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Patients with considerable maxillomandibular anteroposterior discrepancies and maxillary hypoplasia

require corrective treatment through orthognathic surgery. However, in the treatment of severe maxillary

retrognathism, it is necessary to reconstruct areas of bone deficiency through grafting techniques in addi-
tion to maxillary advancement using only the Le Fort I osteotomy. Treatment in these patients is more

challenging and requires high surgical predictability. Alloplastic materials often have been used for the

reconstruction of poor bone contours. Ultrahigh-molecular-weight polyethylene (UHMWPE) is currently

an excellent filler material for poor bone regions and is a good substitute for autografts and other alloplastic

materials for its unique properties, including high biocompatibility. Insertion of this material in the fixation

system customized for virtually planned orthognathic surgeries is an innovative technique. This report

describes the insertion of UHMWPE into custom-made titanium miniplates manufactured by computer-

aided design and computer-aided manufacturing technology for orthognathic surgery consisting of
maxillary advancement and mandibular retrusion to treat a patient with Crouzon syndrome, Class III

malocclusion, and severe maxillary retrognathism.
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Orthognathic surgery for maxillary advancement

using a Le Fort I osteotomy is widely recommended

in cases of severe facial hypoplasia associated with

substantial malocclusion. Nonetheless, in more severe

cases, esthetic outcomes are not satisfactory. Grafting
techniques that use alloplastic implants optimize the
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esthetic gains obtained with orthognathic surgeries

in these patients.1,2

Ultrahigh-molecular-weightpolyethylene (UHMWPE)

is an alloplastic material that has been increasingly used

in orthopedics for the correction and reconstruction of
bone defects.3 Its unique properties include excellent
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biocompatibility and high resistance to osteolysis and

bacterial proliferation. Thesepropertiesmake thismate-

rial a good alternative for the reconstruction of facial

bone defects and an excellent substitute for autografts,

because it does not present the surgical morbidity asso-

ciated with these procedures.4

Obtaining high accuracy in orthognathic surgery

remains a challenge. Computer-aided design and
computer-aided manufacturing (CAD-CAM) technol-

ogy combined with more modern computer programs

is routinely used for the virtual planning of orthog-

nathic surgeries and is currently used for the manufac-

ture of titanium miniplates and custom-made

3-dimensional (3D) printed cutting guides.5 The

customized bone fixation system consists of highly

rigid titanium miniplates that fit snugly into a patient’s
bone anatomy, perfectly matching virtually planned

movements. This makes orthognathic surgery less

complex and improves surgical accuracy and predict-

ability of the virtual model.5-7

This report describes an original technique for

the use of UHMWPE implants with customized tita-

nium miniplates in the treatment of a patient with

Crouzon syndrome who underwent orthognathic
surgery after virtual planning for correction of
FIGURE 1. A, Frontal view of preoperative facial appearance. B, Preope
rior discrepancy and maxillary hypoplasia.
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severe maxillary retrognathism and mandibular

prognathism.
Patient Selection and Surgical Planning

Surgical planning begins with a detailed preopera-
tive evaluation of the patient’s face, during which

the patient’s selection criteria should be considered

for the virtual surgical planning of maxillary advance-

ment associated with the UHMWPE grafting and

mandibular retrusion to be performed. Important

characteristics to be evaluated include severe maxil-

lary atresia, Class III malocclusion, considerable nega-

tive maxillomandibular discrepancy, paranasal and
infraorbital hypoplasia, and acute nasolabial angles.

These characteristics can be well visualized in frontal

and profile preoperative images (Fig 1A, B) of the

selected patient. The present patient had Crouzon syn-

drome, the most common syndrome of the craniosy-

nostosis group,8 which was responsible for facial

deformities that required corrective surgical treat-

ment, such as a concave facial profile, severe hypopla-
sia of the middle facial third, exophthalmia, and a

negative maxillomandibular anteroposterior (AP)

discrepancy of 17 mm.
rative facial profile showing severe maxillomandibular anteroposte-

l Maxillofac Surg 2018.
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Working with Customize Brasil Protocol (S~ao Paulo,

Brazil), virtual planning of orthognathic surgery and

customization of titanium miniplates was performed

using the CAD-CAM system. A preoperative computed

tomogram without contrast with slices of up to 1 mm

should be obtained with the patient in centric occlu-

sion. Occlusal models of the maxillary and mandibular

dental arches should be scanned for the generation of a
stereolithographic (STL) file and its superimposition

over the virtual skull.

Blender (Neo Geo, Amsterdam, Netherlands), a free

and open-source 3D computer graphics software, was

used for virtual simulation of surgical movements and

for the manufacture of guides and customized mini-

plates. The osteotomy lines and drilling of the fixation

material were simulated and previewed on the virtual
skull, with care taken to preserve dental roots and

other vital structures. Before the planned maxillary

and mandibular movements were determined, the

drilling guides and osteotomy guides were designed

on the virtual skull (Fig 2A, B).
FIGURE 2. Surgical guides in virtual planning. A, Frontal view. (Fig 2 c
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For visualization of the postoperative plan at the

bone and soft tissue levels, extraoral photographs

(natural head position, frontal, frontal smiling, at 45�,
and axial) were superimposed on the virtual skull.

After the virtual surgery, the miniplates were

modeled. These miniplates were modeled with a spe-

cific location to receive the UHMWPE implant,

respecting the osteotomies and patient’s anatomy.
The filewas generated (Fig 3A, B) and sent to a 3D laser

printer equipped with a direct metal laser sintering

system for printing in commercially pure titanium.

The models were an exact replica of the virtual model

and, because they were prepared previously, they

adapted perfectly well to the bone surface, making

the surgical procedure less complex, decreasing surgi-

cal time, and allowing predictable postopera-
tive outcomes.

The UHMWPE insertion was simulated during the

virtual planning. Its measurements and AP projection

were previously established (Fig 4A, B). The first stage

of this method is to acquire data on the anatomy of the
ontinued on next page.)

l Maxillofac Surg 2018.
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FIGURE 2 (cont’d). B, Lateral view.
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face and create a 3D model of the patient’s facial skel-

eton. Based on computed tomography, a virtual model

of the patient’s facial skeleton was prepared.

Computed tomographic Digital Imaging and Commu-

nications in Medicine (DICOM) data were segmented

using Invesalius 3 (Renato Archer Information

Technology Centre, CTI, S~ao Paulo, Brazil) and a 3D
surface model was created, which was subsequently

exported as an STL file.

Based on the custom-made miniplates, the

UHMWPE implant was modeled using Blender

software (Neo Geo) to resolve the AP discrepancy of

the middle third of the patient’s face. The virtual

implant (UHMWPE implant) was inspected by a maxil-

lofacial surgeon to analyze the effect on facial soft
tissue caused by installation of the customized device.

Subsequently, when the final virtual implant was

approved by the maxillofacial surgeon, the final 3D

model was transferred to a CAD program and prepared
for computer numerical controlled (CNC) milling

machine speed. The material used to manufacture

this customized part was UHMWPE converted into a

solid block of medical polymer from a powder mate-

rial. The UHMWPE block was clamped into a holder

on a CNC machine. The 5-axis milling machine speed,

tool types, and milling strategy were carefully selected
with this program to achieve maximum accuracy of

the resulting physical implant.

After the UHMWPE implant was completed, the

next step was to attach the UHMWPE implant to the

custom-made miniplate. The miniplate was fabricated

with a specific location to receive the UHMWPE

implant. Thus, under high temperature and pressure,

the implant was attached to the custom-made mini-
plate, generating a single custom-made device

(UHWMPE plus miniplate) with an extremely stable

union that allowed the surgeon to install the plate

with safety, accuracy, and predictability.



FIGURE3. Final virtual surgical planning with custom-made miniplates and polyethylene graft positioned.A, Frontal view. (Fig 3 continued
on next page.)
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Surgical Technique

A maxillary vestibular incision was made using

the conventional method for exposure of the maxil-
lary bone. Before the Le Fort I osteotomy, the

bone-supported guides were inserted for drilling of

the miniplates. The Le Fort I osteotomy was

performed using the guides and the maxilla

was released.

Custom-made miniplates with the UHMWPE

implant are printed in a format according to the

anatomic bone structure of the patient and are fixed
to the maxillary fragments so that all holes of the

miniplates correspond to the holes made with the

guides. Figure 5 presents the UHMWPE implant

inserted into the custom fixation system, filling

the deficient maxillary region (Fig 5). For the

mandible, the technique of insertion of the custom-

ized system was equal to that of the maxilla; howev-

er, the miniplates were not inserted with any
alloplastic graft.
Discussion

Usually, patients with severe maxillary retrognath-

ism and Class III malocclusion undergo orthognathic
surgeries for correction of skeletal deformities. These

patients often have a concave face with acute nasola-

bial angles. Le Fort I osteotomy for maxillary advance-

ment is considered safe and predictable and provides

good occlusal outcomes for this facial deformity.9

However, in more severe cases of maxillary hypoplasia

with considerable AP discrepancies, the outcomes

obtained with Le Fort I osteotomy alone are not
satisfactory.1

Le Fort II and even modified Le Fort III osteotomies

are used in the treatment of patientswith severemaxil-

lary hypoplasia. However, they are considered too

invasive and often cause esthetic and occlusal prob-

lems, in addition to major blood loss, and therefore

are restricted to patients in good physical condition.1

To overcome these problems and optimize esthetic
gains in these patients, many surgeons choose



FIGURE 3 (cont’d). B, Lateral view.
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orthognathic surgery for maxillary advancement

combined with the use of a filling material in poor

facial bone areas using several types of alloplastic

materials.2 UHMWPE has been well described in the
orthopedics literature as a filling material with supe-

rior properties to those of high-density porous poly-

ethylene, which had been considered the gold

standard material for knee and shoulder joint prosthe-

ses,10 providing excellent esthetic and functional

results. Among its unique properties are high wear

resistance and impact strength, self-lubrication,

greater resistance to infection and osteolysis because
of its nonporous surface, and stability against oxidative

degradation.3,11

The UHMWPE implant inserted into the custom fix-

ation system designed during virtual surgery allows

surgeons to predict esthetic results, because it is

molded and manufactured according to the esthetic

and functional needs of each patient.

Cutting guides and highly rigid custom-made tita-
nium miniplates allow simplification of the surgical
procedure, decreasing the length of surgery, and

permitting better control over procedures and move-

ments to be performed during surgery.12 The mini-

plates also serve as a guide for proper positioning of
maxillary segments, and the drillings simulated during

virtual planning are performed in areas with the best

underlying bone quality, thus safely preserving adja-

cent vital structures.6,7

Another advantage of custom-made miniplates

compared with conventional miniplates used in

orthognathic surgeries is that they do not require

adjustments to their shape, which generally compro-
mise the properties of titanium and increase the

chances of fatigue failure.13 The use of standard

miniplates that require repeated adjustments to their

contour, associated with extensive advances of the

maxilla, can lead to changes in the final bone posi-

tion of the maxillary segment, thus decreasing the

stability of the Le Fort I osteotomy.14 Therefore, in

addition to decreasing surgical time, the customized
miniplate fixation system, when properly produced



FIGURE 4. Positioning of the ultrahigh-molecular-weight polyethylene implant inserted into the custom-made miniplates. A, Frontal view. B,
Lateral view.
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to fit in locations with better bone quality, presents

greater surgical stability than standard titanium mini-
plates; however, further controlled studies need to

be conducted so that these parameters are

better evaluated.

In conclusion, in patients with severe maxillary

hypoplasia, in which functional and esthetic out-

comes are more challenging and require greater
FIGURE 5. Intraoperative photograph. Custom-made miniplate asso
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surgical predictability, the use of custom-made mini-

plates with the UHMWPE implant as filling material
showed good results. UHMWPE is a material that

ensures precise reconstruction of maxillary bone

deformities, does not have the complications associ-

ated with bone autografts, and optimizes esthetic

results obtained with orthognathic surgery

(Fig 6A, B).
ciated with the ultrahigh-molecular-weight polyethylene implant.

l Maxillofac Surg 2018.



FIGURE 6. Postoperative follow-up at 1 year 8 months. A, Facial profile. B, Frontal view.
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