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Abstract

In this study, we investigated how method of mandibular fixation influenced long-
term postoperative stability of the maxilla in Class III cases. In particular, we investigated
change in the maxillary occlusal plane after Occlusal Plane Alteration. Therefore, we
focused on change in the palatal plane to evaluate stability of the maxillary occlusal plane,
as the position of the palatal plane affects the maxillary occlusal plane. This study
included 16 patients diagnosed with mandibular protrusion. Alteration of the occlusal
plane was achieved by clockwise rotation of the maxilla by Le Fort I osteotomy and
mandibular setback was performed by bilateral sagittal split ramus osteotomy. We ana-
lyzed and examined lateral cephalometric radiographs taken at 1 month, 3 months, 6
months, and 1 year after surgery. Stability achieved by two methods of mandibular fixa-
tion was compared. In one group of patients (group S) titanium screws were used, and
in the other group (group P) titanium-locking mini-plates were used. No significant
displacement was recognized in group S, whereas an approximately 0.7 mm upward
vertical displacement was recognized in the anterior nasal spine in group P. As a result,
not only the angle of the palatal plane and S-N plane, but also occlusal plane angle in
group P showed a greater decrease than that in group S. The results suggest that fixing
the mandible with screws yielded greater stability of the maxilla and maxillary occlusal
plane than fixing the mandible with titanium plates.
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Introduction

The purpose of orthognathic surgery is to
harmonize functional occlusion with aesthetic
appearance. However, as patient expectations
rise, it is becoming more and more difficult to

This paper was a thesis submitted by Dr. A. Yosano to the Graduate School of Tokyo Dental College.

achieve the requisite level of harmony of both
function and aesthetics. In orthognathic sur-
gery, one-jaw surgery involving the mandible
is common. Although a satisfactory maxillo-
mandibular occlusal relationship may usually
be obtained with such an approach, there are
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still cases where an aberration occurs in the
occlusal plane. In such cases, surgery achieves
neither satisfactory aesthetic results nor suffi-
cient stability. Therefore, to achieve satisfactory
improvement of the occlusal plane, two-jaw
surgery is required, as it offers both better
functional and aesthetic outcomes. The first
report on occlusal plane alteration was that
of McCollum et al.11). Further such studies
were then carried out by Arpornmaeklong et
al.2), Chemello et al.4), Proffit et al.13), Reyneke14),
Reyneke et al.15), and Wolford et al.21,22). These
studies all reported better aesthetic and stabil-
ity with this approach. However, most of these
reports concerned skeletal Class II cases. Few
reports have been made on skeletal Class III
cases, and although the Epker5) and Wolford
et al.20) studies are available for referencing the
anterior standard, there are none for refer-
encing the posterior standard in achieving
improvement in the occlusal plane. Their
indices for achieving an anterior standard
involve measuring the distance from the upper
lip to the lower lip and the tip of the upper
central incisor. Therefore, Akimoto et al.1)

noted that the posterior standard for the
occlusal plane would be the dens. In patients
with normal bite, the posterior extension of
the occlusal plane passes above the dens axis
base, and in patients with skeletal Class III
occlusion, it passes below the dens axis base
(Fig. 1).

Rotating the occlusal plane clockwise is
suggested to improve aesthetic outcome and
function in skeletal Class III cases. Therefore,
it is thought that occlusal alteration has high
utility. However, if postoperative stability is
not good, improved aesthetics and function
cannot be maintained. There is no report on
over one-year stability after occlusal plane
alteration in Class III cases. Therefore, at first,
we focused on whether mandibular stability
affected stability of the maxilla. To achieve
different degrees of mandibular stability, we
used two methods of mandibular fixation.
The purpose of this study was to investigate
how method of mandibular fixation influ-
enced long-term postoperative stability of the
maxilla in Class III cases. In particular, we

evaluated change in the maxillary occlusal
plane after Occlusal Plane Alteration.

Patients and Methods

1. Patients
352 patients underwent two-jaw surgery

for correction of skeletal Class III occlusion
at Tokyo Dental College Hospital between
2002 and 2005. A total of 16 (3 men and
13 women) out of these were enrolled in
the study. We limited the number of patients
by strict criteria to perform better evalua-
tion. Informed consent to participate in the
study was obtained from all patients and
parents of minor patients. Average age was
24.3 years. Criteria for inclusion in the study
were as follows:
1) No basic asymmetry in their antero-posterior

cephalometric radiographs, as reported by
Fujinami et al.6) (Figs. 2, 3).

2) A low occlusal plane angle, in which the
posterior extension of the occlusal plane
passed below the dens axis base in the
patient’s lateral cephalometric radiograph
(Fig. 1).

3) Surgery was performed by an independent
oral surgeon.

2. Surgery
All patients received preoperative and post-

operative orthodontic treatment. In addition,

Yosano A et al.

Fig. 1 Dens index
Axis line of dens is defined by the point of CV2 apex and
the point of Dens axis base (base of dens).
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model surgery followed the method reported
in our previous study23). Surgery involved use
of the two occlusal splints made during the
model surgery.

Le Fort I osteotomy was performed on
the maxilla and bilateral sagittal split ramus
osteotomy was performed on the mandible.
Three patients underwent genioplasty at the
same time. Alteration of the occlusal plane
was achieved by clockwise rotation of the
maxilla by Le Fort I osteotomy, which moves
the posterior nasal spine (PNS) in an upward
direction. The setting basis of the occlusal
plane followed the method of Akimoto et al.1),
which is based on the dens. However, the
occlusal plane does not always move into the
average position characteristic of normal occlu-
sion, and the nasal airway, convexity and upper
incisor angle after orthodontic treatment
also require consideration in planning sur-
gery. Reyneke14) noted that a horseshoe-shaped
osteotomy was required when impacts occurred
above the nasal airway by 5–6mm. That is to
say, there is a limit to upper transposition of
the posterior maxilla, so the occlusal plane
will pass below the dens axis base (Fig. 4). In
this study, the mandible was moved posteri-
orly according to the position of the maxilla,
after which, it was fixed to obtain best occlusal

position. Two resorbable plates (poly-L-lactic
acid (PLLA) plate) and two 2.0 mm titanium-
locking mini plates (plate) were used to fix a
Le Fort I segment. Two different methods
were used to fix the mandible. In one group
of patients (group S: 8 patients) 2.4mm tita-
nium screws (screw) were used, and in the
other group of patients (group P: 8 patients)
plates were used. In addition, intermaxillary
fixation was obtained on the next day after
surgery using splints which were maintained
for 5–7 days.

Occlusal Plane Alteration after Two-Jaw Surgery

Fig. 3 Pentagon of maxilla and mandible
Pentagons were used to determine which patients had asymmetry. Where pentagon showed
little variation from Fujinami’s pentagon, patient was judged to have no asymmetry.

Fig. 2 Measurement landmarks of frontal
cephalometric analysis

11 measurement landmarks for antero-posterior
cephalometric radiographs.
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3. Cephalometric analysis
Lateral cephalometric radiographs were

taken at before (PRE), and at 1 month (1M),
3 months (3M), 6 months (6M), and 1 year
after surgery (1Y) for analysis. Sassouni arc
analysis17) and Ricketts analysis16) were carried
out on all lateral cephalometric radiographs.
The measurement landmarks are shown in
Figs. 2 and 5. A total of 13 measurement items
were used to obtain a skeletal evaluation

(Figs. 6, 7, 8). One of the main purposes of
this study was to investigate postoperative
stability of the maxillary occlusal plane, to
evaluate which we used occlusal plane angle.
However, postoperative stability of occlusal
plane angle alone is insufficient to accurately
indicate stability of the maxillary occlusal
plane, for which reference to dental land-
marks is necessary. Occlusal plane angle is
also influenced by postoperative orthodontic
treatment. Therefore, we also used the palatal
plane to evaluate change in the maxillary
occlusal plane, as change in the palatal plane
accurately indicates rotation of the maxilla,
with the maxillary occlusal plane rotating with
change in the angle of the palatal plane.

Quick Ceph 2000® (Quick Ceph® System,
USA), a cephalometric analysis software, was
used for the computer analysis.

In order to reduce error rates as much
as possible, all lateral cephalometric radio-
graphs were analyzed twice by the author
alone. Mean average values used for the analy-
sis were calculated from the results of two
runs of each test.

Yosano A et al.

Fig. 5 Lateral reference landmarks
48 measurement landmarks for lateral cephalometoric radiographs.

Fig. 4 Relationship between occlusal plane and dens
Dens index

a: M; 25.4�39.3% F; 26.7�34.2%
b: �39.1�29.5%

(group S: �35.8�41.9%; group P: �42.5�9.4%)
c: �5.6�30.5%

(group S: �0.9�40.2%; group P: �10.3�18.3%)
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4. Evaluation of measurement items
At first, we reviewed stability in all 16

patients. Next, we divided the 16 patients into

2 groups (group S and group P) according to
type of mandible fixation and reviewed stabil-
ity in both groups. Table 1 shows the details of

Occlusal Plane Alteration after Two-Jaw Surgery

Fig. 6 Measurement items of angle

Fig. 7 Horizontal measurement items

Fig. 8 Vertical measurement items
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the two groups. The measured items in each
group, from PRE to 1 M, 3 M, 6 M, and 1 Y,
were analyzed and compared. Changes occur-
ring over the postoperative course period
were also compared between groups.

In addition, degree of transfer was deter-
mined by a comparison of the PRE and 1M

values. Degree of relapse was determined by
comparing values obtained at 1M and 1Y.
Many studies on postoperative stability used
the period immediately after surgery as the
base line. However, in this study, we wanted to
observe long-term stability after immediately
change. Therefore, we used 1 month as the

Yosano A et al.

Table 1 Characteristics of group S and group P

age sex Change of SN-palatal plane angle B point transference to
by operation (°) backward by operation (mm)

group S
1 20 F 4.6 8.3
2 23 F 1.4 3.5
3 29 M 0.7 9.5
4 24 F 3.1 5.7
5 32 F 4.6 6.0
6 30 F 3.7 13.1
7 22 F 2.8 6.4
8 28 M 3.0 6.4

average 26.0 3.0 7.4

group P
1 18 F 4.8 9.7
2 21 F 2.3 7.9
3 22 F 2.4 11.0
4 21 F 5.7 2.8
5 24 F 3.9 3.4
6 23 M 2.1 16.6
7 20 F 1.1 10.6
8 30 F 2.5 5.7

average 22.3 3.1 8.5

Table 2 Means and SDs in all patients

Measurement items
PRE 1M 3M 6M 1Y
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Maxilla
SN-Palatal plane Angle (°) 9.08 (3.93) 12.13 (4.07) 11.68 (3.88) 11.53 (3.85) 11.39 (3.78)
SN-Occlusal plane Angle (°) 14.8 (4.10) 17.73 (4.00) 17.39 (3.95) 17.39 (3.69) 17.29 (3.86)
ANS to S Distance (mm) 70.76 (4.93) 71.69 (5.26) 71.26 (5.17) 71.02 (5.09) 71.00 (4.85)
ANS to FH Distance (mm) 26.58 (3.45) 26.98 (3.55) 26.73 (3.52) 26.70 (3.56) 26.60 (3.62)
PNS to S Distance (mm) 20.86 (2.90) 22.14 (3.51) 22.03 (3.58) 22.07 (3.63) 22.17 (3.71)
PNS to FH Distance (mm) 25.77 (2.49) 23.46 (2.35) 23.56 (2.31) 23.73 (2.29) 23.84 (2.19)
A to S Distance (mm) 67.16 (5.07) 68.46 (5.09) 67.87 (4.91) 67.56 (5.05) 67.53 (4.94)
A to FH Distance (mm) 32.58 (3.32) 32.68 (3.23) 32.72 (3.53) 32.58 (3.14) 32.38 (3.23)

Mandible
Mandibular plane Angle (°) 27.91 (3.68) 29.59 (4.55) 29.74 (4.33) 29.43 (4.42) 29.34 (4.56)
B to S Distance (mm) 74.59 (7.74) 66.68 (5.70) 67.01 (5.77) 67.30 (5.63) 67.55 (5.59)
B to FH Distance (mm) 76.43 (5.85) 74.35 (5.85) 73.55 (5.63) 73.49 (5.53) 73.31 (5.06)
Pog to S Distance (mm) 76.74 (8.45) 68.91 (6.28) 69.28 (6.49) 69.84 (6.27) 70.23 (6.47)
Pog to FH Distance (mm) 93.48 (6.72) 92.10 (6.34) 91.25 (6.59) 91.08 (6.50) 91.03 (6.49)
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base line.
The nonparametric Wilcoxon matched

pairs test and a single-ranks test were used
in the statistical analysis to compare change
between periods (1M–3M, 1M–6M, 1M–1Y).
The SAS® (SAS Institute Inc., USA) Ver. 8.02
software was used. The level of significance
was set at p�0.05.

Correlation coefficients between the degree
of transfer and degree of mandibular relapse
following surgery, and between degree of

Occlusal Plane Alteration after Two-Jaw Surgery

mandibular relapse and relapse of anterior
nasal spine (ANS) and PNS of the maxilla
were obtained.

Results

Table 2 shows the data on change during
the postoperative observation period (1M–
3M, 1M–6M, 1M–1Y) in all 16 patients. Table
3 shows the data on change during the post-

Table 3-2 Means and SDs of measurements in group P

Measurement items
PRE 1M 3M 6M 1Y
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Maxilla
SN-Palatal plane Angle (°) 8.20 (4.01) 11.30 (3.88) 10.70 (3.51) 10.50 (3.49) 10.21 (3.14)
SN-Occlusal plane Angle (°) 15.51 (3.94) 18.61 (3.41) 18.14 (3.55) 17.91 (2.64) 17.66 (2.39)
ANS to S Distance (mm) 70.56 (4.69) 71.88 (5.34) 71.46 (4.92) 71.40 (4.91) 71.25 (4.80)
ANS to FH Distance (mm) 25.69 (2.07) 26.14 (2.46) 25.86 (2.56) 25.70 (2.37) 25.44 (2.27)
PNS to S Distance (mm) 20.03 (2.91) 21.66 (3.68) 21.71 (3.68) 21.80 (3.91) 21.88 (3.95)
PNS to FH Distance (mm) 26.04 (2.49) 23.46 (2.16) 23.73 (1.96) 23.83 (2.03) 23.91 (1.86)
A to S Distance (mm) 66.44 (4.27) 67.64 (4.81) 67.24 (4.44) 67.04 (4.68) 67.04 (4.65)
A to FH Distance (mm) 31.94 (2.69) 32.04 (2.54) 32.04 (2.66) 32.01 (2.81) 31.91 (2.42)

Mandible
Mandibular plane Angle (°) 28.46 (4.06) 31.20 (3.25) 31.26 (3.15) 30.91 (3.61) 30.93 (3.77)
B to S Distance (mm) 73.74 (6.89) 65.28 (3.64) 65.90 (3.46) 66.43 (3.48) 66.61 (3.36)
B to FH Distance (mm) 77.46 (6.93) 74.98 (6.63) 73.69 (6.32) 73.94 (6.31) 73.54 (5.78)
Pog to S Distance (mm) 76.83 (9.06) 67.48 (4.14) 68.26 (4.24) 69.09 (4.17) 69.66 (4.74)
Pog to FH Distance (mm) 93.74 (5.74) 92.59 (6.03) 91.53 (5.90) 91.57 (5.76) 91.00 (5.72)

Table 3-1 Means and SDs of measurements in group S

Measurement items
PRE 1M 3M 6M 1Y
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Maxilla
SN-Palatal plane Angle (°) 9.96 (3.91) 12.95 (4.34) 12.69 (4.20) 12.54 (4.15) 12.56 (4.20)
SN-Occlusal plane Angle (°) 14.20 (4.39) 17.06 (4.38) 16.74 (4.40) 16.91 (4.55) 16.96 (4.97)
ANS to S Distance (mm) 70.95 (5.48) 71.50 (5.34) 71.06 (5.75) 70.64 (5.58) 70.75 (5.21)
ANS to FH Distance (mm) 27.48 (4.41) 27.83 (4.40) 27.59 (4.28) 27.70 (4.38) 27.76 (4.45)
PNS to S Distance (mm) 21.69 (2.82) 22.61 (3.50) 22.34 (3.70) 22.34 (3.58) 22.41 (3.62)
PNS to FH Distance (mm) 25.50 (2.64) 23.45 (2.69) 23.40 (2.75) 23.63 (2.66) 23.76 (2.62)
A to S Distance (mm) 68.24 (5.73) 68.69 (5.30) 68.43 (5.58) 68.34 (5.51) 68.18 (5.50)
A to FH Distance (mm) 33.21 (3.94) 33.31 (3.87) 33.40 (4.31) 33.15 (3.54) 32.94 (3.91)

Mandible
Mandibular plane Angle (°) 27.36 (3.45) 27.99 (5.29) 28.23 (5.01) 27.95 (4.88) 27.76 (4.96)
B to S Distance (mm) 75.45 (8.40) 68.09 (7.21) 68.11 (7.53) 68.18 (7.36) 68.46 (7.33)
B to FH Distance (mm) 75.40 (5.03) 73.78 (5.25) 73.30 (5.28) 73.04 (5.03) 73.08 (4.62)
Pog to S Distance (mm) 76.65 (8.43) 70.34 (7.92) 70.30 (8.36) 70.71 (8.07) 70.79 (8.16)
Pog to FH Distance (mm) 92.00 (7.20) 90.86 (6.85) 90.15 (7.42) 89.75 (7.25) 90.16 (7.37)
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operative observation period in both groups.
Table 4 shows the results of the statistical
analysis by the Wilcoxon matched pairs test.
Figs. 9, and 10 S and P show the changes in
degree of transposition with surgery and after
surgery.

1. Maxilla
With clockwise rotation of the maxilla, PNS

moved about 2–2.5 mm upward, ANS slightly
moved about 0.4–0.5 mm downward, and
the angle of the palatal plane and S-N plane
increased by approximately 3° (PRE-1M) in
both groups. The angle of the occlusal plane
and S-N plane also increased by approxi-

mately 3°. After surgery (1M–1Y), neither
group showed significant antero-posterior
change, although slight vertical change down-
ward was recognized at PNS. ANS moved
about 0.9 mm backward 1 year after surgery in
both groups. Although no vertical change was
seen in group S, an approximately 0.7 mm
movement upward was recognized in group P
at ANS at 1 year after surgery. As a result,
counter-clockwise rotation of the palatal plane
was recognized in both groups, together with
a decrease in the angle of the palatal plane
and S-N plane. The quantity of the latter was
about 0.4° in group S and about 1.0° in group
P. A correlation between degree of mandibu-

Table 4 Significant differences between group S and group P

Groups PRE–1M 1M–3M 1M–6M 1M–1Y

Measurement Items of Maxilla

SN-Palatal plane Angle (°) S * * * *
P * * * *

SN-Occlusal plane Angle (°) S *
P * * * *

ANS to S Distance (mm) S * *
P *

ANS to FH Distance (mm) S
P *

PNS to S Distance (mm) S
P *

PNS to FH Distance (mm) S *
P * *

A to S Distance (mm) S
P * * *

A to FH Distance (mm) S
P

Measurement Items of Mandible

Mandibular plane Angle (°) S
P *

B to S Distance (mm) S * *
P * * * *

B to FH Distance (mm) S *
P * *

Pog to S Distance (mm) S * *
P * * *

Pog to FH Distance (mm) S
P

*: p�0.05
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lar relapse and relapse of ANS and PNS of the
maxilla was recognized (ANS: R2�0.455,
PNS: R2�0.5371).

2. Mandible
At the B point and pogonion, antero-posterior

change was posterior and vertical change was
upward with surgery (PRE-1M). Although after
surgery (1M–1Y), vertical change at both the
B point and pogonion tended to be in the
upward direction, no significant difference
was recognized at any of the set time periods.
Antero-posterior change in group S advanced
slightly in one year. As with group P, in every
period, advancement was significant, at about
1.4mm at B point and at about 2.0 mm at the
pogonion 1 year after surgery. No significant
change was seen in the mandibular plane in
either group. No correlation was recognized
between degree of transposition by surgery
and degree of mandibular relapse after sur-
gery (R2�0.1214).

Discussion

Two-jaw surgery involving occlusal plane
alteration requires more aggressive surgery.
Anatomical considerations such as the descend-
ing palatine artery in the vicinity of the poste-
rior maxilla make surgery difficult, requiring
a high level of expertise. However, several
reports have suggested that alteration of the
occlusal plane is highly effective in obtaining
good aesthetic and functional outcomes.
Kusakabe et al.9) and Reyneke et al.15) suggested
that this approach was necessary in altering
chin projection to achieve good aesthetic
results, as it cannot be obtained by one-jaw
surgery alone. In terms of functional out-
come, Motoyoshi et al.12) noted that in making
the occlusal plane angle high, it formed a
right angle with the vector derived from the
masseter. When the occlusal plane was flat,
occlusal pressure concentrated around the
molars was dispersed throughout the entire
dentition. In other words, they found that
neuromuscular balance was maintained by
positioning the occlusal plane at an appropri-
ate vertical position. Therefore, it is thought
that occlusal alteration has high utility. How-
ever, it is a necessary condition that postopera-
tive stability is good. There are many factors
that influence stability. Surgical influences
were excluded as much as possible through
patient selection criteria in this study. We
noted the influence of mandibular fixation
on postoperative stability.

In conclusion, the occlusal plane afterFig. 9 Transposition by operation

Fig. 10 Position change after operation (group S and group P)
Direction and average value of change at 1 Y of points are shown. Points represent measurement items
showing significant change.
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clockwise rotation showed significant change
in group P at one year after surgery. In other
words, fixing the mandible with screws
yielded greater stability of maxillary occlusal
plane angle than fixing the mandible with
titanium plates. However, this result is not
necessarily correct. As described above, the
occlusal plane is decided by dental landmarks
and can easily be influenced by postoperative
orthodontic treatment. Therefore, we also
evaluated changed in the landmarks of the
mandible and maxilla after surgery.

In terms of mandibular stability, the degree
of relapse in groups where screws were used
in previous reports10,18,21) was similar to that of
group P in this study. Fixation using locking
plates may be the reason good stability of
the mandible was obtained in group P. In
this study, locking plates were used to fix the
mandible. To the author’s knowledge, there
have been no other studies on fixation using
locking plates in orthognathic surgery. How-
ever, physiological research on locking plates
revealed8) that the screw locking into the plate
on each side of the fracture, as well as into the
bone, resulted in the construction of a highly
stable frame. Several studies on bone frac-
tures have also found7,19) that such locking
plates were stable. Compression of the lock-
ing plate on the bone decreases depending
on the construction of the plate. Therefore,
the risk of primary loss of reduction is sup-
pressed and bone blood supply is preserved.
This is the reason locking plates are considered
to be stable. Moreover, the stability of group S
was more stable. The degree of relapse in
group S in this study was only 0.45 mm at the
pogonion. It was thought that this good stabil-
ity might have resulted from the alteration
of the occlusal plane. According to Proffit
et al.13), moving the maxilla upwardly and the
mandible posteriorly in patients with Class III
occlusion led to shortening of mandibular
muscle, yielding control of muscle tension,
together with soft tissue relaxation due to auto-
rotation. This resulted in a decrease in force
against the maxilla and mandible. Therefore,
good mandibular stability was achieved. How-
ever, further research is needed to clarify the

relationship between stability and occlusal
alteration. In terms of mandibular stability,
group P showed a more significant relapse
than group S. This finding agrees with that of
earlier reports.

In terms of maxillary stability, it should
be noted that this difference in stability was
revealed through fixation of the mandible. In
group P, in particular, relapse of the maxilla
after surgery occurred in an upper direction
at ANS, and in a downward direction at PNS.
As a result, group P showed greater counter-
clockwise rotation of the palatal plane and
change in occlusal plane angle than group S.
According to Bothur et al.3), no change in
maxillary stability was seen in a comparison of
two-jaw and one-jaw surgery of the maxilla.
Therefore, they suggested that the mandible
does not influence maxillary stability. Regard-
ing relapse of the maxilla and mandible,
Marchetti et al.10) suggested that the maxilla or
mandible influence each other, although this
remains to be clarified. Unlike the mandible,
there is no strong muscle such as the masseter
attached to the maxilla, so influence from
muscle is considered to be less. Considered
alone, good stability can be predicted in the
maxilla. However, the maxilla always receives
pressure due to occlusion from the mandible.
This occlusion exerts its force vertically and
antero-posteriorly on the maxilla. Therefore,
we suggest that occlusion and degree of man-
dibular relapse influence the stability of the
maxilla. It was anticipated that anterior move-
ment of the mandible after surgery would
push the maxillary front teeth upward. As a
result, vertical relapse of the maxillary front
in group P was especially large. Therefore, in
terms of obtaining maxillary stability after
surgery, we believe that the maxilla should be
considered in conjunction with the mandible,
not alone. The maxilla and mandible should
be considered as a complex. Therefore, in
occlusal plane alteration cases, it is important
to fix the mandible rigidly. We suggest that to
the optimum method is to use a screw for
mandibular fixation. If a plate must be used,
we recommend a locking plate be used rather
than a conventional plate.
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Conclusion

We investigated how method of mandibular
fixation influenced long-term postoperative
stability of the maxilla in Class III cases and
how that affected the maxillary occlusal plane.

Stability of not only the mandible but also
the maxilla was greater with use of a screw than
of a plate in fixing the mandible, as was sta-
bility of the occlusal plane angle. Therefore,
rigid fixation of the mandible is necessary in
order to avoid long-term counter-clockwise
rotation of the maxilla following surgery in
which occlusal plane alteration is performed.
Rigid mandibular fixation is one of the most
important factors in achieving good stability
of the maxillary occlusal plane and in pre-
serving the aesthetic and functional benefits
obtained by Occlusal Plane Alteration.

Acknowledgements

We would like to thank Associate Prof.
Jeremy Williams and Prof. T. Matsukubo of
Tokyo Dental College for their editorial advice
on this manuscript.

References

1) Akimoto Y, Takaki T, Noma H (2000) A study
of relationship occlusal plane and dens of axis
by the facial profile cephalo X-ray standard
photography. Jpn J Jaw Deform 10:89–98. (in
Japanese)

2) Arpornmaeklong P, Shand JM, Heddie AA
(2004) Skeletal stability following maxillary
impaction and mandibular advancement. Int J
Oral Maxillofac Surg 33:656–663.

3) Bothur S, Blomqvist JE, Isaksson S (1998) Sta-
bility of Le Fort I osteotomy with advancement:
a comparison of single maxillary surgery and
a two-jaw procedure. J Oral Maxillofac Surg
56:1029–1033.

4) Chemello PD, Wolford LM, Hillard FW (1994)
Occlusal plane alteration in orthognathic sur-
gery—Part II: Long-term stability of results.
Am J Orthod Dentofacial Orthop 106:434–
440.

5) Epker BN (1981) Superior surgical reposi-

tioning of the maxilla: long term results. J
Maxillofac Surg 9:237–246.

6) Fujinami J, Takaki T, Noma H (2005) Research
on the facial symmetry of Japanese—Stan-
dard diagram of posterior-anterior roentgeno-
graphic cephalometrics—. Jpn J Jaw Deform
15:68–77. (in Japanese)

7) Gautier E, Sommer C (2003) Guidelines for
the clinical application of the LCP. Injury
34:63–76.

8) Gutwald R, Alpert B, Schmelzeisen R (2003)
Principle and stability of locking plates. Keio J
Med 52:21–24.

9) Kusakabe T, Sato Y, Okamoto T, Yamamoto T,
Ohata, N, Inoue N, Iida N (2006) Profile
change in skeletal class III patients—A com-
parison between sagittal split ramus oste-
otomy and orthodontic treatment—. Jpn J
Jaw Deform 16:1–7. (in Japanese)

10) Marchetti C, Gentile L, Bianchi A, Bassi M
(1999) Semirigid fixation of the mandible
in bimaxillary orthognathic surgery: stability
after 18 months. Int J Adult Orthodon
Orthognath Surg 14:37–45.

11) McCollum AG, Reyneke JP, Wolford LM
(1989) An alternative for the correction of the
Class II low mandibular plane angle. Oral Surg
Oral Med Oral Pathol 67:231–241.

12) Motoyoshi M, Shimazaki T, Hosoi K, Wada
M, Namura S (2003) Stresses on the cervical
column associated with vertical occlusal alter-
ation. Eur J Orthod 25:135–138.

13) Proffit WR, Philips C, Dann C 4th, Tuvey TA
(1991) Stability after surgical-orthodontic cor-
rective of skeletal Class III malocclusion. 3.
Combined maxillary and mandibular proce-
dures. Int J Adult Orthodon Orthognath Surg
6:211–225.

14) Reyneke JP (1998) Surgical manipulation of
the occlusal plane: new concepts in geometry.
Int J Adult Orthodon Orthognath Surg 13:
307–316.

15) Reyneke JP, Bryant RS, Suuronen R, Becker PJ
(2007) Postoperative skeletal stability follow-
ing clockwise and counter-clockwise rotation
of the maxillomandibular complex compared
to conventional orthognathic treatment. Br J
Oral Maxillofac Surg 45:56–64.

16) Ricketts RM, Bench RW, Hilgers J J, Schulhof
R (1972) An overview of computerized cephalo-
metrics. Am J Orthod 61:1–28.

17) Sassouni V (1955) A roentgenographic cepha-
lometric analysis of cephalo-faciodental rela-
tionships. Am J Orthod 41:735–764.

18) Tamura H, Takaki T, Noma H (1998) Cephalo-
metric evaluation of stability of mandibular
position after treatment of mandibular prog-
nathism by sagittal splitting ramus osteotomy.



82 Yosano A et al.

Jpn J Jaw Deform 8:1–17. (in Japanese)
19) Wagner M (2003) General principles for the

clinical use of the LCP. Injury 34:31–42.
20) Wolford LM, Chemello PD, Hillard FW (1993)

Occlusal plane alteration in orthognathic sur-
gery. J Oral Maxillofac Surg 51:730–740.

21) Wolford LM, Chemello PD, Hillard FW (1994)
Occlusal plane alteration in orthognathic sur-
gery—Part I: Effects on function and esthetics.
Am J Orthod Dentofacial Orthop 106:304–
316.

22) Wolford LM, Epker BN (1975) The combined
anterior and posterior maxillary osteotomy: a
new technique. J Oral Surg 33:842–851.

23) Yosano A, Takaki T, Shibahara T (2005) Model
surgery technique for Le Fort I osteotomy

—Alteration in occlusal plane associated with
upward transposition of posterior maxilla—.
Bull Tokyo Dent Coll 46:67–78.

Reprint requests to:
Dr. Akira Yosano
Department of Oral and
Maxillofacial Surgery,
Tokyo Dental College,
1-2-2 Masago, Mihama-ku,
Chiba 261-8502, Japan
Tel: +81-43-270-3977
Fax: +81-43-270-3979
E-mail: yosano@tdc.jp


