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manufacturing

) Similar to the current developments in den-
tistry, CAD/CAM and Additive Manufacturing
(AM) are getting increasing attention in

the medical sector as well. One of the most
important medical fields is cranio-maxil-
lofacial surgery where defects of the face
(e.g. absence of a nose, ear, or eye) have

a severe psycho-social impact. Innovative
software options and additive manufac-
turing methods enable the conversion

of scans into a virtual three-dimensional
model, virtual design of medical parts and
subsequent production of these custom im-
plants from a solid or resorbable material.

The introduction of AM and related technologies in
medicine is a breakthrough in treatment modalities for
very complex patient cases that have been untreatable
before. And what is more, they are reducing operating
time and patient discomfort. These new options might
serve as a stepping stone to the possibility of 3D print-
ing of organs in the future. In this article, the use of
additive manufacturing in cranio-maxillofacial surgery is
demonstrated by showing a case where a young patient
underwent reconstruction of a large skull defect.

Background

Skull defects, as a result of trauma or tumour
surgery, usually lead to esthetic and functional distur-
bances in the patient. Thanks to recent technological
developments, skulls can be reconstructed utilizing
computer-aided design and manufacturing processes.
An implant that exactly fits the defect can be manu-
factured pre-operatively on the basis of data derived
from a CT scan.

The implant can be produced either indirectly
or directly. Indirect manufacturing implies that the
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implant will be fabricated using a rapid prototyping
model of the skull as template, while in direct manu-
facturing, an implant will be produced by a computer-
controlled machine without the need of a skull mod-
el. Different materials such as titanium, plastics and
ceramics can be processed by different manufacturing
technologies (high-speed milling, casting and additive
manufacturing).

Factors affecting the complexity of the case

The difficulty of design and manufacturing of
custom implants depends on the size of the defect,
whether or not the defect crosses the midline of
the skull and the involvement of the orbital rim. The
anatomical location of the defect is, of course, also
important since the bone thickness varies along the
skull. The thickness of the bone has to be taken into
account when designing the implant, especially the
part that will be fixed to the skull bone.

Case example

The following case illustrates the planning and
production procedure of a custom skull implant for a
patient with a skull defect. In this case, additive manu-
facturing was used for the production of a custom
skull implant for the first time in Europe.

The patient had undergone surgery for decom-
pressing the brain after trauma. One of the bilateral
bone flaps became necrotic, leaving a large skull de-
fect at the right side (Fig. ).

Design

A multispiral scan was made with 0.5 mm slice
thickness and the scan data converted into STL data
by using Mimics (Materialise, BE-Leuven). This soft-
ware is able to generate an accurate 3D model from
the CT data (Fig. 2).
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Fig. 2: A 3D model is generated from the CT data.

Then, the STL data were imported into 3-matic
(Materialise). During design of the implant, different
shapes were created and tested virtually. The implant
had to fulfil different requirements: it had to close
the defect successfully and — at the same time — re-
construct the contour of the patient’s facial forehead
without stretching the skin too much.

For the virtual design of the implant, loose bone
parts on the meninges and the meninges itself were
used as a reference (Fig. 3). First, guiding curves were
designed based on these reference points (Figs. 4 and
5) to indicate the optimal curvature of the implant. For
reconstruction of the shape, mirroring of the contra-
lateral side was used as well. After having set the sur-
face guidelines, they were utilized for surface design to
make sure that the meninges was not touched (Fig. 6).

Another important clinical factor that had to be
taken into account was the attachment of the chew-

Fig. 3: The virtual model of the patient’s head: meninges
and loose bone parts are visible.

Fig. 4: Color-coded representation of the defect inclu-
ding bone parts and the meninges as well as guiding
curves.

ing muscle. To maximize its attachment, a number of
holes were designed to which the chewing muscle
could be sutured during surgery (Fig. 7). Five fixation
lips were added on the virtual model to allow fixa-
tion of the implant to the remaining skull. The entire
design process took |16 hours.

Electron Beam Melting

The titanium implant was subsequently manufac-
tured using Electron Beam Melting. With this type of
additive manufacturing technology, metal parts are
produced by melting metal powder in a layer-wise
manner. The material is melted by an electron beam in
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Fig. 5: Design of the guiding curves from frontal view.

5

Fig. 6: Surface design

Fig. 7: A number of holes are designed to facilitate at-
tachment e.g. of the chewing muscle.

a vacuum chamber, which ensures a high purity of the
material. Due to the combination of a high power en-
ergy source with a clean production environment, high
strength properties of the final piece are achieved.

In the present case, the implant was manufactured
out of a medical Grade V titanium alloy in 12 hours
by Fruth Innovative Technologien (D-Parsberg).

A rapid prototyping model of the skull was used
as a validation tool to check the fit of the implant
(Figs. 8 and 9). Afterwards, the implant was cleaned

and sterilised.

B,

Fig. 9: ... is checked on the physical model.

Surgery

The operation was performed in general an-
esthesia. After preparation of the scalp flap (Fig. 10)
and freeing of the skull defect from the periosteum
and dura mater, the implant could be seated proper-
ly and showed a perfect fit (Fig. | ). The implant was
fixed to the skull with five short titanium screws
(length 3 mm and diameter .5 mm). The skin flap
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was then repositioned
and sutured. Two drains
were left in to prevent

haematoma.
Fig. 10: A scalp
flap is prepa- Discussion

red ...

AM enables the pro-

duction of custom im-

plants made in a solid or

resorbable material, or

even in multiple materials.

Fig. 11:...and The introduction of AM

theimplantis  and related technologies
placed.

in medicine is a break-
through in treatment mo-
dalities for very complex patient cases. Large skull defects demand for state-of-the-
art technology and treatment. The progress due to these technological advances is
regarded as a stepping stone opening up new options in the future. CUSTOM-IMD
(www.custom-imd.eu) is a European funded project (sixth framework) and many
research institutions, hospitals and companies are working together in order to de-
velop and disseminate these new technologies. For now, implants manufactured in
this way are very expensive and only a few expert centres are able or have the abil-
ity to produce them. Dissemination of knowledge and use of these custom implants
will surely enable technicians to produce implants at lower cost for a larger group of
patients in near future. 1

[a‘.| Auch online unter: www.ddn-online.net L | v l

Dr. Jules Poukens M.D, D.M.D.
Maastricht, The Netherlands

1 1986-1989 M.D, D.M.D at the Catholic University Leuven (B)

I 1998-1994 graduate studies in Oral and Maxillofacial Surgery, University
Freiburg i. Br.

I since 1994 lecturer-researcher at the Department of Cranio-maxillofacial
Surgery, University Maastricht, The Netherlands

I since 2009 lecturer-researcher at the Department of Basic Medical Sci-
ences, University Hasselt, Belgium

I Coworker EU funded projects on medical rapid prototyping and manu-
facturing (PHIDIAS, CUSTOM-FIT and CUSTOM-IMD)

Contact: Jules.poukens@scarlet.be

DIGITAL_DENTAL.NEWS - 4. Jahrgang * Mai 2010

DEXIS® Platinum

Die neue Generation des
digitalen Rontgens

A rurm

Hochleistungs-CMOS-1echnologie
dcheln strahlt.

ic med EDV-Systemlésungen fiir die Medizin GmbH
Walther-Rathenau-Str. 4 «+ D-06116 Halle/Saale

Telefon: +49 (0)345/298 419-30

Fax: +49 (0)345/298 419-60

info@ic-med.de * www.ic-med.de



