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Abstract
Objectives Lip and palate deformities are an important craniofacial congenital anomaly that negatively affects the anatomy 
of the nasal cavity and maxilla. This study aimed to evaluate the nasal septum deviation in individuals with a unilateral cleft 
lip and palate.
Methods The sample consists of 22 unilateral cleft lip–palate patients and 20 controls with non-cleft skeletal Class III. 
Maximal septal deviation angle and linear dimension were measured on cone-beam computed tomography images. The 
localization of maximal septal deviation was determined. The data were analyzed and compared between unilateral cleft 
lip–palate patients and skeletal Class III individuals.
Results For septal deviation, a significant discrepancy between unilateral cleft patients and skeletal Class III subjects was 
detected at the anterior nasal spine (ANS) level, the posterior nasal spine (PNS) level and the ANS–PNS midpoint level 
(p < 0.05). The maximum septal deviation angle of individuals with a unilateral cleft was significantly greater than individuals 
with skeletal Class III (p < 0.05). No statistically significant differences were found in the localization of maximum septal 
deviation between the unilateral cleft patients and the Class III individuals.
Conclusion Our results demonstrated that the maximum septal deviation angle and dimension had significant differences 
in individuals with a unilateral cleft, compared to a skeletal Class III control group. However, no statistically significant 
discrepancy was observed between three levels (ANS, PNS and ANS–PNS middle levels) in the unilateral cleft patients.
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Introduction

Cleft lip and palate (CLP) is a common deformity of the 
craniofacial region. CLP occurs as a result of an inadequate 
fusion of the embryological extensions of the face during 
fetal life. Environmental and genetic factors play a role in 
its etiology [1]. CLP patients have not only oronasal insuf-
ficiency, but also experience nasal problems [2]. Mouth-
breathing, paranasal sinus problems, snoring, and obstruc-
tive sleep apnea have also been reported [3, 4].

The nasal bone growth and facial morphology may be 
affected by nasal septal changes. Previous studies have 
reported that the prevalence of nasal septal deviation was 
up to 80% in healthy individuals [5]. The nasal septum is a 
significant structure in the growth of premaxilla [6]. Nasal 
septum deformity and deviation usually occur in patients 
with CLP. The nasal septum in the unilateral CLP patients 
often shows convexity toward the cleft side, and the devia-
tion direction is toward the cleft defect [3]. Although nasal 
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obstruction has various etiological factors, such as mucosal 
congestion, choanal stenosis/atresia, adenoid hypertrophy 
and others, a deviated nasal septum is one of the common 
causes of nasal obstruction [7–10]. This obstruction can lead 
to significant functional and cosmetic effects such as maloc-
clusions and abnormal facial appearance [11, 12]. One of the 
common findings in individuals with CLP is skeletal Class 
III malocclusion [2].

The nasal airway and deformity were evaluated with 
morphometric measurements using lateral cephalometric 
image and computed tomography (CT) [13, 14]. Cone-
beam computed tomography (CBCT) is commonly used 
in dental and medical imaging. CBCT technology allows 
three-dimensional assessment of the craniofacial region with 
higher resolutions, isotropic voxel values and a lower radia-
tion dose, compared to CT [15]. In addition, the overlapping 
anatomical points, common enlargement errors and image 
distortion in cephalometric images are not present in CBCT 
images [11].

Previous studies have examined the nasal septum anat-
omy in CLP patients via CBCT [3, 15, 16]. In these studies, 
unilateral CLP patients were compared with a healthy or 
general control group, and these individuals not evaluated in 
terms of skeletal inter-maxillary relationships. CLP individ-
uals often have a skeletal Class III inter-maxillary relation-
ship [2, 17]. Therefore, it would be more suitable to compare 
CLP patients with skeletal Class III subjects [2]. To the best 
of our knowledge, no studies assessed the nasal septal devia-
tion between CLP patients and individuals with non-cleft 
Class III malocclusion. Therefore, the present study aimed 
to investigate the three-dimensional morphology of nasal 
septum deviation in unilateral CLP patients, compared to 
non-cleft Class III individuals.

Methods

Ethical approval of this study was obtained from Gazi Uni-
versity Ethics Committee (No: 2018-406). Twenty-two 
patients with unilateral CLP who underwent CBCT scan-
ning at the Dentomaxillofacial Radiology Department of 
the Gazi University between 2012 and 2018 were examined 
retrospectively. The criteria for cleft patients included were 
as follows: individuals at least 14 years old, non-syndro-
mic individuals and unilateral CLP patients. The control 
group was selected from angle skeletal Class III individuals 
(ANB > 4°). Lateral cephalometric images were obtained 
from the CBCT scans and ANB angle was measured on 
these images (researcher: IE). The skeletal Class III indi-
viduals were selected from patients without CLP who 
underwent CBCT for various reasons. The CBCT images 
were excluded if there was presence of movement artefacts, 

previous history of surgery or trauma and images not clearly 
showing the nasal region.

The images were acquired with a Planmeca Promax 3D 
unit (Helsinki, Finland), radiation dose: 90 KVp, 8 mA; 
imaging parameter: 0.4 mm with voxel size, and field of 
view: 20 × 10 cm. Evaluations were made using the Romexis 
Viewer 4.6.2.R software. The images were examined by 
one experienced oral radiologist (GA). To assess the intra-
observer agreement, 20% of the measurements were repeated 
by the same observer after 3 weeks.

The distance between the anterior nasal spine (ANS) and 
the posterior nasal spine (PNS) on the mid-sagittal section 
was measured (length of the hard palate). Measurements 
for nasal septal deviation were made in three levels (ANS 
level, PNS level, ANS–PNS middle level). The septal devia-
tion was measured as the longest distance drawn from the 
midline to the deviated segment of the nasal septum on the 
coronal section (Fig. 1). The midline was described as a 
line drawn from the maxillary or palatal spine to the crista 
galli [5, 16].

The nasal septal deviation angle was measured on coronal 
CBCT images as the angle between the midline and the line 
drawn from the crista galli to the maximum deviation point 
of the septum (Fig. 2). The three-dimensional position of 
maximal septal deviation was also determined according to 
the axial plane, inferior or superior (according to the midline 
of the skull base and the nasal floor); according to the sagit-
tal plane, right or left of midline; according to the coronal 
plane, posterior or anterior (according to midline of ANS 
and PNS). The maximal septal deviation was localized by 
the turbinate: middle turbinate, inferior turbinate or between 
the inferior and middle turbinate.

Statistical analysis

In this study, depending on the distributional violations, 
nonparametric statistical analysis was used. For testing the 
normality assumption, Kolmogorov–Smirnov test was per-
formed. The comparisons were evaluated using Friedman 
and Mann–Whitney U tests. For analysis of the categorical 
variables, Fisher’s exact test and Chi-square test were used. 
The intra-observer consistency was assessed using intra-
class correlation coefficient (ICC). The data obtained were 
analyzed using the SPSS version 23.0 (Armonk, New York). 
p < 0.05 was taken as statistically significant.

Results

Twenty-two patients with unilateral CLP, 11 females and 
11 males, had a mean age of 20.77 ± 6.56  years, rang-
ing from 14 to 35 years. In the non-cleft Class III control 
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group (n = 20), 11 females and 9 males had a mean age of 
24.45 ± 6.04 years, ranging from 15 to 35 years.

The difference between unilateral cleft patients and 
control groups regarding septal deviation, ANS–PNS 
distance (length of the hard palate) and maximum septal 
deviation angle was analyzed by the Mann–Whitney U 
test (Table 1). For septal deviation, statistically significant 

differences between unilateral CLP patients and subjects 
with Class III malocclusion were detected in the ANS 
level (p = 0.001), in the PNS level (p = 0.000), and in the 
ANS–PNS middle level (p = 0.013). The comparison of 
ANS, PNS and ANS–PNS middle levels in the unilateral 
cleft patients and in the control group was evaluated by a 
nonparametric Friedman test. For septal deviation in the 
unilateral cleft patients, the difference between three levels 
was considered null (p = 0.554). On the other hand, for the 
Class III control group, the septal deviation was found to 
be higher in the ANS–PNS middle level, compared to the 
ANS and PNS levels (p = 0.009). The distance between 
ANS and PNS (length of the hard palate) was found to 
be higher in non-cleft Class III individuals (p = 0.000). 
There was a significant difference in the maximum septal 
deviation angle (p = 0.039); the patients with unilateral 
CLP have a higher mean than the Class III control group.

The effect of gender was also analyzed by the 
Mann–Whitney U test for patients with unilateral CLP 
and the Class III control group separately (Table 2). The 
effect of gender was found to be insignificant in all meas-
urements (p > 0.05).

The localization of maximum septal deviation between 
the unilateral cleft patients and the Class III control group 
was compared. Statistically significant differences were 
not found in the localization of maximum septal deviation 
between the unilateral cleft group and the Class III control 
group (p > 0.05). The comparison between unilateral CLP 
patients and control group is summarized in Table 3.

The intra-observer reliability was assessed by using 
ICC and the values ranged between 0.844 and 0.992.

Fig.1  Linear measurements on CBCT images; a distance between 
ANS and PNS (length of the hard palate) on the mid-sagittal section, 
b the septal deviation was measured as the longest distance drawn 

from the midline to the deviated segment of the nasal septum on the 
coronal section (red line)

Fig.2  The nasal septal deviation angle was measured on coronal 
CBCT images as the angle between the midline and the line drawn 
from the crista galli to the maximum deviation point of the septum
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Discussion

Severe septum deviation leads to the development of a 
mouth-breathing habit together with inadequate nasal air-
way formation [13]. This condition is one of the causes 
of the exacerbation of malocclusion in CLP patients [3]. 
Studies have shown a strong correlation between nasal sep-
tum deviation and asymmetric facial growth [18]. Multi-
ple departments (orthodontic, otolaryngology and surgery) 
plan treatment of patients with CLP. Therefore, the evalua-
tion of nasal asymmetry is important in the multidiscipline 
treatment of the CLP individuals to achieve a better result, 
both functionally and esthetically [3]. To our knowledge, 
no study has evaluated the nasal septal anatomy differences 
between patients with unilateral CLP and non-cleft, skeletal 
Class III individuals. Our results demonstrated that there are 
significant differences regarding septal deviation between 
patients with unilateral CLP and non-cleft, skeletal Class III 
individuals. These findings were confirmed with the study 

Table 1  Comparison of 
measurements between patients 
with unilateral CLP and non-
cleft patients with Class III

CLP cleft lip and palate, ANS anterior nasal spine, PNS posterior nasal spine
*p value significant at 0.05

Variables Patients with 
unilateral CLP
(Mean ± SD)

Non-cleft patients with 
Class III (Mean ± SD)

p value

Septal deviation
 ANS 5.93 ± 1.09 3.30 ± 2.59 0.001*
 PNS 6.70 ± 2.73 3.27 ± 2.36 0.000*
 ANS–PNS midpoint 7.11 ± 2.82 4.96 ± 2.06 0.013*

Maximum nasal septal deviation angle 9.13 ± 2.95 7.21 ± 3.46 0.039*
ANS–PNS distance (length of the hard palate) 42.11 ± 6.73 49.26 ± 3.78 0.000*

Table 2  Comparison of 
measurements between genders 
in the unilateral CLP patients 
and non-cleft patients with 
Class III

CLP cleft lip and palate, ANS anterior nasal spine, PNS posterior nasal spine

Variables Unilateral CLP patients
(Mean ± SD)

p value Non-cleft patients with Class III
(Mean ± SD)

p value

Female Male Female Male

Septal deviation
 ANS 5.88 ± 1.30 5.98 ± 0.89 0.668 3.61 ± 2.75 2.92 ± 2.49 0.619
 PNS 6.81 ± 2.19 6.60 ± 3.29 0.450 3.37 ± 1.99 3.16 ± 2.88 0.701
 ANS–PNS 7.92 ± 2.58 6.29 ± 2.92 0.200 4.73 ± 1.98 5.24 ± 2.24 0.648

ANS–PNS 
(length of the 
hard palate)

42.70 ± 3.78 41.53 ± 8.98 0.940 48.23 ± 3.68 50.51 ± 3.73 0.160

Maximum sep-
tal deviation 
angle

9.29 ± 2.45 8.96 ± 3.50 0.554 6.77 ± 2.90 7.82 ± 4.25 0.741

Table 3  Localization of the maximal septal deviation

a Pearson’s Chi square
b Fisher’s exact test

Variable Unilateral 
CLP patients
N; %

Non-cleft patients 
with Class III
N; %

p value

Position with turbinate
 Inferior-turbinate 6; 27.3% 8; 40.0% 0.621a

 Inter-turbinate 8; 36.4% 7; 35.0%
 Middle turbinate 8; 36.4% 5; 25.0%

Coronal plane
 Posterior 14; 63.6% 11; 55.0% 0.754b

 Anterior 8; 36.4% 9; 45.0%
Axial plane
 Superior 9; 40.9% 6; 30.0% 0.531b

 Inferior 13; 59.1% 14; 70.0%
Sagital plane
 Left 12; 54.5% 7; 35.0% 0.232b

 Right 10; 45.5% 13; 65.0%
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of Massie et al. [15], who reported that septal deviation was 
significantly worse in CLP patients than the control group.

Previous studies have shown that the posterior part of 
the nasal septum deviates more from the anterior part in 
unilateral, complete, cleft lip–palate patients [14]. Massie 
et al. [15] reported that septal deviation was significantly 
more deviated at the ANS–PNS midpoint levels than at the 
ANS level. Friel et al. [16] observed that the nasal septum 
posterior to the ANS–PNS midpoint comprises 96% bone in 
unilateral CLP patients. In their study, the septal deviation 
dimension was measured in the anteroposterior midpoint 
of the hard palate (mean value 5.7 mm) [16]. In the pre-
sent study, the septal deviation dimensions of ANS, PNS 
and ANS–PNS middle levels in the unilateral CLP patients 
were compared. The dimension of nasal septal deviations 
was observed to be higher at the ANS–PNS middle level 
(mean value 7.11 mm). However, no significant differences 
in the septal deviation between the three levels (ANS, PNS 
and ANS–PNS middle levels) in the unilateral CLP were 
found. The discrepancy between studies may be due to dif-
ferent cleft types or different age distribution. In the study of 
Massie et al. [15], the mean age of the patients (for unilateral 
and bilateral CLP patients) was 21 years (15–33 years). Friel 
et al. [16] examined younger, unilateral CLP individuals 
(mean age for CLP 10.8 years). In another study, the mean 
age was 16 years [3]. Nasal bone growth is thought to be 
completed in girls between the ages of 11–12 and between 
13–14 years of age in boys [15, 19]. The images of unilateral 
CLP in individuals who were 14 years old and older were 
examined in this study.

In the literature, a significant asymmetry in the midfa-
cial area in patients with unilateral CLP has been reported, 
and asymmetry is limited to the cleft, nasal and nasal sep-
tum regions. Other studies have reported that asymmetry 
includes deeper midfacial structures [20]. In the study of 
Massie et al. [15], the septal deviation of individuals with 
CLP was significantly worse in all anatomical planes than 
the control group. They found a maximal septal deviation of 
the posterior half of the nasal airways in more than 68% of 
patients with CLP [15]. Dedeoglu et al. [21] found that the 
incidence of anterior nasal septal deviation in the unilateral 
cleft patients was significantly higher than that in the control 
group. Jiang et al. [3] demonstrated that the posterior part 
in the unilateral CLP patients had a greater deviation than 
the anterior part. According to the results of this study, a 
statistically significant discrepancy was not observed in the 
localization, including anterior or posterior, between unilat-
eral CLP patients and the skeletal Class III control group.

Jiang et al. [3] demonstrated that the maximal septal 
deviation often happened at the inferior turbinate level for 
cleft patients. In the present study, localization of maximal 
septal deviation was observed almost equally at the inferior 
turbinate, middle turbinate and inter-turbinate levels, and 

no statistically significant difference was determined. Our 
results showed that significant differences were not detected 
in the localization of maximum septal deviation between 
unilateral CLP individuals and the Class III control group.

A significant relationship was found between the severity 
of the cleft and the grade of the septum deviation in cleft 
individuals [3, 14]. Septal deviation angle was a commonly 
used parameter to evaluate the septal deviation [3]. In the 
present study, septal deviation angle was calculated and our 
results showed that the patients with unilateral CLP had sig-
nificantly higher deviation than the skeletal Class III control 
group. This result was consistent with those of Jiang et al. 
[3] and Massie et al. [15].

The association between maxilla and nasal septum is 
significant due to morphological and functional interaction 
[22]. In this study, we evaluated the distance between ANS 
and PNS (length of the hard palate). Our results showed 
that the hard palate length was significantly higher in Class 
III individuals than in patients with unilateral CLP. To our 
knowledge, no studies have evaluated the hard palate length 
in CLP patients via CBCT.

In the literature, the gender effect on septal deviation has 
been evaluated in cleft subjects. Jiang et al. [3] reported that 
the septal deviation angle between genders showed signifi-
cant differences in a cleft group. Contrary to the study of 
Jiang et al. [3], in this study, the difference between females 
and males in the unilateral CLP patients was not found to 
be statistically significant in the maximum septal deviation 
angle.

The CBCT scan is a useful aid to the clinician in assess-
ing complex craniofacial structures and dental relationships 
[16]. In recent years, CBCT images have been frequently 
used in the pre-operative evaluation before surgical and 
orthodontic treatments [23]. CBCT offers great advantages 
such as high resolution, low radiation dose and less observa-
tion of motion artifacts with a shorter scan time, compared 
to traditional CT [4].

The limitation of the current study includes a restricted 
sample size due to its retrospective design. The assessment 
of the nasal airway and septal deviation is of vital impor-
tance in patients with CLP when planning orthodontic and 
surgical treatment [11]. Further analyses with a larger sam-
ple size are necessary to examine the nasal septal morphol-
ogy among various cleft types.

Conclusion

The results of this study showed that the septal deviation 
angle and dimension were statistically significant different 
in unilateral CLP patients, compared to a non-cleft, skeletal 
Class III control group. However, no statistically significant 
discrepancy was observed between three levels (ANS, PNS 
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and ANS–PNS middle levels) in the unilateral CLP patients. 
The results obtained may be important in the pre-treatment 
and the treatment prognosis.
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