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Abstract 
Objective: The objectives of this retrospective study using cone beam computed tomography (CBCT) were to determine 
if there are differences in the volume of various upper airway segments and the most constricted area (MCA) of children 
with different dental and skeletal patterns. 

Methods: The initial CBCTs of 83 orthodontic patients (Angle’s Class I [n = 30]; Class II [n = 26]; and Class III [n = 27]) 
were collected from a private orthodontic office. Following reliability studies, various parameters of the craniofacial 
complex, airway volume, and MCA were measured utilizing Dolphin three-dimensional (3D) software. Comparisons 
among three dental and three skeletal malocclusions were performed using one-way ANOVA and Fishers Protected Least 
Significant. Associations of the airway volumes and the MCA with other parameters were determined using correlation 
coefficients, accepting p < 0.05 as significant for all tests. 

Results: Maxillary right sinus volume was the only airway segment showing significant difference among different dental 
classes. Maxillary sinus volume also correlated moderately with anterior facial height and mandibular length. No 
significant differences were found between the MCA and different dentoskeletal classifications. 

Conclusions: The only significant difference in airway parameters among the dental and skeletal malocclusions was that 
the dental Class II subjects had greater sinus volume than the other malocclusions. Shorter anterior facial height or 
mandibular length could be indicators for decreased airway volume in the sinus. 
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1 Introduction 
Controversy concerning the relationship between facial morphology and airway volume or constriction is long standing [1]. 
While some studies [2, 3] report decreased volume of the lower airway with increased anterior posterior (AP) differential 
between the maxilla and mandible, other studies do not [4, 5]. The shape of the airway is reported to be affected by skeletal 
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discrepancy, but in different planes. AP dimensions of the airway were wider than transverse dimensions in Class III 
subjects compared with Class I or II subjects [3, 4] whereas the length of the airway was reported to be longer in 
leptoprosopic faces as compared with increased anteroposterior width in euryprosopic faces [3]. 

Airway impairment can lead to mouth breathing and might contribute to long face as a result of increased airway resistance 
from nasal obstruction, adenotonsillar hypertrophy, and allergic rhinitis [6, 7]. However, this effect might occur only in 
extreme cases [8] most constricted area (MCA), rather than total or segmental airway volume, causes airflow turbulence 
and affects the efficiency of airflow [9] and is an important factor in airway analyses. The association of significantly 
smaller MCA in subjects with obstructive sleep apnea (OSA) as compared to subjects without OSA is well reported [10, 11], 
but the association between the skeletal relationship and site of the MCA varies depending on the study [5, 9]. Therefore, 
clarification of the relationship of airways and malocclusion is important in orthodontics. 

The airway has been assessed with various imaging techniques including fluoroscopy, nasopharyngoscopy, cephalometry, 
computerized tomography (CT), cone beam computed tomography (CBCT), and magnetic resonance imaging (MRI) [12, 13]. 
A three-dimensional (3D) CBCT system provides more reliable landmark identification of the anatomical structures than 
two dimensional cephalometry [14-16] allows precise measurement of airway space [17] and can be used to locate the MCA of 
the airway [9]. 

The purpose of this retrospective study using CBCT images of children was to determine if there were significant 
differences in the volume of the different airway segments (nasal cavity, nasopharynx, oropharynx, hypopharynx, 
maxillary sinuses), total airway, and the MCA among different dental and skeletal malocclusions. The second purpose was 
to determine if there were correlations between specific dental and skeletal parameters and airway parameters. 

2 Materials and methods 
This retrospective study was performed using CBCT images obtained from the routine initial records of 90 Phase I 
Caucasian orthodontic patients collected from one private practice in Kansas. Thirty subjects, classified according to 
Angle’s classification using the AP relationship of the maxillary and mandibular permanent molars, were assigned to each 
Class I, Class II and Class III malocclusion group. With a sample size of 30 patients per malocclusion group, the study had 
80% power to detect a 0.75 standard deviation difference between any two groups, assuming two-sided tests conducted at 
a 5% significance level. The total sample size of 90 subjects also provided 80% power to detect a correlation coefficient 
of .3 significantly different from zero. However, four Class II and three Class III subjects were excluded during initial 
examination of the images due to missing fourth cervical vertebra (CV4) in the image or blockage of the maxillary sinus 
reducing sample size to 30 Class I (20 F, 10 M), 26 Class II (18 F, 8 M), and 27 Class III (10 F, 17 M) subjects. The loss of 
subjects modified the power analysis slightly with a 79% power for the comparisons of the n = 30 group vs. the n = 26 
group or the n = 27 group, 76% power for the n = 26 group vs. the n = 27 group, and still an 80% power to detect a 
correlation coefficient of .3 significantly different from zero. 

Subject ages ranged from 5 years-13 years (Mean, 10 years 8 months ± one year six months). The study was approved by 
the university Institutional Review Board. All medical histories showed no record of tonsillectomy or adenoidectomy. All 
CBCTs were taken with i-CAT CBCT (Imaging Sciences, Hatfield, PA) set for full 13 cm field of view, 20 seconds of 
scanning time, and a resolution of 0.4 mm voxel size. 

The CBCT obtained for each individual was coded and randomly analyzed by the primary investigator who was blinded to 
the code. Analysis of the craniofacial complex was performed on the digital lateral cephalometric images created by 
Dolphin 3D software, version 11.0 (Dolphin Imaging, Chatsworth, CA) from the Digital Imaging and Communications in 
Medicine (DICOM) data of each individual. The cephalometric measurements were defined (see Table 1, Figure 1). 
Dental occlusion was confirmed for each side of all subjects using the CBCT volumetric rendering. Absence of sinus 
infection or obstruction was confirmed by checking the radiographic density of the sinuses with coronal slices prior to the 
measurement. The prevertebral soft tissue thickness was measured at different points along the airway to determine 
potential inflammatory increases among the groups. 
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Table 1. The cephalometric dentoskeletal measurements 

Skeletal measurements 

SNA 
The angle formed by the intersection of the S-N to N-A, and defines the anteroposterior position of the 
maxilla(A point) relative to the anterior cranial base. 

SNB 
The angle formed by the intersection of the S-N to N-B, and defines the anteroposterior position of the 
mandible(B point) relative to the anterior cranial base. 

ANB 
The angle formed by the intersection of the A-N to N-B, and defines the relationship of the maxillary and 
mandibular bases to each other in the sagittal plane. 

Angle of convexity 
(NA/APg) 

The angle formed by the intersection of the N-A-point to A-point – pogonion. It reveals the convexity (or 
concavity) of the skeletal profile. 

Mandibular plane angle (MP/SN) 
The angle between mandibular plane and sella-nasion plane. It measures the cant of the mandibular plane in 
relation to the cranial base. 

Palatal plane angle (PP/SN) 
The angle between the palatal planed and sella-nasion plane. It measures the cant of the palatal plane in 
relation to the cranial base. 

Anterior cranial base length(N-S) The linear distance from sella turcica and anterior point of the frontonasal suture. 

Midfacial length (Co-A point) The linear distance from condylion to A-point. 

Mandibular body length (Co-Gn) The linear distance from condylion and gnathion. 

N perp A point 
Anteroposterior position of the maxilla relative to the cranial base is determining by measuring the linear 
distance between A-point and nasion perpendicular. 

N ┴ Pg 
Anteroposterior position of the mandible relative to the cranial base is determining by measuring the linear 
distance from pogonion to the nasion perpendicular. 

N-ANS 
The vertical linear distance between nasion and anterior nasal spine. It measures the length of upper 
anterior face height. 

ANS-Me 
The vertical linear distance between nasion and menton. It measures the length of the lower anterior face 
height. 

N-Me 
The vertical linear distance between nasion and menton. It measures the length of the total anterior facial 
height. 

S-Go The vertical linear distance between sella and gonion. It measures the length of the posterior facial height. 

Dental measurements 

Maxillary incisor to SN (1/SN) The angle formed between the long axis of maxillary central incisor and the anterior cranial base. 

Mandibular incisor to mandibular plane 
(/1MP) 

The angle formed between long axis of mandibular central incisor and the mandibular plane. 

Wits appraisal 
(AO-BO)  

The linear distance between the perpendicular lines from point A and B on the maxilla and mandible, 
respectively, onto the occlusal plane, which is drawn through the region of maximum cuspal 
interdigitation. 

Overjet 
The horizontal distance between the incisal tips of the maxillary and mandibular incisors measured 
perpendicular to the facial plane. 

Overbite 
The vertical distance between the incisal tips of the maxillary and mandibular incisors measured 
perpendicular to the facial plane. 

Figure 1. Cephalometric measurements: 
1. SNA°; 2. SNB°; 3. ANB°; 4. Angle of 
convexity (NA – APg)°; 5. Mandibular 
plane angle (MP-SN) °; 6. Palatal plane 
angle (PP-SN)°; 7. Inclination of 
maxillary central incisor (1/ - SN) °; 8. 
Inclination of mandibular central incisor 
(/1 – MP)°; 9. Anterior cranial base 
length (N-S); 10.Midfacial length 
(Co-A); 11.Mandibular body length 
(Co-Gn); 12.N┴A point; 13.N┴ Pg; 
14.N-ANS; 15.ANS-Me; 16.N-Me; 
17.S-Go; 18.Wits appraisal (AO-BO); 
19.Overjet; 20.Overbite. 
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The airway volume and the MCA were evaluated using the same software on the 3D images of the airway. All 3D 
volumetric images were oriented in Dolphin imaging software as follows: the midsagittal plane aligned to the midline of 
the face, the axial plane aligned to the level of Frankfurt horizontal (FH) plane (Po-Or) parallel to the floor, and the coronal 
plane aligned to the level of the furcation point of the right maxillary first molar (see Figure 2). The boundaries of each 
airway segment, the MCA, and the prevertebral soft tissue thickness were defined (see Table 2, Figure 3 and Figure 4A). 
Subjects were reclassified into skeletal malocclusion based on division of ANB angle: Class 1 (2 degrees-4 degrees); Class 
2 (> 4 degrees); Class 3 (< 2 degrees). Since AP skeletal discrepancies based on ANB alone do not identify which jaw is 
causing the discrepancy, specific cephalometric parameters were identified to determine if there was an association with 
airway parameters. 

Table 2. The boundaries of each airway segment, the most constricted area of the airway, and the prevertebral soft tissue 
thickness (see Figure 3 and Figure 4) 

The airway segments Plane Boundaries 

The nasal cavity 

Sagittal 
plane 

Anterior: by the line connecting the anterior nasal spine (ANS) – the tip of the nasal bone – 
Nasion (N) 

Posterior: the line extending from Sella point (S) – Posterior nasal spine (PNS) 

Superior: the line connecting the N – S 

Inferior: the line extending from ANS –PNS 

Coronal 
plane 

the outline of the nasal cavity in a section including the maxillary first molar bifurcaction area 
starting at the crista galli, running downward toward the nasal floor and passing through the 
sidewalls of the right and left nasal cavity 

The nasopharynx 
Sagittal 
plane  

Anterior: the line extending from S –PNS 

Posterior: the line extending from S – tip of the odontoid process  

Inferior: the line extending from PNS – tip of the odontoid process 

The oropharynx  
Sagittal 
plane 

Anterior: the line extending from PNS – base of the epiglottis 

Posterior: the line extending from the tip of the odontoid process – posterior-superior border of 
C4 

Superior: the line extending from PNS – tip of the odontoid process 

Inferior: the line extending from the posterior-superior border of C4- the base of the epiglottis – 
symphysis of the mandible 

The hypopharynx 
Sagittal 
plane 

Anterior: the line extending from the base of the epiglottis – symphysis of the mandible 

Posterior: the line extending from the posterior-superior corner of C4 – posterior-inferior corner 
of C4 

Superior: the line extending from the posterior-superior corner of C4 -the base of the epiglottis – 
symphysis of the mandible 

Inferior: the line extending from the posterior-inferior corner of C4 – symphysis of the mandible 

The maxillary sinus 
volume  

Coronal 
plane 

the outline of the maxillary sinus in a section including the maxillary first molar bifurcation 
areas starting at the molar bifurcation areas, running along the lateral, superior, medial and 
inferior borders of the sinus 

Total airway and the 
boundary to detect the 
most constricted area 
of the airway 

Sagittal 
plane 

Anterior: the line extending from S –PNS – symphysis of mandible 

Posterior: the line extending from S - the tip of the odontoid process – posterior-superior border 
of C4 
Inferior: the line extending from the posterior-superior border of C4 - symphysis of the 
mandible 

The prevertebral soft 
tissue thickness as 
distance parallel to FH 
plane from 6 points 

Sagittal 
plane 

The most anterior point on the anterior arch of the atlas vertebrae (AA) 

The most inferior-anterior point of CV2 (CV2ia) 

The most superior-anterior point of CV3 (CV3sa) 

The most inferior-anterior point of CV3 (CV3ia) 

The most superior-anterior point of CV4 (CV4sa) 

The most inferior-anterior point of CV4 (CV4ia) 



www.sciedu.ca/jbgc                                                                            Journal of Biomedical Graphics and Computing, 2013, Vol. 3, No. 4 

                                ISSN 1925-4008   E-ISSN 1925-4016 120

Figure 2. Image orientation along the midsagittal, axial 
and coronal planes.  

Figure 3. A) Airway segments: A. Nasal Cavity; B. 
Nasopharynx; C. Oropharynx; D. Hypopharynx. 21. Sella; 
22. PNS; 23. ANS; 24.The tip of the nasal bone; 25.Nasion; 
26. Crista galli; 27. Tip of the odontoid process; 28. The 
posterior-superior corner of CV4; 29.Base of the epiglottis; 
30.Symphysis of mandible; 31. The posterior-inferior corner 
of C4; B) Right and left maxillary sinuses; C) Total airway 
volume and location of the most constricted area.  

Intrarater reliability measures were conducted by the primary investigator at the start of the study using CBCT images of 
10 randomly selected patients who were not in this study. All the records were coded and randomized. Dentoskeletal 
parameters, airway volumes, the MCA, and the prevertebral soft tissue thickness of the airway were identified and 
measured using Dolphin 3D imaging software. These measurements were repeated with a two week interval. 

Intraclass correlation coefficients (ICCs) and Bland-Altman plots were used to assess the intrarater reliability; systemic 
error was evaluated using student’s t-test. 

Comparisons among the three dental and the three skeletal classes were performed using analysis of covariance. Because 
the parameters may be affected by age and gender, these two factors were included in the analyses as covariates. Fisher’s 
Protected Least Significant Differences method was used to control the overall significance level of the pair-wise tests at 
5%. The correlations between the various cephalometric parameters and the airway segments were analyzed and adjusted 
for age and sex. The difference in the location of the MCA among the three dental and skeletal classes was analyzed at four 
different levels: nasopharynx, upper oropharynx, lower oropharynx, and hypopharynx (see Figure 4B). Comparisons were 
made using Mantel-Haenszel chi-square tests. Significant was accepted at p ≤ .05 for all tests. 

Figure 4. A) Prevertebral soft tissue thickness at CV1, 
CV2, CV3, and CV4. 32. the most anterior point of atlas 
vertebrae (AA); 33. The most inferior-anterior point of 
CV2 (CV2ia); 34. The most superior-anterior point of 
CV3 (CV3sa); 35. The most inferior-anterior point of 
CV3 (CV3ia); 36. The most superior-anterior point of 
CV4 (CV4sa); 37. The most inferior-anterior point of 
CV4 (CV4ia); B) Airway levels for the location of the 
most constricted area of the airway. 
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3 Results 
Intrarater reliability was considered excellent (all ICCs between the two readings were ≥ .95). No statistically significant 
difference (p ≤ .05) existed between the two readings except for three values (NS, AOBO, and CV4ia). The maximum 
discrepancy of these three values was 0.3 mm which would not be significant clinically. 

Means and standard deviations for each parameter by dental malocclusion class are presented in Table 3. The only 
significantly different parameters found among the dental malocclusions were SNB, ANB, NS, CoA, AOBO, NA/APg, 

NPg, OB, and OJ, and maxillary right sinus volume. The cephalometric parameters showing significant AP differences 

among the groups were expected based on dental classification. Maxillary right sinus volume was the only airway segment 
showing significant differences with larger volume in dental Class II than Class I or Class III. However, when the volumes 
of the two sinuses were grouped, there were no significant differences among the classes. No airway parameter was 
significantly different (p> .05) among the skeletal classes. 

Females had significantly (p = .03) larger maxillary sinus volumes (17,261 mm3 ± 728 mm3) than males (15,186 mm3 ± 
1,129 mm3). Males had significantly (p = .02) thicker prevertebral soft tissue thickness at CV2 (4.9 mm ± 0.2 mm) than 
females (4.4 mm ± 0.1 mm). But females had thicker (p = .05) tissues at CV4ia (8.5 mm ± 0.5 mm) than males (7.0 mm ± 
0.5 mm). Age showed significant, but weak, associations only with nasal cavity volume (r = .28; p = .01), maxillary sinus 
volume (r = .37; p = .00), and significant negative associations with CV4ia thickness (r = -.02; p = .05). There were 
significant increases in nasal cavity volume (p = .04) and maxillary sinus volume (p = .01) with age. Correlations of the 
different skeletal and dental parameters with the airway parameters indicated significant but weak to moderate 
associations between many of the measurements (see Table 4). Moderate correlations (> .40) existed only between total 
sinus volumes and anterior facial height (N-Me) and mandibular length (Co-Gn). 

No significant differences in MCA size or location were found among the dental classes (p = .97) or skeletal classes  
(p = .15) (see Table 3, Figure 5). The MCA was not located in the same airway level even within the same dental 
malocclusion group (see Table 5). 

Table 3. Comparison between the skeletal, dental, and airway parameters based on dental classification groups 

  
Cl I Cl II Cl III 

p value 
Mean SD Mean SD Mean SD 

SNA° 80.2 3.4 79.8 3.3 80.2 3.6 .91 

SNB° 77.4 3.1 75.5 3.8 80.1 2.9 .0001*** 

ANB° 2.8 3.3 4.3 1.8 0.2 2.1 .0000**** 

MP/SN° 36.3 4.2 35.7 6.0 34.4 5.1 .39 

NS (mm) 69.6 3.1 70.4 2.7 68.6 3.2 .05* 

1/SN° 101.6 6.0 103.5 8.9 99.5 8.8 .55 

S-Go (mm) 68.0 4.0 68.0 4.3 68.1 5.8 .44 

PP-SN° 8.1 3.6 6.7 3.0 7.9 3.6 .12 

ANS-Me (mm) 62.4 4.3 61.7 5.3 60.3 4.0 .48 

Co-A point (mm) 83.2 4.4 84.8 4.9 81.2 4.0 .0073** 

AO-BO (mm) -3.1 2.8 -0.1 2.7 -5.3 2.8 .0000**** 

NA/Apg° 5.0 4.9 7.5 5.0 -0.3 5.5 .0000**** 

N-Me (mm) 110.0 5.7 108.9 6.2 107.1 7.0 .85 

NA point (mm) 1.0 2.7 0.4 2.1 -0.3 2.7 .16 

NPg (mm) -1.8 5.6 -5.5 5.6 -0.2 4.3 .0021** 

Co-Gn (mm) 112.3 7.1 110.2 7.0 112.1 6.0 .31 

                                                                                                                                                                  (Table continued on page 122) 
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Table 3. (continued.) 
  Cl I Cl II Cl III 

p value 
 Mean SD Mean SD Mean SD 

MP/1° 84.0 6.0 86.0 6.1 81.7 6.8 .10 

OB (mm) 3.3 2.8 4.3 2.1 1.4 1.8 .0074** 

OJ (mm) 3.9 1.5 6.9 2.4 -0.7 2.7 .0000* 

N-ANS (mm) 48.9 3.4 48.9 2.3 47.9 3.9 .91 

Nasal Cavity Volume (mm3) 11,110 2,725 11,191 2,244 10,338 2,930 .90 

Nasopharynx Volume (mm3) 3,207 1,222 3,257 1,333 3,070 1,206 .95 

Oropharynx Volume (mm3) 8,511 2,546 9,622 3,616 8,945 3,069 .34 

Hypopharynx Volume (mm3) 600 354 676 529 681 448 .81 

Maxillary R Sinus Volume (mm3) 7,796 2,694 9,320 2,936 6,728 2,867 .0308* 

Maxillary L Sinus Volume (mm3) 8,417 2,791 9,755 3,208 7,260 2,744 .25 

Maxillary Sinus Volume (mm3) 16,213 5,304 19,075 5,940 13,988 5,397 .11 

Total Airway Volume (mm3) 12,907 3,544 14,301 2,995 13,220 4,205 .33 

Most Constricted Area (mm²) 111 46.3 113 47.1 113 49.1 .68 

AA (mm) 6.9 3.4 7.3 4.4 7.9 3.8 .95 

CV2 (mm) 4.6 0.7 4.4 0.9 4.9 1.1 .55 

CV3sa (mm) 5.0 0.6 5.3 1.1 5.0 1.0 .40 

CV3ia (mm) 4.8 1.4 4.7 1.1 4.9 1.0 .76 

CV4sa (mm) 6.2 2.1 6.4 2.6 6.3 2.1 .92 

CV4ia (mm) 7.6 3.0 7.9 3.5 8.1 3.5 1.00 

CL = Class      SD = standard deviation      mm = millimeter     ° Degree 

Significance levels (P = 0.05*; P = 0.01**; P = 0.001***; P = 0.0001****) 

Table 4. Significant correlation coefficient between skeletal or dental parameters and airway parameters in all subjects 

  Correlation (r) p-value 

MP/SN vs. Nasopharynx Volume -.23 .0384* 

S-Go vs. Maxillary Sinus Volume .25 .0254* 

ANS-Me vs. Nasopharynx Volume -.26 .0194** 

ANS-Me vs. Oropharynx Volume .23 .0395* 

ANS-Me vs. Maxillary Sinus Volume .35 .0011** 

Co-A point vs. Nasal Cavity Volume .27 .0154* 

Co-A point vs. Maxillary Sinus Volume .35 .0014** 

AO-BO vs. Nasal Cavity Volume .23 .0410* 

N-Me vs. Nasal Cavity Volume .27 .0159* 

N-Me vs. Nasopharynx Volume -.26 .0183* 

N-Me vs. Oropharynx Volume .22 .0489* 

N-Me vs. Maxillary Sinus Volume .41 .0001** 

Co-Gn vs. Maxillary Sinus Volume .44 .0000** 

MP/1 vs. CV4sa .25 .0252* 

OB vs. Nasopharynx Volume .23 .0372* 

N-ANS vs. Nasal Cavity Volume .30 .0069** 

N-ANS vs. Maxillary Sinus Volume .31 .0047** 

* Correlation significant at 0.05 level 

** Correlation significant at 0.01 level 
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Figure 5. The most constricted area of the airway 
based on dental and skeletal classes.  

 
Table 5. The location of the most constricted area among the dental malocclusions 

 Airway level Cl I (n = 30) Cl II (n = 26) Cl III (n = 27) 

Level 1(n = 2) Area between the superior and inferior borders of nasopharynx 0 2 0 

Level 2 (n = 38) 
Area from inferior border of nasopharynx to the level of CV2ia 
(Upper oropharynx) 

16 9 13 

Level 3 (n = 15) 
Area form the level of CV2ia to superior border of 
hypopharynx (Lower oropharynx) 

4 4 7 

Level 4 (n = 28) 
Area between the superior and inferior borders of 
hypopharynx 

10 11 7 

4 Discussion 
The relationship between dental features and the airway volume has been controversial for decades. 2D studies [16, 17] 
showed no or weak association between a dental Class I or II occlusion and nasopharyngeal area. The study by Tourne [1] 
suggested that nasopharyngeal structure had minimal effect on AP facial dimensions in seemingly healthy individuals. Our 
study found no significant differences in upper airway segments in children with dental malocclusions except for the right 
maxillary sinus. However, this difference disappeared when the volumes of both sinuses were considered together. The 
measurement of sinus volumes using Dolphin software is a measurement of air volume only, not actual sinus volume. The 
differences between the two sides could be attributed to differences of the mucosal membrane thicknesses with one sinus 
being more affected than another. Another explanation of the difference in sinus air volume could be related to the 
deviation of the nasal septum consistently to one side could be associated with a smaller sinus volume, but nasal septal 
deviation was not analyzed in this study. When the malocclusions were redefined based on AP relationship of the skeleton, 
there were no significant differences in our subjects. Thus the findings of our study confirm a 2D study [18] which reported 
no association between sagittal skeletal malocclusions and sinus volume in 14 year old Japanese adolescents. 

Conflicting results have been reported related to skeletal morphology and the airway. Although a negative correlation 
between AP skeletal discrepancy (using ANB and AO-BO) and the airway volume was reported [2, 3], our study found that 
anterior facial height (NMe) was negatively correlated with nasopharynx volume. Other studies with adults found no 
difference between skeletal AP discrepancy (ANB) and airway volume [4, 5]. Our results also showed that some parameters 
representing skeletal AP discrepancies, such as AOBO, maxillary length, and mandibular length, were positively 
correlated, although weakly, to maxillary sinus or nasal cavity, but not to the nasopharynx or the oropharynx. This 
correlation is understandable since volume of a space such as the maxillary sinus and the nasal cavity is related to the 
length and height of the space. 

Similar to 2D studies [19, 20], our 3D study of healthy children did not show significant differences in upper or lower 
pharyngeal airways with dental or skeletal malocclusion. Although increased mandibular plane did correlate with a 
decreased nasopharyngeal volume, the strength of the association was weak. 
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Maxillary sinus volume is associated with the development of the maxilla ending in the second decade for females and the 
third decade for males [18]. The increase in volume can be affected by both the vertical and sagittal growth of the maxilla. In 
agreement with the study on adolescents by Freitas et al [20], maxillary sinus size and nasal cavity volume had no 
significant association among different skeletal classifications based on ANB although both studies show that results were 
affected by subject age. Contrary to the study by Paul and Nanda [21] with adult females reporting that the form of the 
maxillary sinus was influenced by anteroposterior facial dimension (SNA) rather than vertical dimension, our results 
showed that the maxillary sinus volume is correlated to both the vertical and AP skeletal parameters. The moderate 
correlations of sinus volume with anterior facial height might be explained by vertical growth of the maxilla and alveolar 
processes with age. The response of the mandible to vertical growth of the maxilla would be downward displacement 
causing increased total anterior facial height and strengthening the correlation of the maxillary sinus volume with total 
anterior facial height. The differences between studies might be explained by the limited accuracy of measurement of sinus 
and nasal cavity using 2D radiographs as compared with 3D radiographs. Subject age differences also could contribute to 
the discrepant results between studies. 

The gender difference in our study might be explained by the early completion of facial and vertebral growth by females 
within our subject age group as compared to males. However, when the genders are factored into statistical analysis, our 
study found no difference in 3D airway volumes by dental malocclusion. 

Mandibular position in mandibular prognathic girls [22] could influence the hypopharynx airway space, though we did not 
find any significant difference in MCA size with different AP skeletal pattern or by gender. This difference again could be 
related to patient selection. In agreement with our study, mandibular plane angle was negatively correlated with 
nasopharyngeal airway space [23]. These results could be explained if the soft palate was pushed backward or upward by 
the tongue with increased clockwise rotation of the mandible. 

Other factors could impact the MCA. Obesity or accumulated fat in the neck region are associated with increased  
collapse of the upper airway in both apneic and nonapneic subjects [24]. Asthma or allergy can also narrow the airway  
through airway wall thickening [25]. Chronic rhinosinusitis can decrease maxillary sinus volume by maxillary mucosal  
thickening [26]. 

Since body mass index and history of rhinosinusitis was not available for our subjects, prevertebral soft tissue thickness 
was included in this study. Our results showed no significant difference of the prevertebral soft tissue thickness among 
different dental malocclusions and no correlation with dentoskeletal parameters. 

The MCA in adults without OSA averaged 146.9 mm2 while in OSA patients in a supine position the minimum cross 
section averaged 45.8 mm2 [27]. The location of the MCA in all of these adults was in the retropalatal region and was 
probably related to the supine position during the acquisition of the radiograph.  The uvula probably fell posteriorly. Our 
study did not find any MCA differences among the different dental or skeletal classes of healthy children. Mean MCA of 
our study was over 100 mm2 though three subjects had smaller MCA than 45.8 mm2. These smallest MCAs occurred in 
one Class I subject (12 years two months, F) in the upper part of the oropharynx, while the other Class I subject (10 years 
seven months, M) was constricted in the lower part of the oropharynx, and a Class III patient (9 years one month, M) was 
constricted in the hypopharynx. 

The location of the MCA is considered important [13, 19]. With 2D cephalometry, pharyngeal constriction was measured AP 
at two levels: behind the uvula for the upper part of the airway and at the intersection of posterior border of the tongue and 
inferior border of the mandible for the lower part of the upper airway [20]. A 3D study reported that the MCA occurred 
dorsal to the posterior tongue [9]. Our study showed that the MCA location varied with a tendency to occur most often at the 
upper part of the oropharynx followed by the hypopharynx. The nasopharynx was the least most common area although 
enlarged adenoids were expected as the greatest adenoid volume was reported in children under 10 years old [28]. 
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The limitations of this retrospective radiographic study of orthodontic patients include the lack of controls or subjects 
without malocclusions. Unfortunately, 3D CBCTs are not taken standardly in an orthodontic office of patients without 
malocclusions. Radiographs for orthodontic subjects are usually taken of subjects in an upright position and not supine as 
when sleeping. This makes interpretation of airways for purposes of sleep apnea prediction difficult. In addition, body 
mass index was not available to determine its effect on airway size. However, body mass index would probably have no 
effect on the maxillary sinuses which were constrained by bone and probably minimal effect on the nasopharynx which is 
also constrained by bone and cartilage. 

In conclusion, no significant differences were found between the different segments of the airway volume or size or 
location of the most constricted area of the airway among different malocclusions except for the maxillary sinus volume. 
Moderate correlation existed between the sinus volumes and the anterior facial height and the mandibular length. A 
longitudinal study to determine changes in airway measures as well as development of symptoms of sleep breathing 
disorders might facilitate prediction of future problems. 
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