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Abstract

We report a case of an 11-year-old girl presenting with Apert syndrome characterized
by midface concavity, protrusion of the eyeballs, and ocular hypertelorism. She had class
IIT anterior crossbite, narrow upper and lower arches, and marked crowding. Based on
cephalometric analysis, anterior crossbite associated with marked midfacial hypoplasia
was diagnosed. Orthodontic treatment in combination with Le Fort II maxillary distrac-
tion was scheduled. The dentition was laterally extended using a Rapid palatal expander
in the upper jaw and a Bihelix in the lower jaw. Multi-bracket appliances were simultane-
ously applied for leveling. Next, Le Fort II maxillary osteotomy was performed to distract
the midface bone 16 mm anteroinferiorly using a rigid external distraction system. Ortho-
dontic treatment was completed at 3.8 years after initiation. Bone distraction moved
the upper jaw anteriorly downward, and the lower jaw subsequently rotated posteriorly
downward, leading to a marked improvement in facial appearance and occlusion. Elon-
gation of the dorsum of the nose, in particular, allowed esthetic improvement of the
saddle nose. These improvements remain stable at 2 years after orthodontic treatment.
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Introduction by craniosynostosis and syndactyly”. Clinically,

Apert syndrome is characterized by deforma-

Resulting from an autosomal dominant tion of the skull, protrusion of the eyeballs,
segregation pattern with a locus of a mutation  and midface hypoplasia"**”, while in the oral
at FGFR2 on chromosome 10q”, Apert syn-  cavity, narrowing and crowding of the dent-
drome is a congenital disease characterized tion, open bite, and anterior crossbite can
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Fig. 1

also be observed.

Distraction osteogenesis has been sug-
gested as an alternative to traditional Le Fort
III advancement in the treatment of Apert
syndrome patients with severe midfacial
hypoplasia™.

In this report, we describe a rare case of
orthodontic treatment in combination with
Le Fort II distraction osteogenesis in an
11-year-old Apert syndrome patient who pre-
sented with severe maxillary hypoplasia and
anterior crossbite, the outcome of which was
favorable.

Case

The patient was a girl with Apert syndrome
aged 11 years and 3 months at the time of
the first consultation. The patient visited our
department with the chief complaints of
crowding, open bite, and anterior crossbite.
She had undergone anterior advancement of

Facial and intraoral photographs at pre-treatment

the frontal bone, plastic surgery for polysyn-
dactyly, and dacryocystorhinostomy. There
was no familial medical history, and the patient
was healthy and had no learning disabilities.

In profile, she had a class III skeletal rela-
tionship with midface concavity (Fig. 1). From
the frontal view, she had protrusion of the
eyeballs, ocular hypertelorism, and a short
nose. Her tongue was positioned low in the
oral cavity, making it necessary to breathe
through her mouth.

She had class III total crossbite, narrowed
dentition in the upper and lower jaws, and
marked crowding in the front tooth region.
Narrowing in the upper arch, in particular,
was marked, and a pseudo cleft palate with a
Byzantine-arch shape was noted. The dental
age was IIIB, and the upper lateral incisors
were dwarfed. A pantomogram showed that
all the permanent teeth were present, but
that the upper right canine overlapped the
labial side of the lateral incisor, and the left
canine was unerupted between the central
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Table 1 Cephalometric measurements
Pre-treatment Pre-surgery Post-surgery Post-treatment ~ Retention (2y3m)

11y3m 12y7m 13y0m 15y7m 17y10m
SNA (%) 63.0 64.0 72.7 72.0 71.6
SNB (%) 76.0 70.6 67.9 66.8 67.0
ANB (%) —13.0 —6.6 4.8 5.3 4.6
FX (°) 79.4 74.3 66.9 66.6 66.7
PP to FH (°) —14.0 -12.0 5.5 6.6 7.1
FMA (°) 37.6 36.6 47.1 46.2 45.8
FMIA (%) 66.5 62.1 51.7 57.0 56.6
IMPA (°) 76.0 81.3 81.2 76.8 77.6
Ul to FH (°) 118.6 122.1 101.2 96.0 102.4
Ul to SN (%) 107.3 106.0 86.0 80.6 87.2
overjet (mm) —4.8 -0.6 2.4 2.8 2.9
overbite (mm) -1.2 -5.2 -0.3 1.7 0.3

SNA: Sella-Nasion-point A angle, SNB: Sella-Nasion-point B angle, ANB: Point A-Nasion-point B angle, FX: Facial
Axis, PP to FH: Palatal plane to FH plane, FMA: Mandibular plane angle, FMIA: Frankfort Mandibular Incisor Angle,
IMPA: Incisor Mandibular plane angle, Ul to FH: Upper incisor to FH plane, Ul to SN: Upper incisor to SN plane

and lateral incisors. In the lower dental arch,
complete linguoversion of the left lateral inci-
sor was observed.

A lateral cephalometric analysis indicated
severe maxillary hypoplasia, a Class-I1I skeletal
relationship, and a dolichofacial pattern with
an SNA of 63.0°, ANB of —13.0°, FMA of
37.6°, and FX of 79.4° (Table 1). PP to FH
was — 14.0° oblique in the direction opposite
to the normal direction. Labial inclination of
the maxillary incisors and lingual inclination
of the mandibular incisors yielded a Ul to
FH of 118.6°, Ul to SN of 107.3°, and IMPA
of 76.0°. Overjet was —4.8mm and overbite
was —1.2mm, resulting in anterior crossbite
with a shallow overlap. The treatment plan
was as follows: (1) lateral expansion of upper
and lower arch to resolve narrow arch; (2)
attachment of multi-bracket appliance; (3) Le
Fort II distraction osteogenesis using a rigid
external distraction system (RED system, KLS
Martin, Jacksonville, FL, USA) in order to
correct midfacial hypoplasia; and (4) post-
surgical orthodontic treatment with upper
and lower lateral incisor extraction to resolve
crowding.

Orthodontic treatment was initiated after
the shedding of the right second primary

molar and eruption of the right second pre-
molar. A rapid palatal expander was attached
to the upper arch and a Bihelix expansion
appliance to the lower arch for lateral expan-
sion. Multi-bracket appliances were then
attached after expansion (Fig. 2).

After pre-surgical orthodontic treatment,
maxillary distraction osteogenesis with Le Fort
II osteotomy was performed using the RED
system and the maxilla extended forward and
downward. Leibinger plates were fixed to the
medial sides of the infraorbital foramens of
the maxilla to allow it to be pulled outward
via the nasal foramens. Halo bone distraction
devices were attached to the bilateral sides
of the skull. To rotate the maxilla clockwise,
intermaxillary fixation screws were placed
between the premolar roots. The wings of the
nose were plicated to prevent widening.

At 7 days after surgery, bone distraction was
started at a rate of 1 mm per day. Distrac-
tion was terminated at 16 mm as the esthetic
results were considered satisfactory at this
point by both the patient and the surgeon.
The distraction devices were removed after
2 months. Bone distraction improved overjet
and overbite, and the molar relation improved
to mostly class I (Fig. 3).
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Fig. 2 Intraoral photographs at pre-surgery

Fig. 3 Facial and intraoral photographs at post-surgery

Cephalometry revealed that the SNA face had been drawn clockwise in the
increased from 64.0 to 72.7° and PP to FH anteroinferior direction (Fig. 4, Table 1). The
increased from —12 to 5.5°. Thus, the mid- FMA increased from 36.6 to 47.1°, the FX
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Fig. 4 Lateral cephalogram, cephalometric tracing and superimposition

(A) Pre-surgery, (B) Post-surgery, (C) Post-treatment, (D) 2 years retention, (E) Superimposition of pre-surgery
and postsurgery, (F) Postsurgery and post-treatment, (G) Post-treatment and 2 years retention

decreased from 74.3 to 66.9°, and the SNB rior direction. These changes resulted in a
changed from 70.6 to 67.9° indicating that marked increase in ANB from —6.6 to 4.8°.
the mandible had rotated in the posteroinfe- Regarding changes in the tooth axis, Ul to FH
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Fig. 5 Facial and intraoral photographs at post-treatment

changed from 122.1 to 101.2°, and U1 to SN
changed from 106.0 to 86.0°, showing that the
upper incisors had inclined toward the lingual
side with clockwise rotation of midface.

Midface concavity and mandibular and
eyeball protrusion were improved. Bone
distraction-induced change in soft tissue elic-
ited a particular improvement in the saddle-
shape of the nose, elongating the nasal dorsum
(Fig. 3). Reliance on mouth breathing was
also alleviated.

Post-surgical orthodontic treatment was
continued. At 6 months after surgery, the
left upper canine erupted on the mesiolabial
side of the lateral incisor. The upper and
lower lateral incisors were extracted as the
bilateral upper incisors were dwarfed and the
lower bilateral incisors dislocated toward the
lingual side.

Orthodontic treatment was completed at
3.8 years after initiation of treatment, by
which time the patient was aged 15 years and
7 months (Fig. 5). After surgery to remove

the appliances, cephalometry revealed that
the upper and lower incisors had inclined
toward the lingual side, acquiring a normal
overlap (Fig. 4).

Although facial elongation had occurred as
a result of maxillary distraction in the antero-
inferior direction and clockwise mandibular
rotation, her upper and lower lips had moved
to inside of the esthetic line and the patient
was therefore satisfied with her facial condi-
tion and occlusion. The upper arch width
markedly increased by 9mm in the canine
region and 14mm in the molar region in
comparison with at pretreatment.

At 17 years and 10 months of age, approxi-
mately 2 years after treatment, the patient
was using a retainer and occlusion was stable
(Fig. 6). No developmental change was noted,
nor was there retrogression of the elongated
region on cephalometric analysis (Fig. 4). The
upper and lower central incisors were slightly
inclined toward the labial side, and overbite
became slightly shallower. A good facial pro-
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Fig. 6 Intraoral photographs at 2 years retention

file and occlusion were maintained.

Discussion

Susami and Terashima'” reported that the
characteristics of the maxillofacial morphology
of Apert syndrome are an anterior position of
the sphenoethmoidal suture and shortened
posterior base in the skull base region, vertical
and horizontal hypoplasia in the maxillary
region, ocular hypertelorism and posterior
position in the orbital region, and increased
mandibular ramus height in the lower jaw.

This disease results in a facial appearance
characterized by deformation of the skull,
protrusion of the eyeballs, and midface con-
cavity. Le Fort I, II'", and II” midface
advancements have been applied in such
cases to improve occlusion, protect the eye-
balls, and bring about airway and psycho-
logical improvements. Bone distraction has
recently been applied as it allows marked
skeletal changes to be obtained by minimally
invasive surgery and elongation of soft tissue.

There are 2 methods of maxillary distrac-
tion to correct midfacial hypoplasia: elonga-
tion using an internal device™'" for midface
distraction and RED systems"'*'*'”. The RED

system used in the present case was developed
by Polley and Figueroa™ in 1997. This is
a halo rigid external distraction system, in
which the maxillary traction device is attached
using the skull as an anchorage unit, setting
the fulcrum to the skull, and the maxilla
gradually lengthened.

Although RED systems are externally visi-
ble, they offer an advantage over internal
devices in that they allow greater control over
the direction of the distraction. This is why
a RED system was selected in the present
patient.

Distraction osteotomy has been reported
with Le Fort I, II, and III. Le Fort I distrac-
tion""" does not allow advancement of the
nasomaxillary complex or improvement of
protrusion of the eyeballs or facial deformity.
Le Fort III and II distraction””"*'?, on the
other hand, does allow advancement of the
nasomaxillary complex, and Le Fort III is
used when advancement of outside of orbit
was required. Le Fort III distraction is a
well-established method for nasal elongation.
On the other hand, Le Fort II""? is often not
selected as it requires an incision to be made
into the skin at the root of the nose.

In the present patient, Le Fort II midfacial
distraction osteogenesis allowed the medial
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side of the orbits and anterior portion of
the infraorbital borders to be moved antero-
inferiorly, thus improving eyeball protrusion.
The dacryocystorhinostomy scars were used
for the skin incisions at the root of the nose.
Traction was applied through the nasal fora-
mens to avoid injuring soft tissue such as the
upper lip with the traction wire. Elongation
causes counter-clockwise rotation around the
root of the nose, which can easily result in
open bite in the front tooth region. To avoid
this, Intermaxillary fixation screws were placed
in the maxillary and mandibular alveolar bone
and elastic bands hooked onto them to apply
vertical distraction. This procedure moved
the midface anteroinferiorly and rotated the
lower jaw posteroinferiorly, leading to a favor-
able facial profile.

Only developmental and orthodontic
changes in the tooth axes were observed
after completion of bone distraction, with no
change in the elongated midface position.
Little change was noted at 2 years after
treatment, and the outcome of orthodontic
treatment in combination with Le Fort II
bone distraction remains stable.

Conclusion

Orthodontic treatment in combination
with Le Fort II distraction osteogenesis
allowed an improvement in facial features
and occlusion in an Apert syndrome patient
who had presented with severe maxillary
hypoplasia and anterior crossbite.
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