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            Abstract

            
               
Root resorption is one of the serious consequences of dental trauma. If left untreated, it may lead to loss of significant
                  portion of the root, rendering the tooth unsalvageable. This report documents the nonsurgical management of a previously traumatized
                  maxillary lateral incisor (#22) with a large periapical lesion, severely affected by inflammatory communicating internal-
                  external root resorption. A cone beam computed tomography was advised, to aid in diagnosis and treatment planning. Endodontic
                  treatment comprised of copious irrigation with 1.5% sodium hypochlorite and 2% chlorhexidine gluconate, intracanal calcium
                  hydroxide dressings and mineral trioxide aggregate (MTA) placement in apical 5mm.Follow up at 6 months showed arrest of resorptive
                  process and initiation of periapical healing. At 12 months, complete radiographic healing in the absence of clinical signs
                  and symtoms was evident.
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               Introduction

            Root resorption is a serious complication of traumatic dental injuries. If resorption is extensive and involves a large portion
               of the root, the tooth becomes unsalvageable and extraction remains the only option. Upon detection of root resorption, treatment
               should be promptly initiated in order to arrest the resorptive process and  prevent tooth loss.
            

            Root resorption is initiated when the protective, non-mineralized  precemental (outer) layer  or the predentinal (inner) layer
               of the root gets damaged due to mechanical or chemical injury.1, 2 However, for the progression of resorptive process, a stimulating factor such as intrapulpal infection or pressure is necessary.
               1, 3 Traumatic injury to the teeth with subsequent intrapulpal and periradicular infection  is one of the main cause of inflammatory
               root resorption. 4, 5 Inflammatory root resorption may manifest as internal, external or combined internal-external lesions. 6

            This case report presents the successful nonsurgical management of a previously traumatized maxillary lateral incisor with
               a large periapical lesion, severely affected by combined internal-external root resorption.
            

         

         
               
               Case 
               Report
               
            

            A 21 year old female patient was referred to department of conservative dentistry and endodontics for endodontic management
               of her upper left front tooth. Patient presented with a chief complaint of pain and swelling in relation to her upper left
               front tooth and had a history of trauma, 8 years back, for which no dental treatment was sought. Pain was intermittent, mild
               and non-radiating in nature.
            

            
                  Clinical and radiographic examination

               Upon clinical examination, an intraoral swelling was noticed in relation to maxillary left lateral incisor(#22).#22 was slightly
                  discoloured and rotated, and showed no signs of fracture, mobility or caries. On percussion, the tooth was slightly tender.
                  Upon vitality testing, both #22 and #23 were non-responsive to electric pulp test and cold test (Roeko Endo-Frost, Coltene,
                  Switzerland), indicative of non-vital #22 and #23.#21 gave positive response to electric pulp test and cold test.
               

               On radiographic examination, IOPA revealed a large, round, well circumscribed radiolucency in relation to #22.Also,#22 showed
                  widening of root canal space and resorption of root apex. Considering the complexity of the case, a cone beam computed tomography(CBCT)
                  was advised. Preoperative CBCT (Figure  1A) revealed a large, well defined periapical lesion associated with the apex of #22. The lesion measured 1.5cm x 1.25cm in
                  size and extended from the distal aspect of root of #21 to the mesial aspect of root of #23.Also, #22 showed abnormal widening
                  of the root canal space and resorption of root  apex. Widening of the canal space was more pronounced in the apical 4-5 mm.
                  The outer wall of the root was intact and showed no signs of perforation. Based on history, and clinical and radiographic
                  examination, a diagnosis of trauma-induced inflammatory combined internal-external root resorption was made.
               

            

            
                  Treatment

               After explaining the risks and alternative treatments, consent was obtained from the patient. Treatment was completed in four
                  visits.
               

               After achieving adequate local anaesthesia,#22 and #23 were isolated with the help of a rubber dam. After gaining access to
                  the canals, working length was determined by Ingle’s radiographic method (#22-19mm; #23-25mm). Canals were prepared  using
                  stainless steel K-files (Dentsply, Switzerland), in a step back fashion. During the procedure, a straw coloured fluid could
                  be seen draining through the canal of #22. In between instrumentation, the canals  were gently irrigated with copious 1.5%
                  sodium hypochlorite (NaOCl) solution. After completion of instrumentation, the canals were irrigated with 17% EDTA, followed
                  by 1.5% NaOCl and sterile saline. Manual dynamic agitation was performed and a final rinse of 2% chlorhexidine gluconate (CHX)
                  was carried out. Calcium hydroxide (ApexCal, Ivoclar Vivadent) dressing was placed in #22, and accesses were temporarily sealed
                  with CavitTM G(3M ESPE). Patient was recalled after one week.
               

               In one week time, the swelling drastically reduced in size.#23 was obturated with gutta percha and Roeko Seal sealer(Coltene)
                  using cold lateral condensation technique and access cavity restored with composite resin. Calcium hydroxide from #22 was
                  removed with the help of  copious sterile saline irrigation and size 40 H-file. Slight amount of  fluid drainage from #22
                  was still observed. The irrigation regimem of the first visit was repeated. A fresh dressing of calcium hydroxide was placed
                  and patient was recalled after one week.
               

               In the third visit, swelling had completely disappeared. Calcium hydroxide from #22 was removed in the same manner. At this
                  stage, drainage had stopped completely. The canal was completely dried with paper points. Mineral trioxide aggregate (MTA
                  Angelus) was mixed according to manufacturers instruction and a small portion of it was introduced into the canal with the
                  help of MTA carrier. The material was then gently condensed  to the working length with the help of hand pluggers. The procedure
                  was repeated until the apical  5 mm of #22 was filled with MTA (Figure  1B). Access was temporarily sealed and MTA allowed to set. Patient was recalled after 2 days and the remaining root canal space
                  was obturated with thermoplasticized gutta percha technique (Calamus Dual 3D Obturation System, Dentsply Sirona) (Figure  1C).
               

               Radiographic follow up at 6 months showed arrest of the resorptive process and initiation of periapical healing in the absence
                  of clinical signs and symptoms. The lesion reduced in size , and new bony trabeculae in the area of defect was evident.(Figure  1D).At 12 months , patient was asymptomatic, and there was radiographic evidence of complete periapical healing with advanced
                  osseous regeneration (Figure  1E).
               

               
                     
                     Figure 1

                     A-E); A- Preoperative CBCT(Panoramic reconstruction) image; B- Non-vital 23 obturated and MTA placed w.r.t 22; C- Immediate postoperative radiograph; D- 6 months follow-up radiograph; Root resorption is arrested and periapical healing is in place; E- At 12 months, healing is complete, with advanced osseous regeneration.
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               Discussion

            A CBCT was advised in this case, so as to determine the three dimensional extent of the periapical lesion, and the severity
               and type of root resorption. Unlike the 2D periapical radiography, CBCT aids in accurately determining the location and extent
               of a lesion. A study by Estrela et al. showed that CBCT were superior in detecting inflammatory root resorption than periapical
               radiographs when root third, root surface and extension were determined. 7

             In the present case, the initiating and stimulating factor for root resorption was trauma, and pulpal and periapical infection
               respectively. In order to arrest the resorptive process, removal of the stimulating factor (pulpal and periapical infection
               in this case) is mandatory. 1, 5, 8 Treatment options for large periapical lesions may range from nonsurgical endodontic treatment to different surgical interventions.
               The present case was managed by nonsurgical endodontic treatment as it is conservative and less traumatic, with successful
               outcomes in majority of cases. Previous reports  have shown  that 42 to 74% of these lesions healed after conventional root
               canal treatment. 9, 10, 11 Considering the size and severity of the periapical lesion in the present case, stringent irrigation regimen was carried out,
               along with two dressings of calcium hydroxide medicament at one week intervals. Previous studies suggest that intracanal calcium
               hydroxide can eliminate residual microorganisms and promote periapical healing via handling of inflammation, endotoxin neutralization
               and stimulation of calcification. 12, 13

            The apical 5 mm (portion most affected by resorption) of #22 was obturated with MTA. This could be attributed to the good
               sealing ability, excellent biocompatibility and hard tissue inductive effect of MTA. 14, 15 Also, it has been shown that MTA can release calcium ions into resorption defects via dentinal tubules, favouring repair
               potential of surrounding tissues. 16 These favourable properties render MTA a suitable material for managing inflammatory root resorption defects. 17

             In the present case, the crown-root ratio could not be re-established to an ideal level. Nevertheless, the treatment outcome
               was considered successful, because the resorption was arrested and complete regeneration of the periapical tissues, in the
               absence of clinical signs and symptoms was evident. Patient was pleased with the treatment outcome, as a permanent tooth with
               otherwise questionable prognosis was salvaged.
            

         

         
               Conclusions

            CBCT may be of great help in diagnosis and treatment planning of inflammatory root resorption. Thorough chemo-mechanical debridement
               of the root canal system and use of bioactive root repair materials such as MTA  can significantly improve the healing outcomes
               in cases of  infection related  inflammatory internal-external root resorption. 
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