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Correction of open bite has been considered to be a
challenge for orthodontists. The aetiology of open

bite has been considered to be multi-factorial. Some re-
searchers have reported that open bite is induced by lo-
cal or habitual factors, such as abnormal tongue, lip or
cheek activity during mastication, swallowing and

speech1, thumb sucking or mouth breathing. This type of
open bite can be successfully treated by removing the
functional aetiologies with orthodontic or orthopaedic
appliances, or by tonic training of the perioral muscula-
ture along with tongue posture retraining. Open bite  is
also thought to be induced by skeletal deformities and
should be treated by a combined orthodontic and orthog-
nathic approach.

The surgical modalities for skeletal open bite have
shifted over the years from mandibular osteotomies to
maxillary procedures2. Open bite correction through 
anticlockwise rotation of the mandible and intermaxil-
lary wire fixation was abandoned because of the insta-
bility associated with this technique. Currently, superior
repositioning and tilting of the maxilla, with or without
bilateral sagittal split osteotomy (BSSO) has become
the commonly used technique3-5.
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Objective: To study long-term skeletal and dento-alveolar stability 15 years after surgical-or-
thodontic correction of skeletal open bite.
Methods: Ten open bite patients (8 females and 2 males) who had undergone orthodontic treat-
ment in combination with bimaxillary surgery at Hannover Medical School were reviewed. All
patients underwent Le Fort I osteotomies combined with bilateral sagittal split osteotomy. The
cephalometric records of these patients were examined at the start of orthodontic treatment
(T1), before surgery (T2), immediately after surgery (T3), medium-term after surgery (aver-
age 1.5 years, T4) and long-term after surgery (average 15 years, T5). Eight skeletal and five
dental cephalometric measurements were selected. Skeletal and dento-alveolar changes were
evaluated.
Results: Moderate skeletal relapse has been observed 15 years after surgery in skeletal open
bite patients treated by bimaxillary surgery. Approximately half of the total surgical changes
in PP-SN, MP-SN and ANS-Me remained. Two-thirds of surgical changes in N-Me, N-ANS and
S-Go remained. Except that the anterior part of maxilla relapsed completely 1.5 years after
surgery, other skeletal relapses occurred mainly in the late follow-up period. Overbite re-
mained quite stable 15 years after surgery, which was mainly due to the upper and lower inci-
sors eruption during the long-term period.
Conclusion: Treatment of skeletal open bite via Le Fort I and bilateral sagittal split osteotomies
appears to be a clinically successful and stable procedure.
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In recent years, many studies have reported on the sta-
bility of maxillary surgery, but the results are still con-
flicting. Proffit et al6 reported a study on 61 patients who
had their maxilla impacted by the Le Fort I down frac-
ture technique, and found a 95% vertical stability at the
one year post-operative stage. Lo and Shapiro7 exam-
ined the stability of maxillary surgery for open bite cor-
rection. They found that overbite decreased 0.82 mm on
average during the 5-year 10-month follow-up, and 25%
percent (10 of the 40) of the patients had no incisal over-
lap and were therefore considered to be unstable. 

Controversy also exists as to the stability of the bi-
maxillary approach8-11. Swinnen et al12 reported a
study on one-year follow up stability of 37 skeletal open
bite patients treated by bimaxillary surgery. Although the
clockwise rotation of the palatal plane (1.7 degrees) re-
lapsed completely within the first post-operational year,
overbite remained stable one year after surgery. Hoppen-
reijs et al13 reported that the skeletal open bite patients,
treated with Le Fort I osteotomy with or without BSSO,
exhibited good skeletal stability of the maxilla. The
mean overbite at a 69 months follow-up was 1.24 mm.
Some studies have shown that bimaxillary osteotomies
could result in less mandibular but more maxillary re-
lapse than each of the separate osteotomies8,9, while
others have reported a comparable relapse tenden-
cy10,11.

Although there are a number of reports on the stabil-
ity of surgical correction of skeletal open bite, there are
no reports on long-term changes of more than 10 years.
It will be of great interest to know the long-term skele-
tal and dental changes with skeletal open bite treated by
bimaxillary surgery. Such knowledge would provide
some insights into the causes of the long-term post-
surgical changes and also provide more information for
developing new modifications of the surgical procedure.

This paper reports the stability of more than 15 years
post-surgery for patients in the Hannover Medical
School who had bimaxillary surgical correction of skele-
tal open bite via Le Fort I osteotomy with simultaneous
ramus osteotomies.

Materials and Methods

Sample
The records of 10 patients (8 females and 2 males) with
skeletal open bite (no vertical overlap) treated by com-
bined Le Fort I osteotomy and bilateral sagittal splitting
of the mandibular ramus were reviewed. All patients
were selected from the files at the orthodontic depart-
ment and received orthodontic-surgical treatment at
Hannover Medical School between 1982 and 1990. 

The inclusion criteria were as follows. 1) The docu-
mentation was complete, including all the cephalograms
taken at 5 occasions, i.e. at the start of the orthodontic
treatment (T1), before surgery (T2), immediately after
surgery (T3), medium-term after surgery, average 1.5
years (T4) and long-term after surgery, average 15 years
(T5). 2) All the lateral head films had to be of sufficient
quality to ensure adequate tracing. 3) Patients were of
Caucasian origin. 4) Patients did not have severe cranio-
facial disorders such as cleft palate or hemifacial micro-
somia. 5) Patients had tongue-thrusting habits.

The average age of the patients was 24 years 5
months, ranging from 19 years to 41 years 4 months of
age. All the patients had an increased lower face height
and an increased mandibular plane angle, with a mean
value mandibular plane angle of approximately 41.5 de-
grees. The average open bite of the patients was -3.2 mm
with a range between -1.5 mm and -8.0 mm.

The post-operative follow-up period was divided into
medium-term and long-term follow-up. The medium-
term follow-up period ranged from 0.8 years to 2.5 years,
with a mean of 1.5 years. The long-term follow-up 
period ranged from 13 years to 18 years, with a mean of
15 years.

Orthodontic treatment

All patients received orthodontic treatment during the
pre- and post-operative period. Pre-operative orthodon-
tic treatment included alignment of the teeth over their
respective basal bones, decompensation where required,
levelling of the dental arches and adjustment of the width
of the dental arches. 

Surgical procedure

All operations were performed at the Department of
Maxillofacial Surgery, Hannover Medical School, be-
tween 1982 and 1990. Surgery was performed after the
rate of growth was determined to have declined to adult
levels. All cases were treated with superior surgical repo-
sitioning and tilting of the maxilla and bilateral sagittal
split osteotomy (BSSO). The conventional down-frac-
ture technique of the osteotomised maxilla was followed
by rigid fixation using mini-plate osteosynthesis with 4
plates and suspension wire to the infraorbital rim. The
average fixation period ranged from 4 months to 14
months. with a mean of 6.7 months. Fixation of the
mandibular fragments was achieved by means of ramal
anterior border intra-osseous wire ligatures and circum-
mandibular wire ligatures. The remaining fixation 
period ranged from 4 months to 14 months, with a mean
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of 6 months. Intermaxillary fixation with fixed ortho-
dontic appliances and constructed splints were used for
4 to 7 weeks, with an average of 5.2 weeks.

Cephalometric analysis

All the cephalograms were obtained with the teeth in
centric occlusion and the lips in a relaxed position. Mag-
nification for linear measurements was 8%, which was
corrected. Radiographs were traced on acetate paper by
the same investigator (Y.D.). Cephalometric landmarks
identified and the reference lines used are shown in Fig
1. Definitions of cephalometric measurements are pre-
sented in Table 1. Twenty-six cephalometric landmarks
were selected. Eight skeletal and five dental dimensions
were measured.

Statistic analysis

All statistics were performed with SPSS software
(SPSS, Inc., Chicago, USA). The analysis of frequency
distribution showed the samples were normally distrib-
uted in general. Statistical analysis of the data was made
using the Student t test. For all statistical analyses, the
confidence level p < 0.05 was considered significant.

Measurement reliability

The combined error of tracing and measurement was de-
termined by tracing 10 randomly selected cephalomet-
ric radiographs at least 4 weeks after the first tracing and
by repeating the measurements. Differences between the
original and the retraced cephalometric radiographs
were statistically analysed using paired t tests. The com-

TABLE 1  Cephalometric measurements definitions

Measurements Definition

Skeletal measurements
MP-SN (°) The angle made by mandible plane (MP) and the frontal cranial basal plane (SN)
MP-PP (°) The angle made by mandible plane (MP) and the palatal plane (PP)
PP-SN (°) The angle made by palatal plane (PP) and the frontal cranial basal plane (SN)

N-Me (mm) Anterior facial height: the distance between N and Me
N-ANS (mm) Upper facial height: the distance between N and ANS
ANS-Me (mm) Lower facial height: the distance between ANS and Me
S-Go (mm) Posterior facial height: the distance between S and Go
S-Go/N-Me (%) The ratio of posterior facial height to anterior facial height

Dental measurements
Overbite (mm) The distance between the perpendiculars from the incisal edges of the maxillary and mandibular 

incisors to the N-Me line
U1-PP (mm) The vertical distance from the upper incisal edge to the palatal plane (PP)
U6-PP (mm) The vertical distance from the upper first molar mesial cusp to the palatal plane (PP)
L1-MP (mm) The vertical distance from the lower incisal edge to the mandibular plane (MP)
L6-MP (mm) The vertical distance from the lower first molar mesial cusp to the mandibular plane (MP)

Fig 1 Cephalometric analysis.
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TABLE 2  Mean values of variables at the start of orthodontic treatment (T1), pre-operatively (T2), 
immediiately post-operatively (T3), 1.5 years post-operatively (T4), and 15 years post-operatively (T5)

Time intervals T1 T2 T3 T4 T5 P
Mean SD Mean SD Mean SD Mean SD Mean SD

Skeletal changes
MP-SN (°) 41.5 5.3 42.0 4.9 40.7 6.9 40.7 6.7 41.6 6.1 NS
PP-SN (°) 10.5 2.9 10.7 3.0 15.5 8.0 15.4 6.8 13.0 5.7 ***
MP-PP (°) 31.1 5.2 31.3 5.2 25.2 7.8 25.3 7.2 28.6 7.1 ***

N-Me (mm) 123.8 7.3 124.1 7.0 119.5 6.9 119.7 6.8 121.4 6.1 ***
N-ANS (mm) 52.2 3.0 52.4 2.9 50.3 3.4 51.1 3.3 50.9 2.4 **
ANS-Me (mm) 71.6 5.8 71.8 5.5 69.2 5.9 68.5 6.1 70.7 5.3 ***
S-Go (mm) 73.9 6.2 73.9 6.2 71.0 6.1 71.4 6.6 72.1 6.3 *
S-Go/N-Me (%) 60.7 4.1 60.5 4.2 60.7 5.5 60.9 4.7 60.7 4.4 NS

Dental changes
Overbite (mm) -3.2 2.1 -3.2 2.2 0.6 1.8 1.6 0.7 1.5 0.9 ***
U1-PP (mm) 26.7 3.5 27.0 3.4 27.5 3.7 27.6 3.9 29.6 3.4 **
U6-PP (mm) 24.7 2.1 24.7 2.0 24.5 2.2 24.0 1.9 24.5 1.3 NS
L1-MP (mm) 40.4 3.9 40.6 4.0 40.7 3.6 41.1 3.8 42.6 4.3 **
L6-MP (mm) 31.7 3.6 32.2 3.4 32.1 3.3 31.7 3.9 31.9 3.4 NS

*P<0.05; **P<0.01; ***P<0.0001; NS, not significant

TABLE 3  Mean changes of skeletal and dento-alveolar measurements pre-operatively (T1–T2), intra-opera-
tivvely (T2–T3), early post-operatively (T3–T4), late post-operatively (T4–T5), total post-operatively ((T3–T5)
and the total treatment changes (T1–T5)

T1–T2 T2–T3 T3–T4 T4–T5 T3–T5 T1–T5
Skeletal changes Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

MP-SN (°) -0.5 2.8 1.3 2.8 0.0 2.8 -0.9 2.8 -0.9 2.8 -0.1 2.8
PP-SN (°) -0.2 4.1 -4.8** 4.1 0.1 4.1 2.4* 4.1 2.5* 4.1 -2.5* 4.1
MP-PP (°) -0.2 3.8 6.1*** 3.8 -0.1 3.8 -3.3** 3.8 -3.4** 3.8 2.5* 3.8
N-Me (mm) -0.3 2.5 4.6*** 2.5 -0.2 2.5 -1.7* 2.5 -1.9* 2.5 2.4** 2.5
N-ANS (mm) -0.2 1.9 2.1** 1.9 -0.8* 1.9 0.2 1.9 -0.6 1.9 1.3* 1.9
ANS-Me (mm) -0.2 0.7 2.6** 0.7 0.7 0.7 -2.2** 0.7 -1.5* 0.7 0.9 0.7
S-Go (mm) 0.0 3.5 2.9** 3.5 -0.4 3.5 -0.7 3.5 -1.1 3.5 1.8 3.5
S-Go/N-Me (%) 0.2 3.2 -0.2 3.2 -0.2 3.2 0.2 3.2 0.0 3.2 0.0 3.2

Dental Changes

Overbite (mm) 0.0 2.2 -3.8*** 2.2 -1.0 2.2 0.1 2.2 -0.9 2.2 -4.7*** 2.2
U1-PP (mm) -0.3 2.5 -0.5 2.5 -0.1 2.5 -2.0** 2.5 -2.1* 2.5 -2.9** 2.5
U6-PP (mm) 0.0 1.3 0.2 1.3 0.5 1.3 -0.5 1.3 -0.0 1.3 0.2 1.3
L1-MP (mm) -0.2 0.9 -0.1 0.9 -0.4 0.9 -1.5** 0.9 -1.9** 0.9 -2.2** 0.9
L6-MP (mm) -0.5 1.3 0.1 1.3 0.5 1.3 -0.2 1.3 0.3 1.3 -0.2 1.3

*P<0.05; **P<0.01; ***P<0.0001
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bined tracing and measurement errors were not signifi-
cant at the 0.05 level.

Results

The results of the cephalometric analysis are shown in
Tables 2 and 3.

Skeletal changes

Mandibular plane angle (MP-SN) 
Mandibular plane angle was reduced insignificantly by

1.30 degrees at surgery. Changes during the post-opera-
tive period were statistically insignificant (Fig 2).

Palatal plane angle (PP-SN)
There was a significant increase of 4.8 degrees in the
palatal plane angle at surgery. It remained stable at the
medium-term stage (1.5 years) with only 0.1 degree re-
lapse. Most of the relapse (2.4 degrees) took place dur-
ing the long-term follow-up. The net post-operative
changes (T3–T5) were statistically significant. A late
tendency (T4–T5) for anticlockwise rotation of the
palatal plane was observed (Fig 2).

Ding et al
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Fig 2 Post-surgical skeletal
changes (mean values). 1) T1 (the
start of orthodontic treatment), 2)
T2 (before surgery), 3) T3 (imme-
diately after surgery), 4) T4 (1.5
years after surgery) and 5) T5 (15
years after surgery).
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Mandibular and maxillary plane angle (MP-PP)
There was a significant reduction of 6.1 degrees at sur-
gery. During the medium-term follow-up, it remained
quite stable. Most of the relapse (3.3 degrees) took place
thereafter. The net post-operative changes (T3-T5) were
statistically significant, and a late tendency (T4–T5) of
relapse was observed (Fig 2).

Facial heights

Anterior facial height (N-Me) was reduced significant-
ly by 4.6 mm at surgery, and remained quite stable dur-
ing the medium-time follow-up. The major relapse (1.7
mm) was found in the long-term follow-up. The net post-
operative changes (T3–T5) were statistically significant
and a late tendency (T4–T5) of relapse was observed
(Fig 2).

Posterior facial height (S-Go) was reduced signifi-
cantly (2.9 mm) at surgery. During the whole follow-up
period, it relapsed totally by 1.1 mm, which was not sig-
nificant (Fig 2). 

Anterior lower facial height (ANS-Me) was reduced
significantly by 2.6 mm at surgery. It continued to reduce
by 0.7 mm 1.5 years after surgery. During the long-term
follow-up period, it relapsed by 2.2 mm. The net post-

operative changes (T3–T5) were statistically significant
and a late tendency (T4–T5) of relapse was observed.

Anterior upper facial height (N-ANS) was reduced
significantly by 2.1 mm at surgery. It showed a totally
different relapse pattern when compared with other
skeletal changes. An early tendency (T3–T4) of relapse
was observed. The total relapse (0.8 mm) occurred com-
pletely within the medium-term follow-up period. 

Dental changes

Overbite
Overbite was increased from -3.2 mm to +0.6 mm after
surgery and continued to improve at medium-term stage
to +1.6 mm. During the long-term follow-up, it remained
quite stable, with an average mean of +1.5 mm 15 years
after surgery. Only one out of the 10 patients (10%) had
an anterior open bite (-0.5 mm) 15 years later (Fig 3).

Incisor position
No significant changes were found pre-surgically, dur-
ing surgery and 1.5 years after surgery both in the max-
illary and the mandibular incisors. Significant eruption
in upper incisors (2.0 mm) and lower incisors (1.5 mm)
was found during the long-term follow-up period (Fig 3).

Ding et al
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Fig 3 Post-surgical dental chan-
ges (mean values). 1) T1 (the start
of orthodontic treatment), 2) T2
(before surgery), 3) T3 (immediate-
ly after surgery), 4) T4 (1.5 years
after surgery) and 5) T5 (15 years
after surgery).
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Molar position
No significant changes were found pre-surgically, dur-
ing surgery and after surgery both in the maxillary and
mandibular molars.

In summary, the data showed that 15 years after sur-
gery, approximately half of the total surgical changes in
palatal plane rotation (PP-SN, MP-PP) and lower facial
height (ANS-Me) remained. Two-thirds of those changes
in anterior facial height (N-Me), upper facial height (N-
ANS) and posterior facial height (S-Go) remained. The
dental relationship and clinical acceptance remained rel-
atively stable; nevertheless there was a moderate relapse
in vertical skeletal measurements.

Discussion

Long-term stability of surgical correction of skeletal
open bite is a major consideration in selecting the appro-
priate procedure. A number of studies reported the sta-
bility of skeletal open bite treated by surgery, but more
than half of those studies only have one year for follow-
up. Studies of more than one year of follow-up for or-
thognathic procedures showed that continuous changes
in skeletal cephalometric landmarks were observed in
that period. On the other hand, one year post-operation
is likely to coincide with the removal of orthodontic ap-
pliances, and therefore the overbite would be positive.
Therefore, although it may be possible to evaluate surgi-
cal stability one year post-operatively, overbite stability,
which reflects both skeletal and dental movements, can-
not truly be assessed unless a sufficient period of time
has passed after the removal of the appliance. Lo and
Shapiro7 reported that 25% of open bite patients with
surgery did not have incisor overlap at the end of 69
months follow-up. Proffit et al14 reported that with 1–3
years, follow-up of open bite treated with bimaxillary
surgery, face height increased more than 2 mm in 40%
of the two-jaw surgery group, and 12% had an overbite
decrease of 2–4 mm. It is important to continue to fol-
low patients to improve the quality of the data for short
and medium-term stability on which clinical decisions
are presently based and to resolve questions about long-
term stability.

The present study showed that none of the ten patients
had an open bite relapse 1.5 years after surgery, and on-
ly one of them (10%) had an anterior open bite (-0.5 mm)
recur 15 years after surgery. Since the data have compa-
rable stability in the medium-term follow-up (1.5 years)
to those reported by other studies11,13,15, the data of
long-term change (15 years) will shed light on the under-
standing of the skeletal and dental changes of skeletal
open bite a long time after bimaxillary surgery. 

The present data suggested that both the time course
and amount of relapse of maxilla and mandible are dif-
ferent during the 15-year follow-up period. Apart from
the anterior part of the maxilla (ANS), which showed
complete relapse during the first 1.5-year follow-up 
period, all the other skeletal relapses, such as the 
downward movement of the posterior part of maxilla
(PNS), the anticlockwise rotation of the palatal plane
(PP-SN) and also the increase in the lower facial height
(ANS-Me), were observed in the long-term follow-up
period. Posterior facial height (S-Go) showed a contin-
uous increase during the whole follow-up period. On the
other hand, the amount of relapse in the upper and 
lower face was also different. This difference might be
because the upper facial changes are mainly influenced
by maxillary changes, but the lower facial changes are
influenced by both the maxillary changes and also the
mandibular changes. 

A number of studies have reported the different sta-
bility between the maxilla and mandible in open-bite pa-
tients treated by bimaxillary surgery16-17. Moser and
Freihofer18 reported that in skeletal open bite patients
treated by bimaxillary surgery, the maxilla proved to be
far more stable than the mandible. Lello19 reported sim-
ilar results (within 5 years follow-up). The present 15-
year follow-up study is also in agreement with this con-
clusion. 

It could be postulated that moderate relapse in the
skeletal position of the maxilla and mandible would pre-
dispose the recurrence of an anterior open bite. Howev-
er, this was not seen, since no significant change in over-
bite could be clinically observed. Despite the amount of
skeletal relapse in the long-term follow-up, the relative
stability in dental relationship is surprising. The overbite
of the present samples remained quite stable, and there
was a significant increase in maxillary and mandibular
incisor vertical position. Further investigation is re-
quired to elucidate why there was skeletal relapse long
after surgical healing was complete, and why the amount
of relapse toward open bite was insignificant.

It has been shown that tongue activity might play an
important role in dental changes. Data from teeth erup-
tion studies have suggested that heavy intermittent
forces, like those from swallowing or other activities,
have little or no effect on teeth eruption. Very light
forces, such as that exerted by tongue or other soft tis-
sues at rest, can stop eruption of teeth if they are main-
tained for 25 to 50% of the time20. In the present study
all the patients had tongue thrusting habits. Before sur-
gery, the tongue always covered the maxillary or
mandibular incisors, and perhaps this is the reason why
there was no compensation in the incisors and anterior
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open bite occurred. After surgery, the sagittal discrepan-
cy of the two jaws was corrected and relatively good oc-
clusion was obtained; the tongue had a relatively good
position, so even post-surgical skeletal changes were ob-
vious; maxillary and mandibular incisors erupted and
compensated for the skeletal change; and even 15 years
after surgery, overbite remained stable.

Conclusions

Cephalometric radiographs were evaluated to determine
the long-term stability of bimaxillary treatment of skel-
etal open bite. Changes in the cephalometric measure-
ments were evaluated a mean of 15 years after surgery.
On the basis of statistical analysis, the following conclu-
sions were made:

1. Moderate skeletal relapse was observed 15 years af-
ter surgery as determined by lateral cephalograms.

2. Approximately half of the total surgical changes in
PP-SN, MP-PP and ANS-Me and two-thirds of those
changes in N-Me, N-ANS and S-Go remained 15
years after surgery.

3. The anterior part of maxilla relapsed completely dur-
ing the first 1.5 years. Other skeletal relapse occurred
mainly in the late follow-up period.

4. Overbite remained quiet stable 15 years after surgery,
which is mainly due to the maxillary and mandibular
incisors erupting during the long-term period.

5. Treatment of skeletal open bite by means of a Le Fort
I and bilateral sagittal split osteotomies appears to be
a clinically successful and stable procedure.
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