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Reconstruction Technique Using
Computer-Aided Design and
Manufacturing—Assisted Harvest of
Autologous Calvarial Bone in Cases of
Orbito-Zygomatic Benign Tumor

Romain Nicot, MD, MSc, * Matthias Schlund, MD, }
Camille Sentucq, | and Gwénaél Raoul, MD, PhD§

The orbito-zygomatic complex (OZC) includes several key structures, and its destruction leads to the
impairment of functional activities such as nutrition, communication, nasal support, and
vision. Management of benign tumors of the OZC is therefore a surgical challenge because of the necessity
for reconstruction of these elements. Autogenous bone is considered the gold standard for reconstruction.
Nevertheless, there is difficulty related to the complex anatomy and distorted skeletal anatomic landmarks,
which require precise work in the case of bone grafts. The aim of this report is to propose a new recon-
struction technique consisting of OZC reconstruction with computer-aided design and manufacturing of
autologous calvarial bone. Three cases are presented. After performing tumor resection using computer-
aided design and manufacturing cutting guides, we used a piezotome to perform osteotomies and preserve
the periosteum and sinus mucosa. The SinpliciTi system (Materialise, Chatillon, France) allowed us to
make cutting guides and a 3-dimensional surgical plan of the shapes and ideal positions of the calvarial
bony plates for the OZC reconstruction. Calvarial osteotomies were performed using a piezotome through
the polyamide calvarial cutting guide to obtain the shapes designed beforehand. Once the samples were
collected, the shapes could be assembled ex vivo and then put in place through a minimally invasive
approach. We discuss the advantages and limitations of our reconstruction method and its place in the

management of OZC reconstruction.

© 2018 American Association of Oral and Maxillofacial Surgeons
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Benign tumors of the orbito-zygomatic complex
(OZC) are usually not life-threatening, and treatment
options are wide-ranging, from simple observation to
surgery. However, extensive bone tumors may

threaten key structures, such as the optic nerve, and
require complete tumor excision. Bone defects of
the face can have dramatic functional, esthetic, and
social repercussions. Destruction of the midface leads
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FIGURE 1. Surgical planning of orbito-zygomatic complex
excision in 13-year-old patient with fibrous dysplasia.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. J Oral Max-
illofac Surg 2019.

to the impairment of key features influencing nutri-
tion, communication, nasal support, vision, and main-
tenance of oral hygiene."” It also results in the
destruction of self-esteem with consequences for
mental health and a loss of social acceptability.
Reconstruction of the OZC represents a surgical
challenge owing to the functional, esthetic, and psy-
chological implications of this area. A variety of tech-
niques and materials are used to fulfill these
objectives, making the treatment plan more com-
plex.”’ Several patient-specific implants have been
described, consisting of titanium, polyether ether
ketone, Medpor (Stryker, Kalamazoo, MID, or

FIGURE 2. Computer-aided design and manufacturing polyamide
cutting guide to obtain chosen calvarial bone grafts in 13-year-old
patient with fibrous dysplasia. The cutting guide was designed
with drill holes that corresponded to the final screw positions on
the bone samples.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. | Oral Max-
illofac Surg 2019.

FIGURE 3. Surgical planning of orbito-zygomatic complex recon-
struction with calvarial bone grafts in 13-year-old patient with
fibrous dysplasia.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. | Oral Max-
illofac Surg 2019.

Vitroceramics. Nevertheless, autogenous bone is still
considered the gold standard in reconstructive sur-
gery.4 On the other hand, obtaining optimum results
is difficult given distorted skeletal anatomic landmarks
in several cases of benign tumors.

Three-dimensional analysis and planning are power-
ful tools in craniofacial and reconstructive surgery.
They are already used for intraoperative navigation,
3-dimensional printouts of guides,5 or patient-
specific implants.6 They can be used for the reconsti-
tution of missing tissue, repositioning of misplaced
tissue, and removal and reshaping of structural ele-
ments—or a combination thereof. Computer-assisted
preoperative planning by mirroring and intraoperative
navigation has improved the procedure of craniofacial
reconstruction. There is indeed a general consensus
that computer-aided virtual planning allows more pre-
dictable results and is therefore becoming

FIGURE 4. Surgical planning of orbito-zygomatic complex exci-
sion in 58-year-old woman with osseous cavernous hemangioma.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. | Oral Max-
illofac Surg 2019.
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FIGURE 5. Computer-aided design and manufacturing polyamide
cutting guide to obtain chosen calvarial bone grafts in 58-year-old
woman with osseous cavernous hemangioma. The cutting guide
was designed with drill holes that corresponded to the final screw
positions on the bone samples.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. | Oral Max-
illofac Surg 2019.

indispensable in reconstructive surgery."*”” The aim
of this report is to propose a new reconstruction
technique consisting of OZC reconstruction with
computer-aided design and manufacturing (CAD-
CAM) of autologous calvarial bone.

Patients and Methods

We performed a surgical excision and reconstruc-
tion technique using autologous bone grafts with a
CAD-CAM support. The different surgical plans for
OZC reconstruction are presented in Figures 1 to 9,
showing fibrous dysplasia in a 13-year-old patient, an

FIGURE 6. Surgical planning of orbito-zygomatic complex recon-
struction with calvarial bone grafts in 58-year-old woman with
osseous cavernous hemangioma.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. | Oral Max-
illofac Surg 2019.
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FIGURE 7. Surgical planning of orbito-zygomatic complex exci-
sion in 63-year-old woman with basal cell carcinoma with in-depth
invasion of zygomatic bone.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. | Oral Max-
illofac Surg 2019.

osseous cavernous hemangioma in a 58-year-old
woman, and a basal cell carcinoma with in-depth inva-
sion of the zygomatic bone in a 63-year-old woman.
French Ethics Committee approval was not required
for this research. The study conformed to the provi-
sions of the Declaration of Helsinki.

Surgical resections of these OZC tumors were per-
formed by a minimally invasive approach when
possible, using designed titanium cutting guides. The
surgical approach consisted of a subciliary approach
sometimes supplemented by an intraoral approach
or paralateronasal approach, depending on the tumor
size and location. Tumor resection was performed
using CAD-CAM titanium cutting guides placed on
each side of the lesion: infraorbital rim,

FIGURE 8. Computer-aided design and manufacturing polyamide
cutting guide to obtain chosen calvarial bone grafts in 63-year-old
woman with basal cell carcinoma with in-depth invasion of
zygomatic bone. The cutting guide was designed with drill holes
that corresponded to the final screw positions on the bone samples.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. | Oral Max-
illofac Surg 2019.
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FIGURE 9. Surgical planning of orbito-zygomatic complex recon-
struction with calvarial bone grafts in 63-year-old woman with basal
cell carcinoma with in-depth invasion of zygomatic bone.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. J Oral Max-
illofac Surg 2019.

zygomaticomacxillary buttress, and frontal process and
temporal process of zygomatic bone. Holes for the fix-
ation of the titanium miniplates were drilled through
the cutting guide (Fig 10). Osteotomies were per-
formed using a piezotome to preserve the periosteum
and sinus mucosa. We used the SinpliciTi system
(Materialise, Chatillon, France)’ to make cutting
guides and a 3-dimensional surgical plan of the shapes
and ideal positions of the calvarial bony plates for the
OZC reconstruction. The number and shape of bone
fragments collected depended on the extent of the
reconstruction and the potentially associated orbital
floor reconstruction. Osteotomies were performed us-
ing a piezotome through the polyamide calvarial cut-
ting guide to obtain the previously designed shape
(Fig 11). The bone samples collected were exclusively

FIGURE 10. Surgical resection of osseous cavernous hemangio-
ma in 58-yearold woman using computer-aided design and
manufacturing titanium cutting guide placed on each side of lesion:
infraorbital rim, zygomaticomaxillary buttress, and frontal process
and temporal process of zygomatic bone. Cutting guides included
drill holes that corresponded to the final screw positions.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. J Oral Max-
illofac Surg 2019.
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unicortical. Sampling sites were filled with § trical-
cium phosphate. Cutting guides were designed with
drill holes that corresponded to the final screw posi-
tions on the bone samples. Once samples were
collected, the assembly was created ex vivo following
the surgical planning. Each sample had a predefined
and singular shape, making it easy to recognize. There-
fore, the assembly was performed simply, by screwing
the custom-made titanium plates in the predefined
holes. The assembly was then put in place in 2 pieces
through the minimally invasive approach—the zygo-
matic body piece and the orbital floor piece—which
were then assembled by a titanium miniplate at the in-
fraorbital rim. Designed titanium miniplates were used
to achieve stability of the different bone fragments. No
complications occurred during the surgical

FIGURE 11. Computer-aided design and manufacturing surgical
cutting guide used for monocortical calvarial bone graft harvesting
in reconstruction of orbito-zygomatic fibrous dysplasia in 13-year-
old patient. Harvesting was performed using a piezotome, and
donor sites were filled with g tricalcium phosphate. Cutting guides
included drill holes that corresponded to the ffi>no| screw positions.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. J Oral Max-
illofac Surg 2019.
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FIGURE 12. Preoperative front view of 58-year-old woman with
orbito-zygomatic osseous cavernous hemangioma. The patient
had facial asymmetry associated with dystopia. There was no
diplopia given the progressive occurrence of the lesion.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. | Oral Max-
illofac Surg 2019.

procedures. Clinical (Figs 12-15) and radiologic (Figs
16-21) follow-up showed stability of long-term results.

Discussion

We present a new technique for reconstruction of
the OZC using an autologous calvarial bone graft
with a CAD-CAM support. This technique has the

ORBITO-ZYGOMATIC COMPLEX RECONSTRUCTION

FIGURE 14. Postoperative front view of 58-year-old woman with
orbito-zygomatic osseous cavernous hemangioma. We performed
surgical excision with cutting guides and orbito-zygomatic recon-
struction with calvarial bone grafts using a computer-aided design
and manufacturing system. A subciliary approach combined with
a paralateronasal approach was used to achieve both the excision
and reconstruction parts of the surgical procedure.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. J Oral Max-
illofac Surg 2019.

main advantage of using autologous bone implants,
which are considered the gold standard for craniofa-
cial reconstruction, owing to their osteogenic,

FIGURE 13. Preoperative bottom view of 58-year-old woman with
orbito-zygomatic osseous cavernous hemangioma.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. J Oral Max-
illofac Surg 2019.

FIGURE 15. Postoperative bottom view of 58-year-old woman
with orbito-zygomatic osseous cavernous hemangioma.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. J Oral Max-
illofac Surg 2019.



NICOT ET AL 1087

FIGURE 16. Coronal view of preoperative computed tomography scan of 58-year-old woman with orbito-zygomatic osseous cavernous hem-
angioma. The tumor was responsible for an intraorbital mass effect.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. | Oral Maxillofac Surg 2019.

FIGURE 17. Axial view of preoperative computed tomography scan of 58-year-old woman with orbito-zygomatic osseous cavernous hemangioma.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. J Oral Maxillofac Surg 2019.
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FIGURE 18. Sagittal view of preoperative computed tomography scan of 58-year-old woman with orbito-zygomatic osseous cavernous hem-

angioma.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. J Oral Maxillofac Surg 2019.

osteoinductive, osteoconductive, and immunocom-
patible properties."*** Several bone-donor sites exist
for bone grafts, and each has advantages and disadvan-
talges.4’8 We chose to use a nonvascularized calvarial
autologous bone graft in reconstruction planning.
This choice was justified given the benign nature of
resected tumors and the absence of adjuvant
radiotherapy. These cortical grafts are mainly
osteoconductive, but the surviving osteoblasts
provide some osteogenic properties as well.” Calvarial
unicortical bone grafts are characterized by the large
volume available with low donor-site rnorbidity.“ In
particular, the level of postoperative pain after
harvesting is classically lower with a calvarial graft
than with an anterior iliac crest graft. However,
shaping the bone plates is very difficult owing to the
anatomic complexity of the OZC.”® The use of
CAD-CAM reduces these shaping difficulties, repro-
ducing the original orbito-zygomatic anatomic
landmarks and orbital volume with reduced surgical
time."*>7'""" A freehand reconstruction would
require multiple adjustments, whereas with
CAD-CAM, the assembly is performed in just a few mi-
nutes. The possibility of performing the reconstruc-

tion in 2 parts, which assemble themselves optimally
at the infraorbital rim using preformed titanium mini-
plates, allows us to realize a more discrete approach.
Thus, a subciliary approach, sometimes supplemented
by an intraoral approach, was performed in most
cases. It is possible to slightly increase the length of
the subciliary approach, depending on the size or loca-
tion of the tumor, by completing the extraoral scar
with a paralateronasal approach. The main complica-
tions encountered in orbital reconstructive surgery,
such as dystopia or anophthalmia, are otherwise
limited by precisely maintaining orbital volume.'’"’
If we focus on the survival of these bone implants,
membranous bone grafts, such as calvarial bone
grafts, are superior to endochondral bone grafts in
terms of the volume maintenance.'” On the other
hand, bone-free flaps have an advantage of rapid incor-
poration into the host bone and vascular flow, with
higher donor-site morbidity.">*'* Our choice is
therefore justified by lower morbidity with biological
properties favorable for the longterm survival of
bone grafts. For benign tumors, no radiotherapy is to
be expected, and the possibility of preserving the un-
derlying periosteum contributes to the survival of
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FIGURE 19. Coronal computed tomography scan of 58-year-old woman with orbito-zygomatic osseous cavernous hemangioma 9 months
after surgical procedure. The shape of the orbito-zygomatic complex was restored. Bone healing of the calvarial bone fragments with each other

and with the rest of the midface can be visualized.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. J Oral Maxillofac Surg 2019.
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FIGURE 20. Axial computed fomography scan of 58-year-old woman with orbito-zygomatic osseous cavernous hemangioma 9 months after
surgical procedure.
Nicot et al. Orbito-Zygomatic Complex Reconstruction. J Oral Maxillofac Surg 2019.
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FIGURE 21. Sagittal computed tomography scan of 58-year-old woman with orbito-zygomatic osseous cavernous hemangioma 9 months af-

ter surgical procedure.

Nicot et al. Orbito-Zygomatic Complex Reconstruction. J Oral Maxillofac Surg 2019.

these grafts. Finally, 3-dimensional planning and
computer-assisted design and manufacturing are
growing technologies in the field of facial reconstruc-
tion. "> They allow for increased efficiency and
accuracy during bone reconstructive surgery,
especially in a complex anatomic area, owing to the
form and the maintenance of related structures.'”
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