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Abstract
Objective  The effect of the modified step Le Fort I osteotomy on the inferior nasal structures and the nostril area was 
evaluated.
Materials and methods  This study included 24 patients who had modified step Le Fort I osteotomy. Inferior nasal concha 
volume (INCV), meatus nasi inferior volume (MNIV), the sum of both structures volume (TV), and nostril area (NA) were 
evaluated in pre- (T0) and postoperative (T1) periods.
Results  For all patients, NA increased both on the right side (p = 0.011) and left side (p = 0.050) after surgery. The INCV 
and TV values were lower in T1 than those in T0; however, a statistically significant decrease of INCV and TV was found 
only in the right side of males (p = 0.039 and p = 0.050, respectively). No significant difference was found in MNIV between 
T0 and T1 measurements (p > 0.05).
Conclusion  Maxillary advancement with the modified step Le Fort I osteotomy technique increased the NA, which may 
have a positive effect on breathing function. On the other hand, although TV tended to decrease, MNIV did not change after 
surgery as the same decreasing tendency also existed in INCV.
Clinical relevance  Step Le Fort I advancement surgery technique usually affects nasal structures positively regarding the 
nasal airway.
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Introduction

Dentofacial deformities occur due to hereditary disorders 
and acquired or environmental causes [1]. In the course of 
the appropriate time of the patient’s life, these deformities 
should be treated in orthodontics or surgery-assisted ortho-
dontics named orthognathic surgeries [2]. Orthognathic sur-
geries are usually carried out as single jaw or bimaxillary, 
and bilateral sagittal split ramus osteotomies for mandibular 
deformities, Le Fort I, and its modifications for maxillary 
deformities are used [3].

Classic Le Fort I and modifications such as high, step, 
modified step, and quadrangular Le Forte I surgery have 
been used in mid-facial dentofacial deformity corrections 
[2]. Modified step Le Fort I osteotomy technique has been 
used by various authors up to days [4, 5]. Step osteotomy 
has some advantages including not to auto-rotate the man-
dible superiorly and anteriorly, and not further repositioning 
[6]. Moreover, the other important advantage of the step 
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osteotomy is that it supports the tip of the nose much more 
than the classical Le Fort I [4]. Izgi et al. [4] reported soft 
to hard tissue ratios of the nose tip between 42% and 49% 
with modified step osteotomy, while the same ratios were 
reported between 16 and 35% in classical Le Fort I cases 
[3, 7–9].

Nasal size, shape, and proportions can be affected by age, 
sex, and ethnicity [10, 11]. Sforza et al. [11] reported that 
nasal volume, area, and linear distances increased while 
nasal tip angle decreased from childhood to old age. Also, 
the Le Fort I surgery technique influences the nasal shape 
and function along with the facial appearance [3, 4, 12–26]. 
Some nasal effects like increased nasolabial angle, upward 
and forward movement of the nasal tip, increased alar base 
width, and widened nostrils were reported after maxillary 
advancement surgery [21]. Furthermore, airway volumes 
are reported to be affected after orthognathic surgery, which 
may be of clinical significance, especially in patients who 
are predisposed to obstructive sleep apnea [27].

The effects of Le Fort I surgery on nasal structures and 
shape were evaluated in terms of function and airway flow 
resistance, and esthetic aspect by various tests and tech-
niques. Nigro et al. [28] reported the Cottle test, nasal endos-
copy, and anterior rhinoscopy as subjective, and CT scans, 
MRI investigation, and speaking and acoustic rhinomanome-
try as more objective methods in the nasal shape and passage 
evaluation. Mirmohamadsadeghi et al. [20] used rhinom-
etry and acoustic rhinometry tools; Worasakwutiphong et al. 
[25] used a novel three-dimensional photographic imaging 
technique; Bohluli et al. [29] used the External Nasal Valve 
Efficacy Index to calculate the external nasal valve, includ-
ing the nostril, anterior portion of INC, and septum nasi; 
Atakan et al. [14], Dantas et al. [15], and Izgi et al.[4] used 
conventional imaging methods such as posteroanterior and 
lateral cephalometric radiographs; Yamashsita et al. [26], 
El-Anwar et al. [30], Jeong et al. [17], Fastuca et al. [31], 
and Allar et al. [12] used CBCT or CT tools in their nasal 
shape and structure evaluations of the orthognathic cases.

Besides the nasal effects of orthognathic surgery, there 
are many complications, if it is carried out bimaxillary as 
well, such as relapse of the planned movements of jaws, 
infection, loss of tooth vitality, vascular problems, a bad split 
of related bones, malunion of osteotomy lines, recovery or 
revealing of TMD attributed to orthognathic surgery, bone 
necrosis, and paraesthesia as other neurologic changes [32]. 
In terms of these problems, the patients must be followed up 
regularly by using physical control, if it is not possible, at 
least the teledentistry method should be used [33].

The purpose of the present study was to evaluate the 
changes in nasal structures such as nostril area, the volume 
of inferior nasal concha and meatus nasi inferior, and the 
total volume of both structures after modified step Le Fort I 
surgery by using CT and CBCT scans.

Materials and methods

A power analysis was performed using G*Power Software 
version 3.1.9.2 (Universität Düsseldorf, Germany). A min-
imum sample size of 5 subjects was calculated to give 80% 
power to detect significant differences at a significance 
level of 0.05, considering the meatus nasi inferior area 
[20]. The Institutional Review Board and Clinical Ethics 
committee of Tokat Gaziosmanpasa University Medicine 
Faculty approved this retrospective clinical study, which 
was conducted according to the principle and revisions of 
the Helsinki Declaration.

The study was conducted on patients who had orthog-
nathic surgery between 2013 and 2019, in the Dentistry 
Faculty of Tokat Gaziosmanpasa University. Skeletal class 
III patients who had bimaxillary or just maxillary surgery, 
but had modified step Le Fort I osteotomy, including only 
maxillary advancement movement were recruited. The 
patients who had CT or CBCT records just before and at 
least 6 months after surgery were included in the study. 
Besides, the patients who had an operation history in the 
nasal region, nasal cavity walls that had been affected by 
cysts, tumors, and surrounding structure’s pathologies, and 
whose area to be examined cannot be seen due to arti-
fact or insufficient image that could not covered the whole 
nasal region, were excluded.

All included patients had orthodontic treatment before 
the orthognathic surgery. All patients had been consulted 
to the Ear, Nose, and Throat (ENT) clinic of the same 
university hospital before the orthognathic surgeries due 
to possible nasal pathologies. Following the ENT clinic 
approval, which means there has not been any nasal 
pathology, the patients had surgery.

Modified step Le Fort 1 osteotomy technique

Modified step Le Fort I osteotomies, including inferior hori-
zontal line (IHL) under the zygomatic buttress and superior 
horizontal line (SHL) at just the base of the pyriform aperture, 
have originated from the study of Bennett and Wolford [6]; 
however, we have used modified step Le Fort I osteotomy 
much like the study of Catherine and Scolozzi [5]. The pre-
sent study’s technique differencing about the SHL at the lat-
eral piriformis level was at least 5–10 mm above the nasal 
base and just inferior to the concha nasalis inferior (Fig. 1). 
In detail, routine mucoperiosteal elevation in both sides of 
the maxilla including the nasal mucosa until the hard and soft 
palate junction, anterior nasal spine, nasal pyriform aperture, 
anterior maxillary lateral wall, zygomaticomaxillary buttress, 
and pterygomaxillary junction region was performed. Follow-
ing the whole mucoperiosteal elevation, the osteotomies were 
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carried out at the lateral wall of the maxilla in both SHL and 
IHL until the pterygomaxillary junction by using the piezo-
surgery technique. The osteotomies of the lateral nasal walls, 
nasal septum, and pterygomaxillary junctions on both sides 
were performed by the suitable osteotomes. Down fracture 
of the maxilla was firstly done by using digital pressure to 
the anterior portion of the maxilla and complete mobiliza-
tion of it was also done by using a hook and other mobilizers 
such as Rowe and Tessier spreading forceps. Then, maxilla-
mandibular fixation (MMF) was done by orthodontics pre-
pared splint, and the internal rigid fixation was performed 
with 4-hole, 2-mm L-plates, at the paranasal step, and the 
zygomatic buttress inferior step, respectively. To achieve good 
esthetic, the cinch suture in the alar base region with 2.0 PDS 
suture, V-Y advancement closure at the lip with 4.0, and the 
rest of the vestibular closure with 3.0 resorbable sutures were 
done. If these class III dentofacial deformity cases include 
bimaxillary intervention in their orthognathic planning, the 
classic bilateral sagittal split ramus osteotomies were done 
as well. All surgical procedures were performed by the same 
experienced oral and maxillofacial surgeon (NA). In addition, 
the team participating in the operations consisted of the same 
surgeons (AA and ES).

Radiologic procedures and nasal structures related 
measurements

Depending on their referral center of orthodontics, some 
patients had traditional CT and others had CBCT images, 
just before for orthognathic surgery planning and at least 6 

months after for controlling. Pre-treatment (T0) and post-
treatment (T1) images were obtained with the same device 
and with the same parameters. In addition, since CT and 
CBCT clearly show the correct dimensions and boundaries 
of the examined objects in three dimensions in all three 
planes, without distortion and magnification, the real-size 
measurements could be achieved in the images obtained with 
both devices [34, 35].

CT images were obtained via GE Optima CT 660 (GE 
Medical Systems, USA) with 70 mA, 120 kVp, and 256 × 
256 matrix. On the other hand, CBCT images were acquired 
with Galileos (Sirona Dental System, Bensheim, Germany) 
unit at 15 × 15 mm Field of View, 98 kVp, 15–30 mA, 0.25 
mm3 voxel size, 2–5-s radiation, and 14-s scanning periods.

DICOM files of the CT and CBCT images were trans-
ferred to the 3D-DOCTOR (3D-DOCTOR Able Software 
Corp., Lexington, KY) software. Volume calculations were 
performed by using the Cavalieri Principle which is a ste-
reological method. The outer boundaries of the region of 
interest were drawn manually on each radiographic section. 
The program automatically gave the total volume of ROI by 
multiplying the total area with section thickness by using the 
planimetry method.

Inferior nasal structure volumes (mm3) including inferior 
nasal concha volume (INCV), meatus nasi inferior volume 
(MNIV), and total volume (INCV + MNIV, TV), and the 
nostril area (NA, mm2) was measured on the CT and CBCT 
images by using related software mentioned detail below.

INCV measurements

INCV was calculated on the coronal plane on consecutive 
sections with a thickness of 1 mm without the interval. The 
borders were drawn manually on all sections where INC was 
seen (Fig. 2a), and the software automatically calculated the 
INCV.

This volume calculation procedure was repeated and 
recorded for the right and left inferior nasal concha T0 and 
T1 images.

MNIV measurements

A line parallel to the floor of the nasal cavity and perpen-
dicular to the nasal septum and sagittal plane was drawn 
at the highest level of the superior border of the INC. The 

Fig. 1   Modified step Le Fort I osteotomy line diagram, a frontal view, b 
profile view

Fig. 2   Green lines demonstrate 
boundaries of the inferior nasal 
concha (a), meatus nasi inferior 
(b), and nostril (c) on the right 
side determined by the plani-
metry method on 3D-Doctor 
Program
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boundaries of the air space in the area below this line were 
drawn manually (Fig. 2b). MNIV was calculated by the soft-
ware automatically after this process was repeated in all sec-
tions where INC was seen. This procedure was performed 
on the right and left sides to calculate the MNIV on T0 and 
T1 images and recorded.

TV measurements

The sum of the MNIV and INCV was recorded as the nasal 
cavity or total volume (TV) for the right and left sides.

Nostril area measurements

The border of the nostril was drawn manually in the axial 
images where it appears widest and completely visible 
and the area was calculated by the software automatically 
(Fig. 2c). The area of the nostril was calculated and recorded 
for T0 and T1 images on both left and right sides.

The measurements were carried out by a maxillofacial 
radiologist and the measurements were repeated 2 weeks 
later in 15 randomly selected images to test the intra-
observer reliability.

Statistical analysis

IBM SPSS (Statistical Package for the Social Sciences, ver-
sion 20.0, IBM Corp, Armonk, NY, USA) software was used 
for statistical calculation. The descriptive statistics belong-
ing to obtained data were calculated as a mean ± standard 
deviation, count, and frequencies. The normality of variables 
was examined by the Shapiro-Wilk test. Because of obtain-
ing normal distributions of the data, paired sample t-test was 
used in the comparison between T0 and T1 measurements. 
The effects of sex (male, M; female, F) and advancement 
amount on the measured parameters were investigated by 
the sample t-test. The paired Student’s t-test was used to 
assess the method error. The statistical significance level 
was considered as p < 0.05.

Results

Twenty-four patients (13 female, 11 male) with a mean age 
of 21.1 ± 4.8 years were included in the study. Four of them 
had only maxillary advancement, and 20 of them had maxil-
lary advancement and mandibular setback surgery. Intraop-
eratively and postoperatively, there was not any encountered 
complication by the patients and regular follow-up period 
going on. The intra-observer analysis showed no statistically 
significant differences (p > 0.05).

The comparison between T0 and T1 measurements for 
each parameter (INCV, MNIV, NA, and TV) on the left 

and right sides were given in Table 1. The NA values were 
higher at T1 than those at T0 both on the right and left sides 
(p = 0.01 and p = 0.05, respectively). No significant differ-
ence was found between T0 and T1 regarding INCV, MNIV, 
and TV parameters both on the right and left sides (p > 0.05) 
(Table 1).

The comparison between right and left side measure-
ments were compared separately in T0 and T1, and the 
results were given in Table 2. The INCV values of the right 
side were higher and the MNIV values of the right side were 
lower than those on the left side at T0 (p = 0.045 and p = 
0.049, respectively). On the other hand, there was no statisti-
cally significant difference between the right and left sides at 
T1, regarding all measured parameters (p > 0.05) (Table 2).

The mean maxillary advancement amount was 5.75 
± 1.51 mm. The classification was made considering the 
amount of maxillary advancement, and the patients who had 
≤ 5 mm advancement surgery were assigned to the lower 
advancement group (LA) and > 5 mm were assigned to the 
higher advancement group (HA). The number of patients 
in the LA group was 11, and it was 13 in the HA group. 
The comparison of the INCV, MNIV, TV, and NA changes 
(T1–T0) between LA and MA groups was given in Table 3. 
No significant difference was found between the LA and HA 
groups for all parameters (p > 0.05) (Table 3).

Comparison between the T0 and T1 measurements sepa-
rately in female and male patients were given in Table 4. The 
NA measurements of both the right and left sides in females 
were found to be increased from T0 to T1 (p = 0.034 and p 

Table 1   Comparison of the measurements between T0 and T1 time 
points

INCV, inferior nasal concha volume; MINV, meatus nasi inferior vol-
ume; TV, total volume; NA, nostril area; SD, standard deviation; *sta-
tistically significant

Side Mean SD p

INCV (mm3) Right T0 5361.7 1645.6 0.147
T1 4947.2 1323.3

Left T0 4711.4 1698.4 0.519
T1 4452.9 1538.3

MNIV (mm3) Right T0 3028.6 744.6 0.852
T1 3089.8 833.0

Left T0 3452.3 1009.4 0.877
T1 3492.4 1345.4

TV (mm3) Right T0 8420.2 1866.0 0.159
T1 8037.1 1415.8

Left T0 8163.8 1928.7 0.398
T1 7855.3 1778.5

NA (mm2) Right T0 204.3 51.4 0.011*
T1 235.0 77.9

Left T0 194.5 49.5 0.050*
T1 229.5 99.4
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= 0.007, respectively). The INCV and TV measurements on 
the right side of males were found to be decreased from T0 
to T1 (p = 0.039 and p = 0.050, respectively). Other than 
the above, there was not any statistically significant differ-
ence (Table 4).

The treatment outcomes (T1–T0) between female and 
male patients were statistically compared as well. No signifi-
cant difference was found between the treatment outcomes 
of male and female patients (p > 0.05).

Discussion

Le Fort I or its modifications and bilateral sagittal split 
ramus osteotomy have been used reliably as a single or dou-
ble jaw surgery for skeletal class III patients for many years 
[3, 21]. In this study, without any intraoperative and post-
operative follow-up period complications, only four patients 
had modified Le Fort I advancement surgery, and the rest of 
the patients (n = 20) underwent bimaxillary surgery.

Le Fort I or modified osteotomy is a surgery technique 
to correct maxillary or midface deformity that affects the 
nasal shape and functions [14]. For evaluation of the nasal 
function and/or shape, the Cottle test, nasal endoscopy, and 
anterior rhinoscopy were reported as subjective, while CT 
scans, MRI investigation, speaking, and acoustic rhinoma-
nometry were suggested as the more objective methods [28]. 
Therefore, to evaluate the nasal airway function in the pre-
sent study, CT and CBCT images and the related software 
(3D-DOCTOR Able Software Corp., Lexington, KY, USA), 
one of the objective methods, were used for measuring NA, 
INCV, MNIV, and TV.

NA is the exterior entrance of the nasal cavity, and it 
is named the external nasal valve [13, 18, 20, 28]. The 
nasal tip elevation and nasal rim width were analyzed in 

Table 2   Comparison of the measurements between the right and left 
sides

INCV, inferior nasal concha volume; MINV, meatus nasi inferior vol-
ume; TV, total volume; NA, nostril area; SD, standard deviation; *sta-
tistically significant

Side Mean SD p

INCV (mm3) T0 Right 5361.7 1645.6 0.045*
Left 4711.4 1698.4

T1 Right 4947.2 1323.3 0.233
Left 4452.9 1538.3

MNIV (mm3) T0 Right 3058.5 744.6 0.049*
Left 3452.8 1009.4

T1 Right 3089.8 833.0 0.220
Left 3402.4 1345.4

TV (mm3) T0 Right 8420.2 1866.0 0.124
Left 8163.8 1928.7

T1 Right 8037.1 1415.8 0.754
Left 7855.3 1778.5

NA (mm2) T0 Right 204.3 51.4 0.481
Left 194.5 49.5

T1 Right 235.0 77.9 0.582
Left 229.5 99.4

Table 3   Comparison of the 
treatment outcomes (T1–T0) 
between the groups LA and HA

LA, lower amounts of advancement; HA, higher amounts of advancement; INCV, inferior nasal concha vol-
ume; MINV, meatus nasi inferior volume; TV, total volume; NA, nostril area; n, noun; SD, standard devia-
tion

T1–T0 difference Groups n Mean SD p

INCV (mm3) Right LA 11 − 708.78 1360.90 0.338
HA 13 − 165.33 1350.70

Left LA 11 − 412.53 1786.14 0.728
HA 13 − 128.24 2117.14

MINV (mm3) Right LA 11 1.36 960.09 0.872
HA 13 56.49 693.70

Left LA 11 − 364.48 1501.82 0.377
HA 13 216.19 1630.08

TV (mm3) Right LA 11 − 707.42 1001.47 0.267
HA 13 − 108.81 1476.35

Left LA 11 − 777.01 1534.50 0.237
HA 13 87.96 1889.67

NA (mm2) Right LA 11 12.32 13.86 0.113
HA 13 46.37 70.68

Left LA 11 19.30 33.18 0.417
HA 13 48.27 111.74
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the literature, and it was suggested that if the nasal tip is 
elevated or especially the nasal rim width is enlarged, the 
NA increases [14, 15, 25, 26, 36]. To control nasal alar 
base or rim widening, the cinching suture and V-Y closure 
were used in the present study; nevertheless, both the right 
and left NA values were found to be increased. The reason 
for the increase in the NA may be the effect of maxillary 
advancement with the step osteotomy technique used in the 
present study. Izgi et al. [4] stated that the modified step 
technique more supports the nasal tip which may cause 
the NA increase in line with the present study. Park et al. 
[21] reported that Le Fort I surgery with advancement 
and impaction process caused nostril area and nasal width 
increase, and Ledezma-Khamashta et al. [18] reported 
that maxillary advancement decreased the nasal airway 

resistance due to the widening of the external nasal valve 
and opening of the internal valve, in line with the present 
study. Mirmohamadsadeghi et al. [20] reported that maxil-
lary advancement and impaction of the maxilla increased 
the nasal valve, which matches with the NA enlargement 
in the present study. Moreover, Worasakwutiphong et al. 
[25] reported that two-jaw surgery increased the nostril 
appearance; however, they moved the maxilla in a clock-
wise rotation different from the present study.

The other important finding of the present study was 
that while TV and INCV tended to decrease, MNIV did 
not change significantly after surgery. The reason for this 
result may be that despite the tendency of the nasal airway to 
increase with advancement, a significant increase in MNIV 
could not be seen postoperatively due to the decrease in TV. 

Table 4   Comparison of the 
measurements between the T0 
and T1 time points separately in 
female and male patients

INCV, inferior nasal concha volume; MINV, meatus nasi inferior volume; TV, total volume; NA, nostril 
area; n, noun; SD, standard deviation; *statistically significant

Sex Side n Mean SD p

Female INCV (mm3) Right T0 13 4904.6 1208.2 0.589
T1 13 4643.2 1240.9

Left T0 13 4603.2 1681.7 0.999
T1 13 4603.5 1405.2

MNIV (mm3) Right T0 13 3016.2 777.4 0.705
T1 13 3121.1 919.6

Left T0 13 3281.5 979.3 0.911
T1 13 3228.4 1247.7

TV (mm3) Right T0 13 7920.8 1536.0 0.715
T1 13 7764.4 1294.9

Left T0 13 7884.7 1907.8 0.923
T1 13 7832.0 1564.2

NA (mm2) Right T0 13 206.5 39.3 0.034*
T1 13 226.3 43.7

Left T0 13 190.7 47.3 0.007*
T1 13 221.7 49.4

Male INCV (mm3) Right T0 11 5901.8 1970.8 0.039*
T1 11 5306.5 1384.8

Left T0 11 4839.3 1790.9 0.337
T1 11 4274.8 1734.7

MNIV (mm3) Right T0 11 3108.6 738.2 0.757
T1 11 3052.7 760.5

Left T0 11 3654.3 1053.5 0.920
T1 11 3608.1 1486.4

TV (mm3) Right T0 11 9010.0 2114.2 0.050*
T1 11 8359.3 1545.0

Left T0 11 8493.7 1991.8 0.229
T1 11 7882.9 2082.6

NA (mm2) Right T0 11 201.6 64.8 0.078
T1 11 245.3 107.0

Left T0 11 199.0 53.9 0.309
T1 11 238.7 140.1
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Mirmohamadsadeghi et al. [20] measured the anterior por-
tion of the inferior nasal concha area and anterior portion of 
the isthmus (like inferior nasal concha and meatus nasi infe-
rior volume in the present study) in their maxillary superior 
repositioning Le Fort I cases. In line with our results, they 
found a decrease in the inferior nasal concha area, while the 
isthmus area was not decreased in their cases with impaction 
< 6.5 mm. Erbe et al. [16] reported the intranasal dimen-
sion diminished after maxillary advancement and impac-
tion (< 5 mm) surgery, similar to the decrease of TV in the 
present study. In contrast, Pourdanesh et al. [22] reported 
that the total cross-sectional diameter of the inferior nasal 
concha did not show any remarkable changes, and the total 
cross-sectional diameter of the isthmus nasi increased sig-
nificantly. On the other hand, Almuzian et al. [37] found that 
inferior nasal space got narrowed after advancement and 
impaction of the maxilla, and they indicated the impaction as 
the reason and commented that only maxillary advancement 
increases the inferior nasal space.

Regarding the comparison of the right and left side meas-
urements, the INCV values of the right side and the MNIV 
values of the left side were higher than the counterpart side 
at T0. On the other hand, there was no statistically signifi-
cant difference in the comparisons of the INCV and MNIV 
values between the right and left sides at T1, which means 
that step Le Fort I advancement surgery caused a decrease of 
INCV in both sides, and this decrease in the right side was 
much than the other side. So, MNIV became equal on both 
sides after surgery.

The effect of maxillary advancement amount on inferior 
nasal structures was also examined. However, it was not 
encountered a significant difference in the efficiency of treat-
ment between the groups created according to the advance-
ment amounts. As a limitation, the small sample size may 
be the reason for this result. Besides, compatible with the 
current results, Erbe et al. [16] reported that after Le Fort I 
osteotomy, there was no remarkable change in nasal function 
regardless of the advancement or impaction amount. Con-
trarily, Dantas et al. [15] reported that there were modifica-
tions in the nasal tip, nasal width increase, and upward nasal 
rotation, according to the amount of maxillary advancement 
and anterior or posterior impaction. Khamashta-Ledezma 
et al. [18] and Schendel and Carlotti [23] also stated on the 
amount of maxillary advancement that if the alar base wid-
ening was not desired, the maxillary surgery or the excessive 
movement of the maxilla should have not been the choice.

The last important findings are as follows: the NA measure-
ments were found to be increased in females, while the increase 
was not significant in males. Also, the INCV and TV values 
on the right side were found to be decreased in males, while 
it was not the case for females. It means that the NA, INCV, 
and TV parameters give different responses to the modified 
step Le Fort I surgical movement according to sex. Schendel 

and Carlotti [23] suggested being careful about advancing the 
maxilla in patients having small noses relative to their faces, 
especially in a male patient in whom the augmentation was not 
been planned. This suggestion is compatible with our results 
since the TV of the males was found to be decreased in the 
present study. However, when we compared the treatment effi-
ciency between the sexes, no significant difference was found. 
In line with this result, Mirmohamadsadeghi et al. [20] reported 
in their advancement and impaction cases that there was no 
difference between female and male cases in terms of INC and 
MNI area, and airway resistance.

There have been some limitations of the present study as 
small sample size, no existence of a conventional Le Fort I 
osteotomy group to compare, and the retrospective character of 
the research instead of prospective. In addition, in the presented 
study, the second radiological scans were taken 6 months after 
surgery. Although the mentioned period is short, the age-related 
changes in nasal structures could not be considered due to the 
lack of an untreated control group. Moreover, as the present 
study was focused on the nasal changes that might affect breath-
ing function, the other soft tissue changes in facial or nasal struc-
tures were not evaluated.

Conclusion

With the limitations stated above, the present study revealed 
important findings, which were home message as follows; 
NA values increased significantly on both sides of all 
patients after modified Le Fort I advancement surgery. This 
effect was more evident in female patients than those in 
males. MNIV values increased; however, the increase was 
not statistically significant. INCV and TV values decreased 
in patients after surgery; however, it was statistically signifi-
cant in male patients only. So, this result should be taken into 
account, especially in males with small noses. The amount 
of maxillary advancement did not affect the parameters 
measured. The efficiency of the treatment (T1–T0) did not 
change according to the sexes.

With the contribution of the present findings, future stud-
ies should be done with larger sample sizes and prospective 
and randomized controlled aspects.
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