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SUMMARY 

Osteogenic distraction has gotten an excellent value as a treatment of severe asymmetries. This report aims 
to present a treatment option to manage severe midface asymmetries using multi-vector devices and virtual 
planning for facial bone distraction and fixation with a customized polyetheretherketone (PEEK) prosthesis in 
a 16-year-old patient who at ten months of age was diagnosed and treated with chemotherapy and radiotherapy 
for embryonal rhabdomyosarcoma in the right orbit.
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INTRODUCTION

Snyder et al began in 1972 a study on the craniofacial 
region about mandibular enlargement using bone 
distraction in dogs based on Abbott and Coleman’s 
principles.1 Although at that time, there were only 
animal studies. McCarthy et al reported the first case 
series in children between 23 and 131 months old 
diagnosed with hemifacial microsomia and Nager´s 
syndrome getting a success rate between 18 and 24 
mm with an expansion dispositive.2 Rachmiel et al 
performed a midface advancement for the first time 
through gradual distraction on sheep, and their 
results were a mean of 33 mm of advanced without 
bone grafts.3 Polley et al published in 1995 a case 
report about craniofacial deformities associated 
with Pfeifer`s syndrome in a child with midface 
deficiency; they managed it through osteogenic 
distraction and achieved a mandibular advancement 
around 35 mm, getting good ocular projection and 
increasing the airway.4

This report aims to show the bennefit of 
management of severe maxillary asymmetry and 
unilateral malar hypoplasia using, for the first 

time, a multi-vectorial bone distraction in the 
maxillary, integrating 3D planning and a customized 
polyetheretherketone (PEEK) implant in a sequela 
for embryonal rhabdomyosarcoma.

CASE DESCRIPTION

A 16-year-old patient who at ten months of age 
was diagnosed and treated with chemotherapy and 
radiotherapy for embryonal rhabdomyosarcoma 
in the right orbit, and his sequelae are evidenced 
with severe malar hypoplasia, paranasal deficiency, 
agenesis of the zygomatic arch, deviated maxilla, and 
edged towards the right side (Fig 1). 

A clinical and computerized tomography (CT) 
examination made possible a virtual 3D planning 
to manage severe maxillary hipoplasia. That 
information allows the virtual planning movements 
of the intraoral distractor devices (Fig 2) without 
anatomical structure interferences. Later, we got a 
3D model print to analyze the desired movement 
vectors before surgical procedures confirming 
planned surgical movement and position. The 
intraoral distractor devices were customized to get 

FIGURE 1. Pre-operative computed tomography shows severe right side malar hypoplasia, paranasal deficiency, agenesis of the zygomatic arch, deviated 
maxilla, and edged towards the right side. 
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FIGURE 2. Virtual planning of the distractors in different vectors showing vertical and horizontal correction at the same time.

FIGURE 3. CT before (A) and after (B) maxillary distraction.

the compensatory movements as pitch, roll, and yaw 
to correct the facial asymmetry. With a maxillary 
vestibular approach from the left first molar to 
the contralateral molar, it is performed. Le Fort I 
osteotomy is then performed using a piezoelectric 
device and 3D splints, which helps avoid damages 
to supplies and neuronal tissues adjacent to the 
surgical site. Posteriorly, the distractors devices were 

placed in the planning 3D position, and then, they 
were activated by conserving the multi-vectorial 
distraction. We checked the final surgical position 
and used absorbable polyglactin suture 4-0. Finally, 
we started the distraction protocol with five days 
for the latency period, 1 mm distraction per day 
as necessary, and a consolidation phase for eight 
months (Fig 3).
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Virtual planning of customized PEEK is designed 
for a better aesthetic result and correction of the malar 
deficiency (Fig 4). On a second surgical time, distractors 
are removed throughout of vestibular approach, and 
PEEK is inserted using the same approach. Finally, the 

wound is closed by absorbable polyglactin suture 4-0. 
Changes in maxillary and malar projection were possible 
with these procedures. However, some limitations can 
be corrected in the future. Figures 5–7 demonstrate 
facial photographs before and after surgeries.

FIGURE 4. Virtual planning of customized PEEK prosthesis for unilateral malar hypoplasia. Numbers (1–6) in red circles indicate the screw holes.

FIGURE 5. Before (A) and after (B) surgeries showing a better malar projection.
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FIGURE 6. Facial photographs taken in frontal view (A), 90 degree lateral view (B), and 45 degree angled view (C) before surgery.
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FIGURE 7. Facial photographs taken in frontal view (A), 45 degree angled view (B), 90 degree lateral views (C) after surgery three years later.
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DISCUSSION

Despite the literature has reported the management 
for midface severe hypoplasias associated with Pfeiffer, 
Crouzon, Apert syndromes, the proposed management 
is to make Le Fort I, II, and III osteotomies depending 
on clinical findings.5 Nowadays, craniofacial surgery 
is implementing bone distraction with good results. 
It allows the most significant movements without 
a requirement of a second procedure to get a donor 
site bone, which gives us a less invasive surgery and 
less surgical time, allowing diminished transfusion 
requirements and hospital cares.6 The most relevant 
difference between orthognathic surgery and osseous 
distraction is the lesser surgical time. Osteogenic 
bone distraction decreases surgical time but has 
more extended postoperative care than orthognathic 
surgery. The surgeon's challenge is to maintain the 
vector adequately in postoperative care, but minor 
changes remain that could modify the results like soft 
tissue around it.7 

The virtual planning allowed Gateno et al to 
implement this technology into surgical procedures 
such as osseous distraction for the first time in 
craniofacial surgery in 2003.8 However, another study 
was carried out. Ritto et al sought to compare the 
precision of virtual planning or conventional models 
for maxillary positioning. It took into account 30 
records of patients undergoing bimaxillary surgery in 
which there were no statistically significant differences 
between the two groups for the final result. However, 
virtual planning did obtain advantages in surgical 
times and prevent intra-operative complications due 
to the visualization of the osteotomized segments 
and the possibility of manipulating them, making 
planning more user-friendly.9 The technology 
integration for the management of severe facial 
asymmetries has increased due to the security and 
trust it provides to the surgeon. Hany et al report 
a small series of cases integrating virtual planning 
and 3D printing of surgical stents to protect relevant 
anatomical structures and an acceptable therapeutic 
margin of error in the vectors of mandibular 
osteogenic distraction controlled from planning.10

On the other hand, Bertossi et al demonstrated the 
advantage of performing an orthognathic surgery with 
an ultrasonic cut against conventional cutters. They 
showed that the ultrasonic cutter gives a more proper 
cut and decreases bleeding risk due to soft tissue 
protection around osteotomies than conventional 
ones.11 Additionally, we described using customized 

PEEK to correct unilateral malar hypoplasia as a 
virtual 3D planning sequence. This material is similar 
in physical and mechanical properties to human bone, 
and also it demonstrated high biocompatibility. Other 
benefits are low cost and less surgical time, although it 
needs rigorous pre-surgical virtual planning.12

In conclusion, we describe for the first time multi-
vector osteogenic distraction in maxillary asymmetry 
assisted by 3D planning in the maxilla to manage 
severe asymmetries allowing movements in different 
planes simultaneously. Malar hypoplasia was corrected 
with maxillary movements and a customized PEEK 
implant to reduce the midface's asymmetry. Those 
surgical techniques allowed us to make the most 
significant movements in the shortest amount of 
surgical time. Furthermore, ultrasonic devices 
decrease intraoperative bleeding and postoperative 
edema, resulting in a more comfortable and safer 
postoperative period.
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