
ABSTRACT
Objective: We aimed to use cone-beam computed tomography (CBCT) as an alternative to conventional impression techniques in intraoral 
maxillectomy defects and to assess the volumetric accuracy of the obturator bulb sections placed in the defect area of obturator prosthesis 
fabricated using stereolithography.
Methods: The artificial defects created in human cadaver maxilla (n=9) were scanned with CBCT. Total slices were captured and stored as digital 
imaging and communications in medicine (DICOM) images Thereafter, the images were imported and processed with Mimics Software (Mimics 
Innovation Suite, Materialize, Leuven, Belgium). From the DICOM images, 3D volumetric data of craniofacial hard and soft tissue were then 
segmented. Thereafter, the hard tissue and soft tissue data were imported into 3-MATIC software module where in virtual models were created 
and obturator bulb models were designed for maxillary defects considering defect surface borders. The production of obturator bulbs was 
conducted using a stereolithography device after 3D volumetric images were converted to stl. file format. A physical model of the defect was 
obtained using an A-type silicon impression material that represents the origins of the borders of the defects. The water displacement technique 
was used to measure silicon and resin bulb volumes. Data were sent to Minitab Release 15 statistical software program. One-way ANOVA was 
used to compare volumetric measurements obtained using the two techniques. Statistical significance was set at p<0.05.
Results: Although volumetric measurements obtained using CBCT images were lower than those obtained using silicon impression 
measurements, this difference was statistically insignificant (p>0.05). 
Conclusion: The production of obturator bulbs that fit into maxillary defects using 3D models created from CBCT images seems to be an 
achievable task.
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INTRODUCTION

Treatment of paranasal tumors often requires palatal maxil-
lectomy or radical maxillectomy. Surgical and prosthetic ap-
plications allow the treatment of post-maxillectomy patients 
as functional and aesthetic. Despite the advantages of surgi-
cal procedures, surgical reconstruction is not always possible 
due to the general condition of the patient and the size of the 
defect. Temporary and permanent obturators can be used in 
prosthetic reconstruction. The main purpose of prosthetic ob-
struction is to separate the oral cavity from the sinonasal cavity 
and to prevent hypernasal speech and fluid leakage to the na-
sal cavity. Obturators also restore chewing, swallowing, speech 
functions, and facial contour with the support they provide to 

the lips and cheeks and play a crucial role in helping patients 
overcome their social and psychological distress (1).

Rapid prototype production technology (rapid prototyping, 
RP) or laser-layered manufacturing technique allows the pro-
duction of computer-aided three-dimensional solid physical 
models layer-by-layer in a single step (2). This method, which 
has been rapidly advancing worldwide since 1995, is being 
used in product development, prototype, and mold manufac-
turing fields and has been used in the dentistry sector for only 
3–5 years. The distinctive feature of rapid prototype techniques 
is the production of three-dimensional models by applying lay-
ers to layers with the help of technologies, such as laser and 
numerical control, not by removing and processing material 
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from the main source as in computer-assisted design (CAD)-
computer-aided manufacturing (CAM) systems. The internal 
details of the complex structures and the undercut areas are 
created smoothly by the layering technique (2-4).

The use of different materials, production of layers by differ-
ent methods, and bonding together revealed different rapid 
prototype techniques. Stereolithography (SLA), laminated ob-
ject manufacturing, selective laser sintering, fused deposition 
modeling, three-dimensional modeling by spraying material 
(Inkjets, Photopolymer Phase Change Inkjets, and 3D Printing), 
and laser engineered net shaping are among the commercially 
important rapid prototype techniques available (2).

Rapid prototype production techniques are an alternative to 
conventional methods in the construction of facial prostheses. 
With the use of computer-aided imaging techniques, such as 
computed tomography (CT), magnetic resonance imaging 
(MRI), and laser surface scanners and optical systems, in creat-
ing anatomical details and profile, highly successful extraoral 
facial prostheses can be prepared using CAD–CAM and RP 
technologies with very good contours and tissue adaptation 
(5-8).

The prosthetic rehabilitation of intraoral deformities, such as 
maxillectomy defects, is generally provided with obturator 
prostheses prepared in conventional gypsum models without 
using 3D CAD and RP technologies.

The most important step in the process of making a functional 
and aesthetic prosthesis is to obtain the impression. Since the 
retention and stability will be formed with the support of the 
defective tissues in addition to the healthy tissues, obtaining 
the complete impression of the defect together with the tis-
sues present in the mouth is important for prognosis of the 
prosthesis (9). The structural properties of the impression ma-
terial used, the size of the defect, the undercuts present in the 
defect, the number and position of the remaining teeth, and 
the amount of mouth opening are factors that affect the ac-
curacy and completeness of the measurement. In most cases, 
while removing the hardened material from the mouth, espe-
cially the irreversible hydrocolloid impression material, due to 
the vacuum effect, the patient feels great pain, and the impres-
sion material is exposed to tears and deformations. Bleeding 
of the tissues of the defect and adhesion of mucosal secretions 
to the surface of the impression also impair the clarity of the 
impression. Owing to restrictions in the opening of the mouth, 
insertion of the impression spoon and material into the mouth 
cannot be done as desired, and missing areas are formed in 
the impression (1).

CT, based on the computer-based synthesis of images obtained 
from the body as thin radiographic sections, can be divided 
into two categories based on the X-ray geometrical structure 
as follows: fan beam tomography (conventional or medical CT) 
and cone beam computed tomography (CBCT). Medical CT 
was used in implantology due to their three-dimensional im-
age without superposition and distortion. However, medical 
tomography could not be used routinely because their effec-

tive radiation doses are too high, expensive, difficult to apply, 
and cannot be found in any environment (10). In recent years, 
CBCT has emerged as an important diagnostic imaging tech-
nology, especially in the maxillofacial region as an alternative 
to conventional CTs. Dental volumetric tomography is more 
advantageous in clinical practice than in conventional CT with 
ease of application, acceptable radiation dose, rapid screen-
ing, being economical, high-quality images, and low artifacts 
(9-12).

Since 3D images of the anatomical structures are obtained by 
medical imaging techniques, such as MRI, CT, and CBCT, there 
will be no problems, such as distortion, rupture, and gaps of 
the impression material, that can occur in the conventional 
method, much more compatible prostheses can be prepared, 
and thus the time spent in the clinic for adjustment of the pros-
thesis is shortened (13-17). In addition, medical imaging tech-
niques do not use the impression material that stimulates the 
gag reflex in the patient. When conventional impressions are 
obtained and the models are casted, distortion due to con-
traction and expansion of materials is eliminated by the SLA 
technique. There are no negative factors, such as humidity 
control and air bubbles, in the final model as in conventional 
impression systems (15-17). In the context of the ex vivo study 
we planned, we aimed to overcome the problems and difficul-
ties arising from conventional measurement systems by using 
CBCT, to produce bulb sections that are located in the defect 
region of the obturator prostheses, and to evaluate their com-
pleteness by volume by using RP technology, such as SLA.

METHODS

Approval required for use of human cadaveric maxilla (n=9) was 
obtained from the Department of Anatomy of Gülhane Military 
Medical Academy (1491-304-12/1539-604). Unilateral maxillec-
tomies were performed to form localized defects of different 
dimensions extending to the middle line of the hard palate in-
volving the crete region using surgical drills.

To prepare the models for obturator prostheses with SLA from 
the RP techniques, three-dimensional image data of the artifi-
cially created defects were obtained by CBCT device (3D Ac-
cuitomo 170; J. Morita Mfg. Corp., Kyoto, Japan) with 90 kVp 
and 5.0 mA 17.5 irradiation time parameters wide area field of 
view (FOV; 80 mm×80 mm FOV, 0.160 mm3 (FOV80)).

The two-dimensional images of cadavers obtained using 
CBCT (DICOM file, Digital Imaging and Communications in 
Medicine format) were transferred to the commercial MIM-
ICS (Mimics Innovation Suite; Materialise, Leuven, Belgium) 
software for realization of 3D reconstructions. In MIMICS soft-
ware, hard tissue, soft tissue, and defect regions were mod-
eled after certain segmentation procedures. Then, hard tissue 
and soft tissue data were transferred to the software’s design 
module 3-MATIC (Mimics Innovation Suite), and virtual models 
were created. Obturator bulb models are designed for maxil-
lary defects based on defect surface boundaries (Figures 1, 2). 
Following the schematic design and process, the bulb mod-
els were transferred to MIMICS software, and border controls 
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were done in radiological image sections. After converting the 
three-dimensional volumetric images to the Standard Tessella-
tion Language (stl) file format, the stl files were transferred to 
the SLA device (Formlabs Form 2; Formlabs Inc., Somerville, 
MA, USA) to produce obturator bulbs in layers.

The physical model of the defect was obtained based on the 
defect starting limits with type A silicone impression material 
(Zhermack Elite HD; Badia Polesine RO, Italy). The volumes 
of silicone and resin bulbs were measured by water displace-
ment technique. In this technique, by submerging the caliber 
removed from the obturator in the precision measurement, the 
cylinder was filled with water at room temperature, and the 
volume displaced was then calculated by subtracting the final 
volume of water from the first volume.

Statistical Analysis

Data were analyzed by Minitab Release 15 program (Minitab 
Ltd., PA, USA). The volumetric deviations between the two 
techniques were compared using one-way analysis of variance. 
A p<0.05 was accepted as statistically significant.

RESULTS

According to the results of one-way analysis of variance, there 
were differences between the volume of silicone measurement 
models of the defect and the volume of resin model produced 
by SLA, which was devised by 3D virtual model of the defects 
that were segmented from CBCT images (p>0.05). Volume val-
ues obtained by CBCT images were found to be lower than 
silicone values (p>0.05) (Figure 1).

DISCUSSION

In recent years, in obtaining impression, which is the most criti-
cal stage in the prosthetic rehabilitation of maxillary defects, 
the use of imaging systems, such as CBCT, which is a revolu-
tionary tool for dentistry, emerged as an alternative to conven-
tional methods (13-17).

There are a limited number of studies on the production of ob-
turators using digital technologies and imaging systems, such 
as CBCT, CT, and MRI (13-20). In their in vivo study, Jiao et al. 
(18) designed the defect section of the obturator prostheses on 
the 3D models of the CT images of patients with maxillary de-
fect and then realized the production of the obturator bulb as 
in our study with SLA technology. The impression of the remain-
ing soft tissues and teeth was obtained by conventional method, 
and the obturators were completed on the prepared gypsum 
models. According to the results of a limited number of studies 
conducted for use of CBCT images in the production of dental 
models, CBCT has been reported to provide a more complete 
model production than conventional scale models, but it shows 
higher deviations than oral scanners when the model is produced 
with 3D printers from CBCT data (21). Further studies are needed 
to defend the use of CBCT data as a reliable method to obtain 
models of maxillary defects with 3D printers.

Elbashti et al. (22) obtained the conventional and digital mea-
surements of polyurethane toothless maxillary defects in the in 

Figure 1. Virtual obturator bulb model at defect margins based on 
defect surface boundaries for maxillary defects in 3-MATIC (Mimics 
Innovation Suite)

Figure 2. A virtual image of the obturator bulb designed suitable to 
the defect (Mimics Innovation Suite)

Figure 3. Volume showing average and standard deviation values (cm3)
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vitro study using silicone impression material and surface scan-
ner and intraocular scanner and compared the completeness 
of the 3D models with CBCT data as reference. As a result of 
their study, there are more deviations reported in the conven-
tional impressions due to the dimensional changes caused by 
the expansion of dental gypsum material.

According to the results of their study using the water displace-
ment technique, similar to our study, with 3D scanner and CBCT 
to determine the volume of the maxillary defects in cadavers, 
Kamburoğlu et al. (23) found that the results obtained from the 
3D scanner provide values closer to the silicone impression of 
the defect that is used as the gold standard compared with 
CBCT.

Kamburoğlu et al. (24) reported that when the volumes calcu-
lated by CBCT using artificial defects prepared in the buccal 
margin of the implants placed on the cadaveric jaws are com-
pared with the volumes of the measurements obtained with the 
silicone impression material, the volumes calculated by CBCT 
are lower than the physical volume values, similar to the find-
ings of our study. Similar results were reported by Agbaje et 
al. (25) who reported that there are difficulties in volume cal-
culation, especially due to the difficulty in the segmentation of 
small-size defects with CBCT. In addition, changes in voxel di-
mensions and cross-sectional thicknesses have been reported 
with significant changes in the measurements performed with 
CBCT data. In the context of our ex vivo research, the evalua-
tion of obturator bulbs prepared from single brand CBCT de-
vices and using image sections without using different param-
eters is one of the limitations of our study.

CONCLUSION

Considering data obtained within the scope of the limitations 
of our research, we concluded that in addition to the advan-
tages of the use of CBCT in the creation of 3D anatomy of 
the maxillary defects, with the use of digital technologies, the 
preparation of obturator bulbs compatible with the defect was 
possible.
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