Computer-Assisted Design of Orbital Implants
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Purpose: The purpose of this study is to report on the use of a computer-assisted design (CAD) system
for predictable preoperative planning of orbital implant surgery (determination of the optimal number
and position of orbital implants). Materials and Methods: Preoperative computed tomographic data
were processed by interactive software for predictable surgical planning of orbital implant placement.
Reformatted images from axial scans were used to analyze the structure of orbital bone and to plan
the number of implants to place and the sites in which to place them. Results: Surgeries to correct
orbital defects in 6 patients were successfully designed with this method. Seventeen implants were
placed in 6 patients with the CAD system with no intraoperative injuries. Satisfactory anatomic and
esthetic results were achieved. Conclusions: The new CAD system optimized preoperative surgical
planning for orbital implant placement. The software may be applied in other craniofacial areas for
implant placement in the future. (Case Series) INT J ORAL MAXILLOFAC IMPLANTS 2007;22:132-137
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Satisfactory surgical reconstruction of the orbit
after tumor resection and exenteration is chal-
lenging. Good preoperative evaluation, careful surgi-
cal planning and preparation, and accurate implant
surgery are mandatory for successful reconstruction
of such a defect. Craniofacial titanium implants guar-
antee secure retention of the prosthesis.'3 Histori-
cally, successful orbital implant surgery has been
dependent on the surgeon’s clinical experience, and
severe complications and low implant survival rates
have been reported.*
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Software employing spiral computed tomo-
graphic (CT) image data can assist in the planning
phase.®> This study reports on a new computer-
assisted design (CAD) system for orbital implant
surgery and the use of this software for preopera-
tional planning in a series of patients.

MATERIALS AND METHODS

This new CAD system was composed of a spiral CT
scanner (GE LightSpeed Ultra; GE Healthcare, Chal-
font St Giles, United Kingdom), a vacuum-form
machine (DIN 7080-16; Biostar Microtech Interna-
tional, Hsin-Tien City, Taipei Hsien, Taiwan), an Intel
Pentium IV computer (Santa Clara, CA) with high-res-
olution color video card (nVIADIA GeForce4 6800
GT), and the Ease Orbital Implant Planning System
(EOIPlan). The EOIPlan is an interactive software pro-
gram for predictable surgical planning of orbital
implant placement developed jointly by Shanghai
East Hospital of Tongji University and the Lab of Pat-
tern Analysis and Machines Intelligence (Shanghai
Jiaotong University). The software was developed by
means of programming Visual C++ and Windows XP
system (Microsoft, Redmond, WA). This program was
approved by Shanghai Science and Technology Insti-
tution in 2002.
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Fig1 The template with radiopague markers.

To realize this new concept of computer-assisted
implant surgical design, every step, including template
fabrication, image acquisition, planning, and surgical
mimicry by the CAD system had to be developed,
tested, and optimized. Training for the procedure was
performed initially with models and cadavers.

Template Fabrication

To achieve optimal image quality for the preoperative
planning and nearly identical conditions for implant
surgery, the vacuum-formed template was placed in
the area of the orbital defects. The template was fabri-
cated with the vacuum-formed machine, transparent
template (1.0 X 125 mm), and orbital plaster cast by
means of heating and vacuum compression. Around
the outline of the orbital rim, in the template, 12 holes
2 mm in diameter were drilled and filled in with
radiopaque gutta percha as markers. The 12:00 posi-
tion was located top of the supraorbital foramen, and
the 6:00 position was located bottom of the infraor-
bital foramen. A line perpendicular to an imaginary
line connecting these 2 points bisecting the orbital
rim was used to determine the locations of 3:00 and
9:00 (Fig 1). These radiopaque markers are visible in
the CT images (Fig 2). Because the template was fixed
on the patient’s skin, errors related to movement of
the markers on the skin were minimized.

Data Acquisition

CT scanning was performed using a standing cranio-
facial protocol.® The patient was scanned with a spi-
ral CT scanner at an axial plane (120KV, 25 mA, 1.25
mm slice thickness, 1.25 mm slice distance, voxel size
0.3 X 0.3 X 2 mm?3) from below the zygomatic bone
to 4 cm above the supraorbital margin. In the present
study, a threshold technique was used to control the
CT densities for inspection of the craniofacial struc-
tures and the osseous defect.

Implant Planning
The CT data were transferred to a personal computer
system running EOIPlan software (Fig 3). The plan-
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Fig 3 Flowchart of the preoperative planning process for
patients with orbital defects.

ning stage consists of identifying the best locations
for implant placement within the orbital bone. The
software provides tools and cut views interpolated
from the data to optimize this process.

The main interface of EOIPlan provides 3 views:
the 3-dimensional (3D) reconstructed view, the cross-
sectional view, and the dissection view (Fig 4).The 3D
reconstructed image is the basal reference in CAD
procedures (Fig 4c). A threshold technique was used
to control the image densities for inspection of the
craniofacial structures and the osseous defect. The
skull was rotated for evaluation and measurement of
the defect using the mouse or keyboard. In the 3D
view, the operator could select several points on the
surface of the patient’s orbital rim to create an orbital
curve. For each point, a dissection image was gener-
ated perpendicular to the surface of the bone tis-
sues. The dissection view is the key reference in clini-
cal operation (Fig 4a). It is defined as a planar cut
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Table 1 Characteristics of Patients with Orbital Defects

Fig 4 The views shown by the EOIPlan
included (a) a dissection view, (b) a cross-sec-
tion view, and (c) a 3D view constructed using
2D scans.

Implant sites (clock I ;:‘gp\:: ?:)

Patient Side No. of position around [
no. Age (y) Gender Indication reconstructed implants orbital defect) 3 mm4 mm
1 41 M Squamous cell carcinoma Right 3 6:00, 7:00, and 11:00 1 2

2 28 M Traumatic injury Right 2 9:00 and 10:00 2 0

3 24 F Adenoid cystic carcinoma Left 3 1:00, 4:00, and 5:00 1 2

4 16 M Neurofibromatosis Left 3 1:00, 2:00, and 11:00 3 0

5 58 F Squamous cell carcinoma Left 3 2:00, 4:00, and 6:00 2 1

6 32 M Traumatic injury Left 3 1:00, 4:00, and 5:00 3 0

view positioned along the orbital curve, locally perpen-
dicular to and above the curve. Initially perpendicular
to the orbital curve, it can be inclined from the direc-
tion perpendicular to the orbital curve with a few
degrees (+ 15 degrees) to adapt the view to the specific
anatomy of the patient and to get more information.
The cross-sectional view was defined by the Frankfort
plane. Scanner data are usually acquired in planes par-
allel to the Frankfort plane, so the cross-sectional views
were assimilated with these scanner images (Fig 4b).

On the planning software, the surgeon observes
the cross-sectional views, defines the orbital curve by
setting the control points, and chooses the dissection
views. Simulated implant placement is usually per-
formed initially in the dissection views. The position,
orientation, length, and diameter of each implant may
be defined interactively in each view, with visual feed-
back in all windows.

RESULTS

The EOIPlan system with preoperative design was
performed on 6 patients ranging from 16 to 58 years
in age (Table 1). All patients had an orbital defect
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after enucleation of the globe and 2 patients
(patients 2 and 4) had deossification. The neurologi-
cal status and overall condition of the patients were
good. Craniofacial Vistafix System implants (Entific
Medical Systems, Géteborg, Sweden) with diameter
of 3.75 mm and length of 3 or 4 mm were placed
according to the preoperative design in outpatient
surgery under local anesthesia.

All 17 implants were successfully and precisely
placed as planned with the EOIPlan system. No unex-
pected complications or injuries were encountered dur-
ing the surgery. The surgical procedures were unevent-
ful, and the surgical time was reduced compared to
conventional methods. The craniofacial implants and
prostheses fit the orbital defects well, and conse-
quently, few adjustments were needed. All patients
and their families were delighted with the results.

Most implants were placed in the supraorbital and
zygomatic regions, ie, in the 1:00, 4:00, 5:00, and 6:00
positions on the left orbital rim and in the 6:00, 7:00,
8:00, and 11:00 positions on the right. In patient 2, 2
implants were placed in the 9:00 and 10:00 positions
because of severe deossification caused by traumatic
injuries. In patient 4, the 3 implants could be placed
only in the 1:00, 2:00, and 11:00 positions because
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Fig 5 The treatment of patient 3.

Fig 5a Socket after exenteration.

Fig 5b (right) Implant
planning.

Fig 5¢ Healed socket with abutments after second-stage
surgery.

most of the periorbital bone and the zygoma had
been resected, and inferior support was insufficient.

Skin reactions were graded according to the crite-
ria proposed by Tjellstrém.” Six months after second-
stage operation, no adverse skin reactions (grade 0)
were observed. One year later, only 1 implant showed
slight redness (grade 1) of the surrounding skin (the
implant in 4:00 position; patient 5). There were no
other complications.

The case illustrated in this paper concerns a 24-
year-old woman with left orbital defect who under-

Fig 5d Final appearance with prosthesis.

went enucleation for adenoid cystic carcinoma 3 years
ago (patient 3; Fig 5). As described, the template was
placed in the orbital defect area during scanning. The
placement of 3 implants was planned using EOIPlan
software (the dissection views; Fig 5b). The implants
were placed in the 1:00, 4:00, and 5:00 positions. The
orientation of the implants (both virtual and actual)
was perpendicular to the orbital rim. Abutments were
attached to the previously placed implants (Fig 5¢).
The definitive facial prosthesis was fitted 6 months
later, with excellent esthetic results (Fig 5d).
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DISCUSSION

Orbital defects can be considered a severe social dis-
ability. Currently, the artistic skills, materials, and tech-
niques are available to provide patients who have
these defects with lifelike facial prostheses sup-
ported by implants.

Craniofacial implants have been reported to be
successful for use with orbital prostheses. Success
rates of 35% to 75% have been reported after 3 to 14
years of observation; success often depends on the
sites chosen for implant placement.#8-1" Implant
placement in orbital sites is challenging because of
the limited bone volume and quality. In general,
bone sites in the orbital region are thin and irregular.
They are often heavily compacted, with little or no
marrow, and may lack the blood supply necessary to
maintain an adequate bone-implant interface. Thus,
optimal positioning and orientation are important to
achieve success.

CAD technologies were used for optimal preoper-
ative planning. The commercially available com-
puter-assisted systems can be distinguished accord-
ing to their different functions and operating
strategies. Navigation systems'?~* use preoperative
CT scans both for planning and during the operation.
Such a system can be an integral part of the surgical
procedure. This type of system allows continuous
intraoperative coordination of the implantation
phase with the preoperative plan, which optimizes
the accuracy of implant surgery. These systems
require a free line-of-sight between the instrument
to be tracked and an external sensor. One disadvan-
tage of these systems is communication delay.
Reconstruction and simulation systems'>~"7 facilitate
reconstruction of the craniofacial structure and allow
simulation of the surgical procedures. These systems
can predict the postoperative appearance of the
patient. They give the surgeon the ability to work
interactively with craniofacial data of the patient and
to simulate different surgical procedures to improve
his or her planning process. The medically approved
CAD system used in this study belongs to this group.

Because no implant planning tools for working
specifically with orbital implants were commercially
available, the present planning tool, which works
with CT data, was specially developed. EOIPlan soft-
ware is the first program created for preoperative
planning of orbital implant placement.

A trained team that takes all potential sources of
error into consideration in advance can deliver
esthetic and functional results. The clinical results pre-
sented here were achieved by careful optimization of
each step of the intervention: template fabrication,
image acquisition, preoperative planning, and the
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actual implant placement surgery. This new process,
developed in teamwork by radiologists and surgeons,
is easier and more accurate than conventional implant
placement. Only with the help of a program such as
EOIPlan can optimal implant positioning be realized in
surgery.

Before CT scanning, a plastic template with
radiopaque markers was fixed to the area of the
orbital defect. These markers were visible in both the
CT scans and the EOIPlan interface and as reference
points for image analysis and implant operation. The
template was also used to locate the exact position
before drilling. Typical locations for orbital implants
were described by Matssura and associates'®: 1:00,
4:00, and 5:00 for the left eye and 7:00, 8:00, and
11:00 for the right eye. In the present patients, the
1:00 (left eye) and 11:00 (right eye) positions were
found to be the most ideal implant positions without
deossification. In the study by Matssura and associ-
ates,'® most implants were placed in the 1:00, 4:00,
5:00, and 6:00 positions on the left and in the 6:00,
7:00, 8:00, and 11:00 positions on the right. In the
present study, there were only 2 patients with right
orbital defects, and pateint 2 had severe deossifica-
tion. In these 2 patients, implants were placed in the
6:00, 7:00,9:00, 10:00, and 11:00 positions.

The development and advancement of CT imag-
ing has been very helpful for evaluating craniofacial
defects and for surgical planning.’®2' The EOIPlan
system can create a 3D reconstruction of soft or
bone tissue based on CT images. A processing seg-
mentation stage is performed to identify the kind of
human tissue or material each pixel represents. The
CT scans used in the present study included soft tis-
sue, bone tissue, and radiopaque markers. The good
sensitivity of CT scans for bone tissues makes it pos-
sible to use a threshold technique to segment the
raw images after a simple filtering operation (low
pass filter) to eliminate the background noise in the
measured data. Pixel intensity can be accurately
related to universal constants to express the density
of the material scanned; this density is expressed in
Hounsfield units. Water density (0 HU) and air density
(=1,000 HU) are 2 of these constants. Bone generally
has a density of 200 to 1,500 HU.

Allen and colleagues?? suggested an intensive
hygiene regimen helped maintain tissue health
around implant abutments. The amount of debris on
the abutments was much greater in the orbital
implant patients than in patients with craniofacial
implants placed in the floor of the nose or in the
auricular region. There may be several reasons for this.
Monocular vision and the associated compromise in
depth perception may reduce patients’ ability to visu-
alize their defects, manipulate the hygiene aids, and
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assess the quality of their hygiene. In the present
study, the peri-implant region showed good soft tis-
sue compatibility, which may be attributable to the
hygienic instruction given and regular follow-up.

The current series was too small for statistical
evaluation. However, no implant failures have been
observed since loading (4 to 34 months).

Because of the positive clinical validation and
accuracy attained in the present study, it may be
worthwhile to use this software for placement of
craniofacial implants in other areas of the head as
well. Improvements to the software are needed, such
as a program feature mirroring the healthy eye into
the defect area to facilitate orientation during
planning.

CONCLUSIONS

A new method for orbital implant placement has
been presented. This new method is based on the
use of a radiopaque template, CT imaging, and pre-
operative planning software. Orbital defects in 6
patients were reconstructed with the aid of CAD soft-
ware designed specifically for implant placement
planning for this region, and satisfactory results were
obtained. Improvements to the software and its use
in other craniofacial regions may be the subject of
future research.
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