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Abstract 
Background: This study aimed to compare the pharyngeal airway volume in class I,II and III skeletal malocclusion 
patients using cone beam computed tomography (CBCT).
Material and Methods: This retrospective, cross sectional study was conducted on lateral cephalograms of 71 
patients derived from their CBCT scans. Using the ANB angle, the patients were divided into class I,II and III 
malocclusion.  Two observers used Dolphin 3D software to calculate the pharyngeal airway volume, airway area, 
minimum axial area, minimum area location, airway length and morphology. Data were analyzed using one-way 
ANOVA, Kruskal-Wallis test, Tukey’s test, Spearman’s correlation coefficient and multiple regression analysis. 
Results: The three skeletal classes were significantly different in airway volume, minimum axial area, mean airway 
area and airway morphology (P<0.05). Significant differences were found in airway volume and mean airway area 
between class II and III patients (P<0.05). The minimum axial area and airway morphology in class III patients 
were greater than those in class I and II patients (P<0.05). Every one unit increase in the ANB angle decreased the 
airway volume by 0.261 units. The effect of ANB angle on airway volume was statistically significant and it was 
shown that one unit increase in the angle decreased the airway volume by 453.509 units. 
Conclusions: A significant correlation exists between the skeletal facial pattern and upper airway dimensions. In 
our study, the total airway volume and the mean airway area of class III patients were larger than those in class II 
patients.
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Introduction
The upper airway is a critical structure in the human 
respiratory system. The configuration and dimensions 
of the upper airway are dictated by the anatomical 
structures such as the soft tissue, muscles and the cra-
niofacial skeleton surrounding the pharynx (1,2). The 
morphology of the pharynx affects the airway volu-
me, facial growth pattern, risk of obstructive sleep ap-
nea and masticatory pattern. Anatomical abnormalities 
of the soft tissue and craniofacial skeleton can change 
the pharyngeal airway volume (1). The pathological, 
physiological and morphological obstructive processes 
such as hypertrophy of the adenoids and tonsils, allergic 
and chronic rhinitis, stimulatory environmental factors, 
congenital nasal deformities, trauma to the nose, polyps 
and tumors are among the predisposing factors for the 
upper airway obstruction (2). In case of occurrence, a 
functional imbalance leads to mouth breathing, which 
can change the facial morphology and dental arch form, 
causing malocclusion (2). 
Most previous studies in this respect had limitations sin-
ce they evaluated the lateral cephalograms of patients. 
Lateral cephalometry provides a two-dimensional view 
of a three-dimensional (3D) structure and does not allow 
assessment of the volume of structures. Moreover, la-
teral cephalograms have other shortcomings such as 
distortion, low reproducibility due to problems in land-
mark identification, difference in magnification and 
superimposition of bilateral craniofacial structures (3). 
Techniques enabling accurate detection of changes in 
the upper airway consider the volume and morphology 
of the upper airway as the two main factors playing a 
role in normal growth and development of the cranio-
facial complex and correct treatment planning (4,5). 
Although computed tomography and cone beam com-
puted tomography (CBCT) expose the patients to higher 
radiation dose compared to conventional digital radio-
graphy, CBCT is a highly acceptable imaging modality. 
CBCT has significantly lower patient radiation dose than 
computed tomography and has faster image acquisition 
(2,6,7). 
Several studies have assessed the relationship of skeletal 
pattern and craniofacial morphology with the pharyn-
geal airway volume using CBCT and yielded controver-
sial results. Some researchers believe that the respiratory 
pattern is an important etiologic factor responsible for 
change in craniofacial morphology while some others 
believe that change in facial morphology, as in the long 
face syndrome, has a genetic origin and the respiratory 
pattern is an enhancing factor (8,9). Evidence shows 
that type and severity of malocclusion can affect the 
size of the pharynx and increase the risk of obstructi-
ve respiratory diseases. Considering the significance of 
determining the morphology of the pharyngeal airway 
in different facial skeletal patterns and its effect on treat-

ment planning, this study was carried out to evaluate the 
pharyngeal airway volume in different skeletal patter-
ns in an Iranian population using CBCT. This study ai-
med to answer the question whether the skeletal pattern 
affects the airway volume. 

Material and Methods
This retrospective cross sectional study was conducted 
in Hamadan University of Medical Sciences, School of 
Dentistry in 2016-2017 and was approved by the ethics 
committee of this university (Res.Proj.16/35/1/5650/P). 
Sample size was calculated to be 71 patients. The exclu-
sion criteria were patients under 18 years of age, those 
with edentulous areas, severe skeletal asymmetry, visi-
ble jaw fracture on CBCT scans, CBCT images taken 
with 6 and 9-inch fields of view, and also patients with 
CBCT scans on which, the upper half of the fourth cer-
vical vertebra could not be seen. CBCT scans were taken 
using NewTom 3G Volume Scanner (QR srl, Verona, 
Italy) with the exposure settings of 110 kVp, 2.8 mA, 3.6 
s time and 12-inch field of View. Images were processed 
using NNT Viewer software (Newtom, Verona, Italy). 
Using the Ray sum technique, lateral cephalograms 
were derived from the 3 dimention(3D) CBCT scans. 
To determine the skeletal horizontal relationship of the 
jaws using NNT Viewer software, the ANB angle (the 
angle between the nasion, point A and point B) was de-
termined. Accordingly, the patients were divided into 
three groups class I malocclusion (ANB angle between 
1-5°), class II malocclusion (ANB angle>5°) and class 
III malocclusion (ANB angle<1°) (10). 
There were 25 patients with class I, 24 with class II and 
22 with class III malocclusion. Pharyngeal airway was 
divided into upper (nasopharynx) and lower (pharyngeal 
airway) segments. 
Dolphin 3D software version 11.7 (Chatsworth, CA, 
USA) was used to analyze and calculate the volume of 
the pharyngeal airway. Dolphin software first standardi-
zed and calibrated the 3D head position in the axial, sa-
gittal and frontal planes. In the frontal view, the mid-sa-
gittal plane matched the skeletal midline and the coronal 
plane matched the line passing from the right and left 
inferior orbital rims (Fig. 1). 
On the lateral view, the Frankfurt plane was parallelized 
and matched the axial plane. Also, the coronal plane mat-
ched the line passing along the pterygomaxillary groove 
in the pterygopalatine fossa (Fig. 2). In asymmetric ca-
ses, calibration was done as close to the afore-mentioned 
reference planes as possible. Next, measurements and 
calculations of the airway volume were made using the 
sinus/airway feature of the Dolphin software. 
-Analysis of the airway volume: 
To measure the airway volume, first we outlined the 
pharynx for calculation of airway volume by identifica-
tion of the following landmarks:
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Fig. 1: Calibration of the head in the frontal view.

	

Fig. 2: Calibration of the head in the lateral view.

- Hormion: The point of union of the sphenoid bone with 
the posterior border of the vomer (the most superior bor-
der of the pharyngeal airway) (Fig. 3)
- Posterior nasal spine (Fig. 3): The most inferior point 
of the skull base (basion)
- Line passing from the most superior and most anterior 
point of the fourth cervical vertebra and posterior wall 
of the pharynx parallel to the Frankfurt plane (Fig. 3). 
After outlining the airway and parallelizing it with the 
Frankfurt plane, the slider tool of Dolphin 3D softwa-
re was used to determine the sensitivity of the softwa-
re for differentiation of the airway and the surrounding 
soft tissue and detecting the difference in resolutions of 
the pharyngeal airway. Since the size of the airway is 
not the same in different individuals, sensitivity is also 
variable. To confirm this hypothesis, we first determi-
ned airway sensitivity in 10 individuals and found that 
this hypothesis was correct. Thus, in order to minimi-
ze errors in outlining the airway, we initially determi-
ned the first sensitivity encompassing the entire airway 
area separately for each individual. In other words, in 
this sensitivity, the software was capable of showing 
the upper and lower compartments of the airway within 
the outlined area. This sensitivity was recorded as the 
minimum acceptable sensitivity for measurement of the 

airway volume in the respective individual. Next, using 
the same sensitivity, we changed the slices to manua-
lly add the areas not detected by the software as part 
of the airway by leaving seed points on the respective 
area. By doing so, we ensured that we did not miss any 
area of the pharyngeal airway in any slice (assessment 
of the airway space was done in coronal, axial and sagi-
ttal planes). After ensuring that the airway was correctly 
and completely outlined in all three planes, in minimum 
acceptable sensitivity, the airway volume was calcula-
ted using the software (it was done automatically by the 
software). The next airway sensitivities were determined 
similar to the minimum sensitivity, and airway volume 
was calculated in these sensitivities as well. The interval 
between the chosen sensitivities was 5 in order to have 
adequately high and differentiable resolution between 
the sensitivities. We measured the airway volume in 
different sensitivities as explained earlier until we gai-
ned a sensitivity value, which gave us a very large value 
for the airway value out of the confined border of the 
pharyngeal airway (for the soft tissue surrounding the 
pharynx). To find the final value for the airway volume, 
the two values closer to each other (smaller numerical 
difference) were chosen as the final values and the mean 
of these figures was calculated as the final pharyngeal 
airway volume for the respective individual. 
In the next step, using the two chosen sensitivities, the 
airway area on the midline slice and the minimum axial 
area were automatically calculated by Dolphin software. 
Next, the mean of the values obtained in final sensiti-
vities was determined as the final values for the airway 
area and minimum axial area. Figure 4 shows the range 
of different airway sensitivities for an individual. 
After calculation of the volume, the mean airway area 
on a specific slice and the minimum axial area, the mi-
nimum area location of the lower pharyngeal segment 
was determined using the formula suggested by Holsbec 
(11): Location=upper airway length/total airway length.
The length of the upper airway was calculated as the dis-
tance between the upper border of the lower segment 
of the pharynx and the minimum area location of the 

	

Fig. 3: Outline of the airway .
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Fig. 4: Calculation of airway volume in a patient; (A) minimum airway sensitivity (35), (B) airway sen-
sitivity of 40.

axial section. In fact, airway location indicates minimum 
axial area (part of the airway with maximum narrowing) 
for evaluation in different skeletal patterns. To assess 
the morphology of the pharyngeal airway, first the mean 
airway area in different pharyngeal slices and then its 
morphology were calculated as follows (11): 
Mean area: Volume/total airway length
Morphology= Minimum axial area/mean area 
The smaller the ratio, the more irregular and disperse the 
air distribution in the airway would be. 
Two observers including a maxillofacial radiologist and 
an orthodontist evaluated the images in this study. The 
two observers determined the airway outline, anatomical 

landmarks and sensitivity for all lateral cephalograms. 
Two weeks later, all images were evaluated again by the 
two observers. 
The mean and standard deviation values were repor-
ted for descriptive data, and diagrams and tables were 
drawn. The Kolmogorov-Smirnov test was used to 
analyze the normal distribution of data. One-way ANO-
VA was applied to compare continuous quantitative va-
riables among the three skeletal patterns. This test eva-
luated the equality of variances for the mean continuous 
variables such as airway in the three skeletal patterns. 
Tukey’s test was applied for pairwise comparisons whe-
rever the equality of variances was not met. The Spear-
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man’s test was used to analyze the correlation of airway 
volume and minimum axial area. Multiple linear regres-
sion test was used to assess the effect of ANB angle, age 
and gender on airway volume. All statistical analyses 
were carried out using SPSS version 12 (SPSS Inc., IL, 
USA) with P<0.05 level of significance. 

Results 
In this study, age, length of the upper airway and mi-

Index Significance
Morphology .079 .200c,d

Total airway length (mm3) .091 .200c,d

Mean airway area (mm3) .098 .090c

ANB angle (degree) .080 .200c,d

Upper airway length (mm2) .156 .000c

Minimum axial location

(mm2)

.167 .000c

Minimum axial area (mm2) .092 .200c,d

Reliability test .085 .200c,d
Airway area at specific 

section(mm2)

.077 .200c,d

Airway volume (mm3) .101 .069c

Table 1: Evaluation of normal distribution of data using Kolmogorov-Smirnov test.

a. Test distribution is Normal.
b. Calculated from data.
c. Lilliefors Significance Correction.
d. This is the lower bound of true significance.

Quantitative variables Number Mean Standard deviation
Airway volume (mm3) 71 19773.8035 6381.69274
Airway area at midline 

(mm2)

71 871.4768 197.55900

Minimum axial area(mm2) 71 168.0310 87.87727
Minimum axial 

location(mm2)

71 .4339 .17212

Mean airway area(mm3) 71 337.7549 103.76925
ANB angle(degree) 71 3.3129 3.82634

Age(years) 71 25.038 6.77354
Upper airway length(mm) 71 25.0603 10.18354
Total airway length(mm) 71 58.5352 5.12091

Morphology 71 .4672 .13018

nimum axial location were not normally distributed 
but other variables showed normal distribution of data. 
ANOVA (parametric test) was used for the analysis of 
variables with normal distribution. The non-parametric 
Kruskal-Wallis test was used for age, length of the upper 
airway and minimum axial location (Table 1). Table 2 
shows the frequency, mean and standard deviation of the 
airway variables. Table 3 presents the frequency distri-
bution and gender of skeletal class I, II and III patients. 

Table 2: Frequency, mean and standard deviation of quantitative variables of the airway.
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Skeletal pattern Number Percentage   Gender
Class I 9 36.0 Male

16 64.0 Female
25 100.0 Total

Class II 4 16.7 Male
20 83.3 Female
24 100 Total

Class III 10 45.5 Male
12 54.5 Female
22 100 Total

Total 32.4 23 Male
67.6 48 Female
71 100 Total

Table 3: Frequency distribution of male and female patients with class I, II and III skeletal malocclusion.

Table 4 shows the frequency of sensitivity values used 
by Dolphin software to analyze the airway volume. Sen-
sitivity in the range of 40-45 had the highest frequency. 
Also, Table 4 shows that one sensitivity could not be 
used for calculation of airway volume in all individuals. 
One-way ANOVA was used to compare continuous 
quantitative variables namely airway volume, airway 
area on a particular slice (midline), minimum axial 
area, mean airway area, airway morphology and airway 
length in the three skeletal classes (Table 5). ANOVA 
showed significant differences among the three skeletal 
classes in all the afore-mentioned variables except for 
the airway length (Table 5). 
Tukey’s test was applied for pairwise comparisons of 
skeletal groups for airway volume, which showed a sig-
nificant difference in this respect between skeletal class 
II and III patterns. Class III patients had greater airway 
volume than class I and II patients.  Class I patients also 
had larger airway volume than class II patients. Howe-
ver, only the difference between class II and III patients 
was statistically significant in this respect. Class II pa-
tients had a smaller airway than class I patients but this 

Cumulative PercentValid PercentPercentFrequencyValid
1.41.41.4120-25
2.81.41.4125-30
8.55.65.6430-35
35.226.826.81935-40

84.549.349.33540-45
93.08.58.5645-50
98.65.65.6450-55
100.01.41.4155-60

100.0100.071Total

Table 4: Frequency of sensitivity values used for airway volume analysis in Dolphin software.

difference was not significant (Table 6). As shown in Ta-
ble 6, class II and III patients were significantly different 
in terms of airway area at the midline. This value in class 
II patients was smaller than that in class I patients, but 
not significantly. The minimum axial area in class III pa-
tients was significantly different from that in class II and 
I patients. The minimum axial area in class III patients 
was greater than that in class I and II patients. The diffe-
rence in this respect between class I and II patients was 
not significant. Class II and III patients were significant-
ly different in terms of the mean airway area, although 
the mean airway area of class III patients was greater 
than that in class I and II patients. The airway morpho-
logy of class III skeletal patients was greater than that 
of class I and II patients. The three skeletal groups were 
not significantly different in terms of total airway length. 
The t-test was applied to compare the mean airway vo-
lume between males and females, which showed that 
although the airway volume was greater in males, this 
difference was not statistically significant. 
The Pearson’s correlation coefficient showed that irres-
pective of the factors affecting the angle and volume of 
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Sig.Fisher’s valueMean squaresDegree of 

freedom

Sum of squares

.0343.549134741525.8032269483051.607Between groupsAirway volume(mm3)

37960839.713682581337100.495Within group

702850820152.102Total

.0046.121208393.9902416787.980Between groupsAirway area(mm3)

34048.252682315281.114Within group

702732069.094Total

.0075.38536956.996273913.992Between groupsMinimum axial 

area(mm2) 6862.57468466655.040Within group

70540569.032Total

.0343.559.0562.112Between groupsMorphology

.016681.074Within group

701.186Total

.3511.06527.869255.738Between groupsTotal airway 

length(mm) 26.175681779.924Within group

701835.662Total

.0253.88938684.283277368.567Between groupsMean airway 

area(mm3) 9946.99268676395.443Within group

753764.009Total

Table 5: Between and within-group comparisons of quantitative variables of the airway using.

the airway, every one unit increase in the ANB angle 
decreased the airway volume by 0.261 units, which was 
statistically significant (Table 7). 
The Kruskal-Wallis test showed differences in age, 
upper airway length and location among the three skele-
tal classes and revealed no significant difference (Table 
8). 
Following unadjusted analysis of the effect of age, gen-
der and angle on the airway volume, multiple linear re-
gression was applied to assess the adjusted effect of each 
variable in presence of other variables on the airway vo-
lume (Table 9). In absence of the variables in the model, 
airway volume was 21407.517; in the adjusted model, 
only the effect of angle on airway volume was found 
to be statistically significant and it was shown that one 
unit increase in the angle decreased the airway volume 
by 453.509 units (Table 9). In this model, age and gen-
der had no significant effect on airway volume. The final 
model was as follows:
Volume=21407.517-453.509xangle
The intraclass correlation coefficient was applied to as-
sess the reliability of repeated measurements, which was 
found to be 0.99.  

Discussion 
This study compared the airway volume, mean surfa-
ce area, minimum axial area, location and morphology 

among the three skeletal classes using Dolphin software. 
To compare the pharyngeal airway volume among the 
three skeletal classes, first, airway sensitivity was de-
termined. The results of airway volume measurements 
according to the chosen sensitivity value are variable in 
different studies. Increased sensitivity value results in 
inclusion of the surrounding soft tissue in volume mea-
surement (overestimation) while reduction in sensitivity 
value results in underestimation of airway volume and 
errors in calculation. The accuracy of airway measure-
ments strongly depends on the chosen sensitivity value. 
It is noteworthy that the ideal sensitivity value for calcu-
lation of airway volume has not been standardized so far. 
In this study, in order to minimize errors, sensitivity was 
chosen separately for each individual. Evidence shows 
that type and severity of class II malocclusion affect the 
shape and size of the pharynx (12). Some researchers 
believe that a correlation exists between smaller airways 
and class II malocclusion (12). Also, it is believed that 
small airways can be the result of nasal obstruction 
(which is an anatomical incidence) and can compromise 
muscle function and change the facial growth pattern. 
According to this hypothesis, small airways are often as-
sociated with a small mandible. In this study, we found 
that skeletal class III patients had larger airways than 
other skeletal classes; although it only had a significant 
difference with skeletal class II pattern, and the diffe-
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Sig.Standard error
Difference of 

mean values

Class II 

malocclusion

Class I 

malocclusion
Quantitative variables

.9081760.72009735.2952521

Airway volume (mm3)

.0951801.09031-3800.726913

.9081760.72009-735.2952512

.0391818.56932-4536.02216*3

.0951801.090313800.7269113

.0391818.569324536.02216*2

.44652.7314664.3080821

Airway area at midline 

(mm2)

.06353.94050-123.794003

.44652.73146-64.3080812

.00354.46398-188.10208*3

.06353.94050123.7940013

.00354.46398188.10208*2

.99623.673692.1123321

Minimum axial area 

(mm2)

.01624.21649-68.71191*3

.99623.67369-2.1123312

.01424.45150-70.82424*3

.01624.2164968.71191*13

.01424.4515070.82424*2

.95028.501548.6869521

Mean airway area (mm3)

.06429.15503-66.701803

.95028.50154-8.6869512

.03329.43797-75.38875*3

.06429.1550366.7018013

.03329.4379775.38875*2

.3401.462072.0666721

Total airway length (mm)

.9321.49559.536363

.3401.46207-2.0666712

.5711.51011-1.530303

.9321.49559-.5363613

.5711.510111.530302

.865.03591-.0184221

Morphology

.035.03674-.09345*3

.865.03591.0184212
.114.03709-.075043
.035.03674.09345*13
.114.03709.075042

Table 6: Pairwise comparison of skeletal patterns for quantitative variables using Tukey’s test.

rence between class I and II patients in terms of airway 
volume did not reach statistical significance.  
The mean airway area in class III patients was larger 
than that in class II patients. The minimum axial area in 
class III patients was greater than that in class I and II 

patients but the difference in this respect between class 
I and II patients was not significant. Class III patients 
had more uniform airway distribution than other clas-
ses but no difference was found in the location of maxi-
mum airway narrowing (minimum axial area) among 
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Volume (mm3) ANB angle (degree)
Volume (mm3) Pearson’s Correlation 1 -.261*

Sig. (2-tailed) .029
Frequency 71 70

Table 7: Correlation of ANB angle with airway volume.

Upper airway length(mm) Age(years) Minimum axial location(mm2)
Statistic 4.181 2.352 2.491

Significance .124 .309 .288

Table 8: Comparison of upper airway length, age and minimum axial location.

Common factor Regression Coefficients significance
Estimate Standard error

21407.517 4641.200 4.612 .000
ANB Angle(degree) -453.509 218.277 -2.078 .043

Age(years) 12.487 128.073 .097 .923
Sex -1013.481 1830.639 -.554 .582

Table 9: Modified effectiveness of age, sex and ANB angle on airway volume.

a. Dependent Variable: VOLUME.

different skeletal patterns. Airway length was not sig-
nificantly different either among the three groups. Our 
study showed a significant correlation between airway 
volume and maximum airway narrowing such that the 
larger the airway volume, the greater the minimum axial 
area would be. Researchers have divided class II ma-
locclusions into different classes based on the size and 
position of the maxilla and mandible. Many researchers 
believe that skeletal class II patients have a much na-
rrower airway than other classes. Given that a difference 
exists in shape and size of the airway among class I, II 
and III patients, it is important to find out what skeletal 
pattern would cause the greatest difference (13). 
The results of previous studies on the airway volume are 
controversial. Claudino et al. (2) concluded that airway 
volume in class II patients is smaller than that in class I 
and III patients, although they did not mention the mean 
value of volumes they calculated. Fagala (14) evaluated 
class I and II patients and found no significant difference 
in airway volume between the two groups, which was 
similar to our findings. This finding was in contrast to 
that of Claudino et al., which may be due to different 
methodologies. In the study by Claudino et al., (2) the 
sensitivity value was fixed at 25 while Fagala (14) chose 
the sensitivity value of 45. The age range was close in 
the two studies; however, they obtained different results, 
which may be due to different sensitivity values (at least 

partly). One major drawback of the studies by Fagala 
and Claudio et al., was that they used a fixed sensitivity 
value for all patients. Fagala refuted the hypothesis re-
garding the presence of a correlation between skeletal 
malocclusion and airway volume. However, he did not 
evaluate class III patients in his study. One major ad-
vantage of the study by Fagala over our study was large 
sample size (n=160) (14). He divided the lower airway 
into three segments using PNS and soft palate planes, 
epiglottis and the third cervical vertebra in order to as-
sess the pharyngeal airway separately in each segment. 
However, it should be noted that dividing the airway 
into different segments and their comparison may cause 
errors in measurement since the location of landmarks 
may vary in different individuals. Kula et al. (15) com-
pared airway volume among the three skeletal classes 
and found no significant difference. In their study, si-
milar to ours, the lower border of the airway was the 
most superior point of fourth cervical vertebra. They 
even considered the nasal cavity for measurement of the 
airway volume. However, the mean airway volume me-
asured in their study was smaller than the airway volu-
me calculated in our study. This difference was probably 
due to the method of airway measurement. It seems that 
the method of selection of sensitivity value was the main 
reason for this difference. Dadbin et al. (16) performed 
airway analysis using Dolphin software and reported 



J Clin Exp Dent. 2018;10(10):e1017-28.                                                                                                                                                                                                      Airway volume

e1026

larger airway volume in class III patients. Also, they 
showed that class II patients had smaller airway volume 
than others. The mean airway volume reported in their 
study was much larger than the value reported in our 
study, which was probably due to the selection of large 
sensitivity values for measurement of airway volume. 
Grauer et al., and Kim et al. (17,18) showed that class 
II patients had smaller airway volume than other skele-
tal patterns. However, such small airway volume in the 
study by Kim et al., (18) seems to be due to statistical 
error as the result of small sample size. A study popula-
tion comprising of 27 patients does not have adequately 
high statistical power to correctly confirm the presence 
of a difference between two groups. In contrast to stu-
dies by Grauer et al., and Kim et al., Alves et al. (17-19) 
reported that the airway volume was the same in class 
II and III patients and concluded that most airway di-
mensions are not affected by the type of malocclusion. 
However, similar to the studies by Grauer et al., and Kim 
et al., Alves et al. had a small sample size, which ques-
tions the accuracy of their results. They did not mention 
how they determined the sensitivity value either. 
Several studies have evaluated the mean airway area 
and minimum axial area. Some studies on craniofacial 
morphology and pharyngeal airway stated that the risk 
of airway collapse was high in skeletal class II patients. 
Claudino et al. believed that class II patients had higher 
risk of developing obstructive sleep apnea compared to 
patients with other skeletal patterns. However, we did 
not find evidence to support this hypothesis in our study 
because the minimum axial area to increase the risk of 
airway collapse is under 50 mm2, and such low values 
were only found in two class I and two class II patients 
in our study. Moreover, the mean value of minimum 
axial area in these two skeletal patterns confirmed that 
the obtained values were much higher than this range. 
In a study on obstructive sleep apnea, the mean value of 
minimum axial area was around 146.9 mm2 (20). This 
confirms our findings since the values obtained in class 
I and II patients in our study were close to this value. 
The situation was even better for class III patients, and 
small minimum axial area value was not found in any 
class III patients. These patients had a higher mean value 
of minimum axial area than patients with class I and II 
skeletal patterns. In our study, no significant difference 
was noted between class I and II patients in terms of 
the minimum airway area. Kula et al., in contrast to our 
study and that of Claudino et al., found no difference in 
the minimum axial area among different skeletal classes 
(2,15). But, Alves et al., in contrast to Kula et al. found 
a significant difference in the minimum axial area be-
tween class I and II patients, which was not in line with 
our findings (19). Their study was different from ours in 
that they did not include the nasopharynx and also used 
epiglottis soft tissue plane as the most inferior border of 

airway. The hard palate plane was used as the superior 
border of airway. These differences may explain the di-
fference between our results and theirs; but most impor-
tantly, Alves et al. did not mention how they calculated 
the sensitivity value. 
The upper airway morphology is an important parameter 
predicting the risk of airway obstruction. The smaller this 
ratio, the more irregular and disperse the pattern of air-
flow distribution in the pharynx would be. In our study, a 
larger value was obtained for class III patients compared 
to others, which indicates better airway distribution and 
lower risk of airway obstruction compared to other pat-
terns. This variable was only calculated in our study and 
that of Claudio et al. They found no difference in airway 
morphology of patients with different skeletal patterns. 
However, they concluded that in the hypopharynx area, 
airway morphology of class II patients was less frequent 
than that of other patterns (2). 
Minimum axial location indicates the location of mi-
nimum axial surface area of the airway. In our study, 
the three skeletal classes were not significantly different 
in this respect; although the minimum axial location in 
most of our patients was in the oropharynx. In the study 
by Claudino et al., (2) the minimum axial location in 
class II patients was in the oropharynx and they believed 
that this area had the highest risk of obstruction. Howe-
ver, in our study, minimum axial location had higher 
variability. Kula et al., (15) similar to our study, found 
no significant difference in this respect among different 
skeletal classes. 
Controversial results have also been reported regarding 
the ANB angle. Alves et al. (21) showed that class I pa-
tients (with ANB angle between 2-5°) had larger airway 
dimensions than class II (ANB angle >5°) patients and 
concluded that ANB angle affects the airway volume. 
Claudino et al. (2) stated that a significant correlation 
exists between the airway volume and ANB angle. But 
Kula et al., and Alves et al. (15,21) found no significant 
association between airway volume and the ANB angle. 
Our study results confirmed the findings of Claudio et 
al., and showed that each one degree increase in size of 
the ANB angle would decrease the airway volume by 
453 mm3. 
We also evaluated the effect of age on airway volume. 
According to Schendel et al., (5) airway dimensions in-
crease until the age of 20 and remain constant thereafter. 
Fagala (14) concluded that the airway volume increases 
with aging; this finding seems logical since their study 
was conducted on 8-14 year olds (within the develo-
pmental age range). In our study, the mean age of pa-
tients was 25 years (range 18 to 50 years) and age had 
no significant effect on airway volume. Other studies on 
airway volume in males and females reported different 
results. Grauer et al. (22) believed that class III males 
had a much larger nasopharynx than females. Alves et 
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al. (21) found a significant difference in airway volume 
of males and females. But Handelman and Osborne (23), 
Klein et al., (24) and Solow et al., (25) showed that gen-
der had no significant effect on airway dimensions. In 
our study, airway volume was not significantly different 
between males and females. However, airway volume in 
males was larger than that in females. Our sample size 
was limited in this study and number of males was half 
the number of females. This may explain the lack of sig-
nificant difference in this regard in our study.
In our study, it was hypothesized that a difference exists 
in dimensions of the pharyngeal airway of class II ma-
locclusion patients compared to other skeletal classes. It 
was hypothesized that class II patients would have sma-
ller airways due to smaller size of the mandible and less 
space for the pharynx. However, some studies rejected 
this hypothesis and found no correlation between skele-
tal pattern and airway volume. But our study found a 
significant correlation between the skeletal pattern and 
airway dimensions. In our study, class II and I patients 
were not significantly different in terms of airway vo-
lume but by an increase in ANB angle, the pharyngeal 
airway volume significantly decreased. If we had a lar-
ger sample size or had chosen class II samples with lar-
ger ANB angles, we might have obtained a significant 
difference in class I patients as well. 
Despite the clinical significance of obstructive sleep ap-
nea, generalization of these results to obstructive sleep 
apnea patients is not possible because in our study, 
CBCT images were obtained of patients while awake 
and there is no way to find out whether their tongue was 
in the standard position although patients were radiogra-
phed in supine position. This is an advantage compared 
to patients radiographed in standing position. In studies 
that radiographed patients in standing position, airway 
volume was overestimated compared to studies on pa-
tients radiographed in supine position. 
A significant correlation exists between different skele-
tal patterns and upper airway dimensions. Total airway 
volume (sum of nasopharynx, oropharynx and hypo-
pharynx) and the mean airway area of class III patients 
were larger than those in class II patients. In class I and 
II skeletal patterns, the difference in airway volume 
was not significant. The minimum axial area in class III 
patients was greater than that in class I and II patients. 
Airway and airflow distribution along the pharynx in 
class III patients was more uniform than that in class I 
and II patients. Also, the minimum axial area in different 
skeletal patterns was not significantly different. This in-
dicates that the narrowest part of the pharyngeal airway 
is not always located in the same region. The ANB angle 
is an important factor affecting airway dimensions. Fur-
ther studies on airway volume, in association with sleep 
studies, are required to radiograph patients while asleep. 
Combining this information with nasopharyngeal di-

mensions and BMI can help in better understanding of 
sleep apnea.
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