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ABSTRACT

Objectives: Recently, three-dimensional printing models based on preoperative computed tomography and magnetic 
resonance imaging images have been widely used in medical fields. This study presents an effective use of the three-dimensional 
printing model in exploring complex spatial relationship between the tumour and surrounding tissue and in simulation surgery 
based planning of the operative procedure.
Material and Methods: The patient was a 7-year-old boy with ameloblastic fibro-odontoma. Prior to surgery, a hybrid three-
dimensional printing model consisting of the jaw bone, the tumour and the inferior alveolar nerve was fabricated. After the 
simulation surgery based on this model, enucleation of the tumour, leaving tooth 46 intact (Universal Numbering System by 
ADA) safe, was planned.
Results: Enucleation of the tumour was successfully carried out. One year later, healing was found to be satisfactory both 
clinically and radiographically.
Conclusions: The study presented an effective application of a novel hybrid three-dimensional printing model composed of 
hard and soft tissues. Such innovations can bring significant benefits, especially to the field of oncological surgery.
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INTRODUCTION

Treatment of large mandibular tumours is relatively 
common surgery for oral and maxillofacial surgeons. 
General treatment for these tumours is conservative 
enucleation or partial mandibulectomy. In cases of 
some tumours, inadequate surgical removal at the time 
of initial treatment is one of the risk factors recurrence 
[1,2] or malignant transformation [3]. Therefore these 
tumours must be completely enucleated or resected.
Recently, three-dimensional printing models based 
on preoperative computed tomography (CT) and 
magnetic resonance imaging (MRI) images have been 
widely used in medical fields such as orthopaedic 
surgery, cardiovascular surgery, neurosurgery, and oral 
and maxillofacial surgery. 
This study presents an effective use of the three-
dimensional printing model in exploring complex 
spatial relationship between the tumour and 
surrounding tissue and in simulation surgery based 
planning of the operative procedure.

CASE DESCRIPTION AND RESULTS

A 7-year-old boy was referred to our clinic from his 
family dentist with a chief complaint of swelling 
in the right buccal region. His past medical history 
and the findings of a general physical examination 
were unremarkable. And he had healthy parents 
and there was no history of systemic diseases. 
Extraoral examination revealed facial asymmetry 
with swelling on the right side of mandible. The 
swelling was asymptomatic and covered with healthy 
skin of normal colour. Intraorally, the bone in the 
right molar region showed swelling that was covered 

Figure 2. Orthopantomographic radiograph obtained prior to the surgery. The radiography showed a well-defined radiolucent lesion 
on the right side of mandible.

by normal mucous membrane (Figure 1). A panoramic 
radiograph showed a well-defined radiolucent lesion 
extending from the distal surface of tooth number 
46 (Universal Numbering System by ADA) to the 
whole ramus (Figure 2). Computed tomography (CT) 
showed that expansion of the mandibular bone and 
the crown of tooth number 47 were contained within 
the lesion (Figure 3). Clinically, general examination 
was unremarkable. Incisional biopsy was performed, 
and the histological diagnosis was ameloblastic fibro-
odontoma (AFO).
Prior to surgery, a three-dimensional printing model 
of the mandible was fabricated. The CT images were 
transferred to a three-dimensional workstation Zed 
View (LEXI, Co. Ltd., Tokyo, Japan) and three-
dimensional volume data for the mandible were 
obtained by reconstructing the sections. A full sized 
model was printed by a ZPrinter 450 (Z Corporation, 
Waltham, Ma, USA) with the use of zp151 powder 

Figure 1. Intraoral photography obtained prior to the surgery. 
Clinical view showed gingival swelling on the right side of 
mandible.
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(3D systems, Rock Hill, SC, USA) for mandibular 
bone and RTV silicone gum (Shin-Etsu Chemical Co., 
Ltd., Japan) for the tumour. The calcified tissue in the 
tumour and the inferior alveolar nerve (IAN) were 
also fabricated green and yellow, respectively.
The model is shown in Figure 4. The tumour of 
dimensions 55 x 40 x 22 mm was completely covered 
with thin cortical bone. The IAN was at the inferior 
border of the mandible. Cortical bone thickness 
around the lesion was 0.9 to 1.9 mm without bone 
defects at both the lingual side and the buccal side. 
The border between the tumour and surrounding 
tissue (bone and IAN) was quite clear. Furthermore, 
the three-dimensional printing model was used to 
perform virtual surgery. A bone of size 2.3 x 2.1 mm, 
which was covering the surface of the lesion was 
removed (Figure 5), and enucleation of the lesion was 
performed. Based on these findings and virtual surgery, 

Figure 3. Computed tomography image obtained prior to the 
surgery. The expansion of the mandibular bone and the crown of 
tooth number 47 were contained within the lesion.

Figure 4. A = Sagittal view of the three-dimensional printing model.
B = After removal of cortical bone of the buccal side. The tumour 
size was 55 x 40 x 22 mm (arrow).
C = After removal of the tumour. The inferior alveolar nerve (arrow 
head) is situated at the inferior border of the mandible.

Figure 5. Virtual surgery using three-dimensional printing model, after removal of the cortical bone of size 2.3 x 2.1 mm and exposed 
the tumour (arrow).
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Figure 7. Intraoperative view of the cortical bone and tumour 
(arrows).

Figure 6. Virtual surgery using three-dimensional printing model, after enucleated the tumour and exposed inferior alveolar nerve 
(arrow head).

Figure 8. Intraoperative view of the tumour and inferior alveolar 
nerve (arrow head).

enucleation of the tumour, leaving tooth number 46 
safe, was planned (Figure 6).
Enucleation of the lesion was performed under 
general anaesthesia with intraoral access by a gingival 
incision. The patient was administered 12 ml of 
0.5% lidocaine with 1 : 200,000 epinephrine around 
the right molar region infiltration. A full thickness 
mucoperiosteal flap from the first molar to the edge 
of the mandibular ramus was reflected. By removing 
the superficial bone of the tumour (Figure 7), access 
to the lesion was easily accomplished. The tumour 
was completely enucleated leaving the surrounding 
bone, IAN, and tooth number 46 intact (Figure 8). The 
wound was left open to heal by primary intention. The 
patient was instructed to rinse twice daily with saline 
for 1 week. And cefmetazole sodium (1 g/day) was 
administered intravenously for 3 days after surgery. 
The patient’s postoperative course was unremarkable 
without complications such as infection, postoperative 
bleeding, and hypoesthesia of the lower lip. 
Histologically, the tumour was composed of 
odontogenic epithelium tissues (Figure 9A), 
ameloblast-like cells (Figure 9B), and calcified 
elements (Figure 9C). These histological examination 
findings resulted in a final diagnosis of AFO.
A panoramic radiograph of the patient 1 month 
after surgery showed that the lesion was removed 
by enucleation (Figure 10). One year later, there 
was no sign of recurrence, and healing was found 
to be satisfactory both clinically (Figure 11) and 
radiographically (Figure 12).

DISCUSSION

Three-dimensional printing models are being rapidly 
developed, and these models might be helpful for 
preoperative planning of surgical procedures in a wide 
variety of clinical situations [4-7]. The accessibility 

of this technology has spurred its adoption also in 
oral and maxillofacial surgery, such as oral cancer 
surgery, orthognathic surgery [8], mandibular 
reconstruction [9], and dental implantology [10]. 
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Figure 10. Orthopantomographic radiograph obtained one month after the surgery. The radiograph showed that the lesion was removed by 
enucleation.

Figure 9. A = Fibrous stroma containing strands and nests of odontogenic epithelium (haematoxylin-eosin stain, original magnification 
x100). 
B = Differentiated ameloblast-like cells (haematoxylin-eosin stain, original magnification x100).
C = Calcified elements composed of dentin, enamel matrix, and dental pulp (haematoxylin-eosin stain, original magnification  
x40).

Figure 11. Intraoral photography obtained one year after the 
surgery. Clinical view indicated gingival healing without 
swelling.

Figure 12. Computed tomography image obtained one year after the 
surgery. There were no signs of recurrence.
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In these reports, however, three-dimensional printing 
models that consisted only of bone morphologies 
were created. In the present case, a hybrid three-
dimensional printing model consisting of the 
mandibular jaw bone (white zp151 powder), the 
tumour (RTV silicone gum), and the IAN was created. 
To the best of our knowledge, such a hybrid three-
dimensional printing model has not been reported so 
far. This model helps us to more easily understand 
the positional relationships between the tumour and 
surrounding bone and the IAN. 
AFO is a rare benign tumour that has been reported 
to have a prevalence of 1 - 3% among odontogenic 
tumours. General treatment for AFO is conservative 
enucleation [11] or partial mandibulectomy [12]. 
As in the cases of ameloblastoma, inadequate 
surgical removal at the time of initial treatment 
is one of the risk factors for AFO recurrence 
[13,14]. Hence, a residual lesion resulting from 
inadequate surgical removal must be avoided in 
cases of AFO. In the present case, there was the 
risk of a residual lesion after enucleation of the 
large lesion. The main discussion centered on 
whether enucleation of the lesion or segmental 
resection of the mandible would be better. 

Based on the analysis of the three-dimensional 
printing model, because the border of the lesion was 
well circumscribed, enucleation of the lesion was 
chosen. As a result, the tumour was successfully 
enucleated, leaving the IAN and tooth number 46 
intact, followed by an unremarkable postoperative 
course. Thus, this three-dimensional printing model 
was quite useful for the surgery in this patient.

CONCLUSIONS

The study presented an effective application of 
a novel hybrid three-dimensional printing model 
composed of hard and soft tissues. Such innovations 
can bring significant benefits, especially to the field of 
oncological surgery.
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