP contributed to the acquisition of the case; Zhang YZ revised the manuscript critically for important intellectual content; all authors have read the manuscript and gave their final approval of the version to be published.

Supported by the Young Innovative Talents of Zhejiang Province, No. 2022RC158.

Corresponding author: Yan-Zhen Zhang, MA, Chief Physician, Department of Comprehensive Dentistry, The Second Affiliated Hospital of Zhejiang University School of Medicine, No. 1511 Jianghong Road, Binjiang District, Hangzhou 310052, Zhejiang Province, China. 2191004@zju.edu.cn

Received: October 28, 2021
Revised: January 9, 2022
Accepted: April 9, 2022
Published online: 

 2 / 2

Abstract
BACKGROUND
Palato-radicular groove (PRG) is defined as an anomalous formation of teeth. The etiology of PRG remains unclear. The prognosis of a tooth with a PRG is unfavorable. The treatment of combined periodontal-endodontic lesions requires multidisciplinary management to control the progression of bone defects. Some researchers reported cases that had short-term observations. The management of teeth with PRGs is of great clinical significance. However, to date, no case reports have been documented on the use of bone regeneration and prosthodontic treatment for PRGs.

CASE SUMMARY
This case reported the management of a 40-year-old male patient with the chief complaint of slight mobility and abscess in the upper right anterior tooth for 15 d and was diagnosed with type II PRG of tooth 12 with combined endodontic-periodontal lesions. The accumulation of plaque and calculus caused primary periodontitis and a secondary endodontic infection. A multidisciplinary management approach was designed that included root canal therapy, groove sealing, a periodontal regenerative procedure, and prosthodontic treatment. During a 2-year follow-up period, a good prognosis was observed.

CONCLUSION
This report indicates that bone regeneration and prosthodontic treatment may contribute to the long-term favorable prognosis of teeth with PRGs.
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Core Tip: The prognosis of a tooth with a palato-radicular groove (PRG) is unfavorable. The treatment of combined periodontal-endodontic lesions requires multidisciplinary management to control the progression of bone defects. Some researchers reported cases that had short-term observations. However, to date, no case reports have described the use of both bone regeneration treatment and prosthodontic treatment for PRG. Herein, we report a patient with PRG who was treated with bone regeneration and prosthodontic treatments, and 2 years of follow-up showed a good prognosis. This report indicates that bone regeneration and prosthodontic treatment may contribute to the long-term favorable prognosis of teeth with PRGs.

INTRODUCTION
Palato-radicular groove (PRG) is defined as an anomalous formation of teeth that begins in the central fossa of the maxillary incisors, extends over the cingulum, and continues apically to varying depths and distances of the root surface[1]. The etiology of PRGs remains unclear. The most common proposals of PRG development include the following four hypotheses: (1) An abnormality in embryonic development, such as in folding of Hertwig’s epithelial root sheath; (2) a variant of dens invaginatus; (3) genetic alteration; and (4) an attempt to form another root[2,3].
PRG usually occurs on the palatal side of the maxillary incisors that do not have dental caries or trauma[4,5]. The incidence of PRG ranges from 0.9% to 9.6% in extracted maxillary incisors[6,7] and from 2.8% to 10% in clinical studies[4,8]. Khan et al[9] reported a higher incidence of PRG in lateral incisors (13.4%) than in central incisors (7.6%). Various factors could account for this difference in prevalence rate, such as different diagnostic criteria, differences in examination methodologies, or ethnic/racial differences.
Micro-computed tomography (CT) and cone-beam CT have been widely used to observe lateral incisors with PRG. Gu[10] classified PRG into three types according to the depth and length of the radicular groove. Type I PRG has a short groove with limited length to the coronal third of the root. Type II PRG has a long groove, and its length is beyond the coronal third of the root, while its depth is often shallow. This implies that the root canal system of the tooth with a type II PRG is often simple. Type III PRG has a long and deep groove, which indicates a complex root canal system. However, this classificationn cannot be accurately applied in clinical practice because of complex cases and extremely small structures[11].
Teeth with deep grooves are more likely to show signs of periodontal disease such as bleeding, deep pocket depth, and endodontic-periodontal lesions[12]. Some researchers believe that there are multiple communication channels that exist between periodontal tissues and pulp, such as the apical foramen, accessory foramina, lateral canals, and dentin tubules[3]. Plaque and calculus accumulated in the periodontal pocket may extend into the bottom part of the deep groove with pulpal involvement[13]. The prognosis of a tooth with a PRG is unfavorable. It is influenced by several factors, such as the depth and length of the PRG, the anatomical morphology of the infected root canal system, and the severity of periodontal osseous defects[3].
Multidisciplinary management might be a better approach for treating PRG, but the current evidence is limited. To date, no case reports have observed multidisciplinary management, including endodontic treatment, bone regeneration treatment, and prosthodontic treatment, in the treatment of PRG. This study reports a patient with a type II PRG that was treated with this multidisciplinary approach and his observed prognosis during a 2-year period.

CASE PRESENTATION
Chief complaints
A 40-year-old male patient was admitted to the Department of General Dentistry, The Second Affiliated Hospital of Zhejiang University School of Medicine, with the chief complaint of slight mobility and abscess in the upper right anterior tooth for 15 d.

History of present illness
Slight mobility and abscess in the upper right anterior tooth for 15 d.

History of past illness
He experienced no pain or trauma in this region during the last 10 years.

Personal and family history
There was no personal or family history.

Physical examination
[bookmark: OLE_LINK2]On examination, tooth 12 had an intact crown without defect or fracture, but it did not respond to electric pulp testing (DY310, Denjoy Dental, Changsha, Hunan Province, China). The mobility of tooth 12 was grade I, and it showed a sensitive response to percussion. There was a sinus tract on the buccal gingival surface close to tooth 12 (Figure 1A).

Laboratory examinations
Periodontal examination using a probe (KPC15, Shanghai Kangqiao Dental Instruments Factory, Shanghai, China) revealed a 14 mm depth on the distal side of the root (Figure 1B). The vitality test (Denjoy Dental, Changsha, Hunan Province, China) of tooth 12 was negative. A PRG emerged from the cingulum, which extended to the gingival sulcus and continued disto-apically down to the lingual aspect of the root (Figure 1C).

Imaging examinations
A cone-beam CT scan (Planmeca Romexis Viewer 4.5.0R, Planmeca Oy, Helsinki, Finland) revealed a radiolucency around the distal and palatal side of the root (Figure 1D and E). Dimensional reconstruction (Asentajankatu 6, FIN-00880, Helsinki, Finland) visualized a large bone defect and a long PRG extending up to the apical part of the tooth (Figure 1F and G).

FINAL DIAGNOSIS
Based on the patient’s history and clinical and radiographic examination findings, the lesion was diagnosed as a type II PRG with combined endodontic-periodontal lesions. The PRG caused accumulation of plaque and calculus, which in turn caused primary periodontitis and a secondary endodontic infection.

TREATMENT
A multidisciplinary management plan was designed, which comprised root canal therapy, groove sealing, periodontal regenerative procedures, and prosthodontic treatment. The patient signed the informed consent form after being informed about the treatment plan and the possible long-term prognosis of tooth 12.
Periodontal nonsurgical treatment was performed to remove the localized calculus. Root canal therapy was started under the isolation of a rubber dam after 1 wk. Cleaning and shaping were performed with K-files (Mani, Tochigi, Japan) and NiTi hand files (Dentsply Maillefer, Ballaigues, Switzerland). The canal was irrigated with 1% sodium hypochlorite and 0.9% normal saline. Canal filling was completed with gutta-percha (Gapadent, Tianjin, China) and iRoot SP (Innovative BioCeramix, Vancouver, BC, Canada) using the cold lateral compaction technique. The access cavity of the crown was filled with composite resin (3 M ESPE, St. Paul, MN, United States).
Two weeks later, the sinus tract disappeared just before periodontal surgery (Figure 2A). The surgical area (labiopalatine mucosa of teeth 13-22) was disinfected with 5% povidone-iodine after gargling with 0.2% chlorhexidine for 1 min, followed by local anesthesia with 5 mL of 2% lidocaine mixed with 1:100000 epinephrine. A full-thickness mucoperiosteal flap was reflected from the distal side of tooth 13 to the mesial side of tooth 11. The granulation tissue was curetted, and the surface of the root was planned with gracey curette number 5/6 (Hu-Friedy Mfg. Co., Chicago, IL, United States). After degranulation, a 6 mm × 14 mm pear-shaped defect was exposed (Figure 2B). A deep groove was visible extending to the apical part of the root. This groove was prepared with high-speed round diamond (Mani, Tochigi, Japan) under dental microscopy. Minocycline hydrochloride ointment was then applied for 5 min on the root to remove endotoxin. The area was isolated with a gelatin sponge (Jiangxi Xiangen Medical, Nanchang, Jiangxi Province, China) for hemostasis. The PRG was then sealed completely with iRoot BP Plus (Innovative BioCeramix, Vancouver, BC, Canada) (Figure 2C). Periodontal-guided tissue regeneration was performed using a 0.5 g bone graft (Geistlich Biomaterials, Wolhusen, Switzerland) and a 10 mm × 15 mm resorbable membrane (Geistlich Biomaterials, Wolhusen, Switzerland). The flap was sutured with a 3-0 black silk suture (Huawei Medical, Hangzhou, Zhejiang Province, China), and a periodontal dressing was placed (PULPDENT Corporation, Watertown, MA, United States) (Figure 2D). Postoperative panoramic radiography was performed after 2 h (Figure 2E). Cefuroxime axetil (500 mg twice a day for 3 d) and acetaminophen (325 mg twice a day for 1 d) were prescribed after surgery. The patient had no symptoms or discomfort, and sutures were removed after 8 d (Figure 2F).

OUTCOME AND FOLLOW-UP
[bookmark: _Hlk98754531]The patient was re-examined at 6 wk, 3 mo, and 1 year, and 2 years after surgery. The healing was uneventful. At 1 year, there was a reduction in the pocket depth from 13 mm to 3 mm without bleeding. To prevent food impaction, veneer preparation was performed for tooth 12, and a lithium disilicate veneer (Ivoclar Vivadent, Schaan, Liechtenstein) was made to close the space between tooth 12 and tooth 13 (Figure 3A and B). Postoperative cone-beam CT at 1 year showed significant bone formation around the tooth under dimensional reconstruction, and the PRG disappeared (Figure 3C and D). Dimensional reconstruction showed that the bone defect around tooth 12 disappeared. The sealing material was stable, and the groove became flat (Figure 3E and F). At 2 years, tooth 12 showed mild inflammation with dental calculus. However, the periapical radiograph confirmed that the alveolar bone around tooth 12 was stable (Figure 3G). Periodontal nonsurgical treatment was performed immediately.

DISCUSSION
Early diagnosis and treatment of a PRG may significantly improve its prognosis. Without periodontal disease and pulp impairment, conservative treatment, such as sealing the groove, can prevent complications[14]. Based on preoperative imaging findings, the patient was diagnosed with a type II PRG. Usually, shallow grooves are less likely to cause endodontic-periodontal lesions because the communication between the dental pulp and the periodontium is blocked. However, in the present case, the groove of tooth 12 was close to the apical part of the root. The apical foramen and accessory foramina may act as possible communication channels between periodontal infection and the pulp. Interdisciplinary approaches are recommended for managing such situations, such as degranulation of the defect, groove sealing, endodontic treatment, bone regeneration treatment, and prosthodontic treatment[15]. Some unknown variables can significantly influence the oral environment. The use of probiotics[16] and natural compounds[17] can modify clinical and microbiological parameters in periodontal patients. They might also alter the outcomes of the technique described in the present report. All these variables should be considered in future clinical trials. Although sealing the groove in type II PRGs remain controversial, some studies insist that root planning can achieve attachment[14,18]. The final goal of all treatments to make the root surface flat and smooth prevents the formation of plaque and calculus, which could lead to periodontal involvement[19]. There are various therapeutic options available, but the clinical cases are complex and need further exploration.
Many materials have been used for sealing grooves, such as amalgam, composite resin, glass ionomer cement, mineral trioxide aggregate, and iRoot BP plus. Glass ionomer cement has been widely used in the past 10 years, and its advantages include an antibacterial effect, chemical bonding ability, fluoride release property, and ability to attach to epithelial tissue[14,20]. Mineral trioxide aggregates show better biocompatibility. It exhibits lower microleakage when applied to seal the root canal and the periapical tissues[21]. However, the mean setting time of mineral trioxide aggregate is 165.5 min. This implies that mineral trioxide aggregate is unstable and may be washed away during setting[22]. iRoot BP Plus is a convenient and premixed hydraulic bioceramic putty that is newly developed for root canal repair and surgical applications. It shows a shorter setting time and better sealing ability than mineral trioxide aggregates[23]. iRoot BP Plus was also proven to trigger the osteogenic capacity of bone marrow mesenchymal stem cells[24]. Hence, we chose iRoot BP Plus as the sealing material. The healing of the tooth was uneventful, and the bone around the defect was stable after 2 years. To date, no studies have reported the results of iRoot BP Plus used in sealing PRGs. The present case may provide a clinical basis for a new application of this material. Additionally, laser[25] and ozone[26] therapies have been proposed for periodontal health, showing promising results. Future reports are required to test these therapies for PRG.
Restoration with porcelain veneers is the most conservative treatment according to the concept of minimally invasive dentistry. The final goals of this restorative treatment are to save tooth structure and restore function and esthetics. However, the aim of restoring the tooth with a veneer in the present case was to close the space between tooth 12 and tooth 13. Consequently, both food impaction and secondary periodontal problems were prevented. After 2 years of follow-up, the color of the veneer and alveolar bone was found to be stable. This suggests that prosthodontic treatment is necessary for the multidisciplinary management of PRG.
Multidisciplinary management might be a better option for optimal clinical outcomes for complex cases. However, when patients have an extensive groove area and severe complications, even a multidisciplinary approach with the combination of conservative treatment and local surgery cannot result in a favorable prognosis. Intentional extraction of a problematic tooth and subsequent reimplantation might be an alternative option for these patients[27]. On the other hand, this case report still deserves further investigation to confirm the actual role of the present multidisciplinary treatment considering the limited sample size.

CONCLUSION
We report a patient with a type II PRG who was treated with multidisciplinary treatment, including endodontic treatment, bone regeneration treatment, and prosthodontic treatment. The results of a 2-year follow-up indicate that bone regeneration and prosthodontic treatment may contribute to the long-term favorable prognosis of teeth with PRGs, which deserves further investigation.
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Figure Legends
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Figure 1 Tooth 12 with a complex palato-radicular groove and bone defect. (A) First visit photograph showed a sinus tract on the buccal gingival surface; (B) Periodontal examination revealed a deep probing depth on the distal aspect of the tooth; (C) Preoperative photograph showed a groove that emerged from the cingulum; (D) Preoperative cone beam computed tomography showed a palatal radiolucency close to the apex of tooth 12; (E) Axial view of the middle third section of tooth 12 showed radiolucency around the distal aspect of the root; (F) Dimensional reconstruction showing a large bone defect around tooth 12; (G) Dimensional reconstruction showed a groove starting from the cingulum and extending to the palatal aspect of the root.
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[bookmark: OLE_LINK1]Figure 2 Multidisciplinary management of tooth 12. (A) The sinus tract disappeared after root canal treatment; (B) A teardrop-shaped defect and a deep groove; (C) Palato-radicular groove sealed with iRoot BP Plus; (D) Suturing; (E) Postoperative panoramic radiography; (F) Image after removing sutures.
[image: ]
Figure 3 Two-year follow-up after surgery. (A) Buccal view of the clinical photograph after veneer preparation; (B) Palatal view of the clinical photograph after veneer preparation; (C) Postoperative cone beam computed tomography at 1 year showed the disappearance of diffuse radiolucency; (D) Axial view of the middle third section of tooth 12 showed the filling of the bone defect around the distal aspect of the root; (E) Dimensional reconstruction showed disappearance of the bone defect around tooth 12; (F) Dimensional reconstruction showed that the groove was sealed; (G) Periapical radiograph at the 2-year recall.
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