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Abstract

In order to restore an extraoral maxillofacial defect, a moulage impression is commonly
made with traditional impression materials. This technique has some disadvantages,
including distortion of the site due to the weight of the impression material, changes
in tissue location with modifications of the patient position, and the length of time and
discomfort for the patient due to the impression procedure and materials used. The use
of the commercially available 3dMDfaceTM System creates 3D images of soft tissues
to form an anatomically accurate 3D surface image. Rapid prototyping converts the
virtual designs from the 3dMDfaceTM System into a physical model by converting the
data to a ZPrint (ZPR) CAD format file and a stereolithography (STL) file. The data,
in conjunction with a Zprinter

R©
450 or a Stereolithography Apparatus (SLA), can

be used to fabricate a model for prosthesis fabrication, without the disadvantages of
the standard moulage technique. This article reviews this technique and how it can be
applied to maxillofacial prosthetics.

Stereolithography (STL) for the fabrication of prostheses has
been used with success for more than two decades. Commonly,
data obtained from computerized tomography (CT) or magnetic
resonance imaging (MRI) have been used to create images that
can be used not only for treatment planning but also for the
fabrication of implantable material.1,2 This has been success-
ful when considering treatment for neoplasms, congenital and
developmental defects, or trauma.3 However, these images are
usually of the hard tissues, and do not capture the soft tissue
detail and contour required to fabricate a facial prosthesis. To
restore an extraoral maxillofacial defect, a moulage technique
is commonly used with traditional impression materials. The
resultant cast often exhibits distortions due to the patient posi-
tion and weight of the impression materials. The amount of time
necessary to make the impression, as well as subsequent vis-

its required to locate ocular positions and make modifications
to compensate for distortion of materials are other problems
associated with this technique.

Recent advances in digital technology have resulted in sys-
tems using 3D photography to capture an image. This type of
photography has recently become popular in the plastic surgery
community for medical evaluations and records. The commer-
cially available 3dMDfaceTM System (3dMD, Atlanta, GA)
creates images of soft tissues to form an anatomically accu-
rate 3D surface image.4-7 Three-dimensional surface images
can be used to evaluate the external surface of the patient, as
opposed to the information obtained from a CT scan.8 The im-
age is captured with patients in a more natural position, with
their eyes open, and is not an invasive or an uncomfortable
procedure. It takes approximately 1.5 ms to capture the image.9
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Figure 1 – 3dMDfaceTM System.

Figure 2 Patient seated at 3dMDfaceTM.

Geometrically, the cameras form a continuous point cloud from
two stereo camera viewpoints, and the information acquired is
used to produce a wire diagram used in the manufacture of 3D
models.9 To date, there is no literature demonstrating the use
of the 3dMDfaceTM System to fabricate a 3D model for a facial
prosthesis (Fig 1).

Case presentation

This case presentation demonstrates the use of a 3D image cap-
ture device (3dMDfaceTM) in the fabrication of a facial prosthe-
sis. An 80-year-old female patient presented to the clinic with a
chief complaint that she needed a new facial prosthesis, but she
was apprehensive about having another facial impression made.
The patient had a history of adenoid cystic carcinoma to her
ethmoid and left maxillary sinus, diagnosed in 1986. Her treat-
ment consisted of surgical removal of the left maxilla, the left
orbit, and surrounding soft tissue, followed by neutron beam
radiation treatment. She is currently free of any pathology. The
resultant defect provided minimal retention for an adhesive-
retained extraoral restoration, with a small unsupported “band”
of tissue from the left ala of the nose to the lateral maxillary
area to include the left upper lip area. She has been success-

Figure 3 Picture of patient taken with 3dMDfaceTM.

Figure 4 Altered photo frontal position.

fully restored in the past with a combination of obturator/facial
prosthesis using magnet retention.

Procedure for image capture

Due to the patient’s apprehension of a conventional moulage
technique, a novel 3D image capture system was used to provide
a solution for a computer-aided design (CAD) moulage. The
3dMDfaceTM System was calibrated as per the manufacturer’s
instructions for the combined camera/flash pods for synchro-
nization and light balance. Although the total depth of the defect

Journal of Prosthodontics 20 (2011) 310–314 c© 2011 by The American College of Prosthodontists 311



Digital Image Capture and Rapid Prototyping Sabol et al

Figure 5 Color model made with the ZPrinter
R©

450 and high perfor-
mance composite material.

Figure 6 Clear model made with the SLA 7000 and UV light-activated
epoxy resin.

would not be used in the fabrication of the prosthesis, some of
the undercut areas were desirable for retention. The patient was
seated in an upright position with her obturator in place. She
was oriented to face between the two camera tripods ensuring
that the margins of the defect were visible in the computer win-
dows and the image was captured. Another image was made
orienting the patient to capture the undercut, just inferior to
the superior orbital rim, and another set of images was made
to capture the lateral walls of the medial aspects of the defect.
The images were reconstructed and imported into the 3dMD
patient software. The composite data were stored in a format to
fabricate a rapid prototype model (Figs 2-4).

Procedure for model fabrication

The 3dMD files were exported as a Virtual Reality Modeling
Language (VRML) file. The VRML files were imported into
Magics version 12.01 (Materialise, Ann Arbor, MI) with an
accuracy of 0.0250 mm, with colors and textures. Any artifacts,
such as holes or sharp triangular edges, were manually removed
from the computational file.

The patient’s face was computationally cut from the VRML
file perpendicular to the screen, viewing the face sagitally, thus

Figure 7 Clay sculpture on model.

Figure 8 Patient and final prosthesis without glasses.

Figure 9 Patient and final prosthesis with glasses.

creating a solid file. The “Hollow Part” feature was used to
make the model 3-mm thick internally. The posterior portion
of the model was then cut off for rapid prototyping purposes.
The image was then saved as a ZPrint (ZPR) CAD format file
and an STL file. The two formats allow for two types of models
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to be fabricated, based on the rapid prototyping machine being
used.

The ZPR file was rapid prototyped on a Zprinter
R©

450 (Z
Corporation, Burlington, MA) using zb59 binder and zp130
powder, printing layer by layer at 0.004-inch increments. Af-
ter printing, the model was excavated from the build cham-
ber’s bed of powder, and excess powder was removed with a
gentle stream of compressed air. After the model was thor-
oughly dried and cleansed of residual powder, it was infiltrated
with RP Binder XL (VA Solutions, Port Washington, WI), a
cyanoacrylate solution.

The STL File was processed on a build platform us-
ing Light Year, and was rapid prototyped using an SLA
7000, a Stereolithography Apparatus (3D Systems, Rock Hill,
SC). Three-dimensional Systems resin, SI40, was locally
cured using a UV laser, layer by layer in the Z-direction at
0.125-mm increments. The model was drained, washed in
Tripropylene Glycol Monomethyl Ether (TPM), rinsed in wa-
ter, and dried. Supports were stripped from the model, followed
by the model being postcured (Post Curing Apparatus, 3D Sys-
tems) (Figs 5 and 6).

Procedure for prosthesis fabrication

Once the RP model was obtained, the approximate borders
of the proposed prosthesis were outlined and duplicated with
SternTek

R©
Duplicating Material (Sterngold Dental, LLC, At-

tleboro, MA). The duplication was poured in Type 4 stone
(Prep-StoneTM Ivory, ETI Empire Direct, Anaheim, CA) and
was used as the master cast for prosthesis fabrication. A
pressure-formed biocryl stent (Great Lakes Orthodontics, Ltd.,
Tonawanda, NY) was made to act as a carrier for the sculpting
material, to index the ocular placement, to index the magnets to
the obturator, and to verify the margins of the defect. Using clay
and a previously fabricated ocular prosthesis, the gaze was set
and indexed on the master cast, and the contour and details were
finalized on the original RP model in clay and verified on the pa-
tient. A stone mold was created, the clay was removed, and the
mold was cleansed of any residue. A blend of 70% MDX4–4210
(Silastic

R©
Dow Corning Corp, Midland, MI) and 30% Medi-

cal Adhesive Silicone Type A (Silastic
R©

Dow Corning Corp)
was pigmented to match the patient. The magnets were fixed
in an acrylic housing using Velcro strips for retention to the
silicone. The mold was packed using a polyurethane liner. Ex-
trinsic characterization, eyelashes, and an eyebrow were placed
after processing. Retention for the prostheses was provided by
the use of magnets attached to a well-fitting maxillary obturator
the patient currently had (Figs 7-9).

Discussion

The connection between computers and medicine is be-
coming more and more intertwined. With the develop-
ment of computer-aided design/computer-aided manufacturing
(CAD/CAM) technology, data obtained from CT scans or MRIs
have been invaluable for use in medicine. Digital photography
allows for another mode of data acquisition, obtaining surface
information and detail.

An STL model and a 3D printed model were available for
fabrication by the technicians. There were no appreciable dif-
ferences in the fit of the final prosthesis to either as a master
cast; however, the technicians felt it was easier to discern the
contours and margins of the defect on the printed color model
than the STL model, which exhibited some extra contouring
due to the layering effect.

There are some limitations to this type of technology. Gen-
erally, these systems are expensive, as they include the camera
systems for 3D capture, the software for CAD, and the costs of
the CAM equipment. Another limitation is the color matching
for the model made from the Zprinter

R©
450. Currently, the

color does not match natural skin tones. This avenue needs to
be pursued further. If a patient has an intraoral prosthesis that
affects the contours of the skin, the patient must wear it for the
photo. This may necessitate fabrication of the intraoral pros-
thesis before the images can be captured. Lastly, this method
may not be indicated when tissue is lacking in tone, so it must
be supported. A two-stage impression may be more useful in
order to have proper orientation of the tissue in question.

Conclusion

A 3D photographic image capture is a viable moulage tech-
nique for fabricating an extraoral maxillofacial prosthesis. The
advantages of this technique include less discomfort for the pa-
tient and no distortion from conventional impression materials
or patient position. In less than a second, data are available
for fabrication of a model that can be used to fabricate a pros-
thesis. This is in contrast to the time involved when making
an impression and the vast armamentarium required to do so.
Color models can provide shading, contours, and an open-eye
position, which are not available with conventional moulage
impression techniques; however, there are limitations in color
matching. As advances in technology continue, less time will be
required by the patient during the fabrication procedure. Model
color match should improve, allowing for improved matching
of the prosthesis to the patient when the patient is not present.
This type of CAD/CAM technology can offer the practitioner
and patient an improved method for fabrication, as well as im-
proved fit of the prosthesis.
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