Endodontic micro-resurgery and guided tissue regeneration of a periapical cyst associated to recurrent root perforation: a case report
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Abstract
Although the success rates of microsurgery and micro-resurgery are very high, the influence of a recurrent perforation combined with radicular cyst remains unclear. A 21-year-old white female patient had a history of root perforation in a previously treated right maxillary lateral incisor. Analysis using cone-beam computed tomography (CBCT) revealed an extensive and well-defined periapical radiolucency, involving the buccal and palatal bone plate. The perforation was sealed with bioceramic material (Biodentine) in the pre-surgical phase. In the surgical phase, guided tissue regeneration (GTR) was performed by combining xenograft (lyophilized bovine bone) and autologous platelet-rich fibrin applied to the bone defect. The root-end preparation was done using an ultrasonic tip. The retrograde filling was performed using a bioceramic material (Biodentine). Histopathological analysis confirmed a radicular cyst. The patient returned to her referring practitioner to continue the restorative procedures. CBCT analysis after 1-year recall revealed another perforation in the same place as the first intervention, ultimately treated by micro-resurgery using the same protocol with GTR, and a bioceramic material (MTA Angelus). The 2-year recall showed healing and bone neoformation. In conclusion, endodontic micro-resurgery with GTR showed long-term favorable results when a radicular cyst and a recurrent perforation compromised the success.
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INTRODUCTION
Microorganisms in the root canal system are the main agents of persistent periapical lesions. Among large periapical lesions, radicular cysts may have their lumen with bacteria organized as biofilms [1]. Additionally, true cysts are considered self-sustainable and persist regardless of removing microbiological stimulation within the canal, which suggests a surgical approach [2].
Endodontic microsurgery is a minimally invasive procedure that combines the magnification and illumination provided by an operating microscope (OP), with proper use of micro-instruments. This procedure improves the visualization and manipulation of delicate structures [34]. A study revealed that the success rate of endodontic microsurgery is 94%, compared with an 88% rate for conventional surgery without OP [5]. On the other hand, the success rate of micro-resurgery has been reported as being between 87.6% and 92.9% [67]. Although the success rates of microsurgery and micro-resurgery are very high, the influence of a recurrent perforation combined with radicular cyst remains unclear.
Bone defects after apicoectomy are commonly large and complicated, as a consequence of large apical lesions, endoperiodontal lesions, and through-and-through lesions [8]. The guided tissue regeneration (GTR) technique has been proposed to complement endodontic surgery as a way to promote bone healing [9]. Usually, membrane barriers and/or bone grafting materials are used to prevent epithelial and gingival connective tissue from proliferating to the apical surface, and to delay the growth of both periodontal cells and the bone in bone defects [10].
Root canal perforations are artificial, and commonly iatrogenic communications between the root canal and the supporting tissues of the teeth or the oral cavity [11]. Iatrogenic pathological perforations can occur when preparing an access cavity, during instrumentation, or post preparation. The prognosis will depend on time, size, location and bacterial contamination [11121314]. This case report discusses the management of a dental periapical cyst combined with recurrent iatrogenic perforation, whose treatment involved microsurgery and micro-resurgery, accompanied by GTR.

CASE REPORT
First surgical intervention
A 21-year-old white female patient was referred for endodontic evaluation of the right maxillary lateral incisor. The medical history of the patient was non-contributory. The dental history included a root canal treatment of the referred tooth 5 years prior, and a recent post preparation with an apparent perforation by the referring colleague. The clinical examination showed sensitivity to percussion and palpation, and slight intraoral swelling. Radiographic examination revealed post preparation and enlargement of the root canal at the middle third, adjacent to the obturation material (Figure 1A). In addition, the tooth was associated with a large well-defined periapical lesion and corticalized rim. The cone-beam computed tomography (CBCT) (Planmeca ProMax 3D Classic, Planmeca, Helsinki, Finland) analysis revealed that the periapical lesion (1.3 × 1.5 × 1.3 cm) had compromised both buccal and palatal cortical plates, and that the root perforation extended along the middle third up to the apical third (Figure 1B and 1C). The pre-treatment diagnosis was “previously treated” and “symptomatic apical periodontitis”; however, acute apical abscess was also considered for differential diagnosis because of the slight intraoral swelling. The treatment alternatives were discussed with the patient, who consented to perform surgical retreatment and sealing of the perforation, as well as to have her case published in the scientific literature.
[image: Figure 1]
Figure 1 Chronological radiographs and CBCT images of the case management. Preoperative radiograph (A). Sagittal plane of a CBCT image, confirming that the cyst compromised buccal and palatal bone plates (B). Axial plane of a CBCT image, confirming the first perforation. The white arrow indicates the perforation (C). Immediate post-surgical radiograph (D). Periapical radiographs after 1 month and 1 year, respectively. As can be observed, the cyst is apparently decreasing in size (E, F). Sagittal and axial planes of CBCT images, confirming the second perforation, respectively. The white arrows indicate the perforation (G, H). Three-dimensional CBCT reconstruction. The buccal bone plate is clearly affected (I). Periapical radiograph 2 years after micro-resurgery (J). Sagittal and axial planes of CBCT images 2 years after micro-resurgery, confirming new bone formation—white arrows (K, L). Three-dimensional CBCT reconstruction 2 years after micro-resurgery (M).CBCT, cone-beam computed tomography.

All procedures were performed using the OP (MC-M3101, DF Vasconcellos, Valença, RJ, Brazil). During the pre-surgical phase, local anesthesia was administered before rubber dam isolation, and consisted of oral infiltration of 2% lidocaine with 1:100,000 adrenaline (Alphacaine, Rio de Janeiro, RJ, Brazil), followed by rinsing with 0.12% chlorhexidine. After isolation, access was obtained, and the perforation site was identified and gauged as approximately 2–3 mm in diameter (Figure 2A). A piece of polytetrafluoroethylene (Teflon) was placed in the perforation provisionally to allow the removal of the obturation material, which was achieved with a 25.06 file from the K3XF system (Kerr Endodontics, Brea, CA, USA), and complemented by the Twisted File Adaptive System (Kerr Endodontics) up to 50/.04 file. The residual obturation material in the apical portion was removed with Hedström files up to ISO size 50. The working length was determined using an apex locator (Root ZX 2, J Morita Corp., Osaka, Japan), and confirmed radiographically. In addition, a gutta-percha cone was placed in the perforation to confirm its trajectory. The irrigation protocol was performed with 2.5% sodium hypochlorite, using a 30G side-vented needle at each file change (Endo-Eze, Ultradent Products, South Jordan, UT, USA). The final irrigation was performed with 17% ethylenediaminetetraacetic acid (Biodinâmica, Ibiporã, PR, Brazil), 2.5% sodium hypochlorite, and distilled water. The root canal was then dried with paper points, and obturated with gutta-percha cones and pulp canal sealer (Kerr Endodontics), using the continuous wave technique (System B Cordless, Kerr Endodontics). Afterwards, the provisional Teflon was removed to resume the perforation repair, which was performed using a bioceramic material (Biodentine, Septodont, Saint-Maur-des-Fossés, France). The access cavity was sealed with glass ionomer cement (Fuji IX GP Fast; GC Corporation, Tokyo, Japan). The patient was asked to undergo a complete blood count and bleeding time test for platelet-rich fibrin (PRF) preparation during the surgical phase.
[image: Figure 2]
Figure 2 Chronological, illustrative images of the case management. A root canal perforation can be observed in the buccal root surface of the right maxillary lateral incisor, 13× OP magnification (A). The cyst involving the buccal bone plate can be observed during the surgical phase, 5× OP magnification (B). Clinical appearance after cyst removal, where it can be observed that both buccal and palatal bone plates were compromised, 13× OP magnification (C). Application of lyophilized bovine bone and autologous platelet-rich fibrin into the bone defect, 5× OP magnification (D, E). Histopathological image (original magnification ×400) of the removed tissue showing cholesterol crystals, confirming the presence of a radicular cyst (F). Intraoral photograph 1 year after first microsurgery; a sinus tract appeared and was associated with the treated tooth (G). Clinical appearance of the second perforation in the buccal root surface of the affected tooth—white arrow, 8× OP magnification (H). Intraoral photograph 2 years after micro-resurgery. The tooth was restored with a crown (I).OP, operating microscope.

The PRF membranes were prepared a week later, prior to the surgical phase, given the normal values found for the complete blood count and bleeding time. Blood samples were collected from the patient without using an anticoagulant, by taking three 6 mL tubes that were immediately centrifuged at 3,000 rpm (800D, Hiprove, Jiangsu, China) for 10 minutes [15]. The fibrin clots were removed from the middle of the tube with sterile tweezers, and then stored in a PRF box (Process, Nice, France). Three PRF membranes were obtained from the clots, which were used at the end of the surgical phase.
The surgical phase began by applying anesthesia, consisting of an oral infiltration of 4% articaine hydrochloride with 1:100,000 epinephrine (Articaine, DFL, St. Paul, MN, USA), followed by rinsing with 0.12% chlorhexidine. A sulcular incision was made from the right maxillary second premolar to the left maxillary second premolar, and an envelope flap was lifted without opening the incisions. The osteotomy was performed using a 04-carbide drill (Angelus, Londrina, PR, Brazil), under constant irrigation with saline solution (Figure 2B). The lesion was removed for subsequent histological analysis (Figure 2C). The apicoectomy was performed by removing the apical 3 mm of root, using a high-speed cutting bur, followed by staining with methylene blue to rule out the presence of fissures, and to confirm the root configuration. The root-end preparation was performed with an ultrasonic tip (P1M, Helse Ultrasonic, Santa Rosa de Viterbo, SP, Brazil) coupled to a piezoelectric ultrasonic device (MiniEndo, Kerr Endodontics). The retrograde filling was performed using a bioceramic material (Biodentine, Septodont). The bone defects were filled sequentially with approximately 1 g of lyophilized bovine bone (Bio-Oss, Geistlich Pharma AG, Wolhusen, Switzerland), and the previously obtained PRF membranes (Figure 2D and 2E). The flap was repositioned and closed using 6-0 polydioxanone sutures (Tagum, Tagumedica S.A., Lima, Peru) and a post-surgical radiograph was taken (Figure 1D). The 1-month follow-up showed that the patient felt comfortable, and that the surgical area was healing (Figure 1E). The histopathological examination confirmed a radicular cyst (Figure 2F). The patient returned to her referring dentist to continue the restorative procedures, which included the placement of a post and composite restoration. The patient was asked to return for the 3, 6-month, and 1-year follow-ups.

Second surgical intervention
The patient failed to attend the 3- and 6-month recall appointments for personal reasons, and returned after 1 year, at which time a sinus tract was identified in the same area, associated with the treated tooth (Figure 2G). The radiographic examination revealed that the radicular cyst was healing (Figure 1F), but there was clinical evidence of microsurgery failure in the area of the perforation. Since this finding could not be confirmed by radiographic examination, a tomographic examination was recommended. The CBCT analysis showed that there was a new perforation made by her referred dentist during post preparation at the previously operated site, and that the bioceramic material had been removed iatrogenically (Figure 1G-1I). After obtaining the patient’s consent, a micro-resurgery was planned in the area of the perforation, with the same anesthesia protocol, flap design, and osteotomy as the previously performed procedure (Figure 2H). Bioceramic material (MTA Angelus, Angelus) was placed in the perforation, followed by about 0.25 g of lyophilized bovine bone (Bio-Oss) and PRF membranes. The 1- and 2-week recalls showed favorable evolution, and a crown was placed on the affected tooth. After 2 years, the clinical, radiographic and tomographic examinations showed that the cyst had healed, that there was newly formed bone in the perforation area, and that the evolution was progressing uneventfully (Figure 1J-1M, Figure 2I). The tooth was fitted with a new post and crown (Figure 2I).
This case report has been written according to Preferred Reporting Items for Case reports in Endodontics (PRICE) 2020 guidelines [16] (Figure 3).
[image: Figure 3]
Figure 3 This flow chart was adopted from PRICE 2020 guidelines for reporting case reports in endodontics [16]. For further details visit: http://pride-endodonticguidelines.org/price/.CBCT, cone-beam computed tomography.



DISCUSSION
Contemporary microsurgery and micro-resurgery should be performed with an OP, and both methods have shown high success rates [567]. An inadequate root-end preparation, and no retrograde filling have been associated with failure of primary surgery, which then requires micro-resurgery [7]. A study revealed that the success rate of primary microsurgery and micro-resurgery is 91.6% and 87.6%, respectively, and that the only failure factor of micro-resurgery is the tooth type, pointing out that molars are the dental element most vulnerable to failure [6]. Likewise, another study reported that anterior teeth had a better success rate than posterior teeth [17]. However, the maxillary lateral incisors have been reported as the anterior teeth most prone to failure and developing periapical lesions, as shown in the present case report [18]. It is important to note that failure of the first microsurgery was due to recurrent perforation of the previously operated site, and that the bioceramic material had been removed iatrogenically.
Xenograft material (Bio-Oss) and a PRF membrane were used to promote the GTR. The ideal bone graft should induce osteogenesis, allow cementogenesis, and facilitate formation of a functional periodontal ligament [19]. The xenograft materials are reabsorbed very slowly, and are osteoconductive [20]. Scientific evidence is divergent, since there is no consensus on the benefits of these materials for hard tissue healing [212223]. However, when both buccal and palatal bone plates are compromised (through-and-through lesion), the GTR combined with a xenograft can have a positive effect on bone healing [21]. It is important to consider that the simple placing of a barrier (membrane and/or bone grafting material) does not necessarily result in the complete regeneration of the tissues [9]. Recent evidence indicates that the use of a PRF membrane has no major favorable effect on the repair of bone defects, hence on the outcome [2425]. However, patients undergoing periapical surgery present with discomfort, swelling, and chewing problems and pain [26]. Regarding this, the use of a PRF membrane may play an important role in controlling inflammation [27]. A study showed that there was no significant difference whether or not PRF membranes were applied in periapical surgeries regarding postoperative pain after 1 week [28]. However, the authors of that study observed that there was also a high variability of pain perception in the control group, and hypothesized that the PRF membranes may have reduced the perception of severe pain.
One critical aspect to be considered in the present case is that the same operator should have performed the post placement after the first microsurgery to avoid a recurrent perforation; however, the patient was referred by another colleague, who continued the restorative procedures. As a consequence, the patient underwent 2 recurrent iatrogenic root perforations of medium size (2–3 mm in diameter) in the middle third, an unfavorable confluence leading to an outcome marked by damaged tissue, and chances of infection and leakage [14]. However, one of the factors influencing prognosis is the fast response to administer treatment, since a shorter response time favors healing, as occurred in the first surgical intervention of the study [11]. Unfortunately, a second perforation was detected in the same location after 1 year; however, the fact that both perforations occurred in the middle third may have affected the ultimate success of the procedure favorably [1114]. Furthermore, both surgical interventions used bioceramic materials such as MTA and Biodentine, which promote an adequate seal and favor the repair of periodontal tissues [132930]. For micro-resurgery, considering the intimate contact with oral fluids, MTA was used instead of Biodentine, considering the high solubility of the latter [31].

CONCLUSIONS
Endodontic micro-resurgery showed long-term favorable results when a radicular cyst and a recurrent perforation compromised the endodontic success. The GTR allowed an adequate resolution of the case.
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