
DOI: https://doi.org/10.53350/pjmhs2216721 

ORIGINAL ARTICLE 

 
P J M H S  Vol. 16, No. 07, July  2022   21 

CBCT Based Comparison of Pharyngeal Airway Area and Volume in patients 
with Angle’s Class I and Class II Malocclusion: A Retrospective Study 
 
FAREEHA BOKHARI1, USMAN YOUSAF2, FATIMA QAYYUM3, AYESHA JAMIL4, MARIAM JAMEEL5 

1Professor, University College of Dentistry, The University of Lahore 
2Assistant Professor, University College of Dentistry, The University of Lahore 
3,4House Officer, University College of Dentistry, The University of Lahore 
5MDS Trainee, University College of Dentistry, The University of Lahore 
Correspondence to Dr. Fatima Qayyum, Email: qayyum.fatima97@yahoo.com 

 

ABSTRACT 
 

Aim: To ascertain if there was any association between dental malocclusion and narrow/constricted pharyngeal airway. 
Methods: It was a retrospective study and cross-sectional in design. Oropharyngeal airway volume and regional area for 58 
patients having either Class I or Class II Angles malocclusion were evaluated on the CBCT scans.  
Results: Oropharyngeal airway volume and area among Angles class I and Class II patients was found to have no statistical 
difference. There was however statistical difference in the oropharyngeal regional area of male and female patients (t=2.395, 
p=0.020) with male patients having greater oropharyngeal regional area than female patients.  
Conclusion: In summary, this research concludes that Angles Class I or Class II malocclusion does not influence oropharyngeal 
airway volume or area. Gender had no impact on the size of airway volume but had significant influence on the oropharyngeal 
regional area with male patients having greater oropharyngeal area than females. 
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INTRODUCTION 
 

The region from above the plica vocalis to its two apertures i.e. the 
nose and mouth, is referred to as airway space. The regulation of air 
and prevention of external irritation are some of the primary functions of 
the structures present in the airway space1. 

The posterior nasal and oral cavities are connected to the larynx 
and oesophagus via the pharynx, a tube-like tract in the upper airway2. 
The oropharyngeal airway one of the three regions of the pharyngeal 
airway  is most likely to be impacted by the size and positioning of the 
tongue3. 

The pharyngeal airway is made up of various anatomic sub-sites 
which include tonsillar complexes, the soft palate, the base of the 
tongue, and the pharyngeal wall. A patent airway enhances respiration 
and is thought to be vital in the growth and development of craniofacial 
structures. There is increased interest in the evaluation and 
assessment of pharyngeal airway dimensions in orthodontic patients 
because of recent medical breakthroughs1. 

Some of the causes of constricted oropharyngeal airway include 
enlarged size of the neck, retrognathic mandible and maxilla, large 
adenoids as well as narrow and deep palate4. 

With a constricted airway, occlusion of the airway can occur due 
to incompetent motor tone of the tongue, airway dilator muscles, and 
thus, restricts air from passing. This creates repetitive episodes of 
obstruction leading to periods of deprivation in oxygen for a duration of 
10 to 30 seconds or longer, which in turn causes blood oxygen levels to 
fall down, and heart rate and blood pressure levels to rise. Finally, the 
brain transmits a warning signal, which partially or completely 
rouses the individual and prompts the body to breathe, leading patient 
to gasp for air. This condition is known as Obstructive sleep apnea5. 

Clinically, obstructive sleep apnea (OSA) is characterized by 
daytime sleepiness, repetitive arousals from sleep, snoring, breathing 
interruptions, or 5 apneic or hypopneic episodes per hour of sleep.6 

Although airway restrictions can resolve on their own over time, 
their impact on dentition, speech, and craniofacial development can 
have substantial and long-term consequences. The diagnostic tools for 
assessment of pharyngeal airway include nasopharyngoscopy, Nasal 
endoscopy, Acoustic rhinometry, Fluoroscopy, Lateral cephalogram, 
MRI and CBCT7. 

That is why in recent years we have shifted our paradigm 
towards CBCT as It allows clinicians to examine volumetric regions and 
cross-sectional areas in numerous planes, including coronal, sagittal, 
and axial, with regard to the oropharyngeal airway. The use of CBCT 
scans to quantify the oropharyngeal airway and analyse 3D 
morphology is a superior alternative for traditional 2D evaluation and 
allows for exact analysis in all three anatomical planes1,4. While the  
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advantages of CBCT are many, clinicians must weigh the risk versus 
benefits when determining whether it is the best suited imaging 
modality for individual patient needs. 

Due to the close proximity of pharynx and dento-facial structures 
they can be expected to influence each other.8Some studies have 
shown a correlation between skeletal malocclusion types and 
difference in dimension and morphology of oropharyngeal airway due 
to the palate and/or tongue position9. However, some researchers 
provided contradicting conclusions and did not find any relationship 
between the width or volume of pharynx and malocclusion10 

This study aimed to ascertain whether there is any correlation 
between dental malocclusion and narrow/constricted pharyngeal airway 
It was hypothesized that if dental malocclusion can affect dimensions of 
oropharyngeal airway space, then pharyngeal airway evaluation can be 
added as an integral part of orthodontic treatment planning. 

 

MATERIAL AND METHODS 
 

After IRB permission, this study was carried out in the Department of 
Orthodontics University College of Dentistry Lahore. The study was 
retrospective, cross-sectional in design. Fifty eight patients were 
included our research.32 patients were classified as having Angle’s 
Class 1 malocclusion and 26 were identified as having Angle’s class 2 
malocclusion on basis of dental casts. From April 2019 to January 2021 
CBCT scans were acquired from UCD Hospital's available CBCT 
archive. 

Patients were exposed to medium field of view (FOV) 651mm x 
651mm CBCT scans. A Planmeca Promax 3D Max CBCT machine 
was used to record the scans, which had the following parameters 
90kV, 5mA, 12.081s, 778.5mGyxcm2 and 0.2mm slice thickness. CBCT 
scans were saved as DICOM files and assessed with the help of 
Romexis software version 6.0.1.812. The inclusion criteria included: 
1. Age Range 15-30 years; male and female patients 
2. Class 1 molar relationship: “The mesiobuccal cusp of the 

permanent maxillary first permanent molar tooth occludes with the 
mesiobuccal groove of the mandibular first permanent molar”11. 

3. Class 2 molar relationship: “The mesiobuccal cusp of the 
maxillary first permanent molar occludes mesial to the 
mesiobuccal groove of the mandibular first permanent molar”11. 
A history of mouth breathing, asymmetry of the face, deformities 

such as cleft lips and palate, previous orthodontic treatment or any 
trauma was included as part of the exclusion criteria. Planmeca 
Romexis software version 6.0.1.812 airway extraction tool was used to 
evaluate and calculate the oropharyngeal airway volume and regional 
area for all 58 patients on the CBCT scans as shown in Figure 1. The 
extent of the oropharyngeal airway as measured in the software was 
limited between the following points. The superior limit: A line parallel to 
Frankfort Horizontal plane joining PNS point to PPW. The inferior limit: 
Another line parallel to Frankfort Horizontal plane which extends from 
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the most antero-inferior point of the C2 vertebrae to the anterior 
pharyngeal wall. 

Parameters that were measured included oropharyngeal airway 
volume (mm3) and regional area for the above mentioned area. IBM 
SPSS Version 23 was used for analysis. Intergroup comparison was 
carried out by applying independent sample t test to test for statistical 
difference of mean values of volume and regional area between two 
groups. A p-value less than 0.05 was significant. 
 

RESULTS 
 

Fifty eight patients were involved in this research out of which 24 were 
male and 34 female. The subjects were then placed into two categories 
on the basis of Angle’s Malocclusion as evaluated on study models. 32 
patients were identified as having Angle’s Class 1 malocclusion (n=32) 
out of which 12 were male and 20 females. Similarly, 26 patients were 
found to have Angle’s class 2 malocclusion (n=26) with 12 being male 
and 14 female patients.  

Table 1 shows Oropharyngeal airway volume compared among 
Class I and Class II malocclusion patients. No significant difference in 
the mean value of oropharyngeal airway volume for class 1(11.71±4.86 
cm3) and class 2 (10.70±6.25 cm3) patients was found; (t=.688, 
p=0.495).  

As shown in Table 2 the Class I group had a mean total airway 
area of 492.88±160.65 mm2 and Class II group had a mean total airway 
area of only 431.87±143.10 mm2. Comparison of the regional area 
between the Class I and Class II malocclusion groups revealed 
statistically non-significant result; (t=1.509, p = 0.137). 

Table 3 shows that when airway volume was compared between 
Male class I malocclusion group (13.01±5.46 cm3) and class II 
malocclusion group (12.07±7.35 cm3) no statistical significance was 
found (t=0.355, p=0.726). Male patients with Class I malocclusion had 
a mean airway area of 579.167±182.15 mm2 and male class II 
malocclusion patients had a mean airway area of 463.25±152.83 mm2; 
no statistical significance was found between them (t=1.689, =0.105).  

Table 4 shows no significant result was found when mean value 
of oropharyngeal airway volume of female patients with Angle’s Class I 
malocclusion (10.93±4.43 cm3) and Angle’s Class II malocclusion 
(9.53±5.11cm) were compared; (t=0.847, p=0.403). Furthermore, when 
oropharyngeal regional area was compared among female Class I 
(441.10±123.99mm2) and Class II group (405.00±133.91mm2) no 
significant difference was observed (t=0.809, p=0.425).  

Oropharyngeal airway dimensions were compared between male 
and female patients irrespective of their malocclusion type. Comparison 
of Male (12.54±6.35cm3) and female (10.35±4.70mm3) mean values of 
oropharyngeal volumes revealed no significant difference (t=1.511, 
p=0.137) as shown in table 5. There was however statistical difference 
in the oropharyngeal regional area of male (521.21±174.77cm2) and 
female (426.24±127.44cm2) patients (t=2.395, p=0.020). 
 
Table 1: Comparison of oropharyngeal airway volume in Patients with Class 
1 and Class 2 

 Mean Std. Deviation t value p value 

Class I 11.71 4.86 0.688 
0.495 

Class II 10.71 6.25 

 
Fig 1 Sagittal view of patients CBCT showing oropharyngeal airway volume 
and regional area obtained through airway extraction tool in Romexis 
6.0.1.812  

 
 
Table 2: Comparison of oropharyngeal airway regional area in patients with 
Class 1 and Class 2 

 Mean Std. Deviation t value p value 

Class I 492.88 160.65 
1.509 0.137 

Class II 431.87 143.1 

 

Fig 2: Extent of oropharyngeal airway that was measured: pp, palatal plane; 
2cv, most antero-inferior point of second cervical vertebrae  

 
Fig. 2 shows superior and inferior limits of oropharyngeal airway. 
 
Table 3: Comparison of oropharyngeal airway volume and area among male 
Class 1  and Class 2 patients 

  Mean 
Std. 
Deviation 

t value p value 

Volume 
Class I 13.01 5.46 

0.355 0.726 
Class II 12.07 7.35 

Area 
Class I 579.17 182.15 

1.689 0.105 
Class II 463.25 152.83 

 
Table 4: Comparison of oropharyngeal airway volume and area among 
female Class 1 and Class 2 patients 

 
 Mean 

Std.  
Deviation 

t value P value 

Volume 
class I 10.93 4.43 

0.847 0.403 
class II 9.53 5.11 

Area 
class I 441.1 123.99 

0.809 0.425 
class II 405 133.91 

 
Table 5: Comparison of oropharyngeal airway volume and area among male 
and female patients 

  N Mean 
Std. 
Deviation 

t 
value 

p value 

Volume 
Male 24 12.54 6.35 

1.511 0.137 
Female 34 10.35 4.7 

Area 
Male 24 521.21 174.77 

2.395 0.02 
Female 34 426.24 127.44 

 

DISCUSSION 
 

Various tools can be used for oropharyngeal airway assessment which 
include conventional radiology, nasal endoscopy, 3D CT & CBCT, as 
well as MRI. 3D images allow for a more precise analysis. CBCT 
provides us with accurate dimensional measurements as well as gives 
information of depth of airway12. 

The assessment of the airway and its relation with various soft 
tissue profiles, skeletal malocclusion, age, and gender-related changes 
have been conducted and mentioned in various studies13,14. 

In literature one can find many studies which have discussed 
about the effects of skeletal malocclusion and craniofacial morphology 
on the dimensions of pharyngeal airway1,15,16. Very little evidence is 
found in the literature whether there is any correlation between Angle’s 
malocclusion with Pharyngeal airway volume and regional area. 

According to our results Angle’s Class I or Class II malocclusion 
has no significant influence on the oropharyngeal airway area or 
volume which is in agreement with the findings of Alves and Zhao who 
sated that most of the airway dimensions measurement had no relation 
with the type of malocclusion17. 

Our results also corroborate the findings of de Freitas et 
although reported that "Although Class I and Class II malocclusions 
patients with vertical growth patterns have significantly narrower upper 
pharyngeal airways than those with normal growth patterns; 
malocclusion type does not influence upper pharyngeal airway width, 
and malocclusion type and growth pattern do not influence lower 
pharyngeal airway width"18. 

Results of the currents study are however in contradiction to the 
results of Li et al & Alhammadi et al who stated that Class II 
malocclusion patients appeared to have constricted pharyngeal airway 
on CBCT19,20.  

Our findings contradict the results of Lucas et al who reported 
that there was bigger volume for the class I patients as compared to 
class II (p<0.05)21. 
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Variation in results may be due to the change in positioning of 
mandible or vertical dimensions of face as the current study focused 
solely on dental aspects of malocclusion and did not take into account 
any skeletal malocclusion of vertical dimension factor. 

In our research, comparison was made of the oropharyngeal 
airway dimensions between men and women irrespective of their 
malocclusion type. The oropharyngeal airway volume revealed no 
significant results between the two genders and this correlates with the 
findings of Alves et al22. El and Palomo found no difference in airway 
volume between men and women in their study, which is consistent 
with our findings23. Our results are however different from those of 
Chiang et al. who reported that "males have larger volumes of the 
airway. They found that the total volume of the airway increased at a 
faster rate in male than in female patients with the rate of growth in the 
volume increasing after the age of 11 years"24. 

There was however significant difference reported in 
oropharyngeal airway regional area in our study, with males having 
larger oropharyngeal regional area as compared to that of females 
which is similar to the results of Daniel et al who stated that dimensions 
of oropharyngeal airway are greater in males as compared to 
females25.Correspondingly, our results support the findings of Chiang 
et al who found that the regional area was significantly narrower in the 
female patients than the male patients24. In contrast Alves et al. stated 
no significant difference in regional area between the two genders22. 

Findings of this study indicate that Angles Class I or Class II 
malocclusion itself has no influence on the oropharyngeal airway 
volume or area. However, it has been reported in literature the effect 
that orthodontic treatment of various malocclusions has on the volume 
and regional area of pharyngeal airway. 

Results of systematic review conducted by Hu Z et al stated that 
“during orthodontic treatment with extraction of all four premolars, large 
retraction of the anterior teeth and mesial movement of molars were 
the two factors that affected the dimensions of the upper airway”26. 
Significant anterior teeth retractions appear to cause upper airway 
constriction27,28,29. While molar mesial movement appeared to expand 
the dimensions of the upper airway29. 

It is probable that significant anterior teeth retraction can cause a 
dorsal shift of the oral cavity's anterior boundary which may lead to 
backward movement of the tongue, compressing the soft palate and 
resulting in constriction of upper airway. Another possible explanation 
maybe the backward and downward movement of the hyoid bone 
however its impact on upper airway dimensions remains 
controversial26. 

Al Maaitah et al however has reported “no significant upper 
airway changes after extraction of all first premolars”30. 

 

CONCLUSION 
 

In conclusion, the findings of this research revealed that Angles 
Class I or Class II malocclusion does not influence oropharyngeal 
airway volume or area. Gender had no impact on the 
oropharyngeal airway volume but had significant influence on the 
oropharyngeal regional area with male patients having greater 
oropharyngeal area than females.  
Conflict of interest: Nil 
 

REFERNCES 
 

1. Mandovi Nath, Junaid Ahmed, Ravikiran Ongole, Ceena Denny & Nandita 
Shenoy (2019): CBCT analysis of pharyngeal airway volume and 
comparison of airway volume among patients with skeletal Class I, Class II, 
and Class III malocclusion: A retrospective study 

2. Mete A, Akbudak İH. Functional Anatomy and Physiology of Airway. In: 
Erbay RH, editor. Tracheal Intubation [Internet]. London: IntechOpen; 2018. 
p. 318–26 

3. Tseng YC, Tsai FC, Chou ST, Hsu CY, Cheng JH, Chen CM. Evaluation of 
pharyngeal airway volume for different dentofacial skeletal patterns using 
cone-beam computed tomography. J Dent Sci. 2021 Jan;16(1):51-57. 

4. Lavigne GJ, Herrero Babiloni A, Beetz G, Dal Fabbro C, Sutherland K, 
Huynh N, Cistulli PA. Critical Issues in Dental and Medical Management of 
Obstructive Sleep Apnea. J Dent Res. 2020 Jan;99(1):26-35.  

5. Banabilh SM. Orthodontic view in the diagnoses of obstructive sleep apnea. 
J Orthod Sci. 2017 Jul-Sep;6(3):81-85.  

6. Epstein LJ, Kristo D, Strollo PJ Jr, Friedman N, Malhotra A, Patil SP, Ramar 
K, Rogers R, Schwab RJ, Weaver EM, Weinstein MD; Adult Obstructive 
Sleep Apnea Task Force of the American Academy of Sleep Medicine. 
Clinical guideline for the evaluation, management and long-term care of 
obstructive sleep apnea in adults. J Clin Sleep Med. 2009 Jun 15;5(3):263.  

7. Schwab RJ, Goldberg AN. UPPER AIRWAY ASSESSMENT. 
Otolaryngologic Clinics of North America. 1998;31(6):931–68.  

8. Alves PV, Zhao L, O'Gara M, Patel PK, Bolognese AM. Three-dimensional 
cephalometric study of upper airway space in skeletal class II and III healthy 
patients. J Craniofac Surg. 2008 Nov;19(6):1497-507. 

9. Sandhu N, Sandhu S, Mehta K, Kashyap R. A cephalometric study to 
evaluate the variations in pharyngeal airway spaces in class i and class ii 
malcocclusions. Dental Journal of Advance Studies. 2013;01(03):163–8.  

10. Lopatienė K, Šidlauskas A, Vasiliauskas A, Čečytė L, Švalkauskienė V, 
Šidlauskas M. Relationship between malocclusion, soft tissue profile, and 
pharyngeal airways: A cephalometric study. Medicina (Kaunas). 
2016;52(5):307-314 

11. Berkovitz B, Holland G, Moxham B, Makdissi J. Oral anatomy, histology and 
embryology. Edinburgh [etc.]: Elsevier; 2018. 

12. Chen H, Van Eijnatten M, Aarab G, et al. Accuracy of MDCT and CBCT in 
three-dimensional evaluation of the oropharynx morphology. Eur J Orthod. 
2017 Apr 27;40(1):58–64 

13. Young T, Peppard PE, Gottlieb DJ. Epidemiology of obstructive sleep 
apnea: a population health perspective. Am J Respir Crit Care Med. 2002 
May 1;165(9):1217–1239. 

14. Degerliyurt K, Ueki K, Hashiba Y, et al. A comparative CT evaluation of 
pharyngeal airway changes in class III patients receiving bimaxillary surgery 
or mandibular setback surgery. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod. 2008 Apr 1;105(4):495–502 

15. Ceylan I, Oktay H. A study of the pharyngeal size in different skeletal 
patterns. Am J Orthod Dentofacial Orthop. 1995 July;108(1):69–75. 

16. Zheng ZH, Yamaguchi T, Kurihara A, Li HF, Maki K. Three-dimensional 
evaluation of upper airway in patients with different anteroposterior skeletal 
patterns. Orthod Craniofac Res. 2014 Feb;17(1):38-48. 

17. Alves PV, Zhao L, O'Gara M, Patel PK, Bolognese AM. Three-dimensional 
cephalometric study of upper airway space in skeletal class II and III healthy 
patients. J Craniofac Surg. 2008 Nov;19(6):1497-507 

18. de Freitas MR, Alcazar NM, Janson G, de Freitas KM, Henriques JF. Upper 
and lower pharyngeal airways in subjects with Class I and Class II 
malocclusions and different growth patterns. Am J Orthod Dentofacial 
Orthop. 2006 Dec;130(6):742-5. 

19. Li L, Liu H, Cheng H, Han Y, Wang C, Chen Y, Song J, Liu D. CBCT 
evaluation of the upper airway morphological changes in growing patients of 
class II division 1 malocclusion with mandibular retrusion using twin block 
appliance: a comparative research. PloS one. 2014 Apr 4;9(4):e94378.  

20. Alhammadi MS, Almashraqi AA, Halboub E, Almahdi S, Jali T, Atafi A, 
Alomar F. Pharyngeal airway spaces in different skeletal malocclusions: a 
CBCT 3D assessment. CRANIO®. 2019 Mar 1. 

21. Castro-Silva L, Monnazzi MS, Spin-Neto R,, Moraes M,, Miranda S, 
Gabrielli MFR, Pereira-Filho VA, Cone-beam evaluation of pharyngeal 
airway space in Class I, II and III patients, Oral Surgery, Oral Medicine, Oral 
Pathology and Oral Radiology (2015) 

22. Alves M Jr, Baratieri C, Nojima LI, Nojima MC, Ruellas AC.Three-
dimensional assessment of pharyngeal airway in nasal and mouth breathing 
children. Int J Pediatr Otorhinolaryngol.2011;75:1195–1199.  

23. El H, Palomo JM. Measuring the airway in 3 dimensions: a reliability and 
accuracy study. Am J Orthod Dentofac Orthop. 2010 Apr 1;137(4): S50–e1. 

24. Chiang CC, Jeffresb MN, Miller A, Hatcherd DC. Three-dimensional airway 
evaluation in 387 subjects from one university orthodontic clinic using cone 
beam computed tomography. Angle Orthod 2012; 82:985–92 

25. Daniel MM, Lorenzi MC, Leite CD, et al. Pharyngeal dimensions in healthy 
men and women. Clinics. 2007 Feb;62(1):5–10. 

26. Hu Z, Yin X, Liao J, Zhou C, Yang Z, Zou S. The effect of teeth extraction 
for orthodontic treatment on the upper airway: a systematic review. Sleep 
Breath. 2015 May;19(2):441-51.  

27. Chen Y, Hong L, Wang CL, Zhang SJ, Cao C, Wei F, Lv T, Zhang F, Liu DX 
(2012) Effect of large incisor retraction on upper airway morphology in adult 
bimaxillary protrusion patients.  

28. Wang Q, Jia P, Anderson NK, Wang L, Lin J (2012) Changes of pharyngeal 
airway size and hyoid bone position following orthodontic treatment of class 
I bimaxillary protrusion.  

29. Germec-Cakan D, Taner T, Akan S (2011) Uvulo-glossopharyngeal 
dimensions in non-extraction, extraction with minimum anchorage, and 
extraction with maximum anchorage. 

30. Al Maaitah E, El Said N, Abu Alhaija ES (2012) First premolar extraction 

effects on upper airway dimension in bimaxillary proclination patients. Angle 

Orthodontist 82(5):853–859 

 

 


