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Abstract 

The aim of this study was to determine the vertical and anteroposterior alterations in the soft, 
the dental and the skeletal tissues associated with the facial profile after Le Fort I maxillary 
impaction in conjunction with sagittal split osteotomy for mandibular advancement performed 
in patients with a high angle Class II skeletal deformity. 

The study population consists of 21 patients (11 females and 10 males, mean age 24.5±1.6 
years) who underwent Le Fort I maxillary impaction in conjunction with sagittal split oste-
otomy for mandibular advancement. Lateral cephalograms were obtained prior to the surgery 
and 1.3±0.2 years postoperatively. Wilcoxon test was performed to compare the pre- and 
postsurgical cephalometric measurements. Pearson correlation test was carried out to de-
termine the relative changes in skeletal, dental and the facial soft tissues. 

The insignificant decrease in the nasolabial angle was correlated with the significant decrease 
in the vertical position of the nose due to the nasal protraction noticed after bimaxillary 
surgery. The retraction of both the upper lip and the upper incisors was correlated with the 
insignificant decrease in the columella-lobular angle. The insignificant decrease in both the 
vertical height of the mandibular B point and the lower incisors was correlated with the in-
significant decrease in vertical height of the soft tissue pogonion, attributable to the resulting 
superior movement of the soft tissues of the chin and the counter clockwise rotation of the 
mandible after maxillary impaction and bilateral sagittal split osteotomy, respectively.  

Le Fort I maxillary impaction in conjunction with mandibular sagittal split osteotomy for 
mandibular advancement significantly affected the vertical and anteroposterior positions of 
the maxilla and the mandible, respectively. When performed in combination, these surgical 
techniques may efficiently alter the position of upper incisor and the nasal position in both 
vertical and anteroposterior directions. Bimaxillary orthognathic surgery seems to be an ef-
ficient method for obtaining satisfactory results in the appearance of the soft, the dental and 
the skeletal tissues associated with the facial profile in patients with high angle Class II skeletal 
deformity. 

Key words: vertical and anteroposterior alterations, Le Fort I maxillary impaction, Class II skeletal 
deformity. 

Introduction 

Orthognathic surgery is carried out to correct the 
congenital or the acquired deformities of the jaws.1,35 

The capacity to alter the appearance of the facial pro-
file increases when orthognathic surgery is performed 
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in conjunction with orthodontics. The alterations in 
features of the facial soft tissues are confined to the 
lower third of the face when orthodontic treatment is 
carried out alone. However both the middle and 
lower thirds of the face can be altered efficiently when 
orthodontic treatment is performed in conjunction 
with orthognathic surgery.1,35,37,41 The identification of 
the aesthetic factors and the prediction of the final 
profile of the facial soft tissues play important roles in 
planning the orthognathic treatment. 

Numerous studies have attempted to quantify 
the changes in the facial soft tissues after orthognathic 
surgery.1-11,13-34,37,38 While some studies reported on 
the changes in soft tissues associated with maxillary 
intrusion 12,32,35,39 others evaluated the outcomes of 
orthognathic surgery for mandibular advance-
ment.3,4,17,20,25,40,41 The aim of this study was to deter-
mine the vertical and anteroposterior alterations in 
the soft, the dental and the skeletal tissues associated 
with the facial profile after Le Fort I maxillary impac-
tion in conjunction with sagittal split osteotomy for 
mandibular advancement performed in patients with 
a high angle Class II skeletal deformity. 

Patients and Methods 

The study population consists of 21 patients (11 
females and 10 males, mean age 24.5±1.6 years) with a 
high angle Class II skeletal deformity who underwent 
Le Fort I maxillary impaction in conjunction with 
sagittal split osteotomy for mandibular advancement. 
The patients with a trauma, a congenital defect or a 
syndrome, and those who underwent soft tissue sur-
gery (e.g. rhinoplasty) were excluded from the study. 
It was judged that an ethical approval was not re-
quired since the study involved retrospective analysis 
of the anonymized records. 

All patients received pre- and post-surgical or-
thodontic treatment in the Department of Orthodon-
tics, Faculty of Dentistry, Istanbul University, Istan-
bul. All patients were treated by Le Fort I maxillary 
impaction in conjunction with sagittal split osteotomy 
for mandibular advancement by the same surgeons in 
the Department of Maxillofacial Surgery, Okmeydani 
Dental Hospital, Istanbul.  

In order to achieve a Le Fort I maxillary impac-
tion, a horizontal incision was performed above the 
reflection of the sulcus. Subsequently, the nasal spine 
was subperiosteally degloved and the separation of 
the septum was accomplished by means of a guarded 
osteotome. The anterior nasal spine was left intact in 
all patients. A bilateral sagittal split osteotomy was 
also performed for mandibular advancement. 

Cephalometric analysis 

Lateral cephalograms were taken prior to sur-
gery and 1.3±0.2 years postoperatively. All of the 
cephalograms were evaluated by the same examiner. 
In order to eliminate possible transient changes in the 
healing soft tissues, the radiographs were taken 
1.3±0.2 years postoperatively and subsequent to the 
removal of orthodontic devices. All radiographs were 
taken while the teeth were in centric occlusion and the 
lips in repose.  

The pre- and postsurgical (T1 and T2) lateral 
cephalograms were manually traced by the same 
examiner. The cephalometric reference points were 
determined on an acetate tracing paper. The horizon-
tal reference line was determined by drawing a line in 
7 degrees to the sella-nasion (S-N). A perpendicular 
line to the horizontal reference line at the nasion point 
was determined as the vertical reference line (Figure 
1). These reference lines were transferred to the lateral 
cephalogram taken postoperatively. In the pre- and 
postsurgical cephalograms, the hard and soft tissue 
landmarks were determined by measuring in milli-
meters their distances to the horizontal and vertical 
reference lines. The differences in the distances of the 
hard and soft tissue landmarks were recorded as the 
changes attributable to the surgery. The abbreviations 
of the soft and hard tissue landmarks have been listed 
in Table 1.  

 

Table 1: Descriptions of the abbreviations for the hard and 

the soft tissue landmarks. 

APOINTAP Anteroposterior movement of the A-point, 

ITIPAP Anteroposterior movement of the upper incisal tip, 

NASALAP The nasal anteroposterior movement, 

APOINTSI Superoinferior movement of the A-point, 

ITIPSI Superoinferior movement of the upper incisal tip, 

NASALSI The nasal superoinferior movement, 

NLA Nasolabial angle, 

CLA Columella lobular angle, 

L1TIPAP Anteroposterior movement of the lower incisor, 

L1TIPSI Superoinferior movement of the lower incisor, 

Labiomental 
angle 

Lower lip (Li)-Labiomental fold-Soft tissue pogo-
nion (Soft Pog) angle, 

BPOINTSP Superoinferior movement of the B-point, 

BPOINTAP Anteroposterior movement of the B-point. 

 
 
The length of S-N was measured on both the pre- 

and postsurgical cephalograms. Only were the cases 
with no change in the length of S-N included in the 
study. The nasion horizontal and vertical were chosen 
as the reference planes. A vertical line, which passed 
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through the nasal tip, to the S-N was selected to 
evaluate the vertical and horizontal movements of the 
nasal tip. 

 The T2 cephalogram was superimposed on the 
T1 cephalogram by coinciding the cranial base which 
is a stable reference point. The movements in the an-
terior and superior directions were assigned positive 
values whereas the movements in the posterior and 
inferior directions were assigned negative values. The 
nasolabial angle (NLA) and the columella-lobular 
angle (CLA) were drawn to measure the soft tissue 
profile of the nose. The NLA was determined by in-
tersecting the lines from subnasale point to both the 
columella point and the labrale superius point. The 
CLA was the angle that formed at the junction of the 
columella with the infratip lobule. 

In order to assess the intraexaminer reliability, 
the tracing of the cephalograms were repeated by the 
same examiner 1 month later.  

Statistical analysis  

Statistical analysis was performed by means of a 
statistical software (NCSS-Number Cruncher Statis-
tical System, Utah, USA, 2007). Wilcoxon test was 
performed to compare the pre- and post-surgical 
measurements. Pearson correlation test was per-
formed to evaluate the relative changes between the 
skeletal, the dental and the facial soft tissues. A p 
value less than 0.05 was considered statistically sig-
nificant. 

Error of the method 

The values for the re-traced films were analyzed 
through the Dahlberg Formula that is “Error of the 
method2 = Σd2 /2n”, where d is the difference between 
2 measurements and n is the number of double de-
terminations.36 The error of the method was no great-
er than 0.5 degree and millimeter.  

 

Figure 1: Cephalometric landmarks and reference planes. 
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Results 

 Table 2 shows the averages of the changes ob-
served in skeletal and facial soft tissues after surgery. 
The average amount of the maxillary impaction and 
the mandibular advancement were 3.9±0.7 mm and 
5.88±6.4 mm, respectively. 

 There were statistically significant differences 
between the pre-and post-surgical measurements of 
APOINTAP (anteroposterior displacement of the A 
point, mean 3.25±4.9, p<0.05), ITIPAP (anteroposteri-

or displacement of the upper incisor, mean 2.75±6.6, 
p<0.05), APOINTSI (superoinferior displacement of 
the A point, mean -2.00±6.3, p<0.05), ITIPSI (super-
oinferior displacement of the upper incisor, mean 
-2.00±8.7, p<0.05), NASALSI (superoinferior dis-
placement of the nasal point, mean -1.25±6.6, p<0.01), 
BPOINTAP (anteroposterior displacement of the B 
point, mean -5.88±6.4, p<0.05) and the mentolabial 
angle (mean -10.38±6.7, p<0.05). 

 

Table 2: The averages of the pre- and post-surgical cephalometric measurements. 

 
 
 

Pre-surgical Post-surgical Difference   

 (T1) (T2) (T1-T2)  

Mean SD Mean SD  Mean SD p 

APOINTAP (mm) -7.38 4.5 -4.13 5.4 3.25 4.9 0.011* 

ITIPAP (mm) -6.13 6.2 -.3.38 7.1 2.75 6.6 0.01* 

NASALAP (mm) 26.63 5.0 26.25 5.2 -0.38 5.1 0.61 

APOINTSI (mm) 54.25 6.7 52.25 5.9 -2.00 6.3 0.03* 

ITIPSI (mm) 76.63 9.0 74.63 8.4 -2.00 8.7 0.02* 

NASALSI (mm) 41.75 6.4 40.50 6.3 -1.25 6.6 0.008*  

NLA ( o ) 104.75 16.9 103.0 11.9 -1.60 14.4 0.44 

CLA ( o ) 30.38 5.8 29.0 6.5 -1.38 6.1 0.67 

L1TIPAP (mm) -3.75 13.5 -2.63 10.2 1.12 11.8 0.12 

L1TIPSI (mm) 77.25 12.3 75.38 7.7 -1.83 10.0 0.09 

Labiomental angle 137.38 6.6 128.0 6.9 -10.38 6.7 0.012* 

BPOINTSP (mm) 98.63 14.7 96.50 8.0 -2.13 11.3 0.20  

BPOINTAP (mm) -13.63 6.7 -7.75 6.2 -5.88 6.4 0.012*  

Soft Pog Vert (mm) 103.88 12.9 101.13 10.9 -2.75 11.4 0.14 

(*) Statistically significant, (Wilcoxon test). 

SD=Standard deviation. 

 
 

Relations between the Facial Soft Tissues and 

the Hard tissues  

Significant correlations were found between the 
changes in NASALSI (superoinferior displacement of 
the nasal point) and NLA (r= 0.74, p<0.05); in ITIPAP 
(anteroposterior displacement of the upper incisor) 
and CLA (columella lobular angle) (r= -0.80, p<0.05); 
in Soft Pog Vert (vertical displacement of the soft tis-
sue pogonion) and both BPOINTSP (superoinferior 
displacement of the B point) (r= 0.72, p<0.05) and 
LTIPSI (superoinferior displacement of the lower in-
cisor) (r= 0.94, p<0.001) (Table 3).  

 
 
 
 

Table 3: Correlations between the skeletal and soft tis-

sues. 

 NLA ( o ) CLA ( o ) Soft Pog Vert 

NASALSI (mm) r 0.74    

 p 0.03*   

ITIPAP (mm)  r -0.80  

  p 0.01*  

BPOINTSP (mm)   r 0.72 

   p 0.04* 

 LTIPSI (mm)   r 0.90 

   p 0.0001** 

(*) Statistically significant, (Pearson correlation test). 
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Discussion 

After the 1970s, bimaxillary osteotomy for severe 
maxillary deformities was performed flourishingly.1-33 
Several studies were reported on the changes in nasal 
and soft tissue morphology after bimaxillary osteot-
omy.1,36,37,41 The morphologic changes in nasal and 
soft tissues have been assessed by cephalomet-
rics1,2,8,15,20,38 stereophotogrammetry7 and three di-
mensional methods 3,16,17,21,35.  

In our study, the study sample presented a ho-
mogeneity since all patients were of Turkish origin 
with a skeletal high angle Class II discrepancy. All 
patients were treated by Le Fort I maxillary impaction 
in conjunction with sagittal split osteotomy for man-
dibular advancement surgery. Rigid fixation was 
performed in all patients.  

A cephalometric evaluation of the craniofacial 
complex requires a reference plane in order to assess 
the location of various anatomic structures. For this 
purpose, the S-N 28 and the Frankfort horizontal 
planes have been used traditionally. 20 The S-N plane 
is the most useful reference plane to assess the 
changes induced by growth and/or treatment in an 
individual over time. The low variability in identifi-
cation of the sella and nasion is an advantage for the 
use of this plane, as is the fact that sella turcica and 
nasion represent midsagittal structures.37 As an al-
ternative reference plane, Legan et al.9,18,28 suggest the 

use of a line drawn through nasion at an angle of 7 o to 

the S-N line called a constructed horizontal, which 
tends to be parallel to true horizontal.  

Although significant advances in the stability 
and predictability of maxillary surgery have been 
made over years, minimal attention has been paid on 
the effects of maxillary surgery on the nose and the 
facial soft tissues. According to Motta et al.3, the sur-
face displacements indicate that the postoperative 
adaptations at different anatomic regions are signifi-
cantly correlated. Bailey et al.23 compared the 
long-term soft tissue changes occurred in patients 
underwent either a bilateral sagittal split osteotomy or 
a Le Fort I osteotomy in conjunction with a bilateral 
sagittal split osteotomy to those who received only 
orthodontic treatment. In result, they concluded that 
although soft tissue changes did occur, there were no 
significant differences between the average soft tissue 
changes in the treatment groups. Misir et al. 1 reported 
that there was no significant change in NLA and CLA 
after the maxillary intrusion alone or the maxillary 
intrusion with protraction. Mommaerts et al.32 men-
tioned that CLA increase after bimaxillary surgery. 
Gassman et al.38 declared that the removal of the an-
terior nasal spine after the maxillary operation was 

not significantly related to the changes in nasal mor-
phology. Radney and Jacobs 39 reported that the NLA 
changed in response to the amount and the direction 
of the maxillary movement. In our study, there was no 
significant change in the NLA and CLA as a result of 
maxillary impaction. But a significant upper move-
ment of the NASALSI was observed and significant 
correlations were found between the decreases in 
NASALSI and NLA. ITIPAP significantly decreased 
as a result of retrusive movement of upper incisor and 
it was significantly correlated with an insignificant 
decrease in CLA. 

Vertical displacement of the soft tissue pogonion 
was significantly correlated with BPOINTSP and 
LTIPSI. Except for the lip parameters, Ravindranath et 
al.40 reported that the soft tissue cephalometric pa-
rameters showed minimal differences after mandibu-
lar advancement surgery. One year after mandibular 
advancement surgery, Almeida et al.41 found a signif-
icant correlation only between the lower incisor and 
lower lip. In this study, the anteroposterior position of 
the BPOINTAP was significantly protruded and 
mentolabial angle was significantly decreased as a 
result of mandibular advancement.  

Conclusions 

The maxillary impaction led to a nasal protrac-
tion, a retraction of the upper lip, which was related to 
the retraction of the upper incisors, and a superior 
movement of the soft tissues of the chin. Bilateral 
sagittal split osteotomy resulted in the counter 
clockwise rotation of the mandible. In light of these 
data, we conclude that Le Fort I maxillary impaction 
in conjunction with mandibular sagittal split osteot-
omy for mandibular advancement significantly af-
fected the vertical and anteroposterior positions of the 
maxilla and the mandible, respectively. When per-
formed in combination, these surgical techniques can 
efficiently alter the position of upper incisor and the 
nasal position in both vertical and anteroposterior 
directions. Bimaxillary orthognathic surgery seems to 
be an efficient method for obtaining satisfactory re-
sults in the appearance of the soft, the dental and the 
skeletal tissues associated with the facial profile in 
patients with high angle Class II skeletal deformity. 
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