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ABSTRACT 

Objective: To compare upper airway volume, lower airway volume and total airway volume between the Class II 
Division 1 and Class II Division 2 individuals, using Cone Beam Computed Tomography scans. 
Study Design: Cross-sectional analytical study. 
Place and Duration of Study: Orthodontics department, Armed Forces Institute of Dentistry, Rawalpindi, from 
Jan 2017 to Dec 2018. 
Methodology: It was a cross-sectional study in which a comparison between upper airway volume, lower airway 
volume and total airway volume was drawn between the Class II Division 1 and Class II Division 2 individuals, 
using Cone Beam Computed Tomography scans. Independent sample t test was applied for testing the statistical 
significance between mean scores of the groups. 
Results: Results suggested that difference among upper and lower airway volumes among the two groups was 
statistically significant. Upper airway in Division 1 group was 8870.02 ± 454.53mm3 as compared Division II 
9402.00 ± 80.76 mm3, with a p-value of 0.04 and lower airway in Division 1 group was 8368.35 ± 41.18mm3 as 
compared Division II, 8773.52 ± 185.847mm3, with a p-value of 0.04. Whereas total airway volume showed an 
insignificant difference with Division I having a total volume of 8368.35 ± 412.18 mm3 and Division II, 8773.52 ± 
185.85 mm3 with a p-value of 0.75. 
Conclusion: Class II generally has lesser airway volumes as compared to other facial forms. Among class II, 
Division 2 profile has greater values of upper and lower airway volumes when compared to Division and total 
airway volumes are not statistically different among Division 1 and 2. 

Keywords: Airway assessment, Airway morphology, Airway volume, Cone beam computed tomography, 3D 
evaluation. 

 

INTRODUCTION 

Oral cavity is strategically located and 
anatomically designed to perform a multitude of 
functions. Respiratory function as well as upper 
airway morphology not only are complex and 
multifunctional neuromechanical systems1, but 
also are greatly related to normal development of 
orofacial structures. Altered breathing function 
could influence facial growth and morphology2 
and vice versa. Growth, anatomical, postural and 
mechanical factors3 greatly influence the dimen-
sions of a healthy pharyngeal airway. Mandi-
bular deficiency, maxillary hypoplasia, inferior 
position of hyoid bone and elongation of the soft 

palate can lead to compromised airway space4. 
Craniofacial form and function are closely inter-
linked, growth and morphology of the surroun-
ding bony framework directs the enlargement    
of the pharynx whereas converse may also be 
true5-7. Relationship between impaired pharyn-
geal ventilation and malocclusion has been a 
controversial subject but several studies have 
showed them to be positively correlated8.  

A variety of treatment modalities have been 
used to address the problems related to obstruc-
tion or insufficiency of airway in adult non 
growing population. Being an orthodontist, we 
are ata critical standpoint of diagnosing the 
insufficient airway during the growth periods 
and at that very point, addressing the growth 
aberrations may prove to be significant in 
improving the insufficiency of the developing 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which 

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Correspondence: Dr Azhar Ali Bangash, HOD & Consultant 
Orthodontics, 21 MDC Quetta Pakistan 
Received: 08 Jan 2019; revised received: 16 Dec 2019; accepted: 10 Jan 
2020 

Original Article  Open Access 



Craniofacial Morphology  Pak Armed Forces Med J 2020; 70 (4): 928-32 

929 

airway. Some local etiological factors, like man-
dibular and maxillary insufficiency (retrogna-
thism), maxillary transverse constriction, soft 
tissue enlargements of adenoids and tonsils, 
abnormal tongue size or posture, altered brea-
thing habits including persistent mouth breathing 
are the ones that present as common findings to 
orthodontist during routine treatment planning. 
Early diagnosis, evidence-based explanations of 
etiology, and assessment of the functional factors 
might be vital for the restoration of the normal 
craniofacial growth and the stability of the treat-
ment results9. We may say that this early diag-
nosis and addressing the etiological factors may 
work as a vaccine to prevent future development 
of insufficient airway. 

In some previous studies, it was found that 
skeletal Class III patients had greater airway 
volume than class I, which was greater than 
skeletal Class II patients10. Conflicting results 
have been reported regarding minimal cross-
sectional area and sagittal craniofacial dimension; 
some studies have found an association10, where-
as others have not. The objective of the study was 
to compare upper airway volume, lower airway 
volume and total airway volume between the 
Class II Division 1 and Class II Division 2 indivi-
duals, using Cone beam computed tomography 
(CBCT) scans. 

METHODOLOGY 

The study was approved by ethics review 
committee (Ref letter number: 905/Trg-AB1K2) of 
Armed Forces Institute of Dentistry (AFID). It 
was a cross-sectional analytical study in which 
patients opting for orthodontic treatment in AFID 
were selected by using a non-probability consecu-
tive sampling technique. Sample size was calcula-
ted using G-power 3.1.9.2 software. For an inde-
pendent sample t-test, keeping the value of effect 
size as 0.8, alpha error as 0.05, beta error as 0.2, 
probability and power 0.8, a sample size of         
50 was calculated, with 25 subjects falling in    
each group. After orientation of acquired CBCT 
records on axial and coronal planes, 3 scans from 
division 1 group and 5 scans from division 2 

group were dropped out for not being properly 
oriented whereas 1 scan from division 1 group 
and 2 scans from division 2 group were dropped 
out as result of movement artifact during accusa-
tion. Consequently the division 1 group now 
comprised of a total scans of 22 and division 2 
group had 18 scans. Written informed consent 
was obtained from all subjects before using their 
records for the study. 

Data included scans acquired from January 
2017 to December 2018. Inclusion criteria was 
formulated and subjects with age between 13 
years to 20 years, biting in centric occlusion, full 
field of view images (18-16 cm) [including cra-
nial base, maxilla, mandible, the first four cervical 
vertebrae (C1–C4) and the associated airway], 
Class II skeletal relationship with an ANB angle 
of 4.5° or more were included. To confirm that 
skeletal discrepancy lies in the lower jaw alone, 
subjects with SNA between 80 degrees to 84 deg-
rees were included. Scans of subjects only with 
normal tongue sizes and posture, which was 
confirmed by clinical evaluation (tongue tip to 
chin and swallowing test respectively) were 
included. Of all the patients fulfilling our inclu-
sion criteria, subjects with Class I and Class III 
(prognathic mandible) Class II (prognathic maxi-
lla) skeletal relationship, having previous ortho-
dontic treatment and/or orthognathic surgery, 
adeno-tonsillectomy, known syndromal condi-
tions, presence of pathology/trauma in cranio-
facial region, any history of obstructive sleep 
apnea (OSA) or treatment received for OSA, 3D 
scans having movement artifacts or swallowing 
during scan acquisition were excluded from the 
study. 

The CBCT data sets included in this study 
were acquired in accordance to the department’s 
protocol of imaging using the New Tom VGi 3D 
[QR systems, Verona, Italy]. Scans were done 
with patients positioned in the upright position, 
making the Frankfort horizontal (FH) plane 
parallel to floor. They were instructed to maintain 
maximum intercuspation and to avoid swallo-
wing and other movements during the scanning 
procedure. The exposure settings were 110 kV, 4 
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mA, 18-16 cm field of view, 0.3-mm voxel size, 3.6 
seconds exposure time. For analysis, the images 
were saved as digital imaging and communica-
tions in medicine (DICOM) software files.  

Sagittal skeletal type was established initially 
from visual inspection of the facial photographs 
and the lateral cephalometric radiograph. This 
was confirmed by measuring ANB angle, overjet 
and mandibular length on synthetic lateral 
cephalogram. Differentiation between division 1 
and division 2 was made as class II division 1 was 
categorized by having over jet >3mm, class II 
division 1 incisor relationship (proclined inci-
sors), SN to MP angle >30 degree whereas divi-
sion 2 was categorized as overjet <3mm, Class II 
division 2 incisor relationship (retroclined inci-
sors), deep overbite and an SN to MP angle <30 
degree First, scans were oriented to static refe-
rence planes, in frontal and lateral view. The mid-
sagittal plane was paralleled to the skeletal 

midline and the coronal plane matched the line 
passing from the right and left inferior orbital 
rim. Also on the lateral view, the Frankfort plane 
was paralleled axial plane and coronal plane   
was paralleled to line passing along the pterygo-
maxillary groove. Six degree orientation between 
SN plane and Frankfort Horizontal was also 
established to confirm that the scans were pro-
perly oriented. After orientation demarcation of 
airway was done by demarcating the outline. 
After the airway was completely outlined in all 
three planes, the airway volume was calculated 
by software automatic volume determination 
tool. Following that comparisons of upper airway 
volume, lower airway volume and total airway 

volume were drawn between the Class II Divi-
sion 1 and Class II Division 2 individuals.  

The statistical analysis was carried out using 
statistical software (version 23; SPSS). Mean was 
calculated for age whereas frequency and percen-
tage was calculated for and gender. Independent 
sample t test was applied for testing the statistical 
significance between mean volumes of the groups 
(independent sample t-test). A p-value less than 
0.05 was considered to be significant. 

RESULTS 

Out of total sample (n=40), 22 (55%) were 
males and 18 (45%) were females. 

Subjects fell in an age range of 18 years to 29 
years, with mean of 23.02 ± 2.70 years. All of the 
subjects were adults whose airways had establis-
hed their greatest dimensions. Moreover subjects 
were in such an age range where minimal or no 
growth potential was remaining. Age that was a 

confounding factor, as pharyngeal airway vol-
ume is changed with the growth, was controlled 
as mean age of division 1 group was 22.32 ± 2.61 
years and division 2 was 22.67 ± 2.85 years. 
Nature of malocclusion was established with no 
anticipation of improvement or worsening, as all 
the subjects had developed fully in anteropos-
terior and vertical dimensions. 

Airway volume analysis was performed for 
each scan in three segments i.e. upper airway 
volume, lower airway volume and total airway 
volume. For division 1 group mean upper airway 
volume was 8870.02 mm3 ± 454.53, mean lower 
airway volume was 8368.35 mm3 ± 412.18, and 
mean total volume was 17061.51mm3 ± 3429.35. 

Table: Comparison of airway volumes with skeletal morphological variants of Class II individuals. 

 
Class II 

Division 1 (22) 
Division 2 (18) 

Mean 
Airway Volume with 
Std. Deviation (mm3) 

Significance Value 
(p-value) 

Total Airway Volume 
Division 1 17061.52 ± 3429.35 

0.75 
Division 2 17330.57 ± 3870.28 

Upper airway Volume 
Division 1 8870.02 ± 454.53 

<0.001 
Division 2 9402.00 ± 80.76 

Lower Airway Volume 
Division 1 8368.35 ± 412.18 

0.04 
Division 2 8773.52 ± 185.85 
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For division 2 group mean upper airway volume 
was 9402.00mm3 ± 80.75, mean lower airway 
volume was 8773.52mm3 ± 185.85, and mean total 
volume was 17330.57mm3 ± 3870.28 (table). 

Results suggested that difference among 
upper and lower airway volumes among the two 
groups was statistically significant with p-values 
of <0.001 and 0.04 respectively. Whereas total 
airway volume showed an insignificant diffe-
rence among the two groups with a p-value of 
0.75. Conclusively upper and lower airway volu-
mes were greater in division 2 groups when 
compared to division 1, while difference of total 
airway volume was insignificant between the two 
groups.  

DISCUSSION 

Significance of normal airway on craniofacial 
form and function cannot be overemphasized.     
It is often difficult to establish a cause effect 
relationship between upper airway morphology 
and a specific facial pattern as stated by Zheng et 
al that subjects in class I and III groups had 
significantly higher volumes than that in the class 
II group11, and EI et al stated that class II (mandi-
bular retrognathism) subjects had the lowest 
pharyngeal airway volume12. Reason behind    
this variability seems to be because of their innate 
multifactorial origin13. Altered nasal breathing 
and shift to oral breathing disturbs neuromus-
cular equilibrium that is significant enough          
to develop skeletal malformations like growth 
aberrations inmaxillofacial region, a class II malo-
cclusion, crossbites and hyperdivergent facial 
form14. 

Kim et al15 and Alves et al16 have established 
thatchildren with skeletal class II malocclusions 
have statistically smaller airway dimensions, 
indicating the positive correlation of PAS dimen-
sions with anteroposterior skeletal pattern. Uslu-
Ackem et al17 reported smallest nasopharyn-geal 
airway dimensions for class I and class II sub 
groups (i.e. class II division 1 and class II division 
2), in individuals at pre-pubertal growth stage.   
In our study upper airway volume was found to 
be statistically lesser in class II division 1 group 

when compared to class II division 2 in adult 
population. Similar trend was observed in lower 
airway space (table-I). As stated by Uslu-Ackem 
et al17 Division 2 values were smallest of all 
groups that is in contradiction to our findings as 
Division 2 group had greater dimensions then 
division 1.  

Our understanding of rationale of greater 
dimensions in Division 2 group is the horizontal 
pattern of growth. Upward and forward directed 
growth rotation leads to a wider airway in 
Division 2 while downward backward rotation of 
Division 1 group leads to a narrower airway. The 
reason for inconspicuous difference of total 
airway volumes may lie in the lengths of airway 
columns, Division 2 group may have lesser 
lengths of airway column in comparison to 
Division 1, due to forward oriented gradient of 
growth and resultant short average face heights. 
Division 2 group by virtue of short average face 
heights, have a smaller height to width ratio    
that might have accounted for the inconspicuous 
difference in total airway volumes among the  
two groups. To confirm this finding there arise a 
need of further investigation with standardized 
protocols to reduce errors of assessment.  

Obstructive sleep apnea (OSA) is a disorder 
of adulthood with highest association of mor-
bidity. Foundation of OSA is laid during develop-
mental stages of airway. In children, cause of 
OSA is often obstructive tonsillitis and adenoids. 
Long face syndrome is said to be etiologically 
associated with upper airway obstruction. Possi-
bility of having disturbed respiratory function18,19 
can be greatly reduced by early correction of a 
skeletal class II malocclusion, upper nasopharyn-
geal airway pathology (oversized adenoids or 
tonsils), or chronic respiratory problems. Appro-
priate diagnosis and timed interception is the key 
to the improvement of the facial profile (reducing 
the incidence of long face syndrome20,21) and 
dentoalveolar relationships and nasopharyngeal 
airway dimensions. One of the goals of intercep-
tive orthodontics must include early assessment, 
diagnosis and timely measures to prevent aber-
rant airway development22 thereby intercepting 

https://en.wikipedia.org/wiki/Tonsil
https://en.wikipedia.org/wiki/Adenoid
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retrognathism from developing into a severe 
form.   

In adults, an early interception of developing 
airway problems will reduce the incidence risk   
of OSA and improve overall quality of life in     
old age by alleviating the comorbid disorders of 
hypertension, cardiac failure, diabetes, stroke and 
depression. Being an orthodontist, we may play a 
significant role in reducing the risk, comorbidities 
and economic burden related to sleep related 
disorders merely by timely interception of inade-
quate airways and respiration related disorders.  

CONCLUSION 

Class II generally has lesser airway volumes 
as compared to other facial forms. Among class 
II, Division 2 profile has greater values of upper 
and lower airway volumes when compared         
to Division and total airway volumes are not 
statistically different among Division 1 and 2. 
Having established a positive correlation between 
airway and craniofacial form and function, early 
interception of skeletal discrepancy may lead to 
an improved airway with beneficial effects in 
reducing obstructive sleep disorders.  
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