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CONCLUSIONS

The use of BTDO technology helps to increase the success
rate of treating the alveolar cleft.

Better cosmetic aspects are achieved, as they generate hard
and soft tissues together, which cannot be achieved by
other techniques.

This technique is more acceptable for patients, as it avoid donor
site morbidity bone. Also, device is well tolerated by patients.
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Abstract: Crouzon syndrome, also known as craniofacial dysos-
tosis, is an autosomal dominant inherited disease characterized by

From the *Department of Oral and Maxillofacial Surgery, Seoul National
University Dental Hospital; and TDepartment of Oral and Maxillofacial
Surgery, School of Dentistry, Dental Research Institute, Seoul National
University, Seoul, South Korea.

Received August 31, 2021.

Accepted for publication September 18, 2021.

Address correspondence and reprint requests to Jin-Young Choi, DDS, MD,
Department of Oral and Maxillofacial Surgery, School of Dentistry and
Dental Research Institute, Seoul National University, 101 Daehak-ro,
Jongno-gu, Seoul 03080, South Korea; E-mail: jinychoi@snu.ac.kr

The authors report no conflicts of interest.

Copyright © 2021 by Mutaz B. Habal, MD

ISSN: 1049-2275

DOI: 10.1097/SCS.0000000000008287

el91


mailto:jinychoi@snu.ac.kr
http://dx.doi.org/10.1097/SCS.0000000000008246

Brief Clinical Studies

The Journal of Craniofacial Surgery * Volume 33, Number 2, March/April 2022

early cranial fusion and consequential craniofacial malformations.
In patients with Crouzon syndrome, the growth of the midface is
affected due to early fusion of the cranial base, which results in
exophthalmos, ocular ptosis, midface deficiency, and maxillary
retrognathism. Frontofacial advancement using Le Fort III osteot-
omy is the conventional method for treating patients with Crouzon
syndrome. However, this procedure has drawbacks such as exten-
sive operation field and high possibility of serious complications
(eg, meningitis). For patients with mild symptoms, facial esthetics
and proper occlusion can be promoted through conventional orthog-
nathic surgery, but midface deficiency cannot be completely
resolved. Thus, in this case report, midface augmentation was
performed for a patient with Crouzon syndrome by undergoing
conventional orthognathic surgery, along with patient-specific
implants made using a 3D virtual technique. Implants were 3D
printed using polyetherketoneketone and simultaneously implanted
during the orthognathic surgery. After the surgery, not only were the
patient’s occlusion and facial esthetics improved, but also
exophthalmos and ocular ptosis were reduced by the midfacial
augmentation effect of patient-specific implants placed in the
midface. Since the implants were made exactly as what surgeons
have intended through computer-aided design (CAD)/computer-
aided manufacturing (CAM) and 3D printing techniques, problems
such as under-/over-correction were avoided. In addition, the
possibility of implant malpositioning was minimized using surgical
stents as implants were passively fitted on the patient’s bone
surface. This case verified that the application of 3D technology
to the field of oral and maxillofacial surgery can reduce the
invasiveness of surgery and improve the accuracy of the operation.
Therefore, by using cutting-edge technologies, the field of oral and
maxillofacial surgery is expected to be developed further in the near
future.

Key Words: 3D virtual technology, Crouzon syndrome, midface
augmentation, patient-specific implant

rouzon syndrome is an autosomal dominant genetic disorder,
which was described in 1912 by Octave Crouzon. Due to the
Fibroblast Growth Factor Receptor 2 gene mutation, an abnormal
bone metabolism pattern is shown, causing characteristic dysmorph-
ism of the bones forming the craniofacial area. This has led Crouzon
syndrome to be called “craniofacial dysostosis.”' Patients with
Crouzon syndrome characteristically show early fusion of the cranial
suture, mainly that of the coronal and sagittal sutures, resulting in
craniosynostosis such as brachycephaly. Furthermore, the growth of
the midface is affected due to the failure of cranial growth from early
cranial anastomosis, resulting in midface deficiency, high palatal
vault, and narrow maxillary dental arch. It has also been reported that
exophthalmos or lagophthalmos occurs from the small size of the
orbit, causing ocular ptosis, and frequent inflammation occurs in the
cornea and conjunctiva, the most anterior regions of the eyeball.?
Frontofacial monobloc advancement including distraction
osteogenesis can be performed for facial esthetics and proper
occlusion accompanied by severe midface deficiency in patients
with Crouzon syndrome to move the maxilla and frontal bone
anteriorly. Since this surgical method requires coronal approach
and osteotomy of the skull bone, including Le Fort III osteotomy,
the surgical field is extensive and serious complications such as
cerebrospinal fluid leak, meningitis, and impaired visual acuity may
occur.®* It has been reported that the facial appearance and occlu-
sion state of patients with mild midface deficiency can be improved
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by orthognathic surgeries using only Le Fort I osteotomy. However,
after the surgery, since the facial area below the orbital rim cannot
be advanced due to the position of Le Fort I or II osteotomy lines,
ocular ptosis, and exophthalmos are highly likely to remain.’
Thus, in this study, we presented a case of a patient with Crouzon
syndrome that is characterized by mild midface deficiency, whose
facial esthetic improvement and occlusal recovery were achieved
through orthognathic surgery involving Le Fort I osteotomy and
bilateral sagittal split ramus osteotomy (BSSRO), along with volume
enhancement of the infraorbital area, using the patient-specific implant,
which was made using CAD/CAM and 3D printing technology.

CLINICAL REPORT

A 20-year-old male patient, presenting with midface deficiency,
anterior open bite, and skeletal class III malocclusion, was referred
for orthognathic surgery after presurgical orthodontic treatment from
the Department of Orthodontics at Seoul National University Dental
Hospital. The patient was diagnosed with Crouzon syndrome due to
midface deficiency and characteristic features such as exophthalmos.
The clinical and radiographic examination revealed a high palatal
vault, extensive midface deficiency from lower infraorbital rim to
zygoma area, exophthalmos, and ocular ptosis (Fig. 1).

To treat this patient, 2 surgical methods were considered. The first
method is midface advancement by Le Fort III osteotomy to correct
midface deficiency and then simultaneously or sequentially correct
dentofacial deformity via Le Fort I osteotomy. However, in this case,
Le Fort III osteotomy was not needed as the midface deficiency was
not severe and lagophthalmos was not observed. Moreover, simul-
taneous Le Fort Il and I osteotomy in 1 operation can lead to a decline
of surgical accuracy; thus, 2-staged surgical intervention is required,
leading to a longer treatment period. The second method is setting
proper occlusion through conventional orthognathic surgery with Le
Fort I osteotomy and BSSRO and placing facial implants to the
midface deficient area. Thus, the facial appearance of the lower-
midface area can be improved through maxillary advancement via Le
Fort I osteotomy, and the deficiency correction of the upper-midface
depression from the infraorbital area to pyriform aperture area can be
attained using CAD/CAM assisted patient-specific facial implant. The
second method was chosen for treatment this patient.

FIGURE 1. Facial photographs and radiographs taken after preoperative
orthodontic treatment (physical growth completed state). The patient is
diagnosed with Crouzon syndrome and shows only mild symptoms. Extensive
midface deficiency is recognized from clinical photos and CBCT images (red
arrow). CBCT, cone-beam computed tomography.
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FIGURE 2. Design of patient-specific implant (A). Surgical stent design for
screw hole formation (B). The expected result from virtual surgical planning
after orthognatic surgery and implant placement (C). The position and shape of
the customized plate are designed using CAD/CAM technology and 3D virtual
simulation, and the implant was designed based on it. Surgical stents for
implant fixation screw hole formation were designed to be supported by
maxillary plate so that its size can be reduced, with better surgical accuracy and
usage simplicity.

To do virtual surgical planning and to design patient-specific
implants, the following method was implemented. 3D image of the
skull bone was obtained by converting the digital imaging and
communications in medicine file, acquired from taking 3D facial
cone-beam computed tomography (CBCT) of the patient before
surgery, into a surface tessellation language (STL) file. This STL
file was superimposed with the STL file of the dentition area from
scanning a dental cast. Using these data, virtual surgery was
performed using the FACEGIDE system (Megagen Implant,
Daegu, Korea) based on the orthognathic surgical plan. After
determining the postoperative position of the maxillary segment,
the position to fix the maxillary segment was selected. Then the
implants were designed to cover from the infraorbital depressed
area to the osteotomy line.

The patient-specific implants were designed in such a way that
their outline continues smoothly from the lower edge of the orbital
rim to the osteotomy line inferiorly and to the zygoma area laterally,
and screw fixation holes were set for fixing implants in the area with
sufficient bone thickness (Fig. 2A). The plate-supported surgical
stents that reflect the position of the screw holes were fabricated
using CAD/CAM technique, and patient-specific implants that can
be passively seated on the patient’s bone surface were fabricated
using 3D printing technology (Fig. 2B-C). Polyetherketoneketone

© 2021 Mutaz B. Habal, MD

FIGURE 3. Clinical photos and radiographs after orthognathic and patient-
specific implant graft surgery. Proper occlusion was achieved through
orthognathic surgery, and midface deficiency along with exophthalmos and
ocular ptosis was improved through a radiolucent patient-specific implant.

that is 3D printable and has better antibacterial properties than
polyetheretherketone, was used for the implant.®

Two months after surgery, the anterior open bite and crossbite were
resolved through orthognathic surgery, and the midface deficiency was
significantly improved. Furthermore, exophthalmos was significantly
improved through the infraorbital area volume enhancement (Fig. 3).

DISCUSSION

In patients with Crouzon syndrome, the development of the
nervous system is affected due to the early fusion of cranial sutures.
The length of anterior cranial base is shortened as sphenoid bone is
compressed, and the volume of the orbit is decreased as the middle
cranial base anteroinferiorly deviates due to the consequential
increase in intracranial pressure. Furthermore, maxillary hypopla-
sia and resultant decreased orbit size and midface deficiency often
result in unesthetic facial features and malocclusion in patients
with Crouzon syndrome due to the cranial base growth failure.
Thus, due to intracranial pressure increase, patient with severe
symptoms need to undergo craniosurgery during their early ages
and need midface advancement through Le Fort III osteotomy if
lagophthalmos is observed.**

In early childhood and growth period, craniofacial surgery such
as craniectomy is required to resolve life threatening symptoms.
Meanwhile, treatment after the growth period is more focused on
improving esthetics and setting proper occlusion. Moreover, mid-
face advancement using Le Fort III osteotomy can be considered if
the patient shows symptoms such as severe midface deficiency or
lagophthalmos. However, this procedure often leads to high possib-
ility of serious complications such as cerebrospinal fluid leak,
meningitis, and massive bleeding. Therefore, meticulous diagnostic
planning before surgery, high level of concentration during the
surgical process, and scrupulous postoperative care after surgery are
required.”® Furthermore, for patients with mild symptoms, proper
occlusion and improved esthetics can be achieved through under-
going orthognathic surgery after their physical growth is completed.
Conventionally, maxillary advancement through Le Fort I osteot-
omy compensates for deficiency growth of the midfacial area, and
BSSRO of the mandible can obtain appropriate occlusion by
repositioning the distal segment along with maxillary dentition.
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However, only the lower midfacial area can be advanced, and it is
impossible to resolve the overall midface deficiency due to the
position of the Le Fort I osteotomy line.> Thus, facial implant
placement can be considered because the upper-midface deficiency
cannot be resolved through Le Fort I osteotomy.

Various types of prosthesis, including silicone (polydimethyl-
siloxane), GoreTex (expanded polytetrafluorethylene, WL Gore &
Associates Inc, Flagstaff, AZ), and MedPor (high-density porous
polyethylene, Porex Industries, Fairburn, GA), have been used to
alleviate facial depression. Since these prostheses are supplied by
sizes, premanufactured prostheses of an appropriate size should be
selected during the surgery and need to be carved before placing
them. Consequentially, the prostheses are not passively fitted on
the bone surface, and the gap is formed, leading to a risk of
prothesis migration to an unwanted area. Also, since prostheses
are often placed based on the surgeon’s tactile sense and experi-
ences, there are possibilities of malpositioning or under-/over-
correction.'’

However, the prosthesis, manufactured using CAD/CAM and
3D printing technology can be passively seated on the patient’s
bone surface without gap. By forming screw fixation holes in
advance during the manufacturing procedure, the position of the
prosthesis can be confirmed during the fixation process, and the
migration of the prosthesis can be prevented by stably fixing it.
Furthermore, the surgeon can decide the thickness of the prosthesis
based on the patient’s facial contour, and the possibility of under-/
overcorrection can be significantly minimized. Finally, since the
fixation holes of the prosthesis are designed and set to avoid major
anatomical structures such as nerve trunk, there is little possibility
of complications such as nerve damage.'"

Here, implants made of polyetherketoneketone were used to
relieve the midface deficiency of a patient with Crouzon syndrome.
First, through virtual surgery, the postoperative position of the
patient’s maxilla and mandible was checked, and then the implants
covering the patient’s midface were designed accordingly. After
designing customized plates for maxillary fixation, plate-supported
surgical stents were designed to indicate the holes where the implant
fixation screws would be located. Before placing implants using the
prepared surgical stents, screw holes were formed in the maxillary
anterior wall, and the location of the implants was double-checked
by placing them in accordance with these holes.

To shorten the operation time and improve the accuracy and
predictability of surgeries, the development of 3D virtual surgery
software, CAD/CAM and 3D printing technology has been applied
in various fields of surgery. In the field of maxillofacial surgery, 3D
technology has been applied to maxillofacial reconstruction and
orthognathic surgeries to obtain more esthetic surgical outcomes.
Even with this case presented, if the surgery were performed by the
conventional method, the operation might not have been done as
planned. Particularly, the application of new technology can be
advantageous to the operator when it comes to the prediction of hard
tissue movement through virtual simulation during patient diag-
nosis or treatment planning, not to mention the utilization of 3D
virtual surgery program and surgical materials fabricated using
CAD/CAM and 3D printing technology.

In this case report, patient-specific facial implants using 3D virtual
surgery, CAD/CAM and 3D printing technology were reviewed. As
shown in the postoperative cone-beam computed tomography data
and clinical photos, the application of these latest technologies
certainly increases the surgical accuracy and guarantees better results.
Although long-term stability studies have not been conducted, the
latest technology applied to surgery is expected to be better than the 1
with the conventional method. Thus, it is necessary to strive to pursue
better surgical outcomes using various cutting-edge technologies in
the field of oral and maxillofacial surgery.
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Objective: Alveolar bone grafts are the golden standard in treating
patients with oral cleft and hence, the long-term success of this
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