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Abstract
Tooth replacement often leads to inadequate vertical
volume in the recipient site bone when a tooth has
been extracted because of a vertical root fracture
(VRF). This case report presents the autotransplantation
of a mandibular third molar (tooth #32) with the
attached buccal cortical plate to replace a mandibular
second molar (tooth #31) diagnosed with a VRF. After
extraction of tooth #31, the recipient socket was prepared based on the size measured in advance with
cone-beam computed tomographic imaging. The precise
and calculated osteotomy of the cortical bone of tooth
#32 allowed for the exact placement of the donor tooth
in the position of tooth #31. The total extraoral time was
only 25 minutes. The block was fixed to the recipient
socket with an osteosynthesis screw and splinted with
a double resin wire for 8 weeks. At the 6-month
follow-up, the screw was removed, and the stability of
the tooth and the regeneration obtained throughout
the vestibular area were confirmed. At the 2-year
follow-up, the transplanted tooth was asymptomatic
and maintained a normal bone level. Advantages of autotransplantation over dental implants include maintenance of proprioception, possible orthodontic
movements, and a relatively low cost. This case report
demonstrates that an autotransplantation of a third
molar attached to its buccal cortical plate is a viable option to replace teeth with a VRF. (J Endod 2017;-:1–5)
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Autotransplantation can provide an alternative to
of embedded or erupted
dental implants in patients with inadequate bone
teeth in the same individsupport because of a vertical root fracture.
ual from one site to
another into extraction
sites or surgically prepared sockets (1). Indications for tooth autotransplantation
include impacted or ectopic teeth, premature and/or traumatic tooth loss, loss of teeth
because of tumors or iatrogenesis, congenitally missing teeth, replacement of teeth with a
poor prognosis, and/or developmental anomalies when a suitable donor tooth is available (2, 3).
Successful tooth transplantation depends on proper case and patient selection
(4, 5). It depends above all on the vitality of the remaining periodontal ligament
(PDL) cells in the donor root, the shape and the site of the recipient socket, and the
vascularity of the recipient bed (6, 7). Since the 1990s, many studies on periodontal
tissues, periodontal membrane, and dental root resorption have shown that the
transplant success rate is rapidly increasing, which is giving rise to new clinical
interest (3, 8, 9). It should be noted that most studies have focused on the
autotransplantation of teeth with incomplete root formation (10–12), which restricts
the applications of tooth autotransplantation to patients in their early 20s and
younger. However, previous research has determined no substantial difference in the
autotransplantation success rate between mature and immature teeth (3, 8, 9).
Tsukiboshi (3) reported a 90% survival rate and an 82% success rate for 250 cases
observed over 6 years; these results are similar to those obtained by Lundberg and
Isaksson (8) and Mejare et al (9). Therefore, teeth with complete root formation
should be considered for use as donor teeth.
The most frequently reported complications in teeth autotransplantation include inflammatory root resorption, replacement root resorption or ankylosis (2, 3, 8, 13), pulp
necrosis (9, 14), lack of periodontal healing (5, 9), and reduction of final root length
(12, 15, 16). Hence, for successful tooth autotransplantation, it is essential to
preserve as many viable cells as possible in the donor tooth root and promote the
formation of new PDL in the recipient site. Efforts to maintain viable cells in the donor
tooth facilitate the preservation of cervical root cells, which can be easily damaged
during tooth extraction and allow for bone healing around the donor tooth (17).
Tooth replacement often leads to an inadequate vertical volume in the recipient
site bone when a significant period has passed since tooth extraction or extraction
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resulting from a periodontal problem or a vertical root fracture (VRF).
The aim of this report was to present an atraumatic and precise surgical
technique guided by cone-beam computed tomographic (CBCT) imaging for osteotomy preparation of donor sites. The case report focuses on
the autotransplantation of a mandibular third molar still attached to its
buccal cortical plate to replace a mandibular second molar with a VRF.

Case Report
In May 2015, a 35-year-old woman was referred for evaluation of
her mandibular right second molar (tooth #31). The medical history
was noncontributory. The patient’s chief complaint was of a purulent
discharge from tooth #31 and pain on biting over the preceding
4 months. Clinical examination revealed that it had a restoration of resin
composite and was sensitive to vertical percussion (Fig. 1A). At the time
of the exploration, a draining sinus tract was not evident, and tooth
mobility was within physiologic limits. Periodontal probing revealed
local pocketing almost to the apex on the mesiobuccal and distobuccal
region of tooth #31 (Fig. 1B).
Radiographic examination revealed an extensive furcation, crestal,
and periapical bone resorption of tooth #31 (Fig. 1C). These clinical,
periodontal, and radiographic findings led us to suspect a VRF. During
this appointment, an interdisciplinary treatment plan was formulated;
the patient was informed that tooth #31 had a questionable long-term
prognosis because of the possible VRF. A small-volume CBCT image
was taken (Planmeca 3Ds; Planmeca Oy, Helsinki, Finland) to reveal
the pattern of bone destruction, the involvement of the buccal cortical
plate, and a possible line of fracture. A complete loss of the buccal
cortical plate was observed in the axial, sagittal, and coronal sections
(Fig. 1D–F). The axial images showed an extensive bone resorption
in both the buccal and lingual surface (Fig. 1D). However, no radiolucent line was detected compatible with a VRF.

Clinically and radiographically, the mandibular third molar (tooth
#32) was completely erupted and positioned within the dental arch and
without an antagonist, making it possible for tooth autotransplantation.
The treatment plan included extraction of fractured tooth #31 and autotransplantation of tooth #32 with the buccal cortical plate in order to
vertically regenerate the bone defect. Informed consent was obtained
for the treatment.
Endodontic treatment of tooth #32 was completed preoperatively
(48 hours before autotransplantation) to reduce the extraoral time. The
volumetric size of the donor tooth was analyzed from CBCT images to
calculate the suitability of the transplant as well as the buccal cortical
size to be taken.

Surgical Procedure
After local anesthesia, a mucoperiosteal flap surrounding teeth
#31 and #32 was raised. As we expected, a full dehiscence of the buccal
plate was observed in tooth #31, and a fracture line was visible in the 2
exposed roots, confirming a definitive diagnosis of VRF (Fig. 2A–C). After extraction, the recipient socket was prepared with a surgical round
bur with copious saline irrigation based on the size measured in
advance on CBCT imaging. All the granulation tissue in the extraction
socket defect was thoroughly cleaned (Fig. 2D–F). To reduce the injury
to the PDL of the donor tooth and regenerate the bone defect in the
recipient socket, tooth #32 was extracted carefully with the attached
buccal cortical plate. A precise and calculated osteotomy of the cortical
bone of tooth #32 was made (Fig. 3A–D). This allowed the exact placement of the donor tooth in the position of tooth #31 and completely
replaced the recipient socket. The tooth was stored in physiologic saline–soaked gauze during the extraoral procedure. The block was fixed
to the recipient socket with an osteosynthesis screw (Fig. 3E). Then, the
transplanted tooth was splinted with a double resin wire splint (buccal

Figure 1. (A) A 35-year-old woman was referred for evaluation of her mandibular right second molar (tooth #31). (B) Periodontal probing revealed local pocketing almost to the apex on the mesiobuccal and distobuccal region of tooth #31. (C) Tooth #31 with endodontic treatment and clinical signs of VRF. Note the
extensive furcation, crestal, and periapical bone resorption. (D) The reconstructed axial CBCT (Planmeca 3Ds) images showed an extensive bone resorption in the
buccal and lingual surface. (E) The sagittal view. (F) Coronal CBCT images revealed a complete loss of the buccal cortical plate of tooth #31. The fracture was not
visible on either imaging modality.
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Figure 2. (A) The suspected VRF was only confirmed during the surgical flap. (B) Extraction of tooth #31. (C) A fracture line was visible in the mesial and distal
root. (D) All the granulation tissue in the socket defect was cleaned. (E and F) The recipient socket preparation was guided according to the preoperative CBCT
image.

and lingual) for 8 weeks (Fig. 3F and G). The splint was passive and
semirigid, maintaining physiologic tooth mobility. It was not necessary
to correct any occlusal interference because the clinical crown of tooth
#32 was shorter in length than the crown of tooth #31.
The patient was examined every month during the first year and
then at 2 years after surgery. At the 6-month follow-up, the screw was
removed, and the stability of the tooth and the regeneration obtained
throughout the vestibular area were verified (Fig. 4A). After 2 months,
a lithium disilicate overlay with a circumferential adhesive ferrule effect
was performed (Fig. 4B–D). At the 2-year follow-up, the transplanted

tooth was asymptomatic and maintained a normal bone level
(Fig. 4E). The radiographs revealed no replacement or inflammatory
root resorption of the transplant. No bone furcation defect was
observed, indicating that there was no vertical resorption of the bone
fragment (Fig. 4F).

Discussion
A VRF in endodontically treated teeth is 1 of the most frustrating
complications of root canal treatment, which results in tooth or root
extraction (18–20). VRF is a longitudinally oriented fracture of the

Figure 3. (A and B) A precise and calculated osteotomy guided by the CBCT image of the cortical bone of tooth #32. (C) A comparison of size between teeth #31
and #32. (D and E) The block was fixed to the recipient socket with an osteosynthesis screw. (F) A double resin wire splint. (G) A periapical radiograph confirming
the correct position of the tooth after replantation and splinting. The transplanted tooth was positioned below the occlusal plane.
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Figure 4. (A) Removal of the osteosynthesis screw. Note the bone regeneration obtained throughout the vestibular area. (B) Details of the overlay preparation of
the transplanted tooth. (C) The laboratory painted lithium disilicate wax-up. (D) Try-in and small occlusal check of the restoration without rubber dam isolation.
(E) Lithium disilicate painted overlay after the adhesive cementation. (F) The 2-year radiographic follow-up showing normal bone contour around the tooth.

root that originates from its apical end and propagates coronally and is
defined as 1 of the crack types (21). In many cases of tooth replacement, an inadequate vertical volume in the recipient site bone is
observed when a significant period has passed after tooth extraction
or when a tooth has been extracted because of a periodontal problem
or a VRF. When aVRF is diagnosed, the inflammation in the supporting
tissues leads to periodontal breakdown followed by the development of
a deep osseous defect and resorption of the bone facing the root fracture (19). Tsesis et al (22) concluded that a definitive diagnosis of VRF
can only be reached through a flap surgical procedure, after a tooth
extraction, or radiographically when there is a clearly discernable separation of fractured root segments. In the presented case, a full dehiscence of the buccal plate with bone resorption extending into the
interproximal area was observed after raising a mucoperiosteal flap.
Advantages of autotransplantation over dental implants include
maintenance of proprioception, possible orthodontic movements, relatively low cost, and pulpal regeneration with immature teeth (3, 23).
According to some studies (24–26), bone regeneration can be
induced at the recipient site after transplantation when the PDL cells
of the donor tooth root are preserved. Theoretically, both horizontal
and vertical bone growth is possible (27), but few cases have shown
vertical growth in the case of mature third molar autotransplantation
(17, 28). Zhang et al (29) reported that the regenerative potential of
PDL cells is reduced with aging, which might interfere with the normal
adaptation of the donor tooth on the recipient site. Hence, we preferred
to use an atraumatic surgical technique and perform an autotransplantation of the mandibular third molar (tooth # 32) with the attached
buccal cortical plate.
The most important factor for the success of autogenous tooth
transplantation is the vitality of the PDL attached to the transplanted
tooth (27). The PDL is sensitive to pH and osmotic potential, and its
viability is reduced if the extraoral dry time is long (30). In this case,
the tooth was held gently at both the crown and root with gauze soaked
in physiologic saline. An extraoral time less than 20 minutes is associated with a positive effect on tooth survival (30), which is consistent with
the results of studies on intentional replantation (31, 32). In this case
report, the total extraoral time was only 25 minutes, allowing us to avoid
the application of any solution, such as tetracycline, citric acid, EDTA, or
enamel matrix derivative, to the root surface to enhance PDL fiber
attachment or prevent ankylosis (33, 34). In this regard, the
4
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previous measurements we performed using CBCT imaging were
essential to minimize the extraoral time. Another valid option is the
use of computer-aided rapid prototyping models (17, 23, 35).
A recent systematic review provided the first evidence of outcomes
of autotransplanted teeth with complete root formation (36). Rates of
failure, infection-related root resorption, and ankylosis were occasionally observed in autotransplanted teeth with complete root formation.
Teeth with fully developed roots are usually endodontically treated
before transplantation because revascularization and pulpal healing
are less likely to occur (3). In this way, inflammatory procedures
that could endanger their prognosis are usually prevented (6, 9).

Conclusions
Autotransplantation can provide an alternative to the dental
implant in some patients in whom dental implants become difficult
because of inadequate bone support and in patients in growing stages.
On the basis of this case, an autotransplantation of a third molar
attached to its buccal cortical plate is a viable option to replace teeth
with VRF.
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