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Abstract. Severe midface hypoplasia in patients with various craniofacial anomalies
can be corrected with Le Fort III or monobloc advancement. Often additional
corrective orthognathic surgery is indicated to achieve Class I occlusion and a
normal inter-jaw relationship. This study evaluated the incidence of, and the
surgical indications for, secondary orthognathic surgery following Le Fort III/
monobloc advancement. The total study group consisted of 41 patients: 36 patients
with Le Fort III advancement and 5 patients with monobloc advancement. Seven
patients underwent additional orthognathic surgery. Of the resulting 18 non-
operated patients older than 18 years at the end of follow-up, Class I occlusion was
observed in 11 patients. In the remaining patients malocclusions were dentally
compensated with orthodontic treatment. None of the patients was scheduled for
additional orthognathic surgery due to the absence of functional complaints and/or
resistance to additional surgery. Le Fort III and monobloc advancement aim to
correct skeletal deformities on the level of zygoma, orbits, nasal area and forehead,
but Class I occlusion is frequently not achieved. Additional orthognathic surgery is
often indicated in patients undergoing Le Fort III or monobloc advancement. Naso-
endoscopic analysis of the upper airway and the outcomes of sleep studies may
influence the orthognathic treatment plan.
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Midface hypoplasia in syndromal cranio-
synostosis (SCS) patients and non-syndro-
mal patients can be associated with upper
airway obstruction, ocular proptosis, Class
III malocclusion and facial distortion lead-
ing to psychosocial problems15. There
seems to be a relation between obstructive
sleep apnea (OSA) and raised intracranial
pressure (ICP)17. Ideally, Le Fort III and
monobloc advancement is planned when
skeletal maturity is reached but in cases
with OSA, raised ICP and ocular related
pathology (inability of complete eyelid
closure, (sub-)luxation) surgical interven-
tion can not be postponed until skeletal
maturity.

Since the focus of this early surgery is
concentrated on this acute pathology, rela-
tive indications, such as Class III maloc-
clusion and facial aesthetic disharmony,
may not be corrected. In addition, the
literature reports a severely diminished
intrinsic horizontal growth potential of
the midface in SCS patients regardless
of surgery7,11,14. Continuing growth of
the mandible may cause pseudorelapse
so some degree of overcorrection in grow-
ing patients is advised. Nevertheless, cor-
rection of the deformity on the occlusal
level may not be treated with Le Fort III or
monobloc advancement. Frequently, addi-
tional orthognathic surgery is indicated
later. Various suggestions are reported
in literature2,7,12,14. There are no clinical
guidelines regarding the ideal timing and
planning of these surgical procedures and
ons. Published by Elsevier Ltd. All rights reserved.
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the related orthodontic treatment. The aim
of this retrospective study is to report the
experience with additional orthognathic
surgery as the final procedure to achieve
a functional inter-jaw relationship and a
Class I occlusion following Le Fort III and
monobloc advancement.

Materials and methods

The study group consisted of 41 patients
with cleft and various craniofacial anoma-
lies. All patients who underwent Le Fort III
or monobloc advancement between 1999
and 2009 were included. 38 SCS patients
(16 with Apert syndrome, 17 with Crouzon
syndrome and 5 with Pfeiffer syndrome)
were reviewed of whom 33 underwent Le
Fort III advancement and 5 underwent
monobloc advancement. There were 2
patients with frontonasal dysplasia. Besides
these patients there was one patient with
both a bilateral cleft-lip-alveolus-palate
and a median cleft. The last patient had
both conditions. 7 patients underwent a
conventional Le Fort III osteotomy, 29
patients underwent a Le Fort III distraction
osteogenesis (DO) procedure and all mono-
bloc patients underwent DO. In one patient
who underwent Le Fort III DO and one
patient who underwent conventional Le
Fort III osteotomy, simultaneous with the
Le Fort III osteotomy, a Le Fort I osteotomy
was performed. DO was performed using
either internal (14 patients, including all
monobloc patients) or external distractors
(20 patients). The Marchac–Arnaud dis-
traction system (KLS Martin, Tuttlingen,
Germany) was used for internal DO. Exter-
nal DO was achieved using the RED II halo
frame (KLS Martin, Tuttlingen, Germany)
or external midface distractor (Synthes,
Solothurn, Switzerland).

Indications for primary surgery were
classified as absolute or relative. Absolute
indications were moderate or severe OSA
(oxygenation desaturation index > 5 and/
or patients requiring tracheotomy), raised
ICP and exorbitism including persistent
exposure keratitis and (sub-)luxation of
the globe. Relative indications were
impaired aesthetic appearance, exorbitism
without clinical significance, Class III
malocclusion and psychosocial considera-
tions.

Le Fort III and monobloc distraction

protocol

A latency period of 7 days postoperatively
was applied to all patients irrespective of
age or degree of advancement. The dis-
traction rate was 1 mm per day for the Le
Fort III distraction and 0.5 mm for the
monobloc distraction. Distraction time
was based on the desired advancement.
For the Le Fort III patients vector mod-
ifications took place during distraction
when necessary. Distraction was termi-
nated when a normal malar and nasal
projection was achieved and exorbitism
was corrected. After Le Fort III distraction
patients underwent a consolidation period
of 3 months. The internal devices in the
monobloc distraction cases were removed
after 6 months of consolidation.

Indications for secondary orthognathic

surgery

Indications for additional orthognathic
surgery were assessed by clinical evalua-
tion of the occlusion and profile and
cephalometric analysis using standardized
lateral skull radiographs. Clinical exami-
nation was performed by an orthodontist
and a maxillofacial surgeon. In case of
residual OSA, naso-endoscopic examina-
tion was performed by an otolaryngologist
to identify the level of upper airway
obstruction. Indications for additional
orthognathic surgery were frontal open
bite, Class II or III malocclusion, trans-
verse discrepancy, evident crowding and
residual OSA.

Data collection

Data were collected retrospectively from
the patients’ medical records. Indications,
age at primary operation, age at secondary
orthognathic surgery (if performed) and
interval between primary and secondary
surgery were evaluated. In all patients
completion of skeletal growth was defined
at the age of 18 years.

Results

Data are summarized in Table 1. In the
total group the mean age at operation was
13.9 years (standard deviation (SD) 6.0).
The mean age was 14.5 years (SD 5.3) in
the Le Fort III group and 9.2 years (SD
8.8) in the monobloc patients. The patients
with an absolute indication (n = 21) were
on average operated on at a younger age
(mean 11.1, SD 6.4 years) compared with
patients undergoing surgery because of a
relative indication (n = 20, mean = 16.8,
SD 3.8). In the total patient cohort 17 (13
Le Fort III patients and 4 monobloc
patients) of the 41 patients (41.5%) were
younger than 18 years at the end of the
follow-up period. The mean follow-up
period was 4.8 years (SD 3.0).
Additional orthognathic surgery

7 patients underwent additional orthog-
nathic surgery (Table 1). In the total group
the mean age at additional orthognathic
surgery was 19.6 years (SD 2.4). Both over-
and under-correction at the occlusal level
was noted. In case of Class III malocclusion
Le Fort I advancement was the treatment of
choice (n = 3). In two cases of overcorrec-
tion, bimaxillary correction was planned. In
one patient, mandibular advancement was
indicated to correct the deformity. In the Le
Fort III group, 3 patients underwent a Le
Fort I osteotomy, two patients underwent
bimaxillary advancement and one patient
underwent surgically assisted rapid max-
illay expansion (SARME). In the monobloc
group one patient underwent a SARME
before the monobloc and a bilateral sagittal
split osteotomy (BSSO) after the mono-
bloc. In this patient naso-endoscopy
revealed obstructions at the level of the
base of the tongue and at the deviated nasal
septum. A nasal septum correction was
performed simultaneously with the BSSO
and removal of the internal monobloc dis-
tractors.

Additional orthognathic surgery was
performed on average 34 months (SD
34.9) after primary surgery. Three patients
with initial surgery before the age of 18
years underwent additional orthognathic
surgery; four patients with initial surgery
after the age of 18 years underwent addi-
tional orthognathic surgery.

Clinical evaluation of the resulting 18
non-operated patients who were older than
18 years of age at the end of the follow-up
period, revealed Class I occlusion in 11
patients. Of the remaining patients, 3
showed Class II malocclusion and 4
showed Class III malocclusion. By means
of orthodontic treatment, all malocclu-
sions were dentally compensated. In addi-
tion, 5 patients showed a frontal open bite
and 2 showed a bilateral open bite. None
of these patients was scheduled for addi-
tional orthognathic surgery due to the
absence of functional complaints and
resistance to additional surgery.

Discussion

In the multidisciplinary treatment of
patients with SCS and other non-syndro-
mal patients, Le Fort III or monobloc
advancement is often the treatment of
choice to address the problems emerging
from marked retrusion of the midface. In
the case of absolute indications, surgery is
often performed at a young age. The focus
of this surgery is to resolve OSA, raised
ICP or severe exophthalmus. The timing
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Table 1. Overview of patient cohort subdivided according to surgical intervention and craniofacial anomaly. All patients underwent distraction osteogenesis except for the patients marked with an
asterisk who underwent conventional Le Fort III osteotomy.

Patient Syndrome

Indication for
primary
surgery

Young age at time
of primary surgery
(years)

Orthognathic
surgery

Indication for
orthognathic
surgery

Young age
at time of
orthognathic
surgery (years)

Young age at end
of follow-up
(years)

No orthognathic surgery
performed at the end of
this study due to

LF III
1 Apert Absolute 16 20 Class II comp; open bite
2 Apert Absolute 12 17 Young age
3 Apert Relative 20 25 Class II comp; open bite
4 Apert Relative 15 19 Class III comp; open bite
5 Apert Relative 18 22 Class I
6 Apert Relative 19 Bimaxillary

advancement
Class II 20 23 –

7 Apert Absolute 7 SARME Crowding dentition
maxilla

15 16 –

8 Apert Relative 24 27 Class I
9 Apert Absolute 14 15 Young age
10 Apert Absolute 19 Le Fort I Class III 19 23 –
11 Apert Relative 16 Le Fort I Class III 20 27 –
12 Apert Absolute 12 19 Class III comp
13 Apert Relative 19 27 Class I
14 Crouzon Relative 17 23 Class I
15 Crouzon Relative 15 Le Fort I Class III 21 22 –
16 Crouzon Absolute 11 16 Young age
17 Crouzon Absolute 16 21 Class III comp
18 Crouzon Absolute 13 17 Young age
19 Crouzon Relative 14 17 Young age
20 Crouzon Relative 8 10 Young age
21 Crouzon Absolute 6 16 Young age
*22 Crouzon Absolute 3 15 Young age
23 Crouzon Relative 19 Bimaxillary

advancement
Class II 19 21 –

24 Crouzon Absolute 11 11 Young age
25 Crouzon Relative 8 10 Young age
26 Crouzon Relative 18 23 Class I
27 Crouzon Relative 18 27 Class III; open bite
*28 Crouzon Absolute 21 24 Class I
*29 Pfeiffer Relative 18 25 Class I
30 Pfeiffer Relative 14 19 Class II; open bite
*31 Pfeiffer Absolute 7 11 Young age
*32 Pfeiffer Absolute 1 11 Young age
33 Pfeiffer Relative 20 26 Class I
*34 NMD Relative 17 19 Class I; open bite
*35 NMD Relative 19 30 Class I
36 CLAP Absolute 18 22 Class I; open bite
Monobloc
1 Apert Absolute 23 BSSO and nasal

septum
correction

Class II 23 24 –
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of surgery is dictated by the onset of
functional problems15. Due to a dimin-
ished syndrome-related intrinsic anterior
growth potential of the midface, little
forward growth is expected postsurgi-
cally1,7,11,14. This, together with the unaf-
fected growth of the mandible, might
cause (pseudo-)relapse at an older age
requiring additional (orthognathic) sur-
gery. A substantial risk of recurrent
OSA is also present. Cases with pressing
indications in which Le Fort III or mono-
bloc DO is performed at a very young age,
run the risk of residual raised ICP or OSA
during growth. In these cases often a
second Le Fort III or monobloc advance-
ment is indicated, which is unfavourable.
In cases of raised ICP in young patients,
fronto-orbital advancement (FOA) used to
be advocated; the treatment protocol in the
authors’ craniofacial centre is posterior
vault expansion. FOA negatively influ-
ences the patients’ aesthetic appearance
and hinders possible additional Le Fort III
or monobloc interventions.

To minimize the risk of additional
orthognathic surgery, the authors try to
advance the midface or monobloc segment
as much forward as possible in young
patients. Long-term studies report little
or no relapse after both conventional
Le Fort III osteotomy and Le Fort III
DO, rendering both procedures to be
stable4,7,10,13,14. DO in these cases is the
treatment of choice to allow for these large
advances. In case of OSA, the midface or
monobloc segment is advanced forward
until the OSA is corrected. With regard to
monobloc advancement, a comparative
study showed less relapse and greater
advancement in patients undergoing
monobloc DO compared with conven-
tional monobloc advancement after 2 year
Fig. 1. (A) Preoperative lateral skull radiograph 

midface hypoplasia. (B) Lateral skull radiogr
distractors still in place. Residual OSA at the le
was revealed by naso-endoscopy. Additional BSS
(C) Postoperative lateral skull radiograph.
follow-up2. Monobloc DO is associated
with less morbidity2,6,9. In SCS patients
with severe midface concavity or flatten-
ing, facial bipartition advancement using
DO should be considered. This gives the
surgeon the opportunity to advance the
central portion of the face more than the
lateral sides and thereby ‘unflatten’ this
otherwise characteristic stigma of the syn-
drome18. This could result in a relatively
higher increase of upper airway volume
than with the traditional midface advance-
ment. The literature reports stable results
using both external and internal distrac-
tors3,6,18. By widening the maxilla with
facial bipartition, additional SARME
might be prevented in the future and less
postoperative open bite may occur.

In the study group, 7 patients needed
additional orthognathic surgery. Of these,
3 underwent Le Fort III advancement
before completion of growth. In the study
group, 17 patients did not complete
growth during the course of this study
so some of them might need additional
orthognathic surgery later in life. Theore-
tically, the three patients who underwent
monobloc advancement, aged 2 years (two
patients) and 7 years, are especially prone
to additional surgery. Therefore, no exact
percentages can be reported in this study.

Four patients (3 Le Fort III patients and
1 monobloc patient) underwent additional
orthognathic surgery at maturity to
achieve Class I occlusion. In one patient
additional mandibular advancement and
nasal septum correction was indicated to
treat the residual OSA at the level of
the oro-/hypopharynx and nasal cavity
respectively (Fig. 1). In a patient with a
preoperative diagnosis of severe OSA,
postoperative naso-endoscopy revealed
an additional obstruction of the upper air-
of a patient with Apert syndrome showing the
aph after monobloc advancement with the
vel of the oro-/hypopharynx and nasal cavity
O and nasal septum correction was indicated.
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Fig. 2. Lateral skull radiographs of a patient with Crouzon syndrome (A) before and (B) after Le
Fort III DO. Naso-endoscopy revealed residual OSA on level of the oro-/hypopharynx which can
be seen in B (arrow).
way at the level of the oro-/hypopharynx
causing residual OSA (Fig. 2). Ideally, this
obstruction should have been identified
before the primary surgery. The advance-
ment of the midface could have been
attuned to the additional mandibular
advancement needed to alleviate the
obstruction at the level of the oro-/hypo-
pharynx.

During the Le Fort III and monobloc
procedures the nasal septum is osteoto-
mized, which may result in septum devia-
tion and upper airway obstruction. Naso-
endoscopic screening by an experienced
otolaryngologist in cases of OSA is advo-
cated to identify the level of upper airway
obstruction. Naso-endoscopic analysis of
the upper airway may influence the
orthognathic treatment plan. This analysis
together with polysomnography should be
a standard part of the preoperative orthog-
nathic protocol.

Most of these cases in which midface
advancement is indicated after completion
of growth, demonstrate that surgical cor-
rection focuses on correction of the defor-
mity on the level of the orbits and zygoma.
Fig. 3. Patient with Crouzon syndrome with a co
After Le Fort III DO the frontal open bite becom
present (B). After Le Fort I osteotomy with intru
with a BSSO advancement, a stable Class I occ
In a substantial number, Class I occlusion
was achieved simultaneously with the cor-
rection of the deformity of the midface.
Postoperatively, Angle Class II or III
occlusion may persist and might need
correction after consolidation of the initial
surgery. SCS patients, especially patients
with Crouzon syndrome, are frequently
associated with a frontal open bite that
is likely to persist after Le Fort III or
monobloc advancement. In case of func-
tional complaints an additional Le Fort I
osteotomy with intrusion of the dorsal part
of the maxilla together with a BSSO
advancement is the treatment of choice
to correct the frontal open bite (Fig. 3). In
case of a pronounced gummy smile, which
can arise after Le Fort III DO, the same
modality can be used to reduce it. The
authors achieved good results by combin-
ing Le Fort III and I osteotomies in one
patient with nasomaxillary dysplasia (con-
ventional Le Fort III and I osteotomies)
and one patient with cleft-lip-alveolus-
palate (Le Fort III and I DO). This tech-
nique gives good results on the level of the
midface and allows correction of the
nsiderable frontal open bite preoperatively (A).
es more evident and Class II malocclusion is
sion of the dorsal part of the maxilla together
lusion was attained (C).
occlusion at the same time. Although
the number of patients undergoing this
technique is small in this series, the
authors’ positive experience is supported
by previous reports. In 1969, OBWEGESER

was the first to report on the possibility of
combining Le Fort III and I osteotomies16.
Excellent results using this technique were
noted by FREIHOFER in 19738. Besides the
combination of Le Fort III and I osteot-
omy, FREIHOFER also reported positive
results from combining Le Fort III and
II osteotomy, or Le Fort III and II osteot-
omy including a correction of the tele-
canthus and, if desired, with an
additional Le Fort I osteotomy. A litera-
ture search revealed only a few reports
on combination osteotomies. Recently,
CHEUNG et al. reported good results using
Le Fort III and I combination osteotomies
in three patients5. SATOH et al. published
similar results using this technique in 4
cases including one patient with Apert
syndrome who was aged 13 years at the
time of surgery19. Since combination
osteotomies seem to yield good results
in adult patients, the technique of DO
seems to be indicated for patients who
have not yet completed growth, to advance
the segment over larger distances includ-
ing the required overcorrection.

A substantial number of patients with
SCS are characterized by a varying degree
of mental retardation, for example patients
with Apert syndrome (14 patients in this
study group). Mental retardation can be
associated with diminished coping abilities
and compliance. These problems often give
rise to a suboptimal end result of the initial
treatment. In these cases, additional orthog-
nathic surgery, although often indicated,
might not be indicated. In these patients
any correction of the facial disharmony can
be considered an improvement on the pre-
operative situation.

In conclusion, Le Fort III and monobloc
advancement aim to correct the deformi-
ties at the level of zygoma, orbits and nasal
areas, respectively. Frequently Class I
occlusion is not achieved. This makes
Le Fort III and monobloc advancement
indefinite procedures, especially when
performed during early childhood. Addi-
tional orthognathic surgery is often indi-
cated in patients undergoing Le Fort III or
monobloc advancement. Naso-endoscopy
of the upper airway and continuing sleep
studies in patients with persistent OSA are
recommended, the outcomes of which
may influence orthognathic treatment.
Long-term follow-up studies are neces-
sary to determine the exact incidence of
additional orthognathic surgery after mid-
face or monobloc advancement. For adult
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patients with completed skeletal growth,
combination osteotomies, such as Le Fort
III combined with Le Fort I, should be
considered.
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