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Abstract
Purpose:
Design and manufacturing of a customized surgical device composed by a cutting guide and
a bone plate to guide osteotomies according to virtual pre-operative planning and support the
following mandibular reconstruction.

Method:
Pre-operative computed tomography (CT) scan data of the pilot study (mandible affected by
ameloblastoma) are elaborated to produce a virtual surgical plan including osteotomy sites,
entity of bone resection and therefore reconstruction. STL files are produced for a cutting
guide and a bone plate. The cutting guide and the bone plate of the device are finally
constructed by Direct Metal Laser Sintering.

Result:
An innovative customized surgical device (cutting guide + bone plate) is finally developed to
assist the two steps mandibular rehabilitation (resection and reconstruction). The surgical
device is ready to use for surgery and do not need any further manual operations
intraoperatively.

Discussion & Conclusion:
This pilot study using CAD-CAM customized cutting guides and reconstructive bone plates for
mandibular rehabilitation may represent an innovative viable way to better reproduce the
patient’s anatomical contour of the mandible.

1 Introduction
In the maxillofacial rehabilitation field, the mandibular
continuity resection is often recommended for the
treatment of extensive oral cancer or malignant
mandibular tumors. The subsequent mandibular
reconstruction can be performed either at the time of the
resection or in a second step after an oncological followup period. In both cases the stabilization of the resected
stumps in the correct relative position is one of the key
features to assure satisfactory functional and aesthetic
results in the surgical intervention. For this function
standardized metal bridging plates are usually used.
However, these plates need to be manually bent and
adapted intraoperatively or using anatomical biomodels
manufactured by Rapid Prototyping (RP) technologies to
obtain the final desired customized shape [1-3].
Therefore, the results of this time consuming step are
operator dependent since the surgeons have to
customize the bridging plates to the defect according to
their own skill and experience.
In the last decade, Rapid Prototyping (RP) has been
widely used in many biomedical applications [4-7].
Combined with traditional Computed Tomography (CT)
and Computer Aided Design (CAD) approaches, Additive
Manufacturing (AM) technologies, such as Direct Metal
Laser Sintering (DMLS) [8,9], can be used as tools to
directly produce customized biomedical or surgical
customized devices in a biocompatible titanium alloy.

This paper reports the application of CAD/CAM based
technologies for the innovative development of
customized surgical devices to assist the two steps
mandibular rehabilitation (resection and reconstruction)
that are ready to use and do not need any further manual
operations. In these development processes, different and
alternative concepts of such customized products are
provided according to the functional and aesthetic
requirements of the surgical intervention.

2 Materials and Methods
The pilot study chosen is referred to a 55-year-old
woman affected by an ameloblastoma in the left
mandibular ramus. The patient was scheduled to undergo
a complete surgical treatment consisting in the fully
mandibular resection and in the following mandibular
reconstruction.
For this purpose, pre-operative CT scan data were
used for the 3D reconstruction of the actual mandible and
to allow the virtual pre-operative planning of the surgical
intervention. An innovative two-component customized
surgical device was elaborated according to the shape of
the mandible and to the planned surgery. A cutting guide
was developed to assist the resection step while a bone
plate was developed to assist the reconstruction step.
Finally, the components of the surgical devices were
manufactured by DMLS in alloys suitable for biomedical
applications.
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The workflow for design and manufacturing a
customized surgical device consists of cutting guide and
bone plate is shown in Fig. 1.

2.2

Design of the surgical device

Since the surgical device is customized according to
the shape of the mandible of the patient and to the
planned surgery, it is not possible to identify a single
representative model. Therefore, in the following subparagraphs, the device is described by the functions that
each of the two components (cutting guide and bone
plate) is expected to play (with the featuring elements that
ensure the proper function). Moreover, the mutual
positioning on the mandible of the two components to be
used in sequence during surgery is also described.
The Computer Aided Design of the surgical device was
provided by Rhino 4.0 (Robert McNeel & Associates,
Seattle, WA, USA).

2.2.1

Cutting guide

The first component of the surgical device is the cutting
guide for the surgical resection of the mandibular portion
affected by ameloblastoma. An example of its application
is illustrated in Fig. 3.
Fig. 1 Workflow of the process.

2.1

Data acquisition and 3D reconstruction

For the surgery treatment planning, the first step is
perform a high-resolution computed tomography (CT)
scan of the patient’s craniofacial skeleton. The preoperative CT data are saved as DICOM format and then
processed using Amira 3.1.1 (Mercury Computer
Systems, Chelmsford, MA, USA) that allows semiautomatic 3D digital models by threshold-based
segmentation, contour extraction, and isosurface
reconstruction. This software is able to create, after
setting a suitable threshold value, 3D virtual model of the
mandible, so that the surgeon is able to simulate
mandibular osteotomies (Fig. 2). The planes indicating
position and orientation of the osteotomies are planned
considering safety margins with respect to the region of
the bone affected by ameloblastoma.

a

b
Fig. 3 Design of the customized cutting guide placed on the
Fig. 2 3D reconstruction of the mandible with the planes
indicating position and orientation of the planned
osteotomies with safety margins with respect to the region
of the bone affected by ameloblastoma (see arrow).
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patient’s mandible before (a) and after (b) the resection.

As shown in Fig. 3, the cutting guide can be
schematically decomposed into different functional
elements. Tab. 1 lists the featuring elements of this
component and the function they are expected to serve.
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CUTTING GUIDE
N.

ELEMENT

FUNCTION

1

Guiding
planes

To guide the surgeon to perform
the osteotomies during surgery

2

Retention
bar

To maintain the connection of the
resected stumps

3

Perforated
plates

To fix the component to the
mandible of the patient

4

Reference
elements

To facilitate the correct positioning
of the component on the mandible

Tab. 1 Featuring elements of the surgical guide and the
function they are expected to serve.

A detailed description of the cutting guide is reported
below.
The component is provided with guiding planes (1) for
the surgical resection of the mandible in relation to the
position and orientation of the cuts identified by the
surgeon during the virtual pre-planning of the intervention.
These planes (1) are used intraoperatively to guide the
osteotomies, allowing the head of oscillating osteotome to
be supported during the surgical cut.
The component has also a retention bar (2) to maintain
the connection of the resected stumps and prevent any
dislocation due to muscle tension after the mandibular
continuity resection. Furthermore, the retention bar
ensures the relative position between the guiding planes
(1) according to the virtual pre-planning. This bar (2) is
designed to remain at a suitable distance from the
mandible so as to leave sufficient space for introducing
the surgical instrument and perform the cut. This
arrangement also allows a complete and correct view of
the portion of the bone to be removed and reduces the
risk of injury to any other anatomical structures to be
preserved.
The cutting guide is provided with both perforated
plates (3) for fixing screws to the patient’s mandible and
customized reference elements (4) which facilitate the
correct positioning. The plates (3) should have at least
two holes to ensure stabe fixing and prevent any rotation
of the resected stumps after the bone ablation. The
diameter of the holes is decided on the basis of the
dimension of the screws chosen by the surgeon to fix the
cutting guide to the patient’s mandible.
The perforated plates and the customized reference
elements (3+4) represent the contact area between the
surgical guide and the mandible of the patient. Therefore,
this part of the surgical guide (3+4) is designed to
perfectly fit and adhere to the surface of the bone by
thickening the outer surface of the 3D reconstruction of
the mandible.
Finally, the cutting guide can be considered as a whole
composed by the four elements listed in Tab. 1 and
related to each other in the following manner: the
extremities of the retention bar (2), to whom the guiding
planes (1) are connected, are joined to the perforated
plates with the customized reference elements (3+4), as
shown in Fig. 3.

2.2.2

Bone plate

The second component of the surgical device is the
reconstructive bone plate for stabilizing the resected
stumps with the function of supporting/containing the
grafted material for the reconstruction of the previously
resected part of the mandible. In particular this
June 15th – 17th, 2011, Venice, Italy

component can be designed in two different versions
based on alternative concepts of mandibular
reconstruction:
1) Bone plate with supporting function of graft material
2) Bone plate with containing function of graft material
In the first case, the component serves to support free
fibula flap, nowadays routine reconstructive method [10],
or customized scaffold of hydroxyapatite HA, in the future.
In the second case, it is designed to contain, for example,
particulate bone. Both versions of such customized
component are developed according to the functional and
aesthetic requirements of the surgical intervention.
An example of reconstructive bone plate with
supporting function is shown in Fig. 4a while the version
with containing function is shown in Fig. 4b. In both cases
the customized component is placed on the mandible of
the patient after the bone resection.

Reference
notches

a

b
Fig. 4 Design of the customized bone plate with supporting
function (a) and with containing function (b).

As shown in Fig. 3, the reconstructive bone plate can
be schematically decomposed into different functional
elements. Tab. 2 and Tab. 3 lists the featuring elements of
the component for, respectively, supporting and
containing the graft material, with the function they are
expected to serve.
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BONE PLATE WITH SUPPORTING FUNCTION
N.
1

ELEMENT
Retention
bar

FUNCTION
To maintain the connection of the
resected stumps
To support the graft material for
the mandibular recontruction

2

Perforated
plates

To fix the component to the
mandible of the patient
To allow the correct positioning of
the componenton the mandible
with respect to the cutting guide

Tab. 2 Featuring elements of the bone plate for supporting
graft material and the function they are expected to serve.
BONE PLATE WITH CONTAINING FUNCTION
N.

ELEMENT

FUNCTION

1

Retention
bar

To maintain the connection of the
resected stumps

2

Perforated
plates

To fix the component to the
mandible of the patient

3

Grid

To allow the correct positioning of
the componenton the mandible
with respect to the cutting guide
To contain the graft material for the
mandibular recontruction

Tab. 3 Featuring elements of the bone plate for containing
graft material and the function they are expected to serve.

The component with supporting function, as shown in
Fig 4a, is composed by a perforated retention bar (1) and
perforated plates (2) at the extremities of the bar.
The retention bar (1) maintains the connection
between the resected stumps and also carries out the
function of supporting the graft material for the
reconstruction of the previously resected mandibular
ramus. The bar (1) presents a series of holes with a
diameter selected according to the dimension of the
screws chosen by the surgeon to ensure proper
attachment of material to use for the bone regeneration.
Moreover, the bar (1) is designed to perfectly reproduce
the ideal patient’s anatomical mandibular contour and
thereby enable correct reconstruction from a functional
and aesthetic point of view.
The component is also provided with perforated plates
(2) for fixing screws to the mandible of the patient.
As previously stated for the cutting guide, the plates (3)
of the bone plate should have at least two holes to ensure
stabe fixing with the diameter chosen according to the
screws used by the surgeon to fix the device to the
patient’s mandible.
The perforated plates (2) at the extremities of the bar
represent the contact region between the structure and
the patient’s mandible. This part of the structure (2) is
then designed to perfectly fit and adhere to the surface of
the mandible, as previously described for the
corresponding elements of the cutting guide. Moreover,
the extremities of this bone plate are also designed as
complementary contact surfaces of the extremities of the
cutting guide, as described in the next paragraph.
Finally, the reconstructive bone plate can be
considered as a whole composed by the two
characteristic elements listed in Tab. 2. In particular, the
extremities of the component are the perforated plates (2)
for fixing to the patient’s mandible, while the central part
June 15th – 17th, 2011, Venice, Italy

of the component is the retention bar with supporting
function (1). Although the component appears as a single
element, it is necessary to identify and delimit the two
characteristic elements from a functional point of view.
Therefore, appropriate reference notches are also added
for this purpose.
For what concern the bone plate with containing
function, as shown in Fig. 4b, a third reticular grid element
is added with respect to the previous design. In particular,
in the central part of the component there is a container
(3) that really acts as a containment of the graft material.
This container (3) is designed to perfectly follow the shape
of the mandibular ramus and to ensure a correct
reconstruction from a functional and aesthetic point of
view. The container has a reticular structure to facilitate
the proper blood supply to the graft material for the
process of bone regeneration. In this case, the array of
holes along the retention bar (1) is not necessary, since
there is no need of fixing any graft material by means of
screws.
This version of reconstructive bone plate can be
designed with a closed container, as shown in Fig. 4b (so
that the filling of the graft material must be made by the
two open extremities of the grid prior to the placement on
the mandible) or with a container opened on the buccal
side over the retention bar (so that the filling of the graft
material can be made through the opened side also after
the positioning on the mandible).

2.2.3

Mutual positioning

The mutual positioning of the two customized
components of the surgical device to be used in sequence
during surgery is essential to ensure correct
correspondence between the mandibular resection and
the following reconstruction.
This function is provided by the following approach.

Positioning of
the cutting guide

Positioning of
the bone plate

Removal of the
cutting guide

Fig. 5 Mutual positioning between the two components of the
device for the use in sequence during surgery
(reconstructive bone plate with supporting function).

729

Proceedings of the IMProVe 2011

M. Fantini et al.

Innovative design of customized surgical devices for mandibular rehabilitation

Positioning of
the cutting guide

concentration of impurities and is particulary suitable for
the production of biomedical implants.
The cutting guide and both version of the bone plate
were finally delivered for the sterelization process before
surgery (Fig. 7a,b,c).

Positioning of
the bone plate

a

Removal of the
cutting guide

Fig. 6 Mutual positioning between the two components of
the device for the use in sequence during surgery

b

(reconstructive bone plate with containing function).

The reconstructive bone plate (either with supporting
or containing function) is inserted when the cutting guide
is still on and fitted to it in order to ensure the proper
positioning. In particular, the perforated plates for fixing
the bone plate are designed to fit perfectly with the
corresponding perforated plates of the surgical guide,
since they are designed having complementary contact
surfaces (Fig. 5 and 6).
c

The sequence of steps is the following:
a) Positioning of cutting guide (and bone resection)
b) Positioning of bone plate
c) Removal of cutting guide

Fig. 7 Components of the customized surgical device:
CobaltChrome cutting guide (a), titanium bone plate with
supporting function (b) and titanium bone plate with

Manufacturing of the surgical device

containing function (c).

Then, the components of the customized surgical
device for mandibular rehabilitation (cutting guide and
bone plate with both supporting and containing function)
were directly manufactured using an EOSINT M270
machine (EOS GmbH - Electro Optical Systems -,
Munchen, Germany). The working principle of this
machine is based on Direct Metal Laser Sintering (DMLS)
approach by fusing metal powder into a solid part and
melting it locally using a focused laser beam. As usual for
additive manufacturing technologies, the components are
built up additively layer by layer.
The material used to produce the cutting guide was
EOS CobaltChrome MP1, a multi-purpose cobalt-chromemolybdenum-based superalloy powder which has been
optimized especially for Direct Metal Laser-Sintering
(DMLS) on EOSINT M systems.
The material used to produce both version of the bone
plate was EOS Titanium Ti64, a pre-alloyed Ti6AIV4 alloy
in fine powder form with excellent mechanical properties
and corrosion resistance combined with low specific
weight and biocompatibility. This material fulfil the
requirements of ASTM F1472 regarding maximum

Moreover, the actual mandible of the patient was also
directly manufactured using a 3D Dimension Soluble
Support Technology (SST) machine (Stratasys, Eden
Prairie, MN, USA). The working principle of this machine
is based on Fused Deposition Modeling (FDM) of
acrylonitrile butadiene styrene (ABS) and soluble support
material to sustain the prototype under construction. By
this Rapid Prototyping process models are built up layer
by layer with two available filling options: solid and sparse.
In the first case, each section of the model is completely
filled with ABS material (solid fills are stronger and
heavier). In the second one, the interior part of the model
is replaced with a honeycomb structure (sparse fills are
weaker and lighter).
The biomodel was directly prototyped choosing the
sparse fill option to save material and speed up the build
session. The process was finished by washing the models
in an agitation system with a hot soapy water bath to
remove all the support material for hands-free models
completion.
The ABS prototyped model of the mandible was used
by the surgeons to gain a better understanding of the
surgical intervention and to test and validate the

2.3
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developed customized surgical devices before surgery
(Fig. 8).

Department of Oral Sciences at the University of Bologna,
for providing the CT data of the patient as pilot study and
Dr. Tati Bonato, 3Dfast srl (Padova), for manufacturing
the components of the customized surgical device by
means of DMLS.
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4 Conclusion
This pilot study using CAD-CAM customized cutting
guides and reconstructive bone plates for mandibular
rehabilitation may represent an innovative viable way to
better reproduce the patient’s anatomical contour of the
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By the first surgeon’s feedbacks, the innovative design
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devices for mandibular resection and reconstruction may
improve the precision and reduce the time of the surgical
intervention for patients undergoing mandibular
rehabilitation.
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