
CASE REPORT
Long-term stability of LeFort III distraction
osteogenesis with a rigid external distraction
device in a patient with Crouzon syndrome
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A 6-year-old boy, diagnosed with Crouzon syndrome, had moderate exorbitism, a concave profile, an anterior
crossbite of �4.0 mm, and a skeletal Class III jaw-base relationship caused by midfacial hypoplasia. At age 8
years 9 months, a LeFort III osteotomy was performed, and distraction osteogenesis was immediately started
with the rigid external distractor system. Themidface was advanced approximately 10.0mm for 6 days, including
overcorrection. After the distraction, a reverse headgear was used for 6 years to prevent relapse and to accel-
erate expected growth. At age 16 years 5 months, after extraction of themaxillary first premolars andmandibular
third molars, 0.022-in preadjusted edgewise brackets were placed to treat the edge-to-edge incisor relationship
and minor crowding. After 13 months of treatment, the facial profile was significantly improved, and an accept-
able occlusion was achieved. During the 9-year observation period after the distraction, acceptable facial growth
occurred, and no relapse of the maxillary advancement was observed. However, syndrome-specific growth and
methodologically induced relapse should be considered when planning a LeFort III distraction in children for the
treatment of Crouzon syndrome. (Am J Orthod Dentofacial Orthop 2011;140:550-61)
Crouzon syndrome is an autosomal dominant con-
dition characterized by craniosynostosis with as-
sociated dentofacial anomalies.1,2 Especially,

exorbitism and midfacial hypoplasia are known as
pathognomonic symptoms. Patients with Crouzon
syndrome often require orthodontic or orthopedic
treatment, because of their esthetic and functional
problems, such as a Class III malocclusion and
midfacial hypoplasia. For several decades, severe cases
ciate professor, Department of Orthodontics and Dentofacial Orthopedics,
rsity of Tokushima Graduate School of Oral Sciences, Tokushima, Japan.
graduate student, Department of Orthodontics and Dentofacial Orthope-
University of Tokushima Graduate School of Oral Sciences, Tokushima,
.
ssor and chair, Department of Plastic and Reconstructive Surgery, Institute
alth Biosciences, University of Tokushima Graduate School, Tokushima,
.
ssor and chair, Department of Maxillofacial Orthognathics, Tokyo Medical
ental University Graduate School, Tokyo, Japan.
ssor and chair, Department of Orthodontics and Dentofacial Orthopedics,
rsity of Tokushima Graduate School of Oral Sciences, Tokushima, Japan.
uthors report no commercial, proprietary, or financial interest in the prod-
r companies described in this article.
t requests to: Shingo Kuroda, Department of Orthodontics and Dentofacial
pedics, University of Tokushima Graduate School of Oral Sciences, 3-18-15
oto-Cho, Tokushima 770-8504, Japan; e-mail, kuroda@dent.
hima-u.ac.jp.
itted, November 2009; revised and accepted, December 2009.
5406/$36.00
ight � 2011 by the American Association of Orthodontists.
.1016/j.ajodo.2009.12.038
of Crouzon syndrome were treated mainly by
maxillofacial advancement with LeFort III osteotomy,
and this surgical procedure provides good treatment
results with long-term stability.3-9

Recently, distraction osteogenesis has evolved as
a new mainstream surgical technique for patients with
jaw deformities since the first application of mandibular
lengthening was reported in 1992.10 Distraction osteo-
genesis for maxillary advancement started in 1993 and
is now widely used in patients with skeletal Class III mal-
occlusion caused by maxillary hypoplasia.11-16 Two
types of distraction devices have been used for
maxillary advancement: internal and external. The
rigid external distraction system, first reported in 1997
by Polley and Figueroa,12 consists of the external dis-
traction devices that have been used for a decade. This
approach allows management of patients from child-
hood to adulthood, with excellent and predictable func-
tional and esthetic outcomes.12-16

For the treatment of craniosynostosis, distraction
osteogenesis is currently popular; several reports show
the acceptable consequences of midfacial advance-
ment.17-22 A 1-year follow-up cephalometric study
showed adequate stability of midfacial advancement
with distraction osteogenesis in craniofacial dysosto-
sis.21 Fearon22 also reported that the maxilla remained
stable after LeFort III halo distraction without relapse
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Fig 1. Pretreatment photographs.
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for up to 5 years postoperatively. However, there are few
reports of long-term detailed observation after LeFort III
distraction in patients with Crouzon syndrome, and the
prognosis of LeFort III distraction performed in child-
hood is still unclear.

This article demonstrates good prognosis for LeFort
III distraction with the rigid external distractor system
performed in the mixed dentition in a patient with Crou-
zon syndrome.

DIAGNOSIS AND ETIOLOGY

A boy, aged 6 years 8 months, had a chief complaint
of anterior crossbite. He was diagnosed with Crouzon
syndrome at Tokushima University Hospital in Japan,
and his mother also has the same syndrome. He was sus-
pected of having obstructive sleep apnea syndrome,
since he had chronic nasal obstruction and significant
snoring during sleep.Moderate exorbitism and a concave
profile from midfacial hypoplasia were noted (Fig 1). An
anterior crossbite of �4.0 mm was observed, and the
American Journal of Orthodontics and Dentofacial Orthoped
terminal plane occlusion was a mesial-step type on
both sides (Fig 2).

The cephalometric analysis, when compared with the
Japanese norm, showed a skeletal Class III jaw-base re-
lationship (ANB, �4.2�) because of a severe maxillary
deficiency (SNA, 71.8�).23 The body length and the ra-
mus height of the mandible were almost in the normal
range, but the facial convexity was significantly in-
creased (Fig 3, Table).

TREATMENT OBJECTIVES

The patient was diagnosed as having a Class III mal-
occlusion, with a skeletal Class III jaw-base relationship
caused by midfacial hypoplasia. The treatment objec-
tives were to (1) correct the midfacial hypoplasia and
the concave facial appearance, (2) correct the anterior
crossbite and establish ideal overjet and overbite, (3)
achieve an acceptable occlusion with a good functional
Class I occlusion, and (4) improve the tendency for sleep
apnea with chronic nasal obstruction and significant
ics October 2011 � Vol 140 � Issue 4



Fig 2. Pretreatment dental models.

Fig 3. Pretreatment radiographs.
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Table. Cephalometric summary

Variables

After DO

Mean, Japanese male* Pretreatment Before DO 1 week 3 years 6 years 9 yearsy

8 y SD Adult SD 6 y 9 mo 8 y 3 mo 8 y 9 mo 11 y 5 mo 14 y 5 mo 17 y 6 mo
Angle (�)
ANB 4.9 1.9 3.2 2.4 �4.2 �4.0 3.1 2.9 2.7 3.1
SNA 81.8 3.7 81.5 3.3 71.8 71.9 76.5 77.1 76.8 76.8
SNB 76.9 3.4 78.2 4.0 76.0 75.9 73.4 74.2 74.1 73.7
MP-SN 37.6 4.2 34.5 6.1 33.4 31.8 32.9 31.5 34.9 37.0
Gonial angle 126.9 5.2 120.9 6.5 129.7 129.4 129.2 129.8 127.4 123.5
U1-SN 100.8 5.0 106.0 7.5 99.4 104.5 111.3 105.5 107.2 108.5
L1-MP 91.9 7.3 95.2 6.2 85.5 76.0 85.9 88.6 92.0 86.2
Convexity 168.3 4.2 173.2 5.5 200.3 203.7 184.0 182.0 185.7 182.7
Interincisal angle 129.4 9.7 124.2 8.6 141.7 147.7 130.0 134.5 125.9 128.3
Occlusal plane 20.5 3.0 15.5 4.2 11.7 12.9 12.4 11.6 10.2 12.1

Linear (mm)
Point A to VRP – – 45.5 46.8 55.8 59.0 59.3 57.6
Pog to VRP – – 44.0 45.3 42.3 44.6 45.7 42.5
S-N 65.2 2.5 72.2 3.3 65.1 68.8 70.8 73.5 75.6 75.7
N-Me 111.4 4.0 135.7 4.0 107.1 112.3 114.4 119.6 129.8 140.9
N/palatal plane 48.9 1.8 60.0 1.8 43.3 45.9 48.9 50.0 53.5 60.4
Me/palatal plane 60.2 3.1 74.6 3.0 63.8 66.4 65.5 69.6 76.3 80.5
Ar-Go 40.4 2.2 53.2 5.7 43.3 45.1 44.7 46.5 48.6 53.3
Ar-Me 93.0 2.9 115.6 6.8 93.4 97.3 98.3 102.7 107.9 111.6
Go-Me 61.6 2.7 76.6 4.4 58.3 60.5 62.3 65.5 69.6 70.5
Overjet 2.8 1.4 3.3 1.0 �4.0 �3.5 5.9 3.0 0.5 2.1
Overbite 3.2 2.5 3.3 1.7 2.5 5.7 2.5 3.0 0.5 1.7

DO, Distraction osteogenesis; VRP, vertical reference plane (line perpendicular to SN line through S).
*Wada et al23; yEnd of active treatment.
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snoring. Since the cause of the anterior crossbite, the
prognathic profile, and the tendency of sleep apnea
was suggested to have been the midfacial deficiency,
we planned to advance the midface with distraction os-
teogenesis and LeFort III osteotomy after complete
eruption of the maxillary incisors and first molars.

TREATMENT ALTERNATIVES

Several procedures were explored to achieve a proper
facial profile and an acceptable occlusion. Although
conservative treatment of maxillary growth modification
with maxillary protraction headgear and then multi-
bracket appliances were considered effective to improve
the patient Class III malocclusion without surgical inva-
sion, this method could not correct the severe skeletal
disharmony caused by midfacial dysplasia, exorbitism,
and sleep apnea.

So we planned surgical-orthodontic treatment to im-
prove facial appearance. For midfacial advancement, we
could use either a traditional LeFort III osteotomy and
immediate repositioning of the distal fragment, or dis-
traction osteogenesis after the osteotomy. Both proce-
dures usually provide stable treatment results, but we
chose distraction for this patient, since he was still
American Journal of Orthodontics and Dentofacial Orthoped
growing and required a large amount of midfacial ad-
vancement to treat the midfacial dysplasia and exorbi-
tism. We could also possibly plan the orthognathic
surgery during adulthood, but continued impaired
breathing could lead to obstructive sleep apnea.

For the distraction device, we selected a rigid external
distractor system, because it has several advantages
compared with the internal device: simple placement,
flexibility to control the protraction direction, and no re-
quired second operation to remove the device.

TREATMENT PROGRESS

At the age of 7 years 5 months, the patient under-
went a cranioplasty. At age 8 years 9 months, the LeFort
III osteotomy was performed, and a rigid external dis-
tractor (KLS Martin, Tuttlingen, Germany) was placed
on the cranial bones at the same time (Fig 4). Osteogen-
esis was started immediately after surgery. The maxilla
was advanced approximately 10.0 mm over a 6-day pe-
riod, including overcorrection. After distraction, the ex-
ternal device was kept in place for 4 weeks for rigid
retention. Then a reverse headgear was used for 6 years
for retention and to maximize any expected maxillary
growth. All surgical procedures were performed in the
ics October 2011 � Vol 140 � Issue 4



Fig 4. Photographs during the distraction osteogenesis.
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Department of Plastic and Reconstructive Surgery at
Tokushima University Hospital.

At age 10 years 7 months, the maxillary first premo-
lars were extracted to allow eruption of the canines. At
15 years 5 months of age, a quad-helix appliance was
placed for maxillary lateral expansion. At 16 years 5
months of age, after extraction of the mandibular third
molars, 0.022-in preadjusted edgewise brackets were
placed on both arches to improve the edge-to-edge in-
cisor relationship and minor crowding. Short Class III
and anterior box intermaxillary elastics were used for up-
righting of the mandibular teeth and improvement of
the interincisal relationships. The orthodontic treatment
lasted for 13 months, and a circumferential retainer and
bonded lingual retainers were placed in both arches for
retention.
TREATMENT RESULTS

After distraction osteogenesis, the midfacial hypo-
plasia and exorbitism were dramatically improved,
and the nasal obstruction had disappeared (Fig 5).
Cephalometric evaluation at 1 week after distraction
showed maxillary advancement of 9.0 mm at Point
A relative to the SN plane and its perpendicular, and
facial convexity was significantly improved (Figs 6
and 7). The posterior nasal spine was moved
October 2011 � Vol 140 � Issue 4 American
downward, and the mandibular plane angle was
increased by 1.1�. The maxillary incisors were labially
inclined, and the negative overjet was overcorrected
to 5.9 mm. The deep overbite was reduced from 5.7
to 2.5 mm (Table).

Cephalometric evaluation 3 years after distraction
showed a skeletal Class I jaw-base relationship
(ANB, 2.9�). Significant anteroposterior growth of
the anterior cranial base (S-N, 73.5 mm) and the
maxillofacial complex (Point A to the vertical refer-
ence plane, 59.0 mm) was observed. An ideal interin-
cisal relationship (overjet and overbite, 3.0 mm) was
achieved by lingual inclination of the maxillary inci-
sors (Figs 8, A, and 9).

Six years after distraction, a skeletal Class I jaw-base
relationship (ANB, 2.7�) still remained; however, the
mandibular plane angle had increased by 3.4�, and
both overjet and overbite were reduced to 0.5 mm
(Figs 8, B, and 9). The anterior cranial base (S-N) was in-
creased to 75.6 mm.

Nine years after distraction, an acceptable facial
profile was maintained (Fig 10). As the result of the
multi-bracketed treatment, an ideal occlusion with Class
II molar relationships and normal overjet and overbite
were achieved (Fig 11). Posttreatment cephalometric
evaluation showed the skeletal Class I jaw-base relation-
ship (ANB, 3.1�) (Fig 12).
Journal of Orthodontics and Dentofacial Orthopedics



Fig 5. Photographs at 1 week after the distraction osteogenesis.
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The increase of the mandibular ramus height and the
decrease of the gonial angle were in the normal range
through the whole observation period of 11 years; how-
ever, growth of the mandibular body length was signif-
icantly less than Japanese norms (Table).
DISCUSSION

In patients with Crouzon syndrome, midfacial hypo-
plasia causes several clinical problems, most notably at
the level of the airway, orbits, occlusion, and facial es-
thetics. Nout et al24 suggested that midface advance-
ment can be scheduled in the first years of life for
specific indications, such as severe obstructive sleep
apnea or severe exorbitism. Our patient had nasal ob-
struction and significant snoring at the initial examina-
tion, and sleep apnea was suspected. In addition, he
showed a skeletal Class III jaw-base relationship with
an anterior crossbite, a concave profile, and moderate
exorbitism. Therefore, early surgical treatment was
American Journal of Orthodontics and Dentofacial Orthoped
proposed to improve both functional and morphologic
problems with their associated psychosocial issues. Dur-
ing early treatment of midfacial hypoplasia with or-
thognathic surgery, several reports indicated that
distraction was more suitable than conventional os-
teotomy.24-28 Distraction osteogenesis can overcome
the natural soft-tissue resistance by gradual stretching
and accommodation, generating new soft tissues si-
multaneously with skeletal augmentation. Active cra-
niofacial growth in childhood can facilitate both new
bone generation and its succeeding soft-tissue adapta-
tion. Furthermore, distraction provides less physical and
psychological invasion: ie, reduced operating time, less
blood loss, less postoperative pain, and shorter hospi-
talization.24,25 Therefore, we selected the distraction
option combined with the LeFort III osteotomy for
this patient.

As a result of the 9-mm maxillary distraction, facial
esthetics were improved significantly, and the negative
overjet was overcorrected. In the comparison of the
ics October 2011 � Vol 140 � Issue 4



Fig 6. Radiographs at 1 week after the distraction osteogenesis: A, lateral cephalograph; B, frontal
cephalograph; C, panoramic radiograph.

Fig 7. Predistraction (solid line) and 1 week after the distraction osteogenesis (dotted line) cephalo-
metric tracings: A, superimposed on sella-nasion plane at sella; B, superimposed on the palatal plane
at ANS; C, superimposed on the mandibular plane at menton.

556 Kuroda et al
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Fig 8. Photographs during treatment:A, 3 years after the distraction osteogenesis;B, 6 years after the
distraction osteogenesis; C, 8 years after the distraction osteogenesis.

Fig 9. Cephalometric tracings 1 week after distraction osteogenesis (solid line), 3 years after (dotted
line), 6 years after (gray line), and 9 years after (broken line): A, superimposed on sella-nasion plane
at sella; B, superimposed on the palatal plane at ANS; C, superimposed on the mandibular plane at
menton.
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Fig 10. Posttreatment photographs (9 years after the distraction osteogenesis).
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cephalometric tracings before and after distraction, the
posterior nasal spine was moved significantly down-
ward, even though we carefully controlled the direction
of maxillofacial advancement using 2 protraction de-
vices placed at orbitale and the maxilla. Generally, it is
important to maintain the vertical height of the midface
during LeFort III distraction osteotomy as soon as possi-
ble, because downward movement of the maxillofacial
complex accelerates clockwise rotation of the mandible
and causes reduced overbite. In our patient, the mandi-
ble was slightly rotated downward; however, it contrib-
uted to improving his deep overbite.

At 3 years after initiating retention, the maxillary
incisors were lingually inclined, and the excessive over-
jet was corrected. Shetye et al21 suggested that the ret-
ropositioning of the maxillary incisal edges might be
explained by the changes in lip and tongue posture
and the increased lip pressure on the maxillary incisors
after the midface advancement. The mandibular plane
angle was slightly decreased during the 3 years of
retention.
October 2011 � Vol 140 � Issue 4 American
In the cephalometric evaluation at 9 years after dis-
traction, no relapse of the maxillofacial advancement
was found, and both anteroposterior and vertical
growth of the maxillofacial complex were observed. It
might not be adequate to recognize this as real growth,
because we used a protraction headgear for 6 years af-
ter distraction for both retention and growth modifica-
tion. However, the 1-year follow-up cephalometric
study of Shetye et al21 also showed that the midface
has the capability of additional growth in a downward
direction, even though those authors had used no de-
vices for retention after LeFort III distraction with the
rigid external distractor system. Additionally, the ante-
roposterior length of the anterior cranial base in our pa-
tient was increased by approximately 5 mm, which was
in the normal range of Japanese male growth without
syndromes, and this might compensate for any relapse
after the maxillary advancement. It also suggests that
craniofacial growth had been available even though
the surgical procedure was performed at an early age.
McCarthy et al29 initially speculated that forward
Journal of Orthodontics and Dentofacial Orthopedics



Fig 11. Posttreatment dental models.

Fig 12. Posttreatment radiographs.
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maxillary growth occurs in children with craniofacial
dysostosis after LeFort III osteotomy. In addition,
long-term follow-up studies of traditional LeFort III os-
teotomies showed a relatively stable postoperative posi-
tion of the midface and also suggested that surgery
does not negatively affect maxillary growth.3-9

Furthermore, several reports indicated that relapse
rates after distraction were lower than after
conventional osteotomy because of good soft-tissue
adaptations.22,28,30-32 Our results indicate long-term
stability after LeFort III distraction osteogenesis in
a growing patient with Crouzon syndrome.

Several previous reports suggested a syndrome-
specific mandibular malformation in Crouzon syn-
drome.2,33,34 In our study, the ramus height was
similar to the Japanese norm, but the mandibular
body length was significantly shorter at the end of
active treatment, since the increase of the mandibular
body length during the 9 years of observation after
distraction was small. These results correspond to the
previous cephalometric studies of Crouzon
syndrome.2,34 This mandibular growth pattern might
be convenient for compensation of relapse after
maxillary advancement surgery, but it also could
worsen the facial profile and the occlusion after the
active growth phase. In addition, the long-term use
of protraction headgear might cause undesirable coun-
teractions such as extrusion of the maxillary posterior
teeth and clockwise rotation of the mandible. As results
of these phenomena, overbite was reduced, and the pa-
tient had a skeletal open-bite tendency with a steep
mandibular plane angle. These syndrome-specific
growth patterns and methodologically induced com-
pensations should be considered in planning LeFort
III distraction osteogenesis treatment in children with
Crouzon syndrome.

The most outstanding advantage of early treatment
in patients with a dentofacial deformity must be the im-
provement in their psychological development before
adolescence. Moreover, early improvements of the func-
tional disturbances should contribute to altering their
succeeding growth pattern more favorably. In this pa-
tient, the airway obstruction was eliminated immediately
after the LeFort III distraction, and adequate maxillofa-
cial growth and long-term stability were observed. As the
result of the distraction performed in the mixed denti-
tion, the total treatment period became longer; however,
the complex orthodontic treatment with multi-
bracketed appliances could be finished in only 1 year.
The complicated appliances usually become physical
and psychological distresses for a patient. Therefore,
we believe that the early treatment provided a meaning-
ful outcome for this patient.
October 2011 � Vol 140 � Issue 4 American
CONCLUSIONS

We reported the successful treatment of a patient
with midfacial hypoplasia from Crouzon syndrome by
LeFort III distraction using the rigid external distractor
system in the mixed dentition. After distraction, accept-
able facial growth was observed, and no relapse of the
maxillary advancement was noted after 9 years. How-
ever, syndrome-specific growth and methodologically
induced compensations should be considered when
planning a LeFort III distraction osteogenesis in child-
hood for the treatment of a patient with Crouzon
syndrome.
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