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Abstract

Here, we describe a case of autotransplantation of a mandibular horizontally 
impacted third molar using a 3-dimensional (3D) model based on limited cone-beam 
computed tomography (CBCT) images for diagnosis, 3D morphological evaluation, pre-
operative treatment planning, and surgical simulation. A 27-year-old woman visited this 
hospital for conservative treatment of the mandibular left second molar. Intraoral radi-
ography and CBCT images revealed a C-shaped root canal in the mesial root, and com-
pressive resorption of the distal root due to impingement of the crown of the horizontally 
impacted lower left third molar. Extraction was therefore planned. Multiple tooth-jaw 
bone 3D models for preoperative diagnosis were fabricated using a low-cost desktop 3D 
printer and surgical simulation of autotransplantation performed. The autotransplanta-
tion was then performed accordingly. Cone-beam computed tomography images and 3D 
models were extremely useful in obtaining a stereoscopic understanding of the morphol-
ogy of the transplanted tooth and its surrounding anatomical structures. At the one-year 
postoperative recall, the patient was able chew with the transplanted tooth without pain, 
and no significant abnormalities were detected on intraoral radiographs, indicating a 
successful postoperative clinical course. Our experience of using 3D models fabricated 
based on CBCT images using a desktop 3D printer for preoperative diagnosis and surgi-
cal simulation suggests that this technique is useful in tooth autotransplantation.
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Introduction

Three-dimensional (3D) models can be 
checked both visually and tactually, making it 

easier to grasp positional relationships within 
the structure represented than with a 3D dis-
play on a computer monitor. In the oral and 
maxillofacial field, such 3D models are used 
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for a wide range of applications, such as 
patient explanations, preoperative treatment 
planning, surgical simulation, and medical 
education6,8,10,17,18,25,30). Their application in the 
dental field is also widening. An earlier study 
by this team described how 3D models could 
be fabricated inexpensively and quickly using 
data obtained by means of multi detector-row 
computed tomography and/or limited cone-
beam CT (CBCT)10). The models fabricated 
using this method are already being used for 
various purposes in a clinical setting, and this 
team has previously described their applica-
tion in diagnosis, endodontic management, 
and surgical endodontic treatment11,12).

Case Presentation

A healthy 27-year-old woman was intro-
duced to the Department of Endodontics at 
Tokyo Dental College Chiba Hospital for con-
servative treatment of the mandibular left 
second molar (tooth #37), on which root 
canal treatment had been performed at a 
nearby dental clinic. Intraoral radiographic 
and CBCT images revealed a C-shaped root 
canal in the mesial root in tooth #37 together 

with compressive resorption extending as far 
as the root canal due to pressure exerted by 
the crown of #38, which was horizontally 
impacted (Fig. 1a and 1b). It was concluded 
that conservative treatment of #37 was impos-
sible and extraction therefore advocated, 
which would necessitate extraction of #38. 
The possibility of transplanting tooth #38 to 
replace #37 using tooth-jawbone 3D models 
and surgical simulation was then considered 
(Figs. 2–4). Multiple 3D models of these teeth 
were subsequently prepared based on com-
puter-aided design (CAD) data obtained 
from CBCT images using a desktop 3D 
printer. After taking a complete medical his-
tory of the patient, the risks and benefits of 
the procedure were explained using the 3D 
models and surgical simulation. The patient 
then provided written informed consent for 
the procedure.

1. Three-dimensional modeling procedure
1)   Creation of 3D computer-aided design 

data from CBCT image data
A region of interest was established and 

binarization of images performed using a 
medical imaging application (Volume Extrac-
tor 3.0; i-Plants Systems, Iwate, Japan)7) and 
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Fig.　1　Cone-beam computed tomography images

Figure 1a shows sections from crown to root and C-shaped root canal in tooth #37. Figures 1a and 
1b show compressive resorption extending as far as root canal due to impingement of crown of 
horizontally impacted tooth (arrowhead).
a: axial view, b: sagittal view
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STL data editing software (POLYGONAL 
Meister Ver.2; UEL Corp., Tokyo, Japan)26) to 
reduce the data volume without changing the 
shape.
2) Three-dimensional printing

Three-dimensional models with lamination 
pitches of 0.2 mm were fabricated using a 
desktop fused deposition modeling 3D 

printer (Value3D MagiX MF-500; MUTOH 
Industries Ltd., Tokyo, Japan) based on the 
3D CAD data (Fig. 5). The models were fabri-
cated with acrylonitrile butadiene styrene 
resin.

2. Surgical procedure
The surgical procedure was carried out 
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Fig.　2　Tooth-jawbone 3D models fabricated using 3D printer
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Fig.　3　�Three-dimensional volumetric rendering images in POLYGONAL Meister 
Ver.2, and 3D models fabricated using 3D printer

a, b: Mesiobuccal view, c, d: Lingual view
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under local anesthesia (2% lidocaine with 1: 
100,000 epinephrine). Tooth #37 was 
extracted and the transplantation socket 
(recipient site) prepared according to the 
tooth root form with reference to the 3D 
model simulation. After careful extraction 
using dental elevator and extraction forceps 
to reduce surgical invasion of the surround-
ing bone, tooth #38 was immediately trans-

planted into the recipient site. No additional 
bone trimming of the transplant socket was 
required, and transplantation was performed 
to the position designated in the simulation. 
To ensure proper engagement of tooth #38 in 
the transplant socket, adhesive resin was used 
for temporary fixation to the adjacent teeth. 
Postoperatively, the patient experienced only 
slight discomfort, and the clinical course was 
satisfactory. The dental pulp of the trans-
planted tooth was non-vital at 2 months post-
operatively, and root canal treatment was 
initiated. At 3 months postoperatively, the 
temporary fixation was removed, root canal 
filling was completed using the FP Core car-
rier technique13), and the occlusal surface was 
restored with composite resin. At the one-year 
postoperative recall, the patient was able to 
chew with the transplanted tooth without dis-
comfort or occlusion pain, and no pathologi-
cal disturbance was observed anywhere along 
the circumference of the tooth. No significant 
findings were observed around the root of the 
tooth or in the surrounding bone on radio-
graphic images according to oral and maxil-
lofacial radiologists, indicating a successful 
postoperative clinical outcome (Fig. 6).

Discussion

Autotransplantation is a method of com-
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Fig.　4　Three-dimensional models fabricated using 3D printer
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Fig.　5　Desktop 3D printer Value3D MagiX MF-500
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pensating for defects of the natural dentition 
using the patient’s own natural teeth16,20,22). 
Much research has contributed to improving 
the clinical results of autotransplanta-
tion2,3,15,19,24,27,28). The prognosis with this proce-
dure remains variable, however, and the 
surgical technique itself requires a high level 
of skill28). Autotransplantation seems to fare 
better than re-transplantation of teeth, 
because of the ability to limit the length of 
time outside the socket and eliminate or 
reduce contamination of the root. However, 
with autotransplanted teeth, there is often 
poor conformity between the recipient site 
and the root of the tooth to be transplanted, 
in addition to many other considerations, 
including the condition of the recipient 
site (elapsed time after tooth extraction, 
extent of inflammation before tooth extrac-
tion)5,24,29). In carrying out autotransplantation 
in the present case, CBCT images and 3D 

models were particularly useful in surgical 
simulation.

Cone-beam computed tomography is an 
extra-oral imaging system specifically desi-
gned for 3D imaging of the oral and maxillo-
facial structures4). The use of CBCT in den-
tistry has markedly changed diagnostic proce-
dures. In recent years, it has also been applied 
in the field of endodontics21,23). Most of the 
limitations associated with conventional radi-
ography, such as compression of a 3D object 
into a 2D image, image distortion, and ana-
tomic superimposition, are overcome with 
this method. Technological developments in 
recent years have made it possible to fabricate 
3D models based on these images. The use of 
3D models greatly contributes to improve-
ments in the reliability and predictability of 
surgery9–12,14). They are useful in designing a 
transplantation socket that conforms closely 
to the shape of the root of the tooth to be 
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Fig.　6　Preoperative and postoperative intraoral radiographs

a: Preoperative intraoral radiograph, b: Postoperative intraoral radiograph, c: Intraoral radiograph after 
root canal filling, d: Intraoral radiograph at one-year postoperative recall
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transplanted, and as a result, operation time 
is shortened.

To our knowledge, only a few studies using 
3D models in tooth transplantation, such as in 
the present case, have been published to 
date9,29). The desktop 3D printer used in the 
present case offers an economic advantage, as 
it facilitates the production of various 3D 
models while keeping fabrication costs low. 
Compared with high-end/professional 3D 
printers, however, there is concern that the 
shaping accuracy and model resolution of 
desktop/low-end/personal 3D printers may 
be lower8,18). We acknowledge this concern 
about the dimensional accuracy of the objects 
modeled when targeting fine structures, such 
as the teeth and jawbones. One study using a 
desktop 3D printer similar to that used in the 
present case to model the mandible found 
that the modeling resolution exhibited almost 
the same accuracy as the spatial resolution of 
CBCT, suggesting that it was sufficient for 
clinical use17). Taking this into consideration 
in conjunction with the results of our own 
previous research10–12) leads us to concur with 
their conclusion. As reported previously, the 
use of 3D printing technology in endodontics 
is increasing1,6). The present findings suggest 
that the desktop 3D printer used in this study 
merits further research aimed at exploring 
how its application might be expanded.

Conclusion

Three-dimensional models fabricated 
using desktop 3D printers based on CBCT 
images provide stereoscopic understanding 
of the morphology of the transplanted tooth 
and its surrounding anatomical structures. 
Such models are a useful tool in the surgical 
simulation of tooth autotransplantation.
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