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ABSTRACT

Background. Autotransplantation is a highly successful technique to replace ankylosed teeth. The
authors propose a modified therapeutic approach to guide the autotransplant of an immature
maxillary premolar using a tooth-shaped osteotome.

Case Description. A 9-year-old boy reported an avulsion of his maxillary permanent left central
incisor with a delayed replantation. An autotransplant of the immature maxillary right first premolar
into the position of the affected tooth was planned. A surgical 3-dimensional guiding template and
a tooth-shaped osteotome were manufactured to prepare the neo-alveolus (referring to the creation
or modification of an alveolus to house the tooth) modification. Although the donor tooth was
placed in the recipient socket with the buccal side of the root fully exposed, the transplant outcome
was successful.

Practical Implications. The use of 3-dimensionally designed surgical osteotome could improve
accuracy and surgical handling of a donor tooth autotransplant, even with substantial bone defects
in the recipient site.

Key Words. Autotransplanted tooth; cone beam computed tomography; digital planning; guided
implant surgery; tooth-shaped osteotome.
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ooth avulsion, the most severe form of trauma to permanent teeth, is described as the
complete displacement of a tooth from its alveolar socket.1 The treatment of choice to
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Tmaintain the viability of the periodontal ligament (PDL) cells demands an immediate
replantation into the socket.2 The presence of vital PDL cells on the root surface of the replanted
tooth safeguards replacement root resorption, which is one of the most critical complications.3,4

Therefore, it is essential to reduce the time lapse between avulsion and tooth replantation.5

When immediate replantation is not possible after avulsion, the clinician should preserve these
cells on the root surface by storing the avulsed tooth in an appropriate solution.6,7 The ideal
storage media suggested for avulsed teeth include tap water, saliva, and saline serum, but Hank’s
balanced salt solution, milk, modified Eagle medium, and ViaSpan (DuPont) have been shown to
yield the best outcomes.8,9 However, the frequent delay in replantation means the tooth is stored
in an unsuitable medium, or it experiences extensive drying before replantation.8,10 In such sit-
uations, the root surface may have an unlimited damaged area, leading to an inflammatory process
in the periodontal tissues, after which the new attachment apparatus reorganizes itself.11 Osteo-
clasts from the adjacent alveolar bone repopulate the affected area and over time cause gradual
ankylosis and replacement resorption. The result is the fusion of the alveolar bone with the root
surface.

Ankylosis is first observed by a high percussion sound, followed by reduced mobility and evident
infraposition of the affected tooth in growing patients.12 An ankylosed root is resorbed constantly
and substituted by bone, finally resulting in resorption of the entire root. This situation is gradual,
and to date there has been no evidence that this course can be arrested or reversed.
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ABBREVIATION KEY

3D: 3-dimensional.
CBCT: Cone-beam computed

tomography.
PDL: Periodontal ligament.
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When this progression is left untreated in growing patients, the eruption of the replanted tooth is
disrupted, leading to infrapositioning of the tooth, tilting of the adjacent teeth, disorder in the
growth of the alveolar bone, and an unesthetic appearance.13-16 Autotransplantation is a highly
successful technique used to replace irreversibly damaged teeth and is particularly indicated when
crowding permits extraction of an immature premolar.17 To reach revascularization of the pulp
and positive periodontal healing, the perfect root should develop to three-fourths of the entire
length of the donor tooth.18 Different methods, incorporating 3-dimensional (3D) design and 3D
printing technologies, have been proposed to update and help achieve higher success rates for
autotransplants.19 However, these approaches still need free-hand preparation of the recipient
socket. In 2017, Anssari Moin and colleagues20 described a method of computer-assisted
template-guided autotransplant with custom 3D-designed and -printed surgical tools that possibly
may offer a relatively precise alternative for the existing treatment methods.

Theoretically, horizontal and vertical bone regeneration can be stimulated at the recipient site
after autotransplant when the PDL cells of the donor tooth root are conserved.21,22 However, to our
knowledge, there have been no reports in the literature of tooth autotransplants involving a donor
tooth placed in the recipient socket with the buccal side of the root fully exposed and no sur-
rounding bone. The affected tooth in our case report had a highly advanced degree of replacement
root resorption, which produced severe bone atrophy. The aim of this case report is to report a
successful guided autotransplant of an immature maxillary premolar using a tooth-shaped
osteotome.

CASE PRESENTATION
A 9-year-old boy was referred to us, having experienced a maxillofacial trauma 8 months previously,
with an avulsion of his maxillary left permanent central incisor (tooth no. 9) and a delayed
replantation. Clinical examination revealed a severe infraocclusion of tooth no. 9 and a metallic
sound to percussion test. The maxillary dental midline had deviated 1 mm to the left in relation to
the mandibular dental midline (Figure 1). Radiographic image examination showed an absence of
periodontal space surrounding the affected tooth, making it impossible to differentiate the alveolar
bone from the root surface (Figure 2, A and B). A cone-beam computed tomographic (CBCT) scan
(8.0 mA and 90 kV, 5 � 5 cms) (CS 9300; Carestream Health) showed that the residual bone ridge
in tooth no. 9 was thin, and there was no vertical development of the surrounding alveolar process
(Figure 3). The scan also revealed a bone resorption of the buccal cortical plate, although the
palatal bone was not affected (Figure 3, A and B).

Several treatment choices were considered, including buildup, surgical repositioning, bone
distraction by means of a piezoelectric osteotomy of the segment, decoronation, and autotrans-
plant.12-15 After discussing the benefits of each treatment option and possible long-term success rate,
as well as its possible complications, duration, function, esthetics, and treatment cost, the patient’s
parents consented to a tooth autotransplant. At the same time, the patient was referred to an
orthodontist, who planned a bilateral tooth extraction of maxillary and mandibular first
premolars to correct the malocclusion. After this interdisciplinary consultation, a decision was
made to perform an autotransplant of the immature maxillary right first premolar (tooth no. 5)
into the position of tooth no. 9, followed by an esthetic restoration and orthodontics.

The CBCT scan was exported to Digital Imaging and Communications in Medicine files, which
were uploaded to surgical planning software specifically designed for guided implant surgery
(NemoScan, Nemotec). The donor tooth (tooth no. 5) was segmented using the Digital Imaging
and Communications in Medicine files and then saved as a standard tessellation language file. The
digitally segmented donor tooth was transplanted virtually into the socket of tooth no. 9, taking
into account the nasopalatine foramen position and the adjacent dental structures, as well as the
optimal esthetic and functional requirements (Figure 4A).

An analogous root (donor tootheshaped osteotome) was custom designed according to the
virtual position of the donor tooth and the shape of the recipient site (Figure 4B). This design
allowed for the fabrication of an osteotome shaped like the buccal surface of the donor tooth. Then,
a surgical 3D guiding template was prepared for neo-alveolus modification, thus improving the
accuracy of the donor tooth transplant. The surgical template design consisted of an occlusal
reference fixed to 3 adjacent teeth for good stability (Figure 5A). The 3D guiding template, the
segmented donor tooth (3D replica), and the design of the root-shaped osteotome were exported as
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Figure 1. Preoperative view of a 9-year-old boy with an ankylosed mandibular left central incisor (tooth no. 9). Note the
severe infraposition of tooth no. 9 and the tilting of the adjacent teeth 8 months after avulsion and delayed
replantation.

Figure 2. The previously replanted maxillary left central incisor showing an extensive replacement root resorption.
A. Preoperative panoramic view. B. Tooth no. 9 was ankylosed in an infraoccluded position.

Figure 3. A cone-beam computed tomographic scan showing a thin residual bone ridge in tooth no. 9 and no vertical
development of the surrounding alveolar process. A. Sagittal slices of the gradual bone replacement of the root (white
arrows) preventing it from a normal eruption. B. Axial slices also revealing a bone resorption of the buccal cortical plate
but not the palatal cortical plate. Yellow arrows indicate the nasopalatine foramen position.
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Figure 4. Digital planning sequence: immediate premolar autotransplant. A. The digitally segmented donor tooth was virtually transplanted into the
recipient socket. B. An analogous root (donor tooth-shaped osteotome) was custom designed according to the virtual position of the donor tooth and the
shape of the recipient site. Note the osteotome shaped like the buccal surface of the donor tooth. A surgical 3 dimensional guiding template was also
designed for neo-alveolus modification.

Figure 5. Manufacture and use of the custom 3-dimensional (3D) designed tools. A. Detail of the root-shaped
osteotome, the 3D guiding template, and the segmented donor tooth (3D replica). B. Placement of the 3D guiding
template and the custom osteotome. Note how the tooth replica was inserted into the recipient site to verify the final
preparation.
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standard tesselation language files and printed in biocompatible resin (Dental LT clear resin) with a
stereolithography 3D printer (Form 3B, Formlabs). Finally, the printed root-shaped osteotome was
converted into a cobalt-chrome tool using a traditional cast method based on the lost wax process
(Figure 5A).

After the digital planning was done, the autotransplant surgery was performed. The patient was
prescribed antibiotic (875 mg of amoxicillin and 125 mg of clavulanic acid) every 12 hours for 7
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days beginning the day before the surgery. First, the affected tooth (tooth no. 9) was extracted
carefully so as not to further damage the remaining buccal cortical plate. Visual inspection of the
alveolus confirmed that the buccal cortical plate had disappeared completely, leaving a dehiscence
of 8 mm. Then, the recipient site was modified slightly with surgical round burs at low speed and
cooled with a solution of physiological saline. All the while, the entire palatal cortical plate was
carefully preserved to avoid damaging the nasopalatine foramen. Subsequently, the 3D guiding
template was positioned, and the recipient site was definitively shaped by gently tapping the custom
osteotome with a hammer through the template (Figure 5B). The replica was inserted into the
recipient site to verify the final preparation (Figure 5B).

Successively, the donor tooth was extracted atraumatically (Figure 6A) and immediately trans-
planted into the neo-alveolus at the recipient site (Figure 6B). The position of the donor tooth
exactly matched the position of the digital planning guide and that of the 3D tooth replica. The
buccal root surface of the transplanted tooth was covered using a porcine pericardium collagen
membrane (Jason; Bottis) fixed by 2 tenting screws (Master-Pin-Control Fixation System, Osteo-
genics Biomedical) between the root and the raised flap (Figure 6, C and D). Primary instability of
the transplanted tooth was overcome by splinting it to the adjacent teeth with a 0.012 double
segment nickel-titanium wire and composite resin for 21 days (Figure 6E). The extra-alveolar time
between tooth extraction and transplant of the maxillary premolar in the neo-alveolus took no
more than 1 minute. The occlusion was adjusted to ensure there was no occlusal interference
(Figure 6F). A composite restoration (Enamel plus HRi-Function, Micerium) was placed in the
transplanted tooth to adjust the occlusion and give the crown an esthetic appearance.

The patient was scheduled for follow-up appointments at 6, 12, and 18 months to evaluate the
transplant outcome (Figure 7). Because the donor tooth was immature and Hertwig epithelial
sheath was preserved around the apex, continued root development and partial canal obliteration
were observed at the 3 follow-ups. Clinical and radiographic image examinations at 20 months
revealed no signs or symptoms, and the transplanted tooth remained functional (Figure 8A). The
transplanted tooth retained its esthetic appearance and continued to erupt according to the pa-
tient’s growth stage. Periapical follow-up radiography showed evidence of root development and no
signs of root resorption (Figure 8B).

DISCUSSION
Most dental avulsions occur in people aged 8 through 12 years during the development of the jaws
and alveolar processes,19 accounting for 1% through 16% of all traumatic injuries of the permanent
dentition.23 Immediate extraction of an irreversible ankylosed tooth is not usually a good treatment
choice as it leads to bone attachment loss, particularly the thin buccal plate of the maxilla, and
subsequently a defect both in the horizontal and vertical dimensions.24 In addition, the tooth
frequently may be preserved for a few more years, giving the patient a temporary esthetic and
efficient solution.16 The underdeveloped growth of the bone around the ankylosed tooth is often
complemented by a tilting of the adjacent teeth, produced by the interdental fibers between the
ankylosed tooth and neighboring teeth.25,26

The 2 most predictable techniques for preserving the alveolar ridge in children and adolescents
with an ankylosed tooth are decoronation or autologous transplant.12,17 In 1984, Malmgren and
colleagues15 established the concept of decoronation, with the idea that by means of keeping the
resorbing root, the labial contours of the socket could be conserved. It appears that a thin layer of
bone apposition grows over the affected root, probably owing to the interdental fibers interacting
between the adjacent teeth and the dentoperiosteal fibers.24 Although the treatment of an anky-
losed permanent incisor by means of decoronation can maintain the width of the alveolar bone
ridge, the final step is to place an implant in a young patient.16

Compared with resin-bonded restorations, conventional fixed bridgework, and removable partial
dentures, dental implants are used more widely to offer better esthetic outcomes.27 Implantation is
considered an excellent treatment option, but it is highly contraindicated in growing patients
because implants do not erupt or move with neighboring teeth, which can lead to infraocclusion
with functional and esthetic complications.28 Moreover, implant survival rate in young patients is
lower than that described for adult and older adult patients.29

In complex cases of growing patients with missing anterior teeth, only an autotransplant of an
appropriate donor tooth can offer a functional and esthetic therapy. This approach supports
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Figure 6. Autotransplant surgical procedure. A. Atraumatic extraction of both the ankylosed tooth and the donor tooth. Comparison between the 3
dimensional tooth replica and the donor tooth. B. Immediate transplant into the neo-alveolus. C and D. The buccal root surface of the transplanted tooth
was covered with a porcine pericardium collagen membrane fixed by 2 tenting screws. E. Periapical radiograph showing the final position of the donor
tooth within the recipient socket. F. Double splinting to ensure adequate primary stability.
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continuing skeletal and dentoalveolar growth without compromising the remaining dentition.30

Tooth transplants can be performed at an early age, when frequency of trauma is elevated,
providing tooth survival rates of up to 90% as well as hard and soft tissue comparable to that of
natural maxillary incisors.31 Almpani and colleagues18 found that teeth with immature apexes were
less likely to be lost as the possibility of extraction decreased by 70% compared with teeth with
mature apexes. Thus, the root development stage may be a crucial factor in autotransplants.

The biological principles and wound healing of autotransplanted teeth are similar to those of
avulsed teeth after they are replantated. Thus, mechanical damages during extraction or traumatic
press-fit placement in the recipient socket and biochemical aspects due to lengthy extra-alveolar
period may damage dental structures, specifically the PDL, leading to progressive root resorp-
tion.20,32 The methods used to minimize these negative influences are based on CBCT and intraoral
scanners, as well as additive manufacturing technology. Strbac and colleagues19 and Verweij and
colleagues,33,34 among others, have shown that autotransplants combined with 3D technology
could improve the clinical outcome thanks to a decrease in extraoral time and intraoperative fitting
attempts.

Different methods have been proposed to update and simplify the surgical technique to achieve
higher success rates for autotransplants.35-37 However, it was not until the report by Anssari Moint
and colleagues20 that a method was used without the need for free-hand preparation. They
introduced a method of performing computer-assisted template-guided autotransplants with
custom 3D-printed surgical tooling. The novelty of our case report is that the donor tooth was
placed in a recipient socket with the buccal side of the root fully exposed and no surrounding
bone. A custom-printed osteotome shaped like the buccal surface of the immature maxillary
right first premolar was used to perform a minimally invasive intervention and simplify surgical
handling.

Several articles have suggested that autotransplants of developing teeth may be a feasible option
for treating local bone growth defects.21,22 Kim and colleagues22 report 2 cases with significant
vertical bone growth after autotransplants. Our case report indicated rapid healing owing to the
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Figure 7. Follow-up appointments. A and B. After removal of the splinting at 3 weeks. C-F. Radiographic follow-ups at 6, 12, and 18 months showing
continued root development and partial pulp canal obliteration.

Figure 8. Twenty months after the transplant of the maxillary right first premolar. A. Clinical examination showing a
normal eruption of the transplanted tooth. B. Normal root development was evident.
viable PDL, even in cases in which a large bone defect is present in the recipient site.28 Garcia and
Saffar38 observed that PDL preservation promoted bone growth around the transplanted tooth root.
PDL cells are a heterogeneous cell population that can be divided into fibroblasts, cementoblasts,
and osteoblasts.39 In contrast, the absence of viable PDL cells encourages a fast migration of the soft
tissues, which in turn produces a long junctional epithelium attachment.40
CONCLUSIONS
Ankylosis or replacement resorption after tooth injuries in children and adolescents not only leads
to loss of the affected teeth but also might interfere with adjacent alveolar bone growth. Guided
autotransplants appear to be an excellent treatment option, particularly when crowding indicates
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extraction of a premolar. This approach helps decrease extra-alveolar time and insertion attempts of
the tooth destined for a transplant. Future studies could focus on evaluating the accuracy of guided
autotransplants using custom-printed osteotomes. n
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