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Currently, physicians depend on diagnostic radiology to interpret the extent
of a patient’s injury. CT scans alone, however, are not always able to
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anatomy and anticipate potential complications that may be encountered
prior to surgery. In essence, the full extent of a problematic region is
sometimes only truly identified and visualized with virtual and physical three-
dimensional (3D) anatomical models.

Three-dimensional models generated post-operatively can provide beneficial
information regarding the surgical outcome and help determine if a need for
revision surgery exists. In some cases, the models can even persuade the
doctors against surgical intervention. Along with the complex craniofacial
fractures, custom implants may be required for facial reconstruction. The
same rapid-prototyping techniques used in three-dimensional reconstruction
of facial injuries can be adapted and used to create complex custom
implants. Custom implants will fit the exact patient's anatomy and do not
require modification in the operating room.
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Three-dimensional Reconstruction

« Computed Tomography (CT) sets spanning the area of interest are
imported into MIMICS (Materialise, Ann Arbor MI) to create a 3D
Stereolithography (STL) file.

*Any artifact is manually removed from the computational file

*Supporting cylinders are added to maintain the geographic locations of the
larger loose bony fragments.

*Separate STL files of the patient skull/face and the supporting cylinders are
exported.

«Final proccessing, assignment of color, and saving as a ZPR file is done in
Magics (Materialise, Ann Arbor MI).

Anatomical Modeling

« File is rapid prototyped using an Zprinter 450 (Z corporation, Burlington,
MA). A plaster powder spread across a build chamber and a binder is used
to solidify each layer in 0.004 inch increments.

* Models are excavated from the powder-filled chamber and allowed to

envision the extent of the
injury  through  diagnostic
radiology alone.

Figure 4: Frontal and Isometric
Views of Pre and Post Operative
Models (Right) Surgeons use the
Pre-operative model to generate a
diagnosis and surgical plan. The
relative location of large bone
fragments were maintained by
incorporating black cylinders into
the model. The color of the
cylinders allow the surgical team
to clearly identify bone. The post-
operative model (left) shows the
patient with all fixations
represented in light blue.

Figure 6: Custom Orbital Implant (Above)

Figure 3: Zprinter 450 (Left)
This 3D printer can make models
of multiple colors in hours instead
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Figure 5: Digital 3D File (Right)

The digital file is made and then transferred
to the Zprinter. This particular patient has
had his mandible reconstructed using a
fibula graft. Separating the fixation from
the bone can provide the surgical team
with more information. In a case like this,
one can see if any of the grafted bone has
been reabsorbed by the body.

The virtual and physical models provide information not easily obtained from
standard radiographic scans. Physicians can evaluate the full extent of the
injury and decide on an appropriate plan of action for each patient. Once the
first operation is performed, the surgeon can request a post-operative model
to evaluate the outcome and determine if any revisions are needed.

To date more than 15 maxillofacial, mandibular, and orbital implant cases

thoroughly dry; if necessary, models are placed in an oven at 60 degrees Orbital implants similar to the one above can be rapid prototyped in just a couple of hours.
Celsius. This allows the design team to check the fit of the implant, general aesthetics, and fixation
*Models are then infiltrated with cyanoacrylate and allowed to dry. locations; it also enables immediate feedback from the surgical team. Once the implant is
Treatment/Surgical Planning approved, it can be fabricated in the appropriate material. This particular implant was

have been rapid prototyped using the Zprinter 450.

« Physicians are then provided with a model to plan the appropriate
treatment or surgical plan. Most models are delivered 24-48 hours after the
request is made.

manufactured out of titanium alloy.

[1] Gajewski et al. J AAOS. 2006.
[2] Powers et al. Oral and Maxillofac Surg Clin North Am. 2005



	Slide Number 1

