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Abstract
Autotransplantation and regenerative endodontic treatment are biologically based dental treatment modalities.Autotransplantation may be a more affordable alternative to implants for patients who experience tooth loss at a young age.Regenerative endodontic treatment is also an alternative to routine endodontic treatment as it can allow the regeneration ofnecrotic or inflamed pulp tissue. The aim of this case is to report a successful 3-year treatment outcome in an immature toothusing a combination of autotransplantation and regenerative endodontic treatment. An 18-year-old female patient withcomplaints of severe pain and mobility at 37. The patient’s medical history revealed no systemic disease. Clinical and radiographicexamination revealed that 37 had undergone root canal treatment 3 years ago. Retreatment of the root canal was initiated, but thesymptoms did not improve despite interm treatment. After surgical consultation, it was decided to extract 37. Forautotransplantation, 38 was extracted atraumatically and autotransplanted into the socket of 37 and splinted for 2 weeks.Regenerative endodontic treatment was planned due to the radiolucency observed in the periapical area of the tooth at the6-month follow-up. Regenerative endodontic treatment was performed on the autotransplanted tooth using platelet-rich fibrinobtained from the patient’s own blood. The tooth remained asymptomatic and functional for 3 years. Root development continuedand periapical healing was complete at 6 months. The tooth showed a positive response to pulp sensitivity tests at the 1-yearfollow-up. The combination of autotransplantation and regenerative endodontic treatment can be considered as a long-termtreatment option for immature teeth.
Keywords: Autotransplantation; Platelet-rich fibrin; Regeneration; Revascularisation; Vital pulp therapy

Introduction

While the primary goal of conservative dentistry is to preserve nat-ural teeth, tooth extraction may be necessary in some cases. Re-placement of lost teeth is essential to restore chewing functionand aesthetic appearance. Implant-supported prostheses or au-totransplantation may be considered as alternatives to traditionalprostheses to replace extracted teeth. 1 Dental implants are not asuitable option before the completion of growth, typically up to theage of 19 years in females and 21 years in males, as they cannot fol-low craniofacial growth and maintain their position during ongoingdevelopment. 2,3 However, tooth loss due to trauma or decay is morecommon in young adults. 4,5 Therefore, autotransplantation canbe an excellent alternative for these patients. Autotransplantationinvolves the surgical repositioning of a tooth from the same patientto replace a missing tooth. It can be thought of as the controlledextraction of a tooth followed by its reinsertion into the extraction

socket, either naturally or under the control of the dentist. Thepreservation of the attached gingiva in its natural shape providesbetter aesthetic results and preservation of proprioception, whichare the main advantages of the procedure. 6,7 It also has a lower rateof bone resorption and is relatively less expensive than implants. 8
The use of dental autotransplantation was first introduced intodentistry by M.L. Hale in 1954, and the basic principles are stillused today. 9 Initially, the treatment was not widely accepted dueto a success rate of around 50%. 10,11 However, in the last fifteenyears, with the recognition of the need for atraumatic extractionand endodontic treatment during the procedure, success rates haveincreased and the popularity of the procedure has grown. Today,tooth transplantation is considered an alternative treatment to im-plants for replacing edentulous areas. However, many factors influ-ence the success and survival of the tooth. These include the stageof root completion, tooth type, surgical technique, recipient sitepreparation, use of perioperative systemic antibiotics, and type and
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duration of splinting. 10 It has been reported that open apex teethmay allow neurovascular growth after tooth transplantation, lead-ing to improved vitality and survival rates. 12 Another clinical trialreported survival rates of 94% and 84% in teeth with incompleteand complete root formation, respectively. 13
Regenerative endodontic treatment, like dental autotransplan-tation, is a biologically based dental treatment for dental tissueloss in young adults and children. 14 Regenerative endodontic treat-ment, also known as revascularisation, aims to treat inflamed ornecrotic open apex permanent teeth by respecting the biology ofthe pulp-dentine complex. 15 In open apex permanent teeth, theprimary goal of regenerative endodontics is to eliminate symptomsand heal periapical lesions, with the additional goals of maintainingor regaining vitality and promoting root development. 16
Regenerative endodontics requires three main components:stem cells capable of differentiating into odontoblast-like cells,growth factors that direct the differentiation of stem cells intoodontoblast-like cells, and scaffold structures necessary to organ-ise these cells in the right place in three dimensions. 17 Therefore,materials such as calcium hydroxide, MTA, Biodentin and EDTA,which induce the release of growth factors from the root canal, arepreferred in regenerative endodontic treatments. 18 The most com-mon method of scaffolding is to induce periapical bleeding with asterile instrument and form a blood clot in the canal. 19 However,since periapical bleeding may not always be transported into thecanal and the erythrocytes in the clot may become necrotic overtime, the use of autogenous platelet concentrates obtained by cen-trifugation of the patient’s own blood, such as platelet-rich plasma(PRP) and platelet-rich fibrin (PRF), has become widespread. 20,21
Variable results have been reported in studies of both re-generative endodontic treatment and autotransplantation proce-dures. 18,22 However, when reviewing the current literature, thenumber of studies evaluating the results of regenerative endodontictreatment in immature teeth where autotransplantation procedureshave been performed is quite limited. 14,23 The aim of this study isto report the 3-year results of a case where autotransplantation andregenerative endodontic treatment were performed.

Case Report

An 18-year-old female patient presented to the Endodontics Depart-ment of the Marmara University Faculty of Dentistry with severepain and mobility in tooth 37. Her medical history revealed thattooth 37 had undergone root canal treatment three years previously.Radiographs showed a large periapical lesion extending to the infe-rior alveolar nerve associated with the previous root canal treatment(Figures 1-2). It was decided to repeat the root canal treatment dueto chronic apical periodontitis. Despite two interim applications ofcalcium hydroxide over a period of 3 months, no improvement insymptoms was observed. After a surgical consultation, it was de-cided to extract teeth 37 and 38 and to transplant tooth 38 to replacetooth 37.Other treatment options recommended to the patient includedimplant placement and fixed prosthesis. However, after discussingthe benefits, risks and long-term outcomes of each option, thepatient opted for autotransplantation because she wanted to re-tain a natural tooth and avoid the need for prosthetics or implants.This decision was influenced by the patient’s preference for a bi-ological solution that could restore function and aesthetics with amore natural outcome. After a detailed explanation of the procedureand possible complications, the patient was informed and signeda consent form. For the autotransplantation procedure, tooth 38was extracted atraumatically under local anaesthesia and preservedin 0.9% isotonic sodium chloride solution to maintain the vitalityof the periodontal ligament. The atraumatic tooth extraction wasperformed by an oral surgeon with more than 5 years of experi-ence, during which time he gained extensive expertise in various

surgical procedures. An inferior alveolar nerve block techniquewas used for local anaesthesia, and a solution of 4% articaine withepinephrine(1:100,000) was selected for the procedure. Tooth 37was extracted and after curettage of the extraction socket, the recip-ient site for the transplanted tooth was prepared with surgical drills.Tooth 38 was placed in the socket and finger pressure was appliedfor 3 minutes. The occlusal relationship with the opposing arch wasthen assessed to avoid premature contact. After placement of tooth38 in the socket, 4/0 non-absorbable monofilament sutures wereselected for stabilisation. (Ethicon, Johnson & Johnson, USA) (Fig.3). Follow-up appointment was scheduled for 2 weeks later.At the follow-up visit, the sutures were removed and tooth mo-bility was checked. According to the Miller classification, mobil-ity, which was recorded as class 3 after autotransplantation, wasrecorded as class 1 at the follow-up visit. Periodontal probing re-vealed no pockets deeper than 3 mm. As there were no clinical orradiographic problems (no pain or sensitivity to percussion and pal-pation, absence of periapical radiolucency, normal periodontal liga-ment width and healthy bone structure observed on radiographs),the patient was scheduled for routine follow-up every 3 monthsfor the first year. At the 6-month follow-up, the patient presentedwith pain on chewing. Radiographic examination revealed radi-olucency in the periapical area of the tooth. Clinically, the tissuessurrounding the tooth were assessed by percussion and palpationtests, which revealed mild to moderate tenderness. Thermal tests(application of cold and heat) and electrical pulp tests were per-formed to assess the vitality of the tooth, and these tests confirmedthat the tooth was non-vital. Radiographic examination showedthe presence of a periapical radiolucent area at the root apex, in-dicating chronic apical infection. The diagnosis of chronic apicalperiodontitis was confirmed based on the combination of clinicaland radiographic findings. Considering the patient’s age, regener-ative endodontic treatment was planned and a consent form wassigned after explaining the possible risks.After cavity preparation under the rubber-dam isolation, theworking length was determined radiographically. The root canalswere prepared and enlarged up to size 30 with a 0.4 taper withrotary insturments(Smart Gold, EndoArt, Inci Dental, Turkey) un-der irrigation with 2.5% sodium hypochlorite. (Microvem, AltunSterilization & Medical, Turkey) Final irrigation with 17% EDTA(Microvem, Altun Sterilization & Medical, Turkey). Calcium hy-droxide (Vision, WP Dental, Germany) was placed in the canal andthe patient was scheduled for a second appointment three weekslater.(Fig.4) At the second appointment, the regenerative treatmentwas started as the patient reported no discomfort. The root canalwas irrigated with 10 mL of 2.5% NaOCl and 10 mL of 17% EDTAwith sonic activation (EDDY, VDW, Germany) under rubber damisolation. The canal was then rinsed with distilled water and dried.Ten millilitres of blood was taken from the patient and centrifugedat 2700 rpm for 12 minutes to obtain a PRF membrane. The PRFmembrane obtained was placed in the canal as a small strip andcompressed. A 3-4 mm layer of mineral trioxide aggregate (MTA)(BioMTA, Cerkamed, Poland) was applied and sealed with glassionomer cement (RubyLiner, Inci Dental, Turkey) (Fig. 5). Thepermanent composite restoration was completed one month later.This was due to the patient’s location out of town.The patient was recalled every three months for the first yearfor radiographic examination and clinical symptom assessment.Initial examinations revealed no pain to percussion or palpation,but the tooth was unresponsive to cold and electrical pulp tests.Healing of the periapical area was observed at three months, withenlargement of the apex at six months (Figs 6-7). Follow-up exam-inations showed that the tooth was functional and asymptomatic.And no aesthetic discolouration was observed as a result of the MTAapplication. At one year, radiographs showed complete healing ofthe apical lesion with continued hard tissue deposition (Fig. 8). Inaddition, the tooth responded positively to sensitivity testing. After36 months of follow-up, the tooth remained asymptomatic and
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Figure 1. Diagnostic panoramic radiograph

Figure 2. Diagnostic periapical radiograph

Figure 3. Splinted with sutures for stabilisation

Figure 4. 6-month post-autotransplantation (after the application of calcium hy-
droxide.)

functional in the oral cavity. There was no evidence of pain or sen-sitivity to percussion, palpation or biting. The tooth continued torespond to thermal and electrical sensitivity testing. Radiographsshowed complete healing of the apical lesion and a normal peri-odontal ligament in all directions of the root (Fig. 9).

Discussion

Dental autotransplantation and regenerative endodontic treatmentare biologically based treatments that are particularly useful fortreating tooth loss at a young age. 14 Autotransplantation is a tech-nique that has been continuously developed and supported by validclinical studies to date. 6,24,25 Although there are many studies onteeth with complete root development, there are not enough stud-ies on teeth with incomplete root development to confirm the suc-cess of this technique. However, survival rates reported in recentmeta-analyses are over 95%, suggesting that autotransplantationshould be considered a predictable long-term technique for openapex teeth. 13,23
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Figure 5. Placement of MTA

Figure 6. 3-month follow-up radiograph

Figure 7. 6-month follow-up radiograph

In this case, tooth 37, which could not be treated despite rootcanal treatment and application of calcium hydroxide, was extractedand tooth 38, with an open apex, was transplanted in its place, fol-lowed by regenerative endodontic therapy. Calcium hydroxide wasapplied twice over a three-month period to ensure complete dis-infection of the infected root canals. The first application aimed

Figure 8. 12-month follow-up radiograph

Figure 9. 36-month follow-up radiograph

to eliminate most of the bacteria in the canal, while the secondapplication focused on eradicating any remaining bacterial biofilmsand infections. The literature suggests that calcium hydroxide hasa long-lasting antibacterial effect and is effective in eliminatingresidual bacteria. In addition, multiple applications improve infec-tion control and aid the healing process. 26 As there was no responseto treatment, it was decided to discontinue the root canal treatmentand proceed with autotransplantation therapy.Pulpal vitality is considered one of the key criteria for successfulautotransplantation. In their studies, Northway et al. 27 reportedthat transplanted open apex teeth should respond positively to sen-sitivity tests within 2 to 4 months. Czochrowska et al. 28 foundpositive responses to pulp vitality tests in all immature apex teeththey transplanted. Nagori et al. 29 also reported positive responsesto electrical pulp tests in transplanted open apex teeth. In this case,the transplanted tooth did not respond to vitality tests and becamesymptomatic within 6 months. Regenerative treatment was there-fore the treatment of choice.According to the American Association of Endodontics (AAE)guidelines, the primary goal of regenerative endodontic proceduresis to treat apical periodontitis. Secondary goals include standard-izing root wall thickness and length and achieving vitality. 30,31
Stem cells, growth factors and natural or artificial scaffolds playa role in regenerative treatments. PRF is a potential scaffold thatcontrols inflammatory responses and promotes growth and regen-
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eration. 32 By acting as a depot for tissue healing elements, PRFincreases the formation of new hard and soft tissue in the canalarea. 33 The clinical advantages of MTA placement over PRF, withits excellent coronal sealing and biocompatibility properties, havebeen demonstrated. 34 In this case, PRF obtained by centrifugationof the patient’s blood was used and covered with MTA. The settingschosen to obtain the PRF membrane were optimised to preserve thebiocompatibility and coagulation properties of the fibrin structure.PRF was obtained by centrifugation at 2700 rpm for 12 minutes.These settings help to maintain the biological activity and cellularcomponents of the PRF, promoting the formation of an optimalfibrin matrix that supports tissue healing. Similar centrifugationspeeds and durations have been reported in the literature to providethe highest biological efficacy of the PRF membrane. 35
Clinical and radiological evaluations were performed at 3, 6,12 and 36 months after the regeneration procedure; the tooth wasasymptomatic and functional. In addition, complete periapical heal-ing was observed at 6 months and root formation continued. At the1-year follow-up, the tooth was found to respond positively to pulpsensitivity tests.No root resorption was observed during the follow-up period.This can be attributed to the use of atraumatic extraction techniquesand careful preservation of periodontal ligament cells, which playeda crucial role in maintaining the vitality of the transplanted toothand helping to prevent inflammatory root resorption. 36 During thetransplantation process, careful and atraumatic extraction of thetooth, together with preservation of the root surfaces and minimisa-tion of the time before transplantation, helps to maintain the vitalityof the periodontal cells. Keeping the tooth in a moist environmentand preventing further desiccation of the cells also contributes tothe success of the procedure. Similar studies have shown that pre-serving periodontal ligament cells has a protective effect againstroot resorption and ankylosis, emphasising the importance of thesefactors in the long-term success of the graft. 37–39 Additionally, theuse of nonabsorbable sutures during the procedure, combined withproper stabilization techniques to avoid excessive force, may haveminimized the risk of root resorption. Studies have indicated thatapplying sutures for stabilization after autotransplantation, espe-cially for short-term use, enhances pulp healing and reduces therisk of inflammatory root resorption when compared to rigid splint-ing techniques. These findings suggest that less rigid stabilizationmethods, such as sutures, are beneficial for promoting healingwhile minimizing complications like root resorption. 40,41 In thiscase, the tooth was placed with minimal pressure and stabilisedwith non-resorbable sutures.In addition, the biocompatible materials used in the root canaltreatment, particularly mineral trioxide aggregate (MTA), may havecontributed to the prevention of resorption by promoting healingand minimising inflammation. Similar findings have been reportedin the existing literature, where the use of biocompatible materi-als and appropriate stabilisation techniques have been shown topositively influence the healing process and reduce the risk of re-sorption. 42–44
The success achieved through the use of appropriate surgicaltechniques, careful preservation of the periodontal ligament andthe use of biocompatible materials is promising for future treatmentprocedures. This study demonstrates that autotransplantation andregenerative endodontic treatment can be valuable clinical optionsfor managing tooth loss, particularly in young patients. The useof MTA and PRF membranes in this approach optimises infectioncontrol and tissue healing, allowing the transplanted tooth to re-gain functionality. The primary clinical contribution of this studyis to demonstrate that biocompatible materials and appropriate sta-bilisation techniques significantly improve the long-term successof autotransplantation procedures.However, the study has some limitations. It is a single case re-port, which limits the generalisability of the findings. Further clin-ical studies are needed to evaluate factors such as patient age, root

development status and surgical techniques in a broader patientpopulation. In addition, the success rate of autotransplantation andthe factors influencing it should be investigated in larger clinicaltrials and randomised controlled trials to validate these findings.

Conclusion

Despite its limitations, this study presents a successful three-yearfollow-up of the autotransplantation technique performed on animmature tooth followed by regenerative endodontic treatment.This technique can be recommended, especially for patients in thegrowth and development phase; however, in these cases, the com-bination of success criteria and the determination of the necessaryfollow-up period are essential, along with a clear surgical protocolto evaluate the effectiveness of the technique.
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