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Abstract: Nasal septal deviation causes the obstruction of the nasal lateral wall and sinus cavities as well as bring-
ing some respiratory problems. Furthermore, the obstruction of the upper airway tract can cause changes in normal
breathing process, which itself has an important effect on the normal development of both the mandibular and
facial areas. This study aimed to assess the dimensions of airway in patients suffering from nasal septal deviation
as well as comparing them with healthy individuals through CBCT images. This descriptive analytical study was
performed on 127 patients (classified into two groups: with septal deviation (n=93) and without this deviation
(n=34). In each patient, the presence and severity of nasal septal deviation as well as upper airway dimensions
were examined from sagittal and coronal views. The obtained data were then analyzed using independent t-test
and Mann-Whitney test.no significant difference was observed between the mean age of the two study groups
(P=0.208). Among those subjects with and without nasal septal deviation, no significant difference was observed
in the lateral view in nasopharynx (P=0.653), oropharynx (P=0.828), and hypopharynx (P=0.693) areas in terms
of the anteroposterior airway dimensions. As well, no significant difference was observed in the transversal dimen-
sions in coronal view in nasopharynx (P=0.098), oropharynx (P=0.438), and hypopharynx (P=0.676) areas. There
was no significant difference in terms of anteroposterior airway dimensions in the lateral view as well as regarding
transverse dimensions in coronal view in nasopharynx, oropharynx, and hypopharynx areas.
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Introduction airway, by having important functions in swal-

lowing and respiration [13, 14]. Changes in the

The nasal septum is an essential component in
the development of the nose and paranasal
sinuses, so nasal septal deviation is known as
one of the most common diseases in humans
[1], whereby the nasal septum becomes devi-
ated either rightward or leftward [2-5]. The
prevalence of nasal septal deviation can be
determined by investigating genetic, environ-
mental, and cultural factors [6]. Accordingly, its
causes include trauma, nasal polyps, neopla-
sia, infection, and genetics [2, 7, 8]. Nasal sep-
tal deviation, which increases the probability of
nasal obstruction, can adversely affect the ver-
bal pronunciation, aesthetics, and respiration.
It can also lead to sinusitis as well as infections
of the upper airway and middle ear [9-12].

Three pharyngeal areas of nasopharynx, oro-
pharynx, and hypopharynx constitute the upper

upper airway dimensions results in the inci-
dence of some problems, including obstructive
sleep apnea (OSA). This disease develops in
response to periodic obstruction of the upper
airway, especially the oropharynx, and is asso-
ciated with the diminished nocturnal blood oxy-
gen [8, 15-171].

Lack of the integration of the three components
of adult nasal septum, including septal carti-
lage, the vertical ethmoid plane, and vomer
bone, can consequently lead to nasal septal
deviation, deformity at the cartilage to Vomer
connecting, or the incidence of nasal spine at
the end [18].

The description of NSD along with a compre-
hensive assessment of the nasal septum can
be significant for pre-surgery planning [19], re-
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Figure 1. The three-point connection of the deviation
angle in the coronal section.

functioning, and for endoscopic surgery of the
sinus plus septal plastic surgery [20].

The upper airway obstruction usually causes
the alteration in normal breathing, which would
have a considerable effect on the normal devel-
opment of the mandibular and facial region [21-
23]. Such abnormalities require early diagno-
sis, so that further impacts on the normal
development of the jaw and face would be pre-
vented [24]. In this regard, CBCT is one of the
best diagnostic tools with some unique fea-
tures. With the use of CBCT, it is possible to
observe both anatomical and dimensional
changes of different parts of the airway [21].
Moreover, using this technique, one can exam-
ine the relationship between airway changes
across different dimensions as well as develop-
mental changes of the jaw and face with a high
accuracy [23].

Codari et al. [25] in their studby stated that
CBCT is a suitable option for airway assess-
ment. In another study, Indriksone and Jakob-
sone [26] also assessed the upper airway
dimensions in different facial patterns in
anteroposterior dimensions. As a result, they
found that in most cases, there is no significant
difference among various facial patterns in
anteroposterior dimension and oropharyngeal
airway dimensions. In a systematic review on
the papers performed on upper airway analysis
using CBCT, Guijarro-Martinez and Swennen
[27] concluded that by applying CBCT, it is pos-
sible to analyze the upper airway three dimen-
sionally with high accuracy and reliability.
Nevertheless, there are still important obsta-
cles in the way of employing these techniques,
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including the effect of stage of respiration, the
impact of the position of tongue, mandible
morphology, and three-dimensional definition
of the anatomical limits of the upper airway.

Considering the respiratory problems in people
with nasal septal deviation along with dissimi-
larity of some symptoms in respiratory prob-
lems and nasal septal deviation, and since the
shape, size, and craniofacial skeletal position
(nasal septal deviation) may determine the air-
way constriction [19], and since nasal septal
deviation can cause turbulent and accelerated
airflow and eventually result in oral respiration
(this study aimed to assess the airway dimen-
sions in people with nasal septal deviation and
to compare them with healthy individuals
through CBCT images.

Materials and methods

This descriptive-analytical cross-sectional stu-
dy was performed on CBCT images obtained
from 127 patients (categorized into two groups:
with nasal septal deviation (n=93) and with-
out deviation (n=34)) using available sampling
method. The inclusion criteria of this study
were as follows: age between 18 and 80 years
old; and field of view of patients, including max-
illa and mandible plus desired diagnostic qual-
ity of images. On the other hand, images asso-
ciated with surgery or maxillofacial trauma, any
developmental or congenital disorders, and
angled or irregular nasal septal deviation cases
(in cases with any trauma) were excluded from
the current study.

The images were prepared by Galileos
(Bensheim-Germany) with 85 kvp and 10-42
mA for 14 seconds. The obtained data were
analyzed using SIRONA sidexis XG software,
which is mostly utilized for measuring distan-
ces.

Initially, the nasal septal deviation angle of the
patients was calculated based on the connec-
tion of three points, including Crista galli, tip of
the septum curve convexity, and nasal anterior
spine (angle apex: Crista galli point) across
the coronal section (Figure 1). As well, in order
to better investigate the possible relationship
between the severity of nasal septal deviation
and upper airway dimensions, the group with
nasal septal deviation was categorized into fol-
lowing three subgroups based on NSD angle:
low deviation (2-10°), moderate (11-20°), and
severe (over 20°).
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Figure 2. (A) Anteroposterior dimension of nasopharynx in sagittal view, (B) transversal dimension of nasopharynx

in coronal view.

Figure 3. (A) Anteroposterior dimension of oropharynx in sagittal view, (B) transversal dimension of oropharynx in
coronal view.

To measure the airway dimensions in both
anteroposterior and transversal dimensions,
PNS landmarks were used as follows: the nasal
posterior spine, hypothetical point X: the bot-
tommost point of soft palate tissue, hypotheti-
cal point Y: the topmost point of epiglottis tis-
sue (lower than Aryepiglottic folds), and hypo-
thetical points A: the topmost point of arotinoid
prominences.

Based on the above-mentioned landmarks, in
each image, the airway dimensions of naso-
pharynx, oropharynx, and hypopharynx were
measured (Figures 2-4).

Thereafter, the obtained data were analyzed
through independent t-test, Mann-Whitney,
Kruskal-Wallis, and Fisher-exact test through
SPSS 22.

35

Results

In the present study, the included patients were
assigned into two groups of 34 (26.8%) without
deviation and 93 (73.2%) with nasal septal
deviation with deviation angles of 2.10-24.90°.
In terms of investigating the age frequency of
the enrolled participants, it was observed that
most of those with nasal septal deviation were
in the age group of 60-70 years old (81.3%),
while the minimum was found among the
18-30-year-old patients (62.5%), whereby no
significant difference was observed between
these two groups (P=0.208).

In terms of the mean anteroposterior dimen-
sions of the airway, there was no significant dif-
ference between the individuals with and with-
out nasal septal deviation in nasopharynx
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Figure 4. (A) transversal dimension of hypopharynx in coronal view, (B) posterior dimension of hypopharynx in sagit-

tal view.
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Figure 5. The mean anteroposterior dimension of nasopharynx, oropharynx,

and hypopharynx in individuals with nasal septal deviation and in those without
this deviation in lateral view.
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Figure 6. The mean mediolateral dimension of nasopharynx, oropharynx, and
hypopharynx in individuals with nasal septal deviation and in those without this
deviation in coronal view.

In examining the mediolat-
eral dimensions of the air-
way, no significant differen-
ce was found either bet-
ween those with and with-
out nasal septal deviation
in nasopharynx (P=0.98),
oropharynx (P=0.438), and
hypopharynx (P=0.7693) ar-
eas (Figure 6).

Moreover, when comparing
the posterior dimensions of
nasopharynx, oropharynx,
and hypopharynx areas in
those with and without
nasal septal deviation in
terms of age, the mean
anteroposterior dimension
of nasopharynx was obser-
ved to be significantly high-
er in those with nasal sep-
tal deviation compared to
those without it in the 40-
50-year-old age group (P=
0.043). However, no signifi-
cant difference was obser-
ved across the other age
groups in terms of the other
comparisons between the
individuals with and with-
out nasal septal deviation
(P>0.05) (Table 1).

By comparing the medio-
lateral dimension of naso-

(P=0.653), oropharynx (P=0.828), and hypo- pharynx, oropharynx, and hypopharynx in indi-
pharynx areas (P=0.693) (Figure 5). viduals with and without nasal septal deviation

36 Am J Nucl Med Mol Imaging 2022;12(1):33-40



Nasal septal deviation

Table 1. Comparing the Anteroposterior dimensions of nasopharynx, oropharynx, and hypopharynx in
those with and without nasal septal deviation in the studied age-groups

) No deviation With deviation
Variable Age range (year) Number P
Mean SD Mean SD

Nasopharynx 18-30 16 24.04 3.44 22.48 3.81 0.32
30-40 27 25.80 3.35 24.42 3.74 0.47
40-50 22 24.29 3.01 26.62 2.24 0.04
50-60 34 25.59 3.53 26.44 3.37 0.36
60-70 16 25.60 3.01 26.21 3.21 0.89
70-80 6 - 26.40 3.91

Oropharynx 18-30 16 13.97 3.83 13.39 2.95 0.82
30-40 27 12.05 3.45 13.04 3.80 0.91
40-50 22 13.90 4.06 12.67 4.25 0.41
50-60 34 13.40 4.45 13.06 4.24 0.74
60-70 16 12.44 0.83 14.78 6.61 0.34
70-80 6 - 11.61 2.93

Hypopharynx 18-30 16 16.87 3.65 14.09 2.98 0.19
30-40 27 16.09 3.90 16.98 3.28 0.75
40-50 22 15.36 5.40 15.63 4.75 0.96
50-60 34 15.12 3.62 14.99 4.40 0.75
60-70 16 18.15 2.16 17.03 3.17 0.43
70-80 6 - 14.02 4.78

in terms of age, the mean mediolateral dimen-
sion of oropharynx was found as significantly
lower in those with nasal septal deviation
compared to the subjects without it in the
60-70-year-old age group (P=0.024). However,
in the other comparisons, no significant differ-
ence was observed between the subjects with
and without nasal septal deviation in other age
groups (P>0.05) (Table 2).

Discussion

This study evaluated the upper airway dimen-
sions in the patients with and without nasal
septal deviation using the CBCT device.

By investigating the relationship between age
and nasal septum deviation, the major group
with deviation was found as the age range of
60 to 70 years old (81.3%), while the minimum
was found among the 18-30-yeer-old patients
(62.5%). There was no significant relationship
between nasal septal deviation and age, which
is in line with the results of other studies [28-
30]. In the study by Teul et al. [31], the largest
deviation was observed in 15-20 and 4-14-year-
old age groups, and there was a significant cor-
relation between septum deviation and age.
This was inconsistent with our results, which
can be attributed to the selection of different
age groups across the two studies.
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In the present study, after investigating the
mean values of the anteroposterior dimensions
of nasopharynx, oropharynx, and hypopharynx
areas in the lateral view in the cases with and
without nasal septal deviation, it was found
that no significant difference exists between
these two groups. Additionally, by investigating
the mean mediolateral dimension of nasophar-
ynx, oropharynx, and hypopharynx, no signifi-
cant difference was observed in the coronal
view.

In the present study, the mean anteroposterior
dimensions of the nasopharynx were signifi-
cantly larger in those with nasal septal devia-
tion compared to the healthy individuals in the
40-50-year-old age group. However, by compar-
ing different age groups, no significant differ-
ence was observed between those with nasal
septal deviation and the subjects without it in
terms of the anteroposterior dimensions of
nasopharynx, oropharynx, and hypopharynx.
Finally, by investigating the mean mediolateral
dimension of oropharynx, the 60-70-year-old
age group showed significantly lower values
among those with nasal septal deviation com-
pared to the subjects without it.

Subsequently, considering the examination of
the relationship between upper airway changes
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Table 2. Comparing the mediolateral dimensions of nasopharynx, oropharynx, and hypopharynx in
those with and without nasal septal deviation in the studied age-groups

) No deviation With deviation
Variable Age range Numbers P
Mean SD Mean SD

Nasopharynx 18-30 16 23.50 3.97 24.06 3.74 0.914
30-40 27 25.26 6.39 28.84 4.37 0.193
40-50 22 25.89 3.14 25.75 3.54 0.973
50-60 34 25.67 5.32 27.87 6.09 0.416
60-70 16 28.82 4.10 26.01 3.64 0.281
70-80 6 29.58 3.01

Oropharynx 18-30 16 18.61 8.07 25.21 7.67 0.159
30-40 27 23.68 3.92 24.03 6.17 0.825
40-50 22 27.02 6.77 26.78 6.01 0.835
50-60 34 25.19 5.71 26.75 4.31 0.925
60-70 16 35.71 1.94 28.02 5.79 0.026
70-80 6 24.64 6.05 -

Hypopharynx 18-30 16 36.33 712 34.45 3.12 0.668
30-40 27 34.54 4.97 34.38 4.01 0.885
40-50 22 33.26 6.22 35.38 2.18 0.191
50-60 34 33.67 4.20 33.36 3.97 0.741
60-70 16 40.47 3.77 34.02 4.59 0.121
70-80 6 30.12 2.54 -

and age, Moradi et al. [32] in their research
found that the volume of different airway parts
(nasopharynx, oropharynx, and hypopharynx)
and all the measurements of anterior posterior
dimension were significantly higher in the 21-
40-year-old age group compared to the 6-
20-year-old counterparts. Furthermore, these
measurements were lower in 41-60-year-old
age group compared to the 21-40-year-old
counterparts; however, this difference was not
statistically significant. Nevertheless, in the
study by Moradi, unlike the present study, the
nasal septal deviation index had not been con-
sidered. Moreover, Schendel et al. [33] in their
study observed that the total volume of the
upper airway increases with aging up to 20
years old, it remains constant up to around 40
years old, and then slightly diminishes from 40
to 60 years old.

In another study, Sheng et al. [34] observed a
significant increase in airway dimensions in the
10-22-year-old age group. Besides, Martin et
al. [35] in their study conducted on examining
the upper airway dimensions of 16-74-year-old
people reported that the upper away dimen-
sions decreased in both men and women with
aging, which was in line with the results of the
present study. Indriksone and Jakobsone [26]
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in their review study concluded that in 75% of
studies, they observed no nasopharynx dimen-
sions in craniofacial patterns. As well, the oro-
pharynx was found to be larger in the class llI
pattern.

CBCT technique, while creating a three-dimen-
sional image, has far lower radiation doses
compared to CT scan [36]. Other advantages of
CBCT over CT include its higher scanning rate
as well as greater image resolution (0.1-0.4
mm) [33].

In various studies, the accuracy and reliability
of CBCT have been evaluated for three dimen-
sionally assessment of upper airway. Ghoneima
and Kula [37] employed an acrylic model in
their research, and reported that CBCT can
regenerate the airway three dimensionally with
minimum cross-section and a high accuracy. In
addition, Hatcher [38] indicated that the poten-
tial of CBCT in diagnosing upper airway prob-
lems. Guijarro-Martinez and Swennen [27] in
their review study concluded that CBCT has
high accuracy and reliability in upper airway
assessment. Nevertheless, some limitations
have also been mentioned when using CBCT,
including inability to control the respiration
stage, the effect of tongue position, the impact

Am J Nucl Med Mol Imaging 2022;12(1):33-40



Nasal septal deviation

of mandible morphology, and three-dimension-
al definition of anatomical limits of the upper
airway.

Conclusion

No significant difference was found in Antero
posterior airway dimensions in lateral as well
as transversal in the coronal view in the naso-
pharynx, oropharynx, and hypopharynx areas.
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