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Abstract

:

The aim of this case series is to contribute to the better knowledge and management of the complex anatomical configurations of maxillary premolars with four canals. The paper explains the endodontic treatment of five maxillary premolars with four canals, with three buccal and one palatal orifices, in different patients. The cases report several approaches in the treatment of four-canal maxillary premolars including a conservative canal preparation with a hybrid shaping technique, endodontic microsurgery and the application of biomaterials. The use of an operating dental microscope, different operating strategies and the critical evaluation of radiographs are all necessary steps for the correct and safe endodontic management of these teeth.
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1. Introduction


Understanding the anatomy of the root canal system is a key factor for success in endodontics [1,2,3]. For this reason, clinicians must know all the possible anatomical variations and assess the root and canal configuration prior to, during, and after endodontic treatment. Although the vast majority of maxillary premolars have two root canals, the presence of three distinct root canals has been reported in 1–6% of cases [4,5,6,7,8,9]. Previous case reports have shown several canal and root configurations in three-canal maxillary premolars: three canals in a single root, two canals in the buccal root and one in the palatal root, three separate roots and canals [10,11,12]. Only two studies have described four separate canals in a three-rooted premolar [13,14].




2. Materials and Methods


Five patients were found with a rare anatomical variant of a four-canal upper premolar (three first premolars and two s premolar). Each patient agreed to participate and signed a consent form. Assessment of the presence of the number of canals was documented via X-ray examination and clinical photographic evidence.



2.1. CASE 1


A 55-year-old male patient diagnosed with pulpitis with no swelling or fistulae. The pre-operative X-ray suggested tooth 14 had an unusual three-rooted anatomy, (Figure 1). After anesthesia and isolation, the whole endodontic procedure was carried out under microscope magnification (PROergo, Carl Zeiss Meditec AG, Munich, Germany) using ultrasonic instrumentation to access cavity refining (no. 3 Start-X, Maillefer Instruments Holding, Ballaigues, Switzerland). A lot of time and dedication was needed in order to identify and negotiate the two buccal canals, due to the closeness of the orifices and their deep location. An intra-operative X-ray was taken to evaluate the root canal system. A three-rooted system was confirmed. Canals were shaped using ProTaper Gold™ (Maillefer Instruments Holding Sàrl, Ballaigues, Switzerland) following the manufacturer’s recommendations. Buccal canals were shaped up to the F1 instrument, while the palatal canal was shaped up to the F2 instrument. Passive ultrasonic irrigation was performed using 5.25% sodium hypochlorite, and a final 10% ethylene-diaminetetracetic acid rinse was carried out at the end. The canals were dried with sterile paper points, and obturated by injection of thermoplastic of gutta-percha using the Obtura III Max (Obtura Spartan Endodontics, Algonquin, IL, USA) in association with an endodontic sealant (Essenseal, Produits Dentaires Sa, Vevey, Switzerland). Upon closer examination, the final X-ray revealed an additional mesial root. After carefully re-examining the pulp chamber, another small orifice, was found very close to the others. This mesial canal was treated in the same session, following the same instrumentation (up to ProTaper Gold, F1), irrigation and obturation protocol used for the other canals. The obturation of the endodontic space was performed by a modification of the injection molding thermoplasticized gutta-percha by Yee [15]. The authors called this kind of obturation Coneless®. A final X-ray was taken, and the complete anatomy of this complex endodontic system is clearly shown in Figure 1. The access cavity was filled with a provisional filling material (3M ESPE™ CAVIT™, 3M Italia srl, Pioltello, Italy), and another appointment was scheduled one week later for the definitive restoration. The complete case is illustrated in Figure 1.




2.2. CASE 2


A 47-year-old female patient presented to the practice because of swelling in the upper premolar area. Upon intra-oral radiographic examination, a periapical radiolucent area was found at tooth 14, so the patient was scheduled for an endodontic re-treatment. After anesthesia and isolation with a rubber dam, the pulp chamber was accessed, and three canal orifices (one buccal, two palatal) appeared immediately, so as to confirm the suspicion aroused by examination by the pre-operative X-ray. Considering the thickness of the roots, it was useful to prepare the untreated and treated roots of the 14 tooth with the “MEA and inverse taper technique” to keep the dentinal wall removal during the shaping phases under control [16]. The mixed endodontic alloy (MEA) inverse taper® is a hybrid shaping technique comprising the combination of different heat-treated instruments with austenitic files (i.e., Mtwo #10.04 and #15.05, Sweden Martina, Italy) employed in the initial phase of shaping followed by martensitic (i.e., Plex V #20.04 and 25.04, Orodeka, Shandong Province, China) in the second. The first instruments guarantee effective debris removal by means of the more rigid alloy and design; the second ensures improvement in the center ability with respect to the original anatomy. Moreover, the hybrid sequence, constituting the #10.04 and #15.05 files was followed by the #20.04, produced the first taper inversion at 5 mm from the apex while the second phase of #25.04 inverted the taper at 10 mm. It was impossible to completely dry the endodontic system on the first session, so calcium hydroxide was used as an intermediate medication, and the patient was prescribed antibiotic therapy with amoxicillin and clavulanic acid. On the second session, a fourth orifice was identified on the pulp chamber floor in the buccal–mesial root. The fourth canal was itself impossible to dry, so another calcium hydroxide dressing was carried out and the patient was scheduled for a third session, 30 days later, on which more difficulties were met because of the wetting of the apical third of all roots, so an apicoectomy was scheduled. The retrograde preparation was performed with an ultrasonic tip R1D (Piezomed, W&H, Bürmoos, Austria) [16] deep into the canal and obturated with Biodentine as the root-end filling. Seven days after the apicoectomy the patient was recalled for removing the suture and completing the root filling with a single cone and biomaterial (BioRoot™ RCS, Septodont, Saint-Maur-des-Fossés Cedex, France). Several follow-ups were scheduled at different months until the complete healing was obtained and visible by X-ray. The complete case is reported in Figure 2 and Figure 3.




2.3. CASE 3


A 40-year-old male patient presented with pain and swelling located in the maxillary projection of tooth 24. An X-ray showed a previous inadequate endodontic treatment and a screw post. Analysis of the pre-operative X-ray suggested a missed canal. After administration with local anesthesia (articaine with 1:100,000 epinephrine) the field was isolated with a rubber dam. All the phases of the procedure, starting from the disassemble of the existing build-up, were performed under the magnification of an operative microscope (PROergo, Carl Zeiss Meditec AG, Germany). The screw post was removed from the palatal canal by means of ultrasound instrumentation (no. 3 Start-X, Maillefer Instruments Holding, Ballaigues, Switzerland).



Removal of the old canal filling began using M-Two Retreatment 25 (Sweden and Martina, Padova, Italy). Working length was determined by an apex locator (Apit Osada, Osada Electric co. Ltd., Tokyo, Japan) and the shaping was finished by Reciproc Blue 25 (Dentsply Sirona, Baden, Switzerland). Irrigation was performed with NaOCl 5.25% (NiClor, Ogna, Bologna, Italy) and activated using the Eddy VDW sonic tip (Dentsply Sirona, Switzerland).



As soon as the chamber and canals were clean, two additional canal orifices in-between were suspected and were easily identified with an endodontic probe DG 16 (Hu-Friedy, Chicago, IL, USA). The initial shaping was performed with M-two Retreatment 15 (Sweden e Martina, Italy) to enlarge the first 5–6 mm. After negotiation and measuring the working length with a manual k-file 10, the M-two 15 0.5 (Sweden e Martina, Padova, Italy) was used to shape up to the working length. All four canals were finished in terms of shaping with an M-two 35 0.4 (Sweden e Martina, Italy). Obturation of the canals was performed using a Bioceramic Cement TotalFill® BC SealerTM (Padova, La Chaux-de-Fonds, FKG Dentaire-Switzerland) with the single cone technique. After the treatment, a post-operative X-ray was taken, and the patient was scheduled for restorative treatment. The complete case is illustrated in Figure 4.




2.4. CASE 4


A 54-year-old male patient presented with a spontaneous crown fracture of tooth 25. The intra-oral examination revealed no swelling or sinus tracts, the tooth was vital. The tooth presented an old MOD amalgam restoration and an extended complicated crown fracture involving the palatal half of the crown. The pre-operative X-ray revealed an anatomy of a three-rooted premolar. The whole endodontic procedure was carried out under 4X loupes magnification and dedicated illumination (Carl Zeiss Meditec AG, Germany). After local anesthesia (2% lidocaine with 1:100,000 epinephrine), and rubber dam isolation, a conservative endodontic access cavity was performed using a long-shaft-rounded diamond bur, and dedicated endodontic ultrasonic tips Start X 3 (Maillefer Dentsply, Ballaigues, Switzerland). A careful inspection of the pulp chamber floor revealed an extremely unusual anatomy for a second maxillary premolar, four separate canal orifices were identified. After straight-line access preparation was obtained, root canals were negotiated with pre-curved stainless-steel K-files, sized 0.8 and 10 ISO (Maillefer-Dentsply, Ballaigues, Switzerland), and the WL was established with an apex locator (Root ZX Morita, Tokyo, Japan). A mixed shaping technique was adopted. Pre-flaring and glide path were performed to WL with a NiTi 10.04 and a 15.05 (Sweden e Martina, Padova, Italy) rotary file at 180 rpm and torque 2. All canals were finished with ProTaper Next X2 (Maillefer-Dentsply, Ballaigues, Switzerland). All shaping steps were carried out under 5.25% heated NaOCl irrigation (NiClor, Ogna, Bologna, Italy). After instrumentation, the root canals were irrigated with 17% EDTA solution Tubuliclean (Ogna, Bologna, Italy) for 3 min followed again by several 1-minute rinses with heated 5.25% sodium hypochlorite solution. A carrier-based obturation was performed using dedicated obturators Thermafil for ProTaper NEXT, X2, (Maillefer-Dentsply, Ballaigues, Switzerland) and a zinc oxide-based endodontic sealer. The intra-operative X-ray confirmed all four canals were independent throughout their entire length. A temporary restoration was performed using zinc oxide-based cement placed on the pulp chamber floor covered by a layer of glass ionomer cement (GCem, GC Co Tokyo, Japan). Follow-up after 1 year showed clinical and radiographic signs of healthy conditions. Figure 5 illustrates the complete case.




2.5. CASE 5


A 54-year-old male patient was referred for treatment before prosthetic rehabilitation. The pre-operative X-ray revealed the presence of an accessory and an untreated canal of tooth 15, which presented an apical lesion. The whole treatment was conducted under magnification (Leica 525M, Leica Microsystems, Wetzlar, Germany). During disassemble of the cavity, access was refined by ultrasonic instrumentation (Start X no. 2 and 3, Maillefer, Ballaigues, Switzerland) with the aim of locating the missed canal. The treated canals were shaped with a Komet EndoRestart 25/05 (Komet, Besigheim, Germany) and finished with a Protaper Next X2 (Maillefer-Dentsply, Ballaigues, Switzerland). Only the palatal canal was finished with the F3 instrument. The missed canal was then negotiated manually using a k-file 10/02 up to the working length and was then prepared mechanically with the following instrument sequence: M-two 10/04, (Sweden e Martina, Italy), Proglider and Protaper Next X1-X2 (Maillefer-Dentsply, Ballaigues, Switzerland). Warm vertical gutta-percha condensation with a Pulp Canal Sealer EWT (Kerr Dental, Orange, CA, USA) was used for canal obturation. The final X-ray showed unusual anatomy with four independent canals. The complete case is reported in Figure 6.





3. Discussion


These cases are rare findings of maxillary premolars with four canals. Endodontic management in these complex anatomical configurations is challenging and depends on individual clinical skills as well as the procedural techniques applied [17].



Accurate radiographic examination using horizontal angle variation provides notable support for the endodontist to distinguish the roots and root canals and formulate a correct diagnosis, also in challenging anatomical configurations, as previously reported [12,13,14]. Furthermore, the detection of the pulp chamber anatomy during coronal access and adequate intracanal dentin removal contribute to the correct clinical location of the root canal orifices [12]. Cone beam-computed tomography (CBCT) is also a diagnostic imaging modality recommended for approaching the complex root canal anatomy [18,19]. Despite CBCT providing high-quality, accurate, three-dimensional (3D) representations of the anatomical dental structures, the presence of metallic restorations (e.g., amalgam restorations, metal posts and/or crowns) or even gutta-percha can determine significant radiographic artefacts which can impact the visualization of the root canal anatomy and pathological conditions, such as root resorption and root fractures [20]. Considering that cone beam-computed tomography implies an additional X-ray dose for the patient, the final decision to perform or not to perform a second-level radiologic exam should be based on the clinical and radiographic interpretation of each case. Within this context, the use of a CBCT exam was not considered pivotal for the management of the clinical cases described.



The microscopy is another essential tool in complex endodontic cases. It favors the localization of anatomical landmarks in the pulp chamber floor and thus the identification of eventual supplementary root canals or root canal aberrations [21]. In some selected cases, the operating microscope can help the clinician in identifying the point where the principal canal bi- or trifurcates and the orientation of the canal orifices [17].



Moreover, in such complex anatomical configurations the use of ultrasonic devices [22], dedicated file for re-treatment [23], and modified preparation techniques [16] could be useful in improving the procedural steps of endodontic treatment.



The mixed endodontic alloy (MEA) inverse taper® is a hybrid shaping technique proposed for the preparation of challenging anatomical configurations, such as double or abrupt curvatures and narrow canals. Inverting the taper during the treatment of a narrow, curved or double canal allows the treatment to be extremely safe. The 0.05% final taper ensures root cleaning until the apex maintaining open the eventual lateral canals. At the same time, the 0.05% taper allows for adequate final shaping for the filling phase. The hybrid sequence comprising the #10.04 and #15.05 austenitic files, followed by the martensitic #20.04 produce the first taper inversion at 5 mm from the apex, while the second phase of #25.04 invert the taper at 10 mm. Thus, the instrument does not engage the dentinal walls at D5 and D10 for #20.04 and #25.04, respectively, avoiding excessive file torsional stress and maintaining as much residual dentin as possible [16].



Finally, the use of straightforward and fast obturation techniques, such as the single cone technique combined with biosealers, which promote hydroxyapatite formation, are particularly useful in challenging root canal configurations [24,25].



These case series provide useful clinical information for performing root canal treatments in complex cases, while creating awareness about anatomical variations of maxillary premolars [26,27,28]. Of note, different clinical outcomes such as orthodontic movement and implant success depend on several factors [29,30], including root canal morphology [31,32]. Hence, a detailed knowledge of root canal morphology is useful in different clinical contexts.




4. Conclusions


The above clinical cases describe several approaches in the treatment of four-canal maxillary premolars, including a conservative canal preparation with a hybrid shaping technique, endodontic microsurgery and the application of biomaterials. The use of an operating dental microscope, different operating strategies and the critical evaluation of radiographs are all pivotal steps for the correct and predictable endodontic management of these teeth.







Author Contributions


Conceptualization, C.B. and G.M.; methodology, C.B.; software, G.R.M.L.R.; validation, E.P. and A.S.; investigation, C.B., D.I.K.P., G.R., G.M.G.S., G.C., F.S., A.S., R.L. and G.M.; resources, C.B., G.R., G.M.G.S., D.I.K.P., G.C., E.P., F.S., A.S., R.L. and G.M.; data curation, D.I.K.P.; writing—original draft preparation, C.B., D.I.K.P., G.R., G.M.G.S., G.C., E.P., F.S., A.S. and R.L.; writing—review and editing, G.R.M.L.R. and G.M.; visualization, G.R.M.L.R.; supervision, E.P. and A.S.; project administration, G.M. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors deny any conflict of interest.




References


	



Ida, R.D.; Gutmann, J.L. Importance of anatomic variables in endodontic treatment outcomes: Case report. Endod. Dent. Traumatol. 1995, 11, 199–203. [Google Scholar] [CrossRef]

	



Lin, L.M.; Pascon, E.A.; Skribner, J.; Gängler, P.; Langeland, K. Clinical, radiographic and histologic study of endodontic treatment failures. Oral Surg. Oral Med. Oral Pathol. 1991, 71, 603–611. [Google Scholar] [CrossRef] [PubMed]

	



Ricucci, D.; Siqueira, J.F., Jr. Anatomic and microbiologic challenges to achieving success with endodontic treatment: A case report. J. Endod. 2008, 34, 1249–1254. [Google Scholar] [CrossRef] [PubMed]

	



Carns, E.J.; Skidmore, A.E. Configurations and deviations of root canals maxillary first premolars. Oral Surg. Oral Med. Oral Pathol. 1973, 36, 880–886. [Google Scholar] [CrossRef] [PubMed]

	



Pecora, J.D.; Sousa-Neto, M.D.; Saquy, P.C.; Woelfel, J.B. Root form and canal anatomy of maxillary first premolars. Braz. Dent. J. 1991, 2, 87–94. [Google Scholar]

	



Atieh, M.A. Root and canal morphology of maxillary first premolars in a Saudi population. J. Contemp. Dent. Pract. 2008, 9, 46–53. [Google Scholar] [CrossRef] [PubMed]

	



Neelakantan, P.; Subbarao, C.; Ahuia, R.; Subbarao, C.V. Root and canal morphology of Indian maxillary premolars by a modified root canal staining technique. Odontology 2011, 99, 18–21. [Google Scholar] [CrossRef] [PubMed]

	



Tian, Y.Y.; Guo, B.; Zhang, R.; Yu, X.; Wang, H.; Hu, T.; Dummer, P.M.H. Root and canal morphology of maxillary first pre-molars in a Chinese subpopulation evaluated using cone-beam computed tomography. Int. Endod. J. 2012, 45, 996–1003. [Google Scholar] [CrossRef]

	



Ahmad, I.A.; Alenezi, M.A. Root and Root Canal Morphology of Maxillary First Premolars: A Literature Review and Clinical Considerations. J. Endod. 2016, 42, 861–872. [Google Scholar] [CrossRef]

	



De Almeida-Gomes, F.; de Sousa, B.C.; de Souza, F.D.; Dos Santos, R.A.; Maniglia-Ferreira, C. Unusual anatomy of maxillary second premolars. Eur. J. Dent. 2009, 3, 145–149. [Google Scholar] [CrossRef]

	



De Almeida-Gomes, F.; De Sousa, B.C.; De Souza, F.D.; dos Santos, R.A.; Maniglia-Ferreira, C. Three root canals in the maxillary second premolar. Indian J. Dent. Res. 2009, 20, 241–242. [Google Scholar] [CrossRef] [PubMed]

	



Barros, D.B.; Guerreiro-Tanomaru, J.M.; Tanomaru-Filho, M. Root canal treatment of three-rooted maxillary second premolars: Report of four cases. Aust. Endod. J. 2009, 35, 73–77. [Google Scholar] [CrossRef] [PubMed]

	



Lea, C.; Deblinger, J.; Machado, R.; Nogueira Leal Silva, E.J.; Vansan, L.P. Maxillary premolar with 4 separate canals. J. Endod. 2014, 40, 591–593. [Google Scholar] [CrossRef] [PubMed]

	



Allahem, Z.; AlYami, S. Treatment of maxillary second premolar with 4 roots. Case Rep. Dent. 2020, 2020, 8634797. [Google Scholar] [CrossRef]

	



Yee, F.S.; Marlin, J.; Krakow, A.A.; Gron, P. Three-dimensional obturation of the root canal using injection-molded, thermoplasticized dental gutta-percha. J. Endod. 1977, 3, 168–174. [Google Scholar] [CrossRef]

	



Messina, G. Strumentazione mista e tecnica delle conicità invertite nei canali curvi. Il Dent. Mod. 2021, 12, 70–76. [Google Scholar]

	



Albuquerque, D.; Kottoor, J.; Hammo, M. Endodontic and clinical considerations in the management of variable anatomy in mandibular premolars: A literature review. Biomed Res. Int. 2014, 2014, 512574. [Google Scholar] [CrossRef]

	



Kottoor, J.; Velmurugan, N.; Surendran, S. Endodontic management of a maxillary first molar with eight root canal systems evaluated using cone-beam computed tomography scanning: A case report. J. Endod. 2011, 37, 715–719. [Google Scholar] [CrossRef]

	



Sberna, M.T.; Rizzo, G.; Zacchi, E.; Capparè, P.; Rubinacci, A. A preliminary study of the use of peripheral quantitative computed tomography for investigating root canal anatomy. Int. Endod. J. 2009, 42, 66–75. [Google Scholar] [CrossRef]

	



Patel, S.; Brown, J.; Pimentel, T.; Kelly, R.D.; Abella, F.; Durack, C. Cone beam computed tomography in Endodontics—A review of the literature. Int. Endod. J. 2019, 52, 1138–1152. [Google Scholar] [CrossRef]

	



Al-Fouzan, K.S. The microscopic diagnosis and treatment of a mandibular second premolar with four canals. Int. Endod. J. 2001, 34, 406–410. [Google Scholar] [CrossRef] [PubMed]

	



Plotino, G.; Pameijer, C.H.; Grande, N.M.; Somma, F. Ultrasonics in endodontics: A review of the literature. J. Endod. 2007, 33, 81–95. [Google Scholar] [CrossRef] [PubMed]

	



Das, S.; De Ida, A.; Das, S.; Nair, V.; Saha, N.; Chattopadhyay, S. Comparative evaluation of three different rotary instrumentation systems for removal of gutta-percha from root canal during endodontic retreatment: An in vitro study. J. Conserv. Dent. 2017, 20, 311–316. [Google Scholar] [PubMed]

	



Heran, J.; Khalid, S.; Albaaj, F.; Tomson, P.L.; Camilleri, J. The single cone obturation technique with a modified warm filler. J. Dent. 2019, 89, 103181. [Google Scholar] [CrossRef] [PubMed]

	



Sfeir, G.; Zogheib, C.; Patel, S.; Giraud, T.; Nagendrababu, V.; Bukiet, F. Calcium silicate- based root canal sealers: A narrative review and clinical perspectives. Materials 2021, 14, 3965. [Google Scholar] [CrossRef] [PubMed]

	



Bugea, C.; Berton, F.; Rapani, A.; Di Lenarda, R.; Perinetti, G.; Pedullà, E.; Scarano, A.; Stacchi, C. In Vitro Qualitative Evaluation of Root-End Preparation Performed by Piezoelectric Instruments. Bioengineering 2022, 9, 103. [Google Scholar] [CrossRef]

	



Ahmed, H.M.; Abbott, P.V. Accessory roots in maxillary molar teeth: A review and endodontic considerations. Aust. Dent. J. 2012, 57, 123–131. [Google Scholar] [CrossRef]

	



Silva, E.J.N.L.; Nejaim, Y.; Silva, A.V.; Haiter-Neto, F.; Cohenca, N. Evaluation of root canal configuration of mandibular molars in a Brazilian population using cone beam computed tomography: An in vivo study. J. Endod. 2013, 39, 849–852. [Google Scholar] [CrossRef]

	



Lucchese, A.; Gherlone, E.; Portelli, M.; Bertossi, D. Tooth Orthodontic Movement after Maxillofacial Surgery. Eur. J. Inflamm. 2012, 10, 227–232. [Google Scholar] [CrossRef]

	



Ferrari Cagidiaco, E.; Carboncini, F.; Parrini, S.; Doldo, T.; Nagni, M.; Uti, N.; Ferrari, M. Functional Implant Prosthodontic Score of a one-year prospective study on three different connections for single-implant restorations. J. Osseointegr. 2018, 10, 130–135. [Google Scholar]

	



Savignano, R.; Viecilli, R.F.; Oyoyo, U. Three-dimensional nonlinear prediction of tooth movement from the force system and root morphology. Angle Orthod. 2020, 90, 811–822. [Google Scholar] [CrossRef] [PubMed]

	



Juodzbalys, G.; Stumbras, A.; Goyushov, S.; Duruel, O.; Tözüm, T.F. Morphological Classification of Extraction Sockets and Clinical Decision Tree for Socket Preservation/Augmentation after Tooth Extraction: A Systematic Review. J. Oral Maxillofac. Res. 2019, 10, e3. [Google Scholar] [CrossRef] [PubMed]








[image: Bioengineering 09 00757 g001 550] 





Figure 1. (a) Pre-operative X-ray showing the complex anatomy, (b) intra-operative X-ray after obturation of three canals, (c) intra-operative X-ray after obturation of the 4th canal, (d) intra-operative view of the three vestibular canals, (e) X-ray of 6-month follow-up. 
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Figure 2. (a) Pre-operative X-rays showing the complex anatomy, (b) intra-operative X-ray with endodontic instruments to better understand the anatomy, (c) post-operative view of the endodontic surgery, (d) orthograde filling with gutta-percha, (e) 1-year follow-up. 
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Figure 3. (a) Pre-operative view of the premolar, (b) flap design, (c) intra-operative view of the lesion, (d) ultrasonic tip in action, (e) intra-operative view of the retrograde obturation. 
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Figure 4. (a) Pre-operative view of the premolar, (b) post-operative X-ray of the four canals filled with gutta-percha (c) 1-year follow-up. 
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Figure 5. (a) Pre-operative view of the premolar, (b) post-operative X-ray of the four canals filled with gutta-percha, (c) 1-year follow-up. 
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Figure 6. (a) Pre-operative view of the premolar, (b) post-operative X-ray of the four canals filled with gutta-percha, (c) 1-year follow-up. 
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