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Abstract. The aim of this study was to verify soft tissues changes and the effect of a
minimally invasive surgical technique in the nasolabial region after segmented and
non-segmented Le Fort I osteotomy, using cone beam computed tomography
(CBCT) evaluation of three-dimensional (3D) volume surfaces. Two groups were
evaluated: group 1, bimaxillary surgery with maxillary segmentation (n = 40);
group 2, bimaxillary surgery without maxillary segmentation (n = 40). In both
groups, a specific alar cinching technique was used to control nasal base broadening.
CBCT evaluation was performed at three different treatment time points: T0, 1
month before surgery; T1, 1 month after surgery; T2, 1 year after surgery. The
results showed statistically significant differences in the nasolabial area (P <
0.001). For group 1, the mean change in alar base width (Alinf–Alinf) was 1.31 �
1.40 mm at T1 and 0.93 � 1.77 mm at T2; for group 2 these values were 1.12 �
2.01 mm at T1 and 0.54 � 1.54 mm at T2. For group 1, the mean changes in inter-
alar width (Al–Al) were 1.68 � 1.46 mm at T1 and 1.49 � 1.33 mm at T2; for group
2, they were 2.22 � 1.93 mm at T1 and 1.34 � 1.79 mm at T2. The alar cinch
technique proposed here appears to be effective in controlling nasolabial soft tissue
widening.
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Fig. 1. Intraoral aspect of the minimally invasive incision in the buccal sulcus of the premaxilla
and the modified alar cinch suture.
Although the primary aim of orthognathic
surgery is the correction of an underlying
deformity, the number of patients seeking
treatment with a strong aesthetic motiva-
tion has increased dramatically1.
The Le Fort I osteotomy enables max-

illary repositioning in all three planes of
space, and each movement has different
effects on the nasolabial region and the
overall facial aesthetics2. These effects
commonly include the alar base dimen-
sions and morphology, the nasolabial an-
gle, the position of the upper lip, and the
nasal tip area3. Changes in the external
nasal morphology are related to both the
direction and magnitude of maxillary
repositioning, the greatest changes occur-
ring with superior and/or anterior surgical
movements4. They include upturning of
the nasal tip, widening of the alar base,
flattening and thinning of the upper lip,
down-turning of the oral commissures,
and loss of vermilion of the upper lip5.
The degree of sub-periosteal dissection

and the degree of flap elevation may play
an important role in changes in the soft
tissues in this area, just as the amount of
skeletal movement influences nasal wid-
ening6. Most muscle insertions around
the alar base area are detached during
regular maxillary access, but the func-
tions of the unaffected muscles with outer
insertions remain unchanged. As the soft
tissues are pulled by the remaining mus-
cles, freeing of the facial muscles from
the nasolabial area and the anterior nasal
spine (ANS) allows the muscles to be
retracted laterally.
Modifications of the standard Le Fort I

osteotomy that preserve the insertions of
the perinasal musculature and the pre-
existing position of the ANS and nasal
septum have been reported, with excellent
clinical outcomes7,8. Similarly, V–Y clo-
sure of the soft tissues and an alar cinch
suture have also been described to coun-
teract the detrimental effects in the naso-
labial region3–5,6,8–11, although their
effectiveness remains controversial5,9,10.
The soft tissue behaviour after orthog-

nathic surgery seems to be complex and
requires three-dimensional (3D) analysis.
Among several 3D analysis strategies,
cone beam computed tomography
(CBCT) provides an accurate representa-
tion of both the hard and soft tissues with
low radiation and greater dimensional
accuracy12,13.
The purpose of this study was to verify

the soft tissues changes and the effect of a
minimally invasive surgical technique in
the nasolabial area after segmented and
non-segmented Le Fort I osteotomy using
CBCT evaluation of 3D volume surfaces.
Please cite this article in press as: de AP, et al
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Materials and methods

Sample selection

A sample of 80 adult participants who had
undergone bimaxillary orthognathic sur-
gery at a specialized centre for the treat-
ment of dentofacial deformity was
recruited retrospectively. All procedures
were performed by the same surgeon and
senior author of this paper (F.H.A.) be-
tween January 2011 and January 2015.
The patients were divided into two study
groups: group 1, patients who underwent
segmented Le Fort I osteotomy (n = 40);
group 2, patients who underwent non-seg-
mented Le Fort I osteotomy (n = 40). The
inclusion criteria were as follows: (1)
dentofacial deformity requiring orthog-
nathic surgery treatment with Le Fort I
osteotomy and bilateral sagittal split
osteotomy (BSSO); (2) non-growing and
non-syndromic patients; (3) no history of
previous facial trauma or surgery; (4)
written informed consent; (5) patients with
healthy, asymptomatic temporomandibu-
lar joints; (6) CBCT evaluation at 1 month
preoperative (T0), 1 month after surgery
(T1), and 1 year after surgery (T2). A
sample size calculation was performed
to determine the appropriate sample size
based on the previous results of 20 patients
(10 in each group). This indicated that 30
participants were required in each group to
compare nasolabial changes based on an
effect size of 0.60, 80% power, and at a
5% level of significance.

Surgery

All patients underwent orthognathic sur-
gery under general anaesthesia and naso-
. Nasolabial soft tissue effects of segmented and
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tracheal intubation. The maxilla was
approached through a minimally invasive
incision in the buccal sulcus of the pre-
maxilla. A Le Fort I osteotomy was per-
formed according to the so-called ‘twist
technique’14. After skeletal repositioning
and fixation, a modified alar cinch suture
and V–Y closure were performed8

(Fig. 1). Incisions from tooth 2 to 2 were
classified as small; from 3 to 3 were
classified as medium; and from 4 to 4
were classified as large. Postoperatively,
all patients wore a closed-circuit cold
mask (17 �C) during hospital admission
and were discharged 24 hours after sur-
gery. Standard antibiotic and anti-inflam-
matory medications were prescribed.

CBCT evaluation

To quantify the amount and direction of
the maxillary movements, landmarks were
marked in the midline sagittal view of the
maxillary bone (Fig. 2). To evaluate the
soft tissue changes after maxillary reposi-
tioning, landmarks were marked in the soft
tissue 3D reconstruction (Fig. 3). Linear
and angular measurements were per-
formed by one author (A.P.S.G.) on the
CBCT images obtained at T0, T1, and T2.
To ensure accurate and reproducible mea-
surements, the examiner repeated the pro-
tocol, tagging virtual models of 20 patients
in each group 1 month later.
The CBCT images were collected from

iCAT Vision-Q version 1.8.0.5 software in
DICOM format (Digital Imaging and
Communications in Medicine) and pro-
cessed using Dolphin 3D Orthognathic
Surgery Planning Software version 11.8
in a Pentium 4 Workstation (Processor 3.8
 non-segmented Le Fort I osteotomy using
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Fig. 2. Midline sagittal view of maxillary bone. N: nasion; ANS: anterior nasal spine; A: A-
point; U1v: vestibular surface of the upper incisor; U1: upper incisor incision; PNS: posterior
nasal spine; S: sella turcica.

Fig. 3. Three-dimensional soft tissue landmarks. Prn: pronasale; C: columella; Al: alae; Alinf:
alar base; Sn: subnasale; Cph: cupid Bow.
GHz, W/SP5 Windows XP Professional,
120 GB memory, 2 GB RAM). A 3D
volume was created with hard and soft
tissue reconstruction in the T0, T1, and T2
databases. The voxel-based superimposi-
tions between the T0 and T1 volumes, and
between the T0 and T2 volumes were
performed with the anterior cranial base
as an anatomical reference15, in order to
standardize measurements of upper lip
length and alar and alar base dimensions.

Statistical analysis

A descriptive analysis was performed for
the most relevant statistics for all analysed
Please cite this article in press as: de AP, et al
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variables. The mean, standard deviation,
minimum, maximum, and median were
calculated for continuous variables, and
absolute and relative frequencies (percen-
tages) for qualitative variables. The Stu-
dent t-test for paired data was used to
compare the mean changes in the nasola-
bial soft tissues at each studied time point.
Two-way analysis of variance (ANOVA)
for repeated measurements was used to
assess the nasolabial dimensions accord-
ing to the type of surgery and incision size,
and according to the type of surgery and
occlusal plane rotation. Bonferroni’s test
was applied for multiple comparisons.
Pearson’s correlation coefficient was used
. Nasolabial soft tissue effects of segmented and
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to assess the correlation between maxil-
lary advancement and inter-alar and alar
base width dimensions. The level of sta-
tistical significance was set at P < 0.05.

Results

Eighty patients were eligible according to
the inclusion criteria. The majority of the
sample was female (62.5%), and the mean
age of the patients was 29.4 years (range
17–86 years). The bimaxillary complex
was rotated counterclockwise in 56
patients and clockwise in 24 patients.
The average maxillary advancement at
A-point was 4.25 mm (4.1 mm in group
1 and 4.4 mm in group 2). Incisions were
essentially small (83.7%), especially in
segmented maxillary surgery (92.5%).
The mean inter-alar widening (Al–Al)

was statistically significant for both
groups at T1 and at T2 (P < 0.001). In
group 1, it was 1.68 � 1.46 mm at T1 and
1.49 � 1.33 mm at T2; in group 2, it was
2.22 � 1.93 mm at T1 and 1.34 � 1.79 mm
at T2. There was no statistically significant
difference in inter-alar width between
group 1 and group 2 at T1 (P = 0.168)
or at T2 (P = 0.684). The mean alar base
widening (Alinf–Alinf) was statistically
significant for both groups at T1 and at
T2 (P < 0.001). In group 1, it was 1.31 �
1.40 mm at T1 and 0.93 � 1.77 mm at T2;
in group 2, it was 1.12 � 2.01 mm at T1
and 0.54 � 1.54 mm at T2. There was no
statistically significant difference in alar
base width between group 1 and group 2 at
T1 (P = 0.614) or at T2 (P = 0.289). The
mean upper lip lengthening (Alinf–Cph) in
group 1 was 1.30 � 1.69 mm at T1 and
1.54 � 1.64 mm at T2; for group 2 it was
1.18 � 1.40 mm at T1 and
1.41 � 1.57 mm at T2 (Table 1).
The size of the incision did not have a

statistically significant influence on inter-
alar width, alar base width, or upper lip
length at T1 (P = 0.455, P = 0.745, and
P = 0.323, respectively) or T2 (P = 0.988,
P = 0.311, and P = 0.439, respectively)
(Table 2).
Both inter-alar and alar base widening

were correlated with the magnitude of
maxillary advancement at T2 considering
the global sample, with r = 0.273
(P = 0.021) and r = 0.340 (P = 0.004), re-
spectively. Alar base widening was more
evident for group 1, with r = 0.377
(P = 0.020) (Fig. 4).
Similarly, occlusal plane rotation did

not have any statistically significant influ-
ence on inter-alar width or alar base width
at T1 (P = 0.494 and P = 0.607, respec-
tively) or T2 (P = 0.458 and P = 0.833,
respectively). Upper lip lengthening was
 non-segmented Le Fort I osteotomy using
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Table 1. Nasolabial changes (millimetres) according to the type of surgery.

Nasolabial changes

Type of surgery Inter-alar width (Al–Al) Alar base width (Alinf–Alinf) Upper lip length (Alinf–Cph)

T1 � T0 T2 � T0 T1 � T0 T2 � T0 T1 � T0 T2 � T0
Group 1 1.68 � 1.46 1.49 � 1.33 1.31 � 1.40 0.93 � 1.77 1.30 � 1.69 1.54 � 1.64
Group 2 2.22 � 1.93 1.34 � 1.79 1.12 � 2.01 0.54 � 1.54 1.18 � 1.40 1.41 � 1.57

T0, 1 month preoperative; T1, 1 month postoperative; T2, 1 year postoperative. Group 1, segmented maxillary osteotomy; group 2, non-segmented
maxillary osteotomy.

Table 2. Inter-alar width, alar base width, and upper lip changes (millimetres) according to the size of the incision and occlusal plane rotation.

Type of surgery

Inter-alar width (Al–Al) Alar base width (Alinf–Alinf) Upper lip length (Alinf–Cph)

T1 � T0 T2 � T0 T1 � T0 T2 � T0 T1 � T0 T2 � T0
Size of incision P = 0.455 P = 0.988 P = 0.745 P = 0.311 P = 0.323 P = 0.439
Occlusal plane rotation P = 0.494 P = 0.458 P = 0.607 P = 0.833 P = 0.232 P = 0.016*

T0, 1 month preoperative; T1, 1 month postoperative; T2, 1 year postoperative.
*P < 0.05.

Fig. 4. Correlation between maxillary advancement and inter-alar width (Al–Al) and alar base width (Alinf –Alinf).
correlated with the occlusal plane rotation
at T2 (P = 0.016), especially in clockwise
rotation (P = 0.009). It was statistically
significant for group 1 (P = 0.045).

Discussion

This study evaluated 80 patients who un-
derwent bimaxillary orthognathic surgery,
comparing the nasolabial soft tissue
effects according to whether the maxilla
was segmented or not. In addition, poten-
tial correlations between soft tissues
changes, occlusal plane rotation, and max-
illary advancement were also investigated.
Using a minimally invasive surgical

technique for the execution of the Le Fort
I osteotomy, maxillary segmentation was
found to have a small effect on the naso-
labial soft tissues (P < 0.001). Group 1
showed a mean inter-alar and alar base
widening at T2 of 1.49 � 1.33 mm and
0.93 � 1.77 mm, respectively; while
group 2 showed a mean inter-alar and alar
base widening at T2 of 1.34 � 1.79 mm
Please cite this article in press as: de AP, et al
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and 0.54 � 1.54 mm, respectively. Other
studies are in agreement with the current
results, showing effective nasal width con-
trol with the alar cinch suture at up to 12
months of follow-up16–18. Conversely,
Metzler et al.19 analysed the 3D nasolabial
changes that occur after surgically assisted
maxillary expansion (SAME) and found
significant increases (P < 0.05) in alar
width (from 33.1 mm to 34.5 mm) even
when alar cinch suture and V–Y closure
were performed. These soft tissue changes
were hypothesized to be caused mainly by
the surgical degloving and freeing of the
nasal septum, independent of the skeletal
movements, because no maxillary ad-
vancement was performed during
SAME19.
According to Guymon et al.16 and Wol-

ford20, the alar base width increases for
three main reasons: the release of perios-
teum and muscle attachments adjacent to
the nose; oedema, causing the base of the
nose to expand; and spatial changes of
supportive bone to the nasal base in a
. Nasolabial soft tissue effects of segmented and

m computed tomography evaluation, Int J Ora
superior or anterior direction. Most surgi-
cal protocols involve sub-periosteal dis-
section of the whole facial aspect of the
maxilla8,21. Elevation of the paranasal soft
tissues without adequate reattachment
contributes to unfavourable post orthog-
nathic surgery soft tissues changes in this
region5. To reorient the displaced perina-
sal musculature and to control alar base
width after maxillary osteotomy, many
have advocated that an alar base cinch
suture should be used in addition to other
adjunctive procedures, such as nasal spine
reduction, nasal floor reduction, and V–Y
closure3–5,6,8–11. Phillips et al.22 analysed
30 patients who underwent one-piece
maxillary intrusion with standard soft tis-
sue incision and V–Y closure. They
reported that the soft tissues changes ob-
served in the nose alae and upper lip
vermilion may be caused by the type
and placement of soft tissue incisions
rather than being a direct result of hard
tissue changes that occur at surgery. In the
present study, no correlation was found
 non-segmented Le Fort I osteotomy using
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between the size of the incision and naso-
labial changes, possibly because even the
large incisions considered were smaller
than the conventional maxillary approach,
resulting in less damage to the perinasal
muscles8.
It is well documented that soft tissue

swelling can influence the postoperative
soft tissue response and may take up to a
year to resolve23,24. A greater than 10%
change over 5 years has been shown to
continue to occur in certain regions, such
as the subnasale point and lips23,24. In
both of the groups in the present study,
inter-alar and alar base width changes
were decreased at T2 when compared
with T1, thereby suggesting the impor-
tance of soft tissue oedema when evalu-
ating postoperative results, especially in
the nasolabial region. Recent studies
using CBCT images to measure nasal
changes found that the alar cinch suture
had no effect on controlling alar base
widening25,26.
In this study, both groups – segmented

and non-segmented – underwent a similar
amount of maxillary anterior movement
(4.1 mm and 4.4 mm, respectively), as
well as similar occlusal plane rotations.
The results showed a positive correlation
between the magnitude of anterior/super-
ior maxillary movement and inter-alar
widening (P = 0.021), especially in group
1 (P = 0.020). Westermark et al.17 and
Rosen27 also found a positive correlation
between alar flaring and the degree of
maxillary impaction and/or advance-
ment. On the other hand, Raithatha
et al.24 compared the long-term alar base
widening in two groups and did not find
any statistically significant differences
between the cinch group and the control
group regarding the extent of maxillary
advancement and impaction. They at-
tributed their results to a smaller degree
of maxillary movement when compared
to other studies.
No correlation between the occlusal

plane rotation and the inter-alar and alar
base width changes was found. Although
maxillary sagittal and vertical movements
did not produce significant upper lip
changes, lengthening was observed in
clockwise rotations, especially when the
maxilla was segmented (P = 0.045). In a
multi-part systematic review, Moragas
et al.28 reported that the upper lip tends
to follow the skeletal movement more
closely if both an alar cinch suture and
V–Y closure are performed. Similarly, the
amount of vermilion exposure can be
influenced by the V–Y closure.
The proposed minimally invasive sur-

gical Le Fort I technique avoids excessive
Please cite this article in press as: de AP, et al
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soft tissue elevation and maintains the
nasal sphincter muscles attached to the
anterior nasal spine. The limited intraoral
access as well as the crossed alar cinch
suture and V–Y closure seemed to have an
additional beneficial effect in controlling
the enlargement of the nasal base, preserv-
ing upper lip form and length.
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