
Assessment of internal nasal valve change after Le Fort I 
osteotomy using CBCT 

Pornpop Rattana-arpha1, Kornkamol Kretapirom2, Yutthasak Kriangcherdsak3, 
Kiatanant Boonsiriseth3

1	 Graduate student in the Master of Science Program in Dentistry (International program), Major in Oral and 
Maxillofacial Surgery, Faculty of Dentistry, Mahidol University, Bangkok, Thailand. 

2	 Department of Oral and Maxillofacial Radiology, Faculty of Dentistry, Mahidol University, Bangkok, Thailand. 
3	 Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Mahidol University, Bangkok, Thailand. 

Objective: The internal nasal valve (INV) is the narrowest portion of the nasal cavity and is affected by Le Fort I 
osteotomy (LF-IO). The objective of this study was to investigate the changes in the INV after LF-IO. 
Materials and Methods: The retrospective cone beam computed tomography (CBCT) data of 57 patients who 
underwent LF-IO were evaluated before and 6−12 months postoperatively. The INV measurement (angle and 
cross-sectional area) was done at the reformatted coronal CBCT image perpendicular to the estimated nasal 
airflow axis. The patients were divided into 4 paired groups depending on the differences in the direction of the 
maxilla movement and investigated. (Group 1. Impaction vs. Inferior repositioning; Group 2. Impaction >5 mm 
vs. Impaction <5 mm; Group 3. Anterior movement vs. Non-anterior movement; Group 4. Impaction symmetry 
vs. Impaction asymmetry). Statistical significance was determined at p<0.05.  
Results: Preoperatively, the mean INV angle and area of the patients was 18.92 + 5.12o and 76.63 + 16.99 mm2, 
respectively. After LF-IO, the mean INV angle of all patients was significantly increased by 2.31 + 3.87o (p<0.001), 
while the mean INV area was decreased by 0.34 + 16.24 o, which was not significant (p=0.826). However, when 
the results of the four paired groups were evaluated, there were no significant differences in the INV angle and 
INV area. The correlation between changes in INV angle and changes in INV area was weak (p=0.003, r=.279).
Conclusions: LF-IO osteotomy increased the INV angle, however, the differences in the direction of the maxilla 
movement were not significant. Impaction and advancement movement of the maxilla might increase the INV 
angle more than the inferior and setback movement. The INV area was not significantly different after surgery. 
A weak positive correlation between changes in INV angle and changes in INV area was found.
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Introduction

	 The internal nasal valve (INV) is the narrowest 
portion of the nasal airway and is associated with 
the maximum resistance flow. The complex three-
dimensional construct consists of the caudal edge 
of the upper lateral cartilage laterally, the nasal 
septum medially, the nasal bony floor inferiorly, 

and the anterior head of the inferior turbinate 
posteriorly [1, 2]. The INV angle is typically 
measured between the septum and upper lateral 
cartilage accounting for 10−15 o in Caucasian 
people with a leptorrhine (tall and thin) nose [3, 4]. 
Narrowing of this area has been generally 
accepted as a common cause of nasal obstruction 
[5]. Nasal obstruction, problematic breathing while 
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exercising, snoring, sleep apnea and repeated 
nose infections are typical associated symptoms 
[6, 7]. Chronic mouth breathing, caused by an 
obstruction of the upper airway, can also result in 
enlarged tonsils and adenoids, dry mouth, 
halitosis, periodontal disease and dental caries 
[8]. Furthermore, previous studies reported that an 
increase in the INV cross-sectional area correlated 
with a higher patient satisfaction level for breathing 
[9, 10]. Small changes in INV size resulted in  
a significant impact of airflow resistance affecting 
nasal function [11]. Although the normal INV angle 
of Caucasians has been discussed in multiple 
studies, the INV angle and area in Asians have not 
been reported.
	 Le Fort I osteotomy (LF-IO) is routinely 
performed in patients with a dentofacial deformity 
to correct malocclusion, and it has varying degrees 
of effect on the nasal airway form and function; 
hence, it is a possible factor affecting the INV [12]. 
Currently, there is no optimal method to diagnose 
INV obstruction [2]. Various modalities have been 
used for assessing the nasal airway region. 
However, the efficiency of these devices is limited. 
Anterior rhinomanometry is an indirect method 
used for evaluating dynamic function and 
determining nasal airway resistance; however, it is 
expensive, time consuming and inconspicuously 
preformed in cases with a nasal septum perforation 
[13, 14]. Although nasal endoscopy or rhinoscopy 
is a direct method used for evaluating anatomical 
changes in INV, it distorts the internal anatomy 
and has poor reproducibility [15, 16].
	 Computed tomography (CT) is a safe and 
non-invasive method for evaluating anatomical 
structures in the nasal valve region. Previous 
studies reported a high correlation between 
medical CT or MDCT (Multi-Detector Computed 
Tomography) findings and patient’s complaints 
together with clinical examinations [17, 18]. 
Notably, cone beam computed tomography 

(CBCT), commonly used in dentistry, exhibited 
comparable diagnostic capabilities for sinonasal 
structures compared with conventional medical 
CT [19, 20]. Moreover, a significant correlation  
has been observed in the measurements of the 
sinonasal cross-sectional area using acoustic 
rhinometry and coronal CBCT images, particularly 
those obtained perpendicular to the acoustic axis. 
This was commonly referred to the “reformatted 
coronal CBCT image” or the “nasal base view” 
[13, 21]. This suggested that CBCT can be used to 
assess the nasal airflow and related anatomical 
features in the nasal valve region.
	 The purpose of this study was to evaluate 
the effects of LF-IO on the INV (angle and cross-
sectional area) of Thai patients and to determine 
whether it was affected by differences in the 
direction of maxilla movement after LF-IO.

Materials and Methods

Patients
	 This retrospective study comprised 57 patients 
(17 men and 40 women) ranging from 24-42 years 
old (mean age 30.32 years). All patients underwent 
LF-IO performed by one oral and maxillofacial 
surgeon at the Oral and Maxillofacial Clinic, 
Faculty of Dentistry, Mahidol University, Thailand, 
from January 2017 to December 2021. The inclusion 
criteria for this study were patients who were 
medically healthy, over 18 years of age, and had 
CBCT taken before and 6-12 months after the surgery. 
Patients with a craniofacial anomaly, post-traumatic 
facial deformity, Le Fort I fracture, reoperation  
for correcting complications, or a history of 
septorhinoplasty or turbinoplasty were excluded. 
The patients had a treatment plan established  
at the orthognathic conference by the oral and 
maxillofacial surgery department. The patients 
underwent a standard LF-IO under general 
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anesthesia. To control the width of the alar base, 
before suturing the intraoral vestibular incision,  
an alar cinch suture was performed intraorally.
	 This study was approved by Faculty of 
Dentistry/Faculty of Pharmacy, Mahidol University, 
institutional Review Board with the certificate of 
approval COA.No.MU-DT/PY-IRB 2021/099.2812.

Acquisition of CBCT images and radiographic 
measurement methodology 
	 The CBCT of the patients were performed 
with a Kodak CS9500 machine (Carestream, New 
York, USA) using the following parameters: 90 kV, 
10 mA, 10.8 sec exposure time, and 20.6x18 cm 
field of view. The voxel size was 0.3 mm.
	 For measuring INV (Figure 1), a reformatted 
coronal CBCT image perpendicular to the 
estimated acoustic axis was chosen 1 mm anterior 
to the head of the inferior turbinate [15, 17, 21].  

For patients with an asymmetric appearance of  
the turbinate’s head, coronal cuts were assessed 
separately for each side. After obtaining the 
reformatted CBCT image, the INV angle was 
measured along both the medial and lateral nasal 

airway lumen margins. Irregularities in the medial 
and lateral walls were averaged. The apex of  
both margins was extended to the anterior soft 
tissue outline (exterior of the nasal soft tissue).  
The INV area was obtained by measuring the area 
of air density of the reformatted coronal CBCT 
image.
	 The INV angle and area were evaluated by 
the CBCT viewer (Carestream Dental software) 
and ImageJ (Research Services Branch, National 
Institute of Mental Health, Bethesda, Maryland, 
USA), respectively. The images were viewed in a 
dimly lit room on 23.8-inch Dell P2419H identical 
liquid crystal display (LCD) monitors with a screen 
resolution of 1920×1080 pixels and a color depth 
of 24-bits.
	 One researcher performed all radiographic 
analyses. The measurements were performed 
twice with a minimum time gap of 1 month to verify 
the reliability of the intra-observer results. Intraclass 
correlation coefficients at 95% confidence level for 
INV angle and area measurements that ranged 
from 0.992−0.997 exhibited almost perfect 
agreement.

Figure 1	 Measurements of the internal nasal valve angle and area at the reformatted coronal CBCT 
image: (a) A sagittal view shows the estimated acoustic axis (dotted line). A reformatted 
coronal plane perpendicular to the estimated acoustic axis was chosen to be 1 mm anterior 
to the head of the inferior turbinate; (b) a reformatted coronal plane showed the internal nasal 
valve angle; (c) a reformatted coronal plane shows the internal nasal valve area.
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Maxillary movement categories  
	 The effect of the maxilla movement after LF-
IO was analyzed in 4 groups:  
	 Group 1. Impaction group vs. Inferior 
repositioning group
	 Based on the maxillary first molar, the 
patients were divided into the impaction group 
and the inferior repositioning group.
	 Group 2. Impaction >5 mm group vs. 
Impaction <5 mm group
	 Based on the amount of impaction in LF-IO 
on the maxillary first molar, the patients were 
divided into two impaction sub-groups: Those with 
impaction >5 mm (at least one side) and those 
with impaction <5 mm (both sides).
	 Group 3. Anterior movement group vs. Non-
anterior movement group
	 Based on the direction of movement in LF-
IO, the anterior group included patients who 
displayed anterior movement, whereas the non-
anterior group of those who received a setback or 
did not display anterior movement.
	 Group 4. Asymmetrical impaction group vs. 
Symmetry impaction group
	 The patients were divided into asymmetrical 
and symmetrical impaction groups based on the 
maxillary first molar. The asymmetry impaction 
movement group comprised those with an 
impaction difference of >3 mm between the left 
and the right side, whereas the symmetry impaction 
movement group had an impaction difference of 
<3 mm between the left and right sides.

Statistical analysis              
	 The Kolmogorov–Smirnov test was used 
and the results showed a normal data distribution. 
For comparing the patients, the differences 
between the preoperative mean value and 
postoperative mean INV value were analyzed by 
the paired sample t-test. For comparing within the 
patient paired groups, the Levene’s test for 

equality of variances assumption and independent 
sample t-test was used. The correlation between 
changes in INV angle and changes in INV area 
was investigated using Pearson correlation and 
interpreted: Negligible 0.00-0.10, weak 0.10-0.39, 
moderate 0.40-0.69, strong 0.70-0.89 and very 
strong 0.90-1.00 [22]. The statistical analyses 
were conducted using IBM SPSS Statistics for 
Windows, Version 27.0. (IBM Corp., Armonk, NY, 
USA). The statistically significance level was set at 
p<0.05.

Results 

Maxillary movement categories (Table 1) 
	 Group 1, there were 34 patients in the total 
impaction group with more impaction on the right 
side and 34 patients in the inferior repositioning 
group with more elongation on the left side. Group 
2, there were 9 patients in the >5 mm impaction 
group and 25 patients in the <5 mm impaction 
group. Group 3, there were 29 patients in the 
anterior movement group (2.21 ± 1.03 mm) and  
28 patients in the no change and setback group 
(1.30 ± 1.77 mm). Group 4, there were 9 patients 
in the asymmetry impaction group (impaction 
difference 3.50 ± 0.75 mm) and 25 patients in the 
symmetry impaction group (impaction difference 
1.02 ± 0.80 mm).

Before surgery (Tables 2 and 3)
	 Preoperatively, the mean INV angle of the 
patients was 18.29 ± 5.12o with no significant 
difference between sexes or sides. Among 114 
samples, most of the INV angles were > 15o  

(73 samples or 64.04%), followed by INV angle of 
10-15o (39 samples or 34.21%).
	 The mean INV area of the patients was 
76.63 ± 16.99 mm2. The INV area in males was 
significantly larger than in females (p<0.01).
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Table 1	 Directions and distances of maxilla movement after Le Fort I osteotomy in each paired group

Patient groups n (%) Distances of maxillary movement after 
Le Fort I osteotomy (mean ± SD)

Group 1. Impaction group vs. Inferior repositioning group

	 Impaction group 34 (59.65%)
Right impaction 3.45 ± 1.88 mm
Left impaction 2.72 ± 2.00 mm

	 Inferior repositioning group 8 (14.04%)
Right elongation 1.25 ± 0.93 mm
Left elongation 1.75 ± 1.75 mm

	 N/A 15 (26.31%)
Group 2. Impaction >5 mm group vs. Impaction <5 mm group

	 ≥5 mm impaction group 9 (15.79%)
Right impaction 5.94 ± 1.04 mm
Left impaction 4.22 ± 2.74 mm

	 <5 mm impaction group 25 (43.86%)
Right impaction 2.52 ± 1.13 mm 
Left impaction 2.18 ± 1.35 mm

	 N/A 23 (40.35%)
Group 3. Anterior movement group vs. Non-anterior movement group
	 Anterior movement group 29 (50.88%) Advance 2.21 ± 1.03 mm
	 Not anterior movement group 28 (49.12%) No change and  Setback 1.30 ± 1.77 mm
Group 4. Asymmetry impaction group vs. Symmetry impaction group
	 Asymmetry impaction group 9 (15.79%) Impaction difference 3.50 ± 0.75 mm
	 Symmetry impaction group 25 (43.86%) Impaction difference 1.02 ± 0.80 mm
	 N/A 23 (40.35%)

(SD: standard deviation, vs: versus, N/A: not available)

Table 2	 Preoperative internal nasal valve angle and area in all patients
Right side 
Mean ± SD

Left side
 Mean ± SD

Average
Mean ± SD p-value†

Preoperative INV angle (degree)
	 Female 18.05 ± 4.86 18.08 ± 5.05 18.06 ± 4.92 .947
	 Male 19.53 ± 5.66 18.12 ± 5.67 18.82 ± 5.62 .231
	 Total 18.49 ± 5.10 18.09 ± 5.19 18.29 ± 5.12 .354
	 p-value‡ .978 .321 .471
Preoperative INV area (mm2)
	 Female 74.95 ± 16.96 71.11 ± 14.53 73.03 ± 15.81 .050
	 Male 85.25 ± 16.76 84.94 ± 17.46 85.09 ± 16.85 .947
	 Total 78.02 ± 17.42 75.23 ± 16.58 76.63 ± 16.99 .148
	 p-value‡ .040* .003* <.001*

(SD: standard deviation, INV: internal nasal valve)
† According to paired samples t-test comparing between right and left of the INV angles/areas
‡ According to independent samples t-test comparing between sexes
*Statistically significant value
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Table 3	 Comparison of preoperative and postoperative internal nasal valve angles after Le Fort I 
Osteotomy

Postoperative INV angle
(n = 114)

<10 degrees 10-15 degrees >15 degrees

Preoperative 
INV angle
(n = 114)

<10 degrees 2 (1.75%) 0 2 0

10-15 degrees 39 (34.21%) 0 13 26

>15 degrees 73 (64.04%) 0 7 66

Total 114 (100%) 0 (0%) 22 (19.30%) 92 (80.70%)
(INV: internal nasal valve)

Table 4	 Changes in the internal nasal valve angle and area in all patients

N (%)
Preoperative
Mean ± SD

Postoperative
Mean ± SD

Difference
Mean ± SD

p-value†

INV angle (degree)

All 114 (100%) 18.29 ± 5.12 20.42 ± 5.72 2.31 ± 3.87 <.001*

	 Increased 77 (67.54%) 17.68 ± 4.74 21.68 ± 5.97 4.00 ± 2.88

	 No changed 14 (12.28%) 18.00 ± 3.33 18.00 ± 3.33 -

	 Decreased 23 (20.18%) 20.52 ± 6.65 17.70 ± 4.60 -2.83 ± 2.76

INV area (mm2)

All 114 (100%) 76.63 ± 16.99 76.29 ± 20.76 -0.34 ± 16.24 .826

	 Increased 54 (47.37%) 72.16 ± 15.47 84.78 ± 21.87 12.62 ± 12.44

	 Decreased 60 (52.63%) 80.65 ± 17.40 68.66 ± 16.44 -12.00 ± 6.82
(SD: standard deviation, INV: internal nasal valve)
† According to paired samples t-test comparing the preoperative and postoperative of the INV angles/areas
*Statistically significant value

Changes in INV angle and area in all patients 
(Tables 3 and 4)	
	 The mean postoperative INV angle was 
significantly increased by 2.31 ±  3.87o (p<0.001). 
Most of the postoperative INV angles were > 15o 

(92 samples or 80.70%), fol lowed by INV  
angle of 10-15o (22 samples or 19.30%), and  
no sample with INV angle < 10o. However, the 
mean postoperative INV area was decreased by 
0.34 ± 16.24 mm2 with no statistical significance 
(p=0.826).

Changes of the INV angle and area in each paired 
group           
	 The mean postoperative INV angle in every 
sub-group increased by an average difference 
ranging from 1.84-2.61o. (Table 5) However, there 
were no significant differences in the postoperative 
changes in INV angle according to the direction of 
the maxilla movement.
	 The mean postoperative INV area changed 
(ranging from -1.58 to 4.28 mm2) but not significantly 
different for all paired groups. (Table 6)
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Table 5	 Changes in the internal nasal valve angle according to the maxilla movement

Group n
Preoperative
Mean ± SD 

(degree)

Postoperative
Mean ± SD 

(degree)

Difference 
Mean ± SD 

(degree)
p-value†

Group 1. Impaction group vs. Inferior repositioning group

	 Impaction group 68 17.88 ± 4.71 20.37 ± 5.81 2.49 ± 3.76
.660

	 Inferior repositioning group 16 20.69 ± 5.86 22.69 ± 6.30 2.00 ± 4.77

Group 2. Impaction >5 mm group vs. Impaction <5 mm group

	 ≥5 mm impaction group 18 17.78 ± 5.22 20.39 ± 5.34 2.61 ± 4.86
.870

	 <5 mm impaction group 50 17.92 ± 4.57 20.36 ± 6.02 2.44 ± 3.33

Group 3. Anterior movement group vs. Non-anterior movement group

	 Anterior movement group 58 17.95 ± 5.32 20.36 ± 6.47 2. 41 ± 3.68
.431

	 Not anterior movement group 56 18.64 ± 4.94 20.48 ± 4.88 1.84 ± 4.08

Group 4. Asymmetry impaction group vs. Symmetry impaction group

	 Asymmetry impaction group 18 17.44 ± 4.13 19.94 ± 5.55 2.50 ± 3.73
.985

	 Symmetry impaction group 50 18.04 ± 4.93 20.52 ± 5.95 2.48 ± 3.80
(SD: standard deviation, vs: versus)
† According to independent sample t-test comparing the difference between paired groups

Table 6	 Changes in the internal nasal valve area according to the maxilla movement 

Group n
Preoperative 
Mean ± SD

(mm2)

Postoperative
Mean ± SD

 (mm2)

Difference 
Mean ± SD

(mm2)
p-value†

Group 1. Impaction group vs. Inferior repositioning group

	 Impaction group 68 73.67 ± 16.14 74.91 ± 21.94 1.23 ± 17.46
.549

	 Inferior repositioning group 16 86.04 ± 16.45 84.46 ± 14.57 -1.58 ± 13.91
Group 2. Impaction >5 mm group vs. Impaction <5 mm group

	 ≥5 mm impaction group 18 74.28 ± 14.78 74.55 ± 17.71 0.28 ± 16.72
.789

	 <5 mm impaction group 50 73.45 ± 16.74 75.03 ± 23.43 1.58 ± 17.87
Group 3. Anterior movement group vs. Non-anterior movement group

	 Anterior movement group 58 79.47 ± 17.66 78.87 ± 19.30 -0.60 ± 16.52
.861

	 Not anterior movement group 56 73.69 ± 15.89 73.62 ± 22.02 -0.06 ± 16.10
Group 4. Asymmetry impaction group vs. Symmetry impaction group

	 Asymmetry impaction group 18 76.70 ± 12.41 80.98 ± 25.39 4.28 ± 22.39
.393

	 Symmetry impaction group 50 72.58 ± 17.27 72.72 ± 20.40 0.14 ± 15.44
(SD: standard deviation, vs: versus)
† According to independent sample t-test comparing the difference between paired groups
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	 The correlation between the changes INV 
angle and changes of INV area was positive, but 
weak (p=0.003, r=.279). (Figure 2) 

However, no difference was found between our 
INV area and previous studies that ranged from 
73.2-90.34 mm2 [17, 24, 25].
	 LF-IO is widely used for correcting dentofacial 
deformities and it has varying degrees of effect on 
nasal airway form and function, especially the INV 
region [9]. However, the effects of LF-IO on the nasal 
airway are unresolved. Erbe et al. [26] found no nasal 
airway changes after impaction or advancement 
of the maxilla, while other studies [27-29] found an 
increasing cross-sectional area and decreasing 
nasal resistance after impaction and advancement 
of the maxilla due to opening of the internal nose 
dimensions. However, these articles focused on 
rhinoscopy, anterior rhinomanometry, and acoustic 
rhinometry. There was only one CT study by 
Dilaver et al. [25] that found that the INV angle and 
INV area were significantly increased after LF-IO, 
however, the strong influence of the direction of 
maxilla movement was not evaluated.
	 The focus of this present study was on the 
anatomic changes in CBCT images after LF-IO on 
the INV region, and on determining whether these 
were affected by differences in the direction of maxilla 
movement. Post-surgery, the results of this study 
showed only a significant increase of the mean INV 
angle of all patients. In addition, all sub-groups were 
increased, but there were no significant differences 
when the four paired groups were evaluated. These 
results reflected that all directions of the maxilla movement 
of LF-IO resulted in an increased INV angle. However, 
impaction and advancement movement of the maxilla 
increases the INV angle more than that influenced 
by inferior and setback movement. In contrast, the 
INV area of all patients and all four paired groups 
revealed no significant differences. 
	 An increase in INV angle presented clinically 
visible flaring of the alar base of the nose and a change 
in shape from narrow taper to ovoid. An increased INV 
area was suspected. This study observed a significant 
increase of the mean INV angle of all patients, but 
no significant difference for the INV area. Consequently, 

Figure 2	 The scatter plot of the relationship between 
the changes in INV angles and changes in 
INV areas

Discussion

	 Numerous methods are useful for evaluating 
nasal obstruction and INV, including CT. Poetker 
et al. [21] reported the most reliable INV angles were 
determined by “reformatted coronal CBCT images”. 
In contrast, the INV angle measured in the traditional 
coronal plane or a plane perpendicular to the hard palate 
significantly underestimated the values [17, 21]. 
Additionally, the reconstructed CT method was 
either good for reproducibility or good sensitivity and 
specificity values for INV area assessment [13, 23]. 
Thus, this study used the reconstructed CBCT images 
perpendicular to the estimated nasal airflow.
	 Preoperatively, the mean INV angle and 
area values of the patients were 18.29 ± 5.12o and 
76.63 ± 16.99 mm2, respectively. Our results revealed 
that the Thai INV angle was larger than that of 
Caucasians, but narrower than that of Koreans [15] 
with an average of 21.6o. These results might be 
associated with the Asian race that typically showed 
a mesorrhine (medium or intermediate) nose [3]. 
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the correlation between changes in INV angle and 
changes in INV area was investigated and the 
results indicated a weak positive correlation. To our 
knowledge, this study is the first report on the 
correlation between changes in INV angle and changes 
in INV area after IF-IO. The low correlation due to the 
INV area may be influenced by other factors after 
LF-IO, such as nasal septal deviation, septal body, 
turbinate hypertrophy, concha bullosa, alar width, 
nasal height, internal surface irregularities, mucosal 
hypertrophy and intrinsic muscles of the nose 
(such as nasalis, dilator naris, and levator alae) 
[23, 26, 30]. According to Spalding et al. [31], it is 
impossible to predict the nasal function parameters 
for individual patients following maxillary surgery.
	 For the limitation in this research, all LF-IO cases 
were corrected with the maxilla in a 3-dimensional 
aspect of pitch, roll, and yaw rotations. Because 
only one axis was compared each time, confounding 
factors due to the remained two axes could not be 
avoided. The combination of patient symptoms 
and physical examination findings may be a more 
appropriate assessment of the INV because of its 
dynamic evaluation of the nasal airway rather than 
the static images of the CBCT. Due to its 
retrospective design, the present study has not 
investigated the relationship between the nasal 
airway function and anatomical INV changes. 
Further prospective studies should be performed. 

Conclusions

	 LF-IO osteotomy resulted in an increased 
INV angle. Impaction and advancement movement 
of the maxilla might increase the INV angle more 
than inferior and setback movement. In contrast, 
the INV area demonstrated no significant change 
after surgery. A weak correlation between changes 
in INV angle and changes in INV area was found.
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