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Abstract: 
 
Aims:To study the correlation between, upper and lower pharyngeal airway dimensions in untreated 
Class I, Class II, Class III malocclusions 
Methods and Material: Our Sample consisted of 400 patients divided into three groups according to their 
ANB Values, Class I: ANB 1-3, Class II: ANB >4, Class III: <0. Lateral Cephalograms were used for the study. 
Statistical analysis used: In each of the groups, the means and standard deviation for the ages, and upper 
and lower airways, were determined. The comparisons between all the groups, were performed by using 
the 1-way ANOVA at P<.05 
Results: There is a decrease in upper and lower airway width from Class I to Class II to Class III. However it 
has shown no statistical significance. 
Conclusions: Upper and lower airway does not have any significant influence on the type of malocclusion. 
Key Messages: Lower airway decreases from Class I to Class II to Class III malocclusion patients. Patients 
with Class III malocclusions have the lowest lower airway dimensions and  these patients may be more 
prone to mouth breathing as a result of their relatively diminished pharyngeal dimensions. Small 
pharyngeal spaces in Class III patients are probably due to large tongue. 
Key-words: Cephalometric, Orthodontic diagnosis, pharyngeal airway, respiratory function 
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Introduction: 
Since the time of Edward. H Angle, the effects of 
upper airway obstruction have been recognized 
in the field of craniofacial biology.The 
relationship of variance in breathing pattern to 
dentofacial form continues to be a topic of 
debate even after a century of discussion and 
intense argument.1 
Respiratory function is very important for 
orthodontic diagnosis and treatment planning. 
The growth and function of the nasal cavities, 
the nasopharynx, and the oropharynx are closely 
associated with the normal growth of the skull. 2-

4Pharyngeal space size is determined by the 
growth and size of the soft tissues surrounding 
the dentofacial skeleton. Craniofacial anomalies, 
including mandibular or maxillayretrognathism, 
short mandibular body, and backward and 
downward rotation of the mandible,can lead to 
reduction of the pharyngeal airway passage.5 
Significant relationships between the pharyngeal 
structures and both the dentofacial and 
craniofacial structures have been reported 6,7 
.The influence of the soft tissues in craniofacial 
growth has been studied for quite some time, 
today we know that this is highly relevant to the 
orthodontic diagnosis and treatment plan. 8 

Various methods have been used to 
evaluate the airway, including, cine-computed 
tomography (CT), lateral cephalogram, magnetic 
resonance imaging (MRI) as well as 
polysomnography.9-12Cephalometry is most 
commonly used, although it is a two-
dimensional analysis, it has proved very reliable 
in diagnosing pharyngeal 
volumes.13,14Furthermore, numerous 
researchers reported the interaction between 
pharyngeal dimensions and various sagittal and 
vertical facial growth patterns at varying 
degrees.15-17 Skeletal features such as retrusion 
of the maxilla and mandible and vertical 
maxillary excess in hypodivergent patients may 
lead to narrower anteroposterior dimensions of 
the airway.5 As there is close association 
between pharynx and dentofacial structures, a 
mutual interaction is expected to occur between 
pharyngeal structures and various dentofacial 
patterns, thus justifying orthodontic treatment. 

The ultimate vector of mandibular growth is a 
consequence of the competition between 
horizontal and vertical growth18.For correct 
treatment of various malocclusions, diagnosis of 
facial skeletal type is very crucial19. An 
interaction occurs between respiratory function 
and the maxillary20 and mandibular growth 
pattern21. 
Various anatomical landmarks of lateral 
cephalogram are used for assessment of 
different malocclusions22. Pharyngeal space size 
is determined primarily by relative growth and 
size of the soft tissues surrounding the 
dentofacial skeleton. From adulthood to older 
age (20-50 years of age), the nasopharyngeal 
skeleton may change.23 
Some authors associated mouth breathing and 
Class II malocclusions24-27 and others 17,28-30 
reported associations of vertical growth pattern 
with obstruction of upper and lower pharyngeal 
airways concurrently with mouth breathing. 
Chronic mouth breathing restores the normal 
balance in the oral and paraoral structures; 
however, alteration of both structures is 
expected.28 
In a recent study by Kim et al., the children with 
skeletal Class II malocclusions and retrusive 
mandibles had a smaller pharyngeal airway 
dimensions, than the children with skeletal class 
I malocclusions. 22. Another study by De Freitas 
et al, in 2006, demonstrated significantly 
narrower upper pharyngeal airways in Class I 
and Class II malocclusion patients with vertical 
growth patterns in comparison to Class I and 
Class II subjects with normal growth patterns. 
Furthermore, the growth pattern did not affect 
the lower pharyngeal airway.7 
Linder-Aronson (1993) presented a hypothesis, 
stating that increased adenoids aggravate nose 
breathing, which disrupts the balance of lingual, 
labial, and cheek muscles. This results in the 
changes that are reflected in malocclusion and 
anomalies of dental position.23Nasal obstruction 
causes changes in muscular function, 
conditioning dentofacial anomalies.28-30 
Hence the evaluation of upper and lower airway 
space, should be an integral part of diagnosis 
and treatment planning to achieve functional 
balance and stability of the results,thus this 
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study is designed and planned to measure the 
upper and lower pharyngeal airway widths in 
patients with different vertical, horizontal, 
antero-posterior and normal skeletal patterns. 
 
Subjects and Methods: 
The sample comprised of pre-treatment lateral 
cephalograms of 400 patients of age group 10 to 
16 years. All the subjects were informed about 
the research content and a consent was signed 
by every child’s parent. No subject had a history 
of previous orthodontic treatment or any palatal 
or lip cleft syndrome. The parents were 
questioned about their children’s medical 
history to exclude any child with chronic mouth 
breathing, permanent snoring, and tonsillectomy 
or adenoidectomy. 
 
All the cephalograms were taken on the same 
digital radiography equipment on Carestream 
Digital machine, 78 kvp, 15 mA for2 seconds. 
They were taken in one standard method in 
natural head position and their teeth were in 

centric occlusion. All the radiographs were 
traced manually. 
The subjects were divided into three groups 
according to the value of ANB. 
1. Class I: ANB 1-3deg 
2. Class II: ANB >4deg 
3. Class III:<0 deg 
The landmarks and measurements identified on 
the lateral cephalogram are as follows: 
 
SNA: Inward angle towards cranium between NA 
line and SN plane. 
SNB: Inward angle towards cranium between NB 
line and SN plane. 
ANB: Angle between NA and NB. 
Witts Analysis: Distance between AO and BO 
(functional occlusal plane) 
Jarabaks Analysis: (Posterior facial 
height*100)/Anterior facial height 
Sn:GoGn: Anterior angle measured formed by 
intersection of SN and GoGn. 
Lower anterior face height (LAFH): Measured to 
ANS to menton. 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A: Cephalometric measurements demonstrating Angular parameters.Figure B: Cephalometric 
measurements demonstrating Linear parameters 

 
Statistical Analysis: 
Keeping the level of significance at 5%, the 

sample size (n) was / 2 Δcalculated using the 
“comparing two means” formula: n = (σ1 2 + σ2 

2) (Z1-α/2+Z1-β). The sample size was calculated 
with the power of the study at 95%. 
The research was carried out as per the 
Declaration of Helsinki – Ethical Principles For 
Medical Research Involving Human Subjects 
Results: 
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The dimension of the upper airway decreases 
from Class I to Class II to Class III. This result is 
insignificant as the p-value is 0.56. There is a 
difference between the upper airway in all the 
groups but it is not statistically significant 

The dimension of the lower airway decreases 
from Class I to Class II to Class III. There is a 
difference between the upper airway in all the 
groups but it is not statistically significant.This 
result is insignificant as the p-value is 0.166. 

Descriptives 

 N Mean Standard 
Deviation 

95 % Confidence 
Internal for Mean 

Minimum Maximum P-value 

Lower 
bound 

Upper 
bound 

Upper 
airway 

Class I 202 12.35 11.91 12.80 5.00 21.00 0.56 

Class II 174 12.06 11.57 12.56 3.00 20.50 

Class III 24 11.77 10.34 13.20 4.00 17.50 

Total 400 12.19 11.87 12.51 3.00 21.00 

Lower 
airway 

Class I 202 10.51 10.10 10.92 5.00 25.00 0.166 

Class II 174 10.04 9.63 10.45 4.00 17.00 

Class III 24 9.69 8.51 10.87 4.00 15.00 

Total 400 10.26 9.98 10.54 4.00 25.00 

Table 1. Comparison of upper and lower airway in different growth patterns 
Discussion: 
Pre-treated lateral cephalograms of subjects in 
natural head position were taken to evaluate 
pharyngeal airway dimensions in different 
skeletal malocclusions subjects. We chose lateral 
cephalograms for this study because posterior 
airway space as measured by lateral 
cepholometric radiography was highly 
correlated with measurements using three-
dimensional CT scan. Malkoc et al noted that 
cephalometric films were significantly reliable 
and reproducible in determining the pharyngeal 
airway dimensions27. Cameron et al. compared 
computer tomography and cephalometric films 
in skeletal malocclusion subjects and found a 
significant positive correlation between 
nasopharyngeal airway size on cephalometric 
films and CBCT scan determined its true 
volumetric size in adolescents. Cephalograms 
also provide other advantages including low cost 
and minimal exposure to radiation.28 
In the present study we found the mean upper 
airway decreases from Class I to Class II to Class 
III. However, we found no statistically significant 
relationship between upper airway dimensions 
when compared to Class I, Class II, and Class III 
skeletal malocclusions. Previous studies report 
that the upper pharyngeal width in the subjects 
with Class I and Class II malocclusions and 
vertical growth patterns were significantly 

narrower than in normal growth 
patterns30.Analyzings these results, we can infer 
that upper airway width is influenced by the 
craniofacial growth pattern17,20,26,29,30. Several 
other researchers found that there is no 
relationship between upper airway space and 
the type of malocclusion. Gwynne-Evans 
concluded that facial growth is constant 
regardless the mode of breathing. 
In this study we found that mean lower airway 
decreases from Class I to Class II to Class III. 
However, we found no statistically significant 
relationship between lower airway dimensions 
when compared to Class I, Class II, and Class III 
skeletal malocclusions1,27. This correlates with 
different studies. However, additional studies 
necessary to clarify this issue because Linder-
Aronson and Leighton and Linder-Aronson and 
Backstrom15 suggested that oropharyngeal space 
appears to be larger than normal when 
nasopharyngeal airway is smaller, although they 
did not evaluate this correlation directly. 
As patients with Class III malocclusions had the 
lowest mean for airway dimensions, these 
patients may be more prone to mouth breathing 
as a result of their relatively diminished 
pharyngeal dimensions. Small pharyngeal spaces 
in Class III patients are probably due to large 
tongue. 
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In conclusion, malocclusion type does not 
influence upper and lower pharyngeal airway 
dimension. 
On comparing individually, Class I, Class II, Class 
III there was no significant correlation found 
between the upper and lower airway widths. 
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