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Abstract. Certain patients with facial deformities require superior repositioning of the

maxilla via Le Fort I osteotomy; however, the magnitude of superior repositioning

of the maxilla is often less than expected. In this study, the correlation between the

accuracy of superior repositioning of the maxilla and the anatomical form of the

maxillary posterior region was examined. Seventy-five patients who underwent Le

Fort I osteotomy without forward movement of the maxilla but with superior

repositioning of the maxilla were included in this study. The bone volume around

the descending palatine artery (DPA), the angle of the junction between the

pterygoid process and the tuberosity, and the distance between the upper second

molar and the pterygoid process were measured via three-dimensional analysis. A

significant negative correlation (r = —0.566) was found between the bone volume

around the DPA and the ratio of repositioning (actual movement divided by Key words: superior repositioning of the max-

expected movement). It is possible that the superior repositioning of the maxilla ila; Le Fort | qsteotomy.; anatomical formf
. . . descending palatine artery; pterygoid process;

expected prior to surgery was not sufficiently attained because of the large volume

. . . 3D analysis.
of bone around the DPA. The results of this study show that in some patients,
superior repositioning was not achieved at the expected level because of bone Accepted for publication 13 November 2018
interference attributable to the anatomical form of the maxillary posterior region. Available online 28 November 2018

The Le Fort I osteotomy is one of the surgery, and it is applied in various situa- illa is often required in the treatment of
primary methods used in orthognathic tions'. Superior repositioning of the max-  maxillofacial deformities with a vertical
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maxillary excess, such as cases of long
face, open bite, or mentum protrusion.
Superior repositioning of the maxilla, i.
e. total impaction and upward rotation of
the posterior region of the maxilla, is
technically challenging. Moving the max-
illary bone to the planned position is diffi-
cult, often leading to a shortage of vertical
movement of the posterior region of the
maxilla, as verified by the position of the
maxilla on lateral cephalograms after the
operation. An inadequate posterior maxil-
lary vertical reduction will result in inter-
maxillary fixation with the condyles
outside the condylar fossa and either a
post-surgical open bite or orthodontic ex-
trusion of the anterior teeth.

The presence of the descending palatine
artery (DPA) makes bone removal difficult,
and it is believed that this difficulty results
in insufficient superior repositioning of the
maxilla in conventional Le Fort I osteot-
omy. Injury to the DPA in conventional Le
FortI osteotomy may cause severe bleeding
due to the significant damage and tissue
necrosis caused by the ligation of the
DPA?®. Therefore, inadequate superior
repositioning of the posterior portion of
the maxilla could be due to insufficient bone
removal around the DPA and a poor visual
field due to bleeding from the pterygoid
venous plexus. It is essential to evaluate
the anatomical state of the bone around the
DPA before the operation.

Many studies have examined the accu-
racy of the repositioning of the maxilla in
Le Fort I osteotomy4 '4, and some have
included statistical studies on the anatom-
ical position of the DPA'> ¥, but no study
appears to have compared the anatomy of
the posterior region of the maxilla and the
accuracy of maxilla repositioning.

In addition, the dissection of the posterior
region of the maxilla, particularly the pter-
ygoid process of the sphenoid, will have an
influence on results. In the case of superior
repositioning of the maxilla without for-
ward movement of the maxilla, bone inter-
ference always occurs in the posterior
region. Several reports have documented
movement to the planned position by break-
ing the pterygoid process of the sphenoid in
cases where there is strong and substantial
bone interference between the posterior
region of the maxilla and the pterygoid
process of the sphenoidl(); however, this
procedure is not always desirable because
of the risk of bleeding. Fracture of the
pterygoid plate also causes temporary hear-
ing loss secondary to soft palate muscula-
ture detachment and serious bleeding; it is
also time-consuming to address.

The purpose of this study was to deter-
mine the correlation between the accuracy
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of the superior repositioning of the maxilla
and the anatomical form of the maxillary
bone, i.e., the bone volume around the DPA
and the pterygoid process of the sphenoid,
by three-dimensional (3D) analysis.

Patients and methods

This study included 75 patients (Japanese
adults) with facial deformities who were
treated in the Department of Maxillofacial
Surgery at Tokyo Medical and Dental Uni-
versity Hospital between January 2008 and
December 2017. The type of movement was
described as superior repositioning when the
movement was more than 4.0 mm at the
posterior nasal spine (PNS) in the posterior
region of the maxilla, without forward move-
ment, in patients undergoing double jaw
orthognathic surgery (Le Fort I osteotomy
and bilateral sagittal split ramus osteotomy).
Patients who underwent Le Fort I osteotomy
with a horseshoe-shaped osteotomy and
those with facial asymmetry were excluded.
Among the 75 patients included, the maxil-
lary posterior region with the maxillary up-
perincisor (U1) was maintained (the position
of'the incisor was not moved) in 51 patients,
total impaction of the maxilla occurred in 18
patients, and maxillary superior reposition-
ing around the anterior nasal spine (ANS)
that had been moved was performed in six
patients. Surgeons with more than 10 years
of experience performing oral surgery oper-
ated on all of the patients.

The double jaw operation procedure in-
volved a conventional Le Fort I osteotomy,
which included removal of the bone around
the DPA without a horseshoe-shaped osteot-
omy or a U-shaped osteotomy>">>. Tomove
the posterior region of the maxilla upward,
the bone around the DPA, the anterior wall of
the maxillary sinus, and the side wall of the
nasal cavity were removed. Guide holes
were made at two points on the maxillary
sinus anterior wall at the cuspid and first
molar, above and below the osteotomy cut-
ting line, as the vertical movement guide for
the maxilla. The degree of vertical move-
ment was determined by measuring the dis-
tance between the two points. In addition, the
distance between the reference points and the
base of the nose or internal canthus on the
skin and the maxillary or mandibular orthog-
nathic main lines were measured to deter-
mine the vertical position of the maxillary
incisor. These reference points were mea-
sured, then the maxilla was guided to the
planned position with a guide splint (inter-
mediate wafer) and osteosynthesis was per-
formed with four titanium miniplates with
intermaxillary fixation>”.

The vertical ratio of superior reposition-
ing of the maxilla was calculated as the
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actual superior movement divided by the
expected amount of movement. Measure-
ment of the degree of maxillary movement
was performed by tracing standard X-ray
images (lateral cephalograms) obtained be-
fore the operation and within 1 month after
the operation. The amount of actual super-
ior repositioning of the posterior maxillary
bone was measured at PNS. The x-axis
(which served as the standard axis) was
constructed by drawing a line though nasion
6° upward from the sella—nasion line, and
the y-axis was drawn as a straight line
crossing the x-axis and passing though the
nasion point. The positions of the examined
points were indicated on the x,y-axis>>. The
X-ray images were traced three times to
eliminate any technical measurement error,
and the measurement value was reported as
the mean of these values.

3D analysis software (Proplan CMF 3.0;
Materialise, Leuven, Belgium) was used to
examine computed tomography (CT)
images (DICOM data) acquired before the
operation. The vertical height of the maxilla
(1-6 mm upward from the bottom of the
nasal cavity) was set parallel to the Frankfort
plane (Fig. 1A), and a circular region with a
radius of 5.0 mm around the centre of the
DPA was outlined on all of the 0.3-mm-
interval slices (Fig. 1B). The centre of the
circle, when set in the centre of the bone
defect, was considered the DPA. By recon-
structing all slices, a 3D structure of the bone
around the DPA of 5.0 mm in height was
extracted, and the volume of the structure
was measured (Fig. 1C). The mean value of
the measurements of the bone mass volume
around the DPA obtained on the two sides
(leftand right) was recorded as the bone mass
volume. Furthermore, the angle between the
tangent line where the maxillary tuberosity
joined the pterygoid process and the Frank-
fort plane was measured (Fig. 1D, angle ‘a’),
as well as the distance between the cervical
point of the distal surface of the upper second
molar and the point at which the maxillary
tuberosity joined the pterygoid process
(Fig. 1D, measurement ‘b’).

The precise position of Ul was traced
and the shift in the position before and
after the operation on a similar x—y axis
was confirmed. The shift in the position
from the planned position before the op-
eration was measured in both the x-axis
and y-axis directions as Ax and Ay, re-
spectively. Furthermore, the angle of the
shift in the palatal plane (i.e., the line
connecting ANS and PNS) between the
planned position and the postoperative
position was also measured. The clock-
wise direction was assumed to be positive
and the counterclockwise direction to be
negative.
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Fig. 1. (A) Setting of the vertical height of the maxilla was performed 1-6 mm upward from the bottom of the nasal cavity, parallel to the
Frankfort plane. (B) The bone mass in a 5.0-mm radius from the centre of the descending palatine artery at each height was determined using 3D
analysis software. (C) A 3D structure of the bone from around the descending palatine artery, of 5.0 mm in height, was obtained, and the volume of
this structure was measured. (D) 3D image showing the angle between the tangent line where the maxillary tuberosity joins the pterygoid process
and the Frankfort plane (angle ‘a’) and the distance between the cervical point of the distal surface of the upper second molar and the point at which
the maxillary tuberosity joins the pterygoid process (measurement ‘b’).

For the statistical analysis, a two-group
t-test and Pearson’s product-moment cor-
relation coefficient (correlations between
the ratio of superior repositioning at PNS,
Ax, and Ay and the bone mass volume
around the DPA and palatal plain angle)
were used. All data were recorded as the
mean and standard deviation values, and
differences were considered statistically
significant at P < 0.05.

The study was performed in accordance
with the Declaration of Helsinki and was
approved by the Research Ethics Commit-
tee of Tokyo Medical and Dental Univer-
sity. Informed consent was obtained from
all of the participants in accordance with
the institutional guidelines.

Results

The mean ratio of superior repositioning at
PNS (ratio of actual/planned movement of
the vertical position of PNS) in this study
was 0.79. There was a negative correlation
between the ratio of superior repositioning

at PNS and the bone volume around the
DPA (r=-0.566, P=0.01; Fig. 2A).
Using a cut-off level of 144 mm’, the
group with bone volume values
>144 mm’ had a significantly lower ratio
of superior repositioning of the maxilla
than the group with values of <144 mm®
(P < 0.05, Fig. 2B). However, there was
no correlation between the ratio of super-
ior repositioning and the angle of the
junction between the pterygoid process
and the maxillary tuberosity (»=0.260,
Fig. 2C). There was also no correlation
between the ratio of superior repositioning
of the maxilla and the distance between
the second molar and the point at which
the maxillary tuberosity joined the ptery-
goid process (r=0.250, Fig. 2D).

There was a relatively weak tendency
towards a forward positioning of U1 by Le
Fort I osteotomy (the maxillary position
before the operation was without maxil-
lary forward movement) compared with
the planned position (Fig. 3A). No corre-
lation was observed between the bone

mass volume around the DPA and the
horizontal and vertical shifts of Ul (Ax,
Ay) (Fig. 3B). However, only a weak
correlation between the displacement of
U1 and the angle of the junction between
the maxillary tuberosity and the pterygoid
process was noted; it is thought that the
bone interface at this location affected the
precision of maxillary repositioning (Ax:
r=—0.179, Ay: r = —0.237; Fig. 3C). The
shifted position of U1 (Ax) tended to fix
the direction of the former upper or lower
position. As a result, because the maxillary
incisor moved more towards the former
upper direction than predicted, the ratio of
superior repositioning at PNS was lower
than expected.

There was also a difference between the
planned position and the actual position of
the palatal plane, and the inclination angle
(pitch) of the palatal plane was positioned
in the counterclockwise rotation compared
with the planned position (r=—0.273,
P < 0.05; Fig. 4). The result was regarded
as a shift of U1 in a forward and downward



>

Influence of anatomical form on repositioning

B

615

1.40
x
=
*
©
g 1.20 N g
% g
.o 100 o« 1.2
4& [¢]
pd [}
2 10
S 080 kS
= c 0841 W
£l
a2 0.60 2 061
o <3
< € 04
S 040 S
| . ..o
[] 5 0.2
2 r=-0.566 a
3 =3
» 0.20 /
s y=—0.003x+1.2238 2 0 “
S Grmi3) = under 144 over 144
0.00 T T T ) (mm3)
50.0 100.0 150.0 200.0 250.0 N
the bone volume around the descending palatine artery “: p<0.05
1.40 1.40
© °
X 1.20 X 1.20
© 5 1
£ . £ °
Y G °
© 1,00 © 4100 d S oy :n Py hd -
e .© o0p © °
i) e o L) )
® © e % o®
0.80 080 +— e .
g g e 9 o0
= 2 5 .0’ * o ¢
2 0.60 é 0.60 _.LLQ_I_.:'_“—
o [ ]
g o g Ceo
5 0.40 5 040 *
e =
8 r=0.260 § r=0.250
3 0.20 0.20
o y=0.0092x+0.1439 o y=0.0157x+0.5851
o H =
* 0.00 . x , )Y Y 000 : . , (mm)
50.0 60.0 70.0 80.0 90.0 5.0 10.0 15.0 20.0

The angle of the junction of pterygoid
process and the maxillary tuberosity

tuberosity

The distance between second molar and the
joint point of pterygoid process and maxillary

Fig. 2. (A) Correlation between the superior repositioning ratio at PNS and the bone volume around the descending palatine artery; a significant
negative correlation was found. (B) The group with bone volume values >144 mm® had significantly lower ratios of superior repositioning of the
maxilla than the group with values of <144 mm®. (C) No significant correlation was found between the superior repositioning ratio of the maxilla
and the angle of the junction between the pterygoid process and the maxillary tuberosity. (D) No significant correlation was found between the
superior repositioning ratio of the maxilla and the distance between the second molar and the point at which the maxillary tuberosity and the

pterygoid process join.

direction and a decrease in the superior
repositioning of the maxilla.

Discussion

In this study of double jaw surgery cases
involving more than 4.0 mm of superior
movement at PNS of the maxilla, seen
over a period of 10 years in the Depart-
ment of Maxillofacial Surgery, Tokyo
Medical and Dental University, the overall
mean ratio of superior maxillary reposi-

tioning at PNS (actual movement divided
by expected movement) was 0.79. There
was a negative correlation between the
ratio of superior maxillary repositioning
and the bone volume around the DPA
(r=—-0.566, P=0.01). It is possible that
the superior repositioning of the maxilla
expected prior to the operation was not
sufficiently obtained because of the large
bone volume around the DPA. In addition,
it is suggested that the expected superior
repositioning of the PNS may not be

achievable due to the bone interference
between the maxillary tuberosity and the
pterygoid process, as shown in this study.
Furthermore, in the case that superior
repositioning of the PNS was not modelled
during planning, there was a tendency to
fix the maxillary bone forward compared
with the planned movement position of
U1, and it is thought that the positioning
accuracy of Ul greatly influenced the
superior repositioning at PNS. According
to a report by linoet al.?®, during fixation
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of the maxillary bone using the double
splint method, the union of the maxilla and
mandible by the intermediate wafer is
rotated to the planned position at the man-
dibular head; however, it is believed that
this method causes rotation when they are
not in the original mandibular condyle
position, therefore differing from the ac-
tual central turn in the modelled surgery,
as has been reported by others' .

In addition, the error in the maxillary
posterior region caused more bone inter-
ference than was predicted before the
operation, and the maxillary bone moved
to the former lower part or the former
upper part at a pivot point in the region
of bone interference, as shown in Fig. 5.
Shikimori et al. reported the stability and
accuracy of the maxillary bone of four
patients who underwent conventional Le
Fort I osteotomy with superior reposition-
ing of the maxilla?®. However, they did not
achieve a sufficiently precise movement of
the upper part of the posterior region of the
maxilla and fixed the anterior region of the
maxilla relatively forward or downward.
As shown by the results of the present
study, the interference of the bone around

the DPA and the bone interference be-
tween the maxillary tuberosity and the
pterygoid process are fundamental issues.
Removing the bone interference will in-
crease the risk of damage to the vascular
bundles and soft tissues, and could lead to
an excessive operating time, bleeding, and
hand stress, as well as diminished accura-
cy of positioning when performing super-
ior repositioning of the maxilla. The
results of this study showed that the devi-
ation of Ul (Ax, Ay) tended to become
large if the inclination of the junction with
the pterygoid process was milder and if the
bone volume around the DPA was large.

This study investigated the difference
between the preoperative predicted move-
ment and the position of the maxilla fol-
lowing the actual surgical procedures. In
the study patients, the deviations from the
planned movement were not sufficiently
large to necessitate re-operation of the
maxilla. To more accurately perform the
operation described, it is extremely impor-
tant to be aware of the patient’s facial
appearance and other preliminary assump-
tions prior to surgery, when one is explain-
ing the procedure and obtaining consent

from the patient. The decision regarding
whether to include 1-2 mm of forward
movement of the maxilla will depend on
the surgeon’s skill and preferences; how-
ever, even if the surgeon believes that the
surgery has proceeded as planned, the
movement of the maxilla may not occur
as planned, as described in this study. The
accuracy of the movement was investigated
postoperatively in this study. In cases in
which the patient’s facial profile has no
deficiencies, given an appropriate preoper-
ative setting, a forward movement of up to
2 mm may offset the risk of surgery. How-
ever, this possibility does not apply to Asian
facial profiles®’, which involve a flatter
face. For Asian patients, the morphology
of the alar base is likely to be affected.
Therefore, in certain cases, it is necessary
to ensure that forward displacement of the
settings does not exceed 2 mm. For patients
who exhibit forward movement not accom-
panied by settings that account for the
patient’s profile and alar base, accurate
movement of the maxilla is desirable.
Additionally, if preoperative CT assess-
ment shows that superior repositioning of
the posterior maxilla would be difficult
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due to the bone morphology of the poste-
rior maxilla and would compromise this
forward movement of 2 mm, it becomes
important to shorten the operation time
and ensure a safe surgery that is free of
complications.

Few studies have considered the corre-
lation between the anatomy of the poste-
rior region of the maxilla and Le Fort I
osteotomy'” 7%, Ueki et al. investigated
the location of the DPA and the morphol-
ogy of the pterygoid process horizontal-
ly">. Kawahara et al. showed that the
average lateral distance, i.e. the length
of bony contact between the posterior
maxilla and the pterygoid plate that should
be separated by an osteotome, was
8.09 mm (range 3.75-13.59 mm)'’. A
long bony contact increases the difficulty
of the pterygomaxillary disjunction and
the risk of an untoward fracture leading

to arterial injury. In the study by Kana-
zawa et al. concerning the risk of ptery-
goid plate fracture, the authors reported a
pterygomaxillary junction thickness of
2.6 £ 1.7 mm and a maxillary tuberosity
length of 11.5+3.8mm’’. A pterygo-
maxillary  junction  thickness  of
<2.6mm and a maxillary tuberosity
length of >11.5 mm were associated with
a statistically significant risk of pterygoid
process fracture. How the separation at the
pterygomaxillary junction affects superior
repositioning of the maxilla is unclear.
However, experienced surgeons may be
able to remove bone from the bone inter-
ference area such that the distance is suf-

ficiently large to avoid damage to the
teeth. The difficulty of bone removal in
superior repositioning changes how the
pterygoid junction and the bone around
the DPA are divided in the down-fracture

of the maxillary bone. Ueki et al. reported
that 40.6% of all cases could be divided at
the pterygoid junction'’. As reported in
several papers®'~*, it is also important to
set the osteotomy at the lower portion of
the posterior maxilla and to perform the
osteotomy at the maxillary nodule to avoid
the pterygoid plate in cases involving a
long distance between the second molar
and the joint of the maxillary tuberosity
and pterygoid process. In the present
study, how the actual division was per-
formed was not evaluated; however, an
increased bone length of the maxillary
tuberosity led to greater reliability in
superior repositioning of the maxilla.
The results of the present study indicate
that the precision of the position of Ul is
greatly influenced by the accuracy of
superior repositioning. To determine the
position of U1, reference guide holes were

Fig. 5. The error in positioning of the maxillary posterior region caused more bone interference than was predicted before the operation (A), and
the maxillary bone moved to the former lower part (B) or the former upper part (C) at a pivot point in the region of bone interference.
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set in the bone above and below the max-
illary bone cutting line in the oral cavity
(internal reference points) and in the facial
area, such as the nasal bone region or the
former facial skin (external reference
points). The external reference points
were assessed in the following two ways:
on the skin and in the bone using screws.
Several reports have shown the usefulness
of the bone reference, but a skin reference
was also used in the present study, which
left a scar on the face”*. Gil et al. reported
that a method using the medial canthal
region as an external reference point was
also effective®®. However, a proper posi-
tion could not always be determined be-
cause of the influence of the intubation
tube, muscle relaxation, positioning of the
mandibular head, and accurate measure-
ment of reference points.

With the double splint method, it is
important that the positional relationship
between the skull and the maxilla—man-
dibular complex via intermediate wafer
must be consistent with that before the
osteotomy. As shown in this study, mea-
suring the distances between the conven-
tional reference points is inferior in
reliability. Three-dimensional methods
using straight rocking miniplates and resin
tubes have been reported and are consid-
ered reliable without requiring complicat-
ed distance measurements”>~°,
Meanwhile, positioning the maxilla may
be difficult and the operative time may be
prolonged due to bleeding and bone inter-
ference. The present authors often use an
additional osteotomy to effectively re-
move strong bone interference in order
to avoid bone removal around the DPA
— either a horseshoe-shaped osteot-
omy>'*?, or a U-shaped osteotomy>,
along with Le Fort I osteotomy. Further-
more, we attempt to fracture the pterygoid
process and push it backwards. The dis-
tance between the molar tooth root apex
and the base of the nasal cavity, as well as
the shape of the pterygoid process before
the operation, must be verified.

Some reports suggest a method to ade-
quately remove bone interference by ligat-
ing the DPA during planned superior
repositioning of the posterior maxilla®’~**.
Routine ligation of the DPA during Le
Fort I osteotomy is controversial from the
perspective of the blood supply to the
maxilla. Bays et al. reported a low inci-
dence of aseptic necrosis (0.67%) after
routine bilateral ligation of the DPA™.
Lanigan et al. stated that the DPA should
be preserved whenever possible to mini-
mize the risks of postoperative haemor-
rhage and aseptic necrosis'’. In cases
involving post-surgical bleeding after Le

Fort I osteotomy, although haemostasis
has reportedly been achieved via either
ligation of the external carotid artery or
radiologically assisted arterial emboliza-
tion of the posterior maxilla*'*?, preser-
vation of the DPA should not significantly
increase the risk of postoperative haemor-
rhage®. Therefore, in the surgical proce-
dures that we perform, the DPA is
preserved whenever possible to maintain
the blood supply to the maxilla after Le
Fort I osteotomy.

Based on this information, the accuracy
of maxillary front tooth region positioning
must be ensured after noting not only the
bone interference of the upper region
around the DPA, but also the bone inter-
ference between the pterygoid process and
the maxillary tuberosity of the posterior
region during superior repositioning of the
maxilla. To increase the accuracy of a
determined, effective reference point in
maxillary repositioning, it is necessary
to create the correct wafer and apply the
position-affiliated record between the
skull and the proximal mandibular ramus
spicule. Recently, simulation software,
navigation***>, 3D-printed models, and
CAD/CAM-generated splints*® have been
introduced to the field of orthodontic sur-
gery, making it possible to create more
precise wafers. These programs are
expected to have more practical use in
the future. Regardless, preoperative plans
must consider the type of movement most
suitable to the anatomical form of the
posterior region of the maxilla when per-
forming superior repositioning of the pos-
terior upper jaw.

Funding

None.

Competing interests

None declared.

Ethical approval

The Research Ethics Committee of Tokyo
Medical and Dental University (approval
number D2014-18).

Patient consent

Not required.

References

1. Bell WH. Le Fort I osteotomy for correction
of maxillary deformities. J Oral Surg
1975;33:412-26.

11.

12.

14.

. Lanigan DT, Hey JH, West RA. Major vas-

cular complications of orthognathic surgery:
hemorrhage associated with Le Fort I osteo-
tomies. J  Oral  Maxillofac  Surg
1990;48:561-73.

. Kremer FJ, Baethge C, Swennen G, Teltzrow

T, Schulze A, Berten J, Brachvogel P. Intra-
and perioperative complications of the Le
Fort I osteotomy: a retrospective evaluation
of 1000 patients. Surg
2004;15:971-9.

J  Craniofac

. Proffit WR, Phillips C, Turvey TA. Stability

following superior repositioning of the max-
illa by Le Fort I intrusion osteotomy. Am J
Adult Orthod  Dentofacial Orthop
1987;92:151-61.

. Ritto FG, Ritto TG, Ribeiro DP, Medeiros

PJ, Moraes M. Accuracy of maxillary posi-
tioning after standard and inverted orthog-
nathic sequencing. Oral Surg Oral Med Oral
Pathol Oral Radiol 2014;117:567-74. http://
dx.doi.org/10.1016/j.0000.2014.01.016.

. Jacobson R, Sarver DM. The predictability

of maxillary repositioning in Le Fort I
orthognathic surgery. Am J Orthod Dentofa-
cial Orthop 2002;122:142-54.

. Kretschmer WB, Zodar W, Bacint G, Bacuit

M, Wangerin K. Accuracy of maxillary po-
sitioning in bimaxillary surgery. Br J Oral
Maxillofac Surg 2009:47:446-9. http://dx.
doi.org/10.1016/j.bjoms.2009.06.004.

. Gil JN, Claus JD, Mantro R, Lima Jr SM.

Predictability of maxillary repositioning dur-
ing bimaxillary surgery: accuracy of a new
technique. Int J Oral Maxillofac Surg
2007;36:296-300.

. Cottrell DA, Wolford LM. Altered orthog-

nathic surgical sequencing and a modified
approach to model surgery. J Oral Maxillo-

fac Surg 1994;52:1010-20.
. Bouchard C, Landry PE.. Precision of max-

illary repositioning during orthognathic sur-
gery: a prospective study. Int J Oral
Maxillofac Surg 2013;42:592-6. http://dx.
doi.org/10.1016/j.ijom.2012.10.034.

Ong TK, Banks RJ, Hildreth AJ. Surgical
accuracy in Le Fort I maxillary osteotomies.
Br J Oral Maxillofac Surg 2001;39:96-102.
Sharifi A, Jones R, Ayoub A, Moos K,
Walker F, Khambay B, McHugh S. How
accurate is model planning for orthognathic
surgery? Int J Oral Maxillofac Surg
2008;37:1089-93. http://dx.doi.org/
10.1016/].ijom.2008.06.011.

. Ueki K, Hashiba Y, Marukawa K, Okabe K,

Alam S, Nakagawa K, Yamamoto E. Assess-
ment of pterygomaxillary separation in Le
Fort I osteotomy in class III patients. J Oral
Maxillofac Surg 2009;67:833-9. http://dx.
doi.org/10.1016/j.joms.2008.11.019.
Govaerts D, Shaheen E, Coopman R, De Mol
A, Sun Y, Politis C. Accuracy of Le Fort I
osteotomy in bimaxillary splint-based
orthognathic surgery: focus on posterior
maxillary movements. Int J Oral Maxillofac
Surg 2018;47:1398-404. http://dx.doi.org/
10.1016/.ijom.2018.05.008.



http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0020
http://dx.doi.org/10.1016/j.oooo.2014.01.016
http://dx.doi.org/10.1016/j.oooo.2014.01.016
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0030
http://dx.doi.org/10.1016/j.bjoms.2009.06.004
http://dx.doi.org/10.1016/j.bjoms.2009.06.004
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0045
http://dx.doi.org/10.1016/j.ijom.2012.10.034
http://dx.doi.org/10.1016/j.ijom.2012.10.034
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0055
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0055
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0055
http://dx.doi.org/10.1016/j.ijom.2008.06.011
http://dx.doi.org/10.1016/j.ijom.2008.06.011
http://dx.doi.org/10.1016/j.joms.2008.11.019
http://dx.doi.org/10.1016/j.joms.2008.11.019
http://dx.doi.org/10.1016/j.ijom.2018.05.008
http://dx.doi.org/10.1016/j.ijom.2018.05.008

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Ueki K, Hashiba Y, Marukawa K, Nakagawa
K, Okabe K, Yamamoto E. Determining the
anatomy of the descending palatine artery
and pterygoid plates with computed tomog-
raphy in class III patients. J Craniomaxillo-
fac Surg 2009;37:469-73. http://dx.doi.org/
10.1016/.jcms.2009.03.010.

Apinhasmit W, Chompoopong S, Metha-
thrathip D, Sangvichien S, Karuwanarint
S. Clinical anatomy of the posterior maxilla
pertaining to Le Fort I osteotomy in Thais.
Clin Anat 2005;18:323-9.

Kawahara H, Omura S, Fukuyama E, Seki Y,
Saito T, Umino S, Fujita K. Anatomical study
on the descending palatine artery with com-
puted tomography for the Le Fort I osteotomy.
Jpn J Jaw Deform 2004;14:18-25.

Li KK, Meara JG, Alexander Jr A. Location
of descending palatine artery in relation to
the Le Fort I osteotomy. J Oral Maxillofac
Surg 1996;54:822-5.

Ueki K, Nakagawa K, Marukawa K, Yama-
moto E. Le Fort I osteotomy using an
ultrasonic bone curette to fracture the pter-
ygoid  plate. J  Craniofac  Surg
2004;32:381-6.

Harada K, Sumida E, Enomoto S, Omura K.
Post-operative stability of the maxilla treated
with Le Fort I and horseshoe osteotomies in
bimaxillary  surgery. Eur J Orthod
2002;24:471-6.

Kobayashi H, Harada K, Kikuchi T, Sato M,
Morishima S, Kabasawa Y, Maruoka Y,
Omura K. Reliability of superior reposition-
ing and postoperative stability of the maxilla
treated with a combination of Le Fort I and
horseshoe osteotomy. Jpn J Jaw Deform
2004;14:43-8.

Yoshioka I, Khanal A, Kodama M, Furuta N,
Tominaga K. Postoperative skeletal stability
and accuracy of a new combined Le Fort I
and horseshoe osteotomy for superior repo-
sitioning of the maxilla. Int J Oral Maxillo-
fac Surg 2009;38:1250-5. http://dx.doi.org/
10.1016/].ijom.2009.07.003.

Omura S, Iwai T, Honda K, Shibutani N,
Fujita K, Yamashita Y, Takasu H, Murata
S, Tohnai I. U-shaped osteotomy around
the descending palatine artery to prevent
posterior osseous interference for superior/
posterior repositioning of the maxilla in Le
Fort I osteotomy. J Craniofac Surg
2015;26:1613-5.  http://dx.doi.org/10.1097/
SCS.0000000000001787.

Ellis III wr. Bimaxillary surgery using an
intermediate splint to position the maxilla. J
Oral Maxillofac Surg 1999;57:53-6.
Harada K, Ono J, Okada Y, Nagura H,
Enomoto S. Postoperative stability after sag-
ittal split ramus osteotomy with condylar-
positioning appliance and screw fixation:
asymmetric versus symmetric cases. Oral
Surg Oral Med Oral Pathol Oral Radiol
Endod 1997;83:532-6. http://dx.doi.org/
10.1016/S1079-2104(97)90116-5.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Influence of anatomical form on repositioning

Iino M, Niitsu N, Horiuchi T, Matsushima R,
Murakami K, Seto K, Sekiya T, Nakamura Y,
Kuwahara Y. Accuracy of surgical position-
ing of the maxilla during orthognathic sur-
gery. Jpn J Jaw Deform 2000;10:273-80.
Nattestad A, Vedtofte P, Mosekilde E. The
significance of an erroneous recording of the
centre of mandibular rotation in orthognathic
surgery. J  Craniomaxillofac ~ Surg
1991;19:254-9.

Shikimori M, Komatsu H, Katoh M, Murai
M, Fukuda H, Hashimoto K, Yagi N, Suzuki
Y. Clinical study on superior repositioning of
maxilla. Jpn J Jaw Deform 2000;10:26-31.
Bronfman CN, Janson G, Pinzan A, Rocha
TL. Cephalometric norms and esthetic pro-
file preference for the Japanese: a systematic
review. Dental Press J Orthod 2015;20:43—
51. http://dx.doi.org/10.1590/2177-
6709.20.6.043-051.0ar.

Kanazawa T, Kuroyanagi N, Miyachi H,
Ochiai S, Kamiya N, Nagao T, Shimozato
K. Factors predictive of pterygoid process
fractures after pterygomaxillary separation
without using an osteotome in Le Fort I
osteotomy. Oral Surg Oral Med Oral Pathol
Oral Radiol 2013;115:310-8. http://dx.doi.
org/10.1016/].0000.2012.04.020.

West RA, Epker BN. Posterior maxillary
surgery: its place in the treatment of dento-
facial  deformities. J  Oral  Surg
1972:30:562-3.

Trimble LD, Tideman H, Stoelinga PJ. A
modification of the pterygoid plate separa-
tion in low-level maxillary osteotomies. J
Oral Maxillofac Surg 1983;41:544-6.
Ferguson JW, Luyk NH. Control of vertical
dimension during maxillary orthognathic
surgery: a clinical trial comparing internal
and external fixed reference points. J Cra-
niofac Surg 1992;20:333-6.

Gil JN, Campos FE, Claus JD, Gil LF, Marin
C, Torres SF. Medial canthal region as an
external reference point in orthognathic sur-
gery. J Oral Maxillofac Surg 2011,69:352-5.
http://dx.doi.org/10.1016/].
1oms.2010.07.023.

Omura S, Kimizuka S, Iwai T, Tohnai I. An
accurate maxillary superior repositioning
technique without intraoperative measure-
ment in bimaxillary orthognathic surgery.
Int J Oral Maxillofac Surg 2012;41:949—
51. http://dx.doi.org/10.1016/].

ijom.2012.12.008.

Kokuryo S, Habu M, Miyamoto I, Uehara M,
Kodama M, Iwanaga K, Yoshioka I, Tomi-
naga K. Predictability and accuracy of max-
illary repositioning during bimaxillary
surgery using a three-dimensional position-
ing technique. Oral Surg Oral Med Oral
Pathol  Oral Radiol 2014;118:187-93.
http://dx.doi.org/10.1016/].
0000.2014.03.024.

Bell WH, You ZH, Finn RA, Fields RT.
Wound healing after multisegmental Le Fort

38.

39.

40.

41.

42.

43.

44.

45.

46.

619

I osteotomy and transection of the descend-
ing palatine vessels. J Oral Maxillofac Surg
1995:53:1425-33.

Dodson TB, Bays RA, Neuenschwander
MC. Maxillary perfusion during Le Fort I
osteotomy after ligation of the descending
palatine artery. J Oral Maxillofac Surg
1997;55:51-5.

Bays RA, Reinkigh MR, Maron G. Descend-
ing palatine artery ligation in Le Fort osteo-
tomies. J Oral Maxillofac Surg 1993;51:142.
Lanigan DT, Hey JH, West RA. Aseptic
necrosis following maxillary osteotomies:
report of 36 cases. J Oral Maxillofac Surg
1990;48:142-56.

Lustbader DP, Schwartz MH, Zito J, Stern
M. The use of percutaneous transcatheter
embolization to control postoperative bleed-
ing following Le Fort I osteotomy: report of
three cases. J Oral Maxillofac Surg
1991:49:426-31.

Bykowski MR, Hill A, Garland C, Tobler W,
Losee JE, Goldstein JA. Ruptured pseudoa-
neurysm of the maxillary artery and its
branches following Le Fort I osteotomy:
evidence-based guidelines. J Craniomaxillo-
fac Surg 2018;29:998-1001. http://dx.doi.
org/10.1097/SCS.0000000000004396.
Lanigan DT. Ligation of the descending
palatine artery: pro and con. J Oral Max-
illofac Surg 1997;55:1502—4.

Lutz JC, Nicolau S, Agnus V, Bodin F, Wilk
A, Bruant-Rodier C, Rémond Y, Soler L. A
novel navigation system for maxillary posi-
tioning in orthognathic surgery: preclinical
evaluation. J  Craniomaxillofac ~ Surg
2015;43:1723-30. http://dx.doi.org/
10.1016/].jcms.2015.08.001.

Azarmehr I, Stokbro K, Bell RB, Thygesen
T. Surgical navigation: a systematic review
of indications, treatments, and outcomes in
oral and maxillofacial surgery. J Oral Max-
illofac Surg 2017;75:1987-2005. http://dx.
doi.org/10.1016/j.joms.2017.01.004.
Kraeima J, Jansma J, Schepers RH. Splint-
less surgery: does patient-specific CAD-
CAM osteosynthesis improve accuracy of
Le Fort I osteotomy? Br J Oral Maxillofac
Surg  2016;54:1085-9.  http://dx.doi.org/
10.1016/j.bjoms.2016.07.007.

Address:

Kazuto Kurohara

Department of Oral and Maxillofacial Sur-
gery

Mie University Graduate School of Medicine
2-174

Edobashi

Tsu

Mie 514-8507

Jap

an

Tel.: +81 59232 1111
Fax: +81 59 231 5207
E-mail: kurohara-kuz@ clin.medic.mie-u.ac.jp


http://dx.doi.org/10.1016/j.jcms.2009.03.010
http://dx.doi.org/10.1016/j.jcms.2009.03.010
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0085
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0085
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0085
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0085
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0085
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0090
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0090
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0090
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0090
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0095
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0095
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0095
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0095
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0095
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0100
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0100
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0100
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0100
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0100
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0105
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0105
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0105
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0105
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0105
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0105
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0105
http://dx.doi.org/10.1016/j.ijom.2009.07.003
http://dx.doi.org/10.1016/j.ijom.2009.07.003
http://dx.doi.org/10.1097/SCS.0000000000001787
http://dx.doi.org/10.1097/SCS.0000000000001787
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0120
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0120
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0120
http://dx.doi.org/10.1016/S1079-2104(97)90116-5
http://dx.doi.org/10.1016/S1079-2104(97)90116-5
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0130
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0130
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0130
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0130
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0130
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0135
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0135
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0135
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0135
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0135
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0140
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0140
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0140
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0140
http://dx.doi.org/10.1590/2177-6709.20.6.043-051.oar
http://dx.doi.org/10.1590/2177-6709.20.6.043-051.oar
http://dx.doi.org/10.1016/j.oooo.2012.04.020
http://dx.doi.org/10.1016/j.oooo.2012.04.020
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0160
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0160
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0160
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0160
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0165
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0165
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0165
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0165
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0165
http://dx.doi.org/10.1016/j.joms.2010.07.023
http://dx.doi.org/10.1016/j.joms.2010.07.023
http://dx.doi.org/10.1016/j.joms.2010.07.023
http://dx.doi.org/10.1016/j.ijom.2012.12.008
http://dx.doi.org/10.1016/j.ijom.2012.12.008
http://dx.doi.org/10.1016/j.oooo.2014.03.024
http://dx.doi.org/10.1016/j.oooo.2014.03.024
http://dx.doi.org/10.1016/j.oooo.2014.03.024
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0185
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0185
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0185
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0185
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0185
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0190
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0190
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0190
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0190
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0190
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0195
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0195
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0195
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0200
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0200
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0200
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0200
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0205
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0205
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0205
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0205
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0205
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0205
http://dx.doi.org/10.1097/SCS.0000000000004396
http://dx.doi.org/10.1097/SCS.0000000000004396
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0215
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0215
http://refhub.elsevier.com/S0901-5027(18)30442-9/sbref0215
http://dx.doi.org/10.1016/j.jcms.2015.08.001
http://dx.doi.org/10.1016/j.jcms.2015.08.001
http://dx.doi.org/10.1016/j.joms.2017.01.004
http://dx.doi.org/10.1016/j.joms.2017.01.004
http://dx.doi.org/10.1016/j.bjoms.2016.07.007
http://dx.doi.org/10.1016/j.bjoms.2016.07.007
mailto:kurohara-kuz@clin.medic.mie-u.ac.jp

	Influence of the anatomical form of the posterior maxilla on the reliability of superior maxillary repositioning by Le For...
	Patients and methods
	Results
	Discussion
	Funding
	Competing interests
	Ethical approval
	Patient consent
	References


