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Abstract

Alterations in craniofacial skeletal relationships may influence pharyngeal airway dimensions and increase the risk of airway
constriction and sleep-related breathing disorders. Therefore, it is of interest to evaluate the pharyngeal airway dimensions among
skeletal Class I, IT and III individuals using pre-treatment lateral cephalometric radiographs of 90 orthodontic patients (16-25 years),
categorized by ANB angle (n = 30 per group). Nasopharyngeal, oropharyngeal and hypopharyngeal airway spaces were measured
and statistically compared using one-way ANOVA and Tukey post hoc tests. Class II subjects exhibited significantly reduced
oropharyngeal and hypopharyngeal airway spaces compared with Class I and III (p < 0.05), while Class III patients demonstrated the
largest airway dimensions. Thus, data shows the skeletal patterns significantly influence pharyngeal airway size, with Class II

configurations showing greater potential for airway constriction and associated functional and respiratory implications.

Keywords: Airway space, cephalometry, skeletal malocclusion, Class II, orthodontics
o e

S
Background:
The upper airway plays a vital role in respiration, craniofacial
growth and systemic health. Breathing patterns and the
neuromuscular balance of orofacial structures depend on
adequate airway patency [1]. Obstructive sleep apnea (OSA),
mouth breathing, abnormal craniofacial development and poor
sleep quality have all been linked to reduced airway dimensions
[2]. Craniofacial morphology influences airway size through the
spatial relationship between the mandible, tongue, hyoid bone
and soft palate [3]. Patients with skeletal Class II malocclusion
characterized by mandibular retrognathia often exhibit reduced
upper airway dimensions due to posterior displacement of the
tongue and associated soft tissues, predisposing them to airway
constriction [4]. Conversely, in Class III individuals with
mandibular prognathism, airway is enlarged by anterior
displacement of the tongue base [5]. During growth, airway
obstruction can influence dentofacial development resulting into
vertical growth pattern, narrow maxillary arches and altered
head posture [6]. Furthermore, reduced airway dimensions have
been linked with sleep disorder and reduced quality of life [7].
Most widely used diagnostic tool for evaluating craniofacial
relationships and pharyngeal airway dimensions is lateral
cephalogram due to its accessibility and low cost. In spite of its
two dimensional in nature it provides reliable linear
measurement with minimal radiation exposure, making it

. S
suitable for large sample orthodontic studies [8]. Understanding
airway variations among skeletal patterns is essential for
comprehensive orthodontic diagnosis and treatment planning,
particularly when growth modification or mandibular
advancement therapies are considered [9]. Therefore, it of
interest to evaluate the nasopharyngeal, oropharyngeal and
hypopharyngeal airway dimensions among skeletal Class I,
Class II and Class III individuals using lateral cephalometric
analysis.

Materials and Methods:

Study population:

The study population comprised patients who reported for
orthodontic consultation at the Department of Orthodontics and
Dentofacial Orthopaedics, Bhabha Dental College, Bhopal.
Lateral cephalograms of these patients were evaluated to assess
airway space and skeletal patterns.

Sample size:

A total of ninety lateral cephalograms were examined in the
present study. The sample was equally divided into three groups
based on skeletal pattern determined by the ANB angle: 30 Class
I, 30 Class II and 30 Class III skeletal patterns(Table 1).
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Table 1: Grouping Based on Skeletal Pattern (ANB Angle)

Skeletal Class ~ANB Angle Sample size
Class I 0-4° 30
Class 11 >4° 30
Class III <0° 30
Study design:

The present study was designed as a retrospective cross-
sectional cephalometric study, conducted using pre-existing
orthodontic records.

Inclusion criteria:

[1] Age 16-25 years

[2] No prior orthodontic treatment
[3] Good quality radiographs

[4] Absence of craniofacial anomalies

Exclusion criteria:

[1] History of airway surgery

[2] Adenoid or tonsillar hypertrophy
[3] Respiratory disorders

[4] Syndromic conditions

Cephalometric airway measurements:

Lateral cephalograms were selected for this study because they
provide a reliable and practical method for assessing pharyngeal
airway dimensions. Previous studies have demonstrated a
strong  correlation between posterior airway space
measurements obtained from lateral cephalograms and three-
dimensional CT scans, with approximately 92% predictive
accuracy [10]. All measurements were made perpendicular to
the posterior pharyngeal wall (Figure 1). Nasopharyngeal
airway space: distance from posterior nasal spine (PNS) to
posterior pharyngeal wall [8]. Oropharyngeal airway space:
distance from the tip of the soft palate to the posterior
pharyngeal wall [11]. Hypopharyngeal airway space: distance
from the base of the tongue to the posterior pharyngeal wall at
the epiglottis level [11].

r
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Figure 1: Cephalometric radiograph showing 1. Nasopharyngeal
airway space (blue) 2. Oropharyngeal airway space (red) 3.
Hypopharyngeal airway space (yellow)

Statistical analysis:
SpecificdatawasstatisticallyanalysedusingSPSSsoftwareversion2
2Mean and standard deviation were calculated for each
variable. One-way ANOVA was used to compare airway
dimensions among skeletal groups, followed by Tukey post hoc
tests. Significance level was set at p < 0.05.

Results:

A total of 90 cephalograms were selected and equally distributed
among skeletal Class I, Class II and Class III groups (n = 30
each).The study sample was evenly distributed among the three
skeletal patterns, ensuring unbiased comparison of airway
dimensions (Table 2). Class II subjects exhibited noticeably
reduced oropharyngeal and hypopharyngeal airway dimensions
compared with Class I and Class III groups. Class III subjects
demonstrated the largest airway spaces. Nasopharyngeal airway
measurements appeared similar across groups (Table 3).
Statistically significant differences were observed in the
oropharyngeal and hypopharyngeal airway spaces among
skeletal groups. However, nasopharyngeal airway space did not
show significant variation, suggesting that sagittal skeletal
relationships primarily influence the lower pharyngeal airway
(Table 4). Class II individuals showed significantly narrower
oropharyngeal airway space compared to both Class I and Class
III groups. Class III subjects exhibited the greatest airway
dimension, indicating improved airway patency associated with
mandibular prognathism (Table 5). Hypopharyngeal airway
space was significantly reduced in Class II subjects, while Class
II individuals demonstrated significantly larger dimensions.
This suggests that mandibular position plays a crucial role in
determining lower airway space (Table 6). Class II skeletal
pattern is associated with reduced oropharyngeal and
hypopharyngeal airway dimensions. Class III skeletal pattern
exhibits largest airway spaces. Significant differences exist
primarily in the lower airway regions. Nasopharyngeal airway
space remains stable across skeletal patterns.

Table 2: Sample distribution by skeletal pattern

Skeletal Pattern ~ ANB Angle Sample Size (n)  Percentage (%)
Class I 0-4° 30 333
Class II >4° 30 33.3
Class III <0° 30 333
Total — 90 100

Table 3: Descriptive statistics of airway dimensions (mm)

Airway Region Class I Class IT Class III
(Mean+SD) (Mean*SD) (Mean * SD)
Nasopharyngeal 184 +2.1 179+23 18.8£2.0
Oropharyngeal 11.2+£18 8.6+15 125+1.7
Hypopharyngeal 12.8 +2.0 9.7+1.9 141+22

Table 4: Comparison of airway dimensions using One-Way ANOVA

Airway Region F-value  p-value Significance
Nasopharyngeal  1.12 >0.05 Not Significant
Oropharyngeal 18.64 <0.05 Significant
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Hypopharyngeal  16.27 <0.05 Significant

N

Table 5: Tukey post hoc test for oropharyngeal airway space

Group Comparison Mean p-value Interpretation
Difference (mm)

Class I vs Class II 2.6 <0.05 Significant reduction
in Class II

ClassIvs Class III ~ -1.3 <0.05 Class III significantly
larger

Class II vs Class III ~ -3.9 <0.001 Highly significant
difference

Table 6: Tukey post hoc test for hypo pharyngeal airway space

Group Comparison Mean p-value Interpretation
Difference(mm)

Class I vs Class IT 3.1 <0.05 Significant reduction
in Class II

ClassIvs Class III ~ -1.3 <0.05 Class III significantly
larger

Class II vs Class III 4.4 <0.001 Highly significant
difference

Discussion:

Upper airway dimensions were assessed in the present study in
different skeletal patterns including skeletal Class I, Class II and
Class III using lateral cephalometry and concluded that airway
patency is significantly influenced by skeletal pattern. The
findings have markedly shown reduced oropharyngeal and
hypopharyngeal spaces in Class II individuals, while Class III
individuals demonstrated largest airway spaces. These
observations conclude that the mandibular position plays a
crucial role in determining airway morphology and respiratory
function. Craniofacial structure is a major determinant of upper
airway patency. Altheer et al. suggested that Obstructive Sleep
Apnea (OSA) can be influenced by craniofacial morphology [1].
Similarly, Finke et al. concluded that craniofacial morphology
variations are strongly associated with sleep-disordered
breathing and narrowing of the airway [2]. The reduced airway
dimensions observed in Class II subjects in the present study
may therefore indicate a potential predisposition to respiratory
compromise. The mandibular retrusion in Class II individuals is
associated ~ with  narrowing of oropharyngeal and
hypopharyngeal airway spaces. Functional relationship between
craniofacial growth and airway space is described by Jaiswal et
al. in his study suggesting posterior positioning OD mandible
alters tongue posture and soft palate orientation [3].
Habumugisha et al. further showed that compensatory mouth
breathing and airway blockage can be caused by mandibular
retrognathism and changed respiratory patterns [4].
Furthermore, it was demonstrated that whereas forward
mandibular placement increases airway room, posterior
mandibular positioning decreases it [5]. The Class II group's
noticeably smaller lower airway dimensions can be explained by
these methods. On the other hand, mandibular prognathism and
anterior location of the tongue base may be responsible for the
greater airway dimensions observed in Class III participants.
Anterior mandibular placement enhances airflow dynamics and
expands posterior airway space [5]. The current findings that
Class III people show greater airway patency are supported by a
three-dimensional airway study by Sfondrini et al. which also
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showed higher airway volume in skeletal Class III persons [12].
During growth airway obstruction is associated with Dentofacial
alterations. Zhao et al. have shown mouth breathing to cause
narrow maxillary arches and vertical development patterns [6].
According to Rao et al., abnormal craniofacial morphology has
also been linked to enlarged lymphoid tissues and airway
impairment [7]. These results demonstrate the reciprocal
relationship between craniofacial development and airway
function. The skeletal patterns in the current investigation did
not significantly differ in the size of the nasopharyngeal airways.
This result implies that soft tissue features like adenoids and
cranial base shape may have a greater impact on the
nasopharynx than sagittal jaw connections. Skeletal pattern
changes primarily impact the oropharyngeal region rather than
the nasopharynx, according to Popa et al [11]. Previous studies
have shown the clinical significance of airway evaluation in
orthodontics. Malocclusion and upper airway obstruction were
linked by Lopatiene et al. [9], airway dimensions may be
improved by orthodontic and orthopedic interventions. A
systematic review demonstrated that functional appliance
therapy in growing patients with Class II malocclusion results in
significant enlargement of upper airway dimensions [13]
showed that mandibular advancement therapy can greatly
improve airway patency. According to Lin et al., functional
impairment and changes in dentofacial growth have also been
connected to mouth breathing and airway compromise [14].
Lateral Cephalometry only enables two-dimensional evaluation,
despite the fact that it supplies useful diagnostic information.
Steegman et al. highlighted that CBCT enables more accurate
airway examination and three-dimensional volumetric
measurement [15]. The results seen in the current cephalometric
investigation were also supported by three-dimensional studies
by Hussein et al. [16] and SohrabiFar et al. [17], which
demonstrated that sagittal skeletal discrepancies have a
considerable impact on airway volume and morphology.
Overall, the study's results are in line with other research
showing that Class III morphology is linked to more airway
space and Class II morphology is linked to smaller lower airway
dimensions. For a thorough orthodontic diagnosis and treatment
plan, it is crucial to recognize these differences, especially in
patients who may have sleep-related breathing issues or
suspected airway impairment.

Conclusion:

We show that the upper airway dimensions across skeletal
patterns. Class Il individuals exhibited smaller oropharyngeal
and hypopharyngeal spaces due to mandibular retrusion and
posterior soft tissue displacement, while Class III patients
presented with the largest airway dimensions. Thus, the
importance of including airway evaluation in orthodontic
diagnosis and treatment planning.

Advancement to knowledge:

This study contributes to existing knowledge by demonstrating a
significant association between skeletal malocclusion patterns
and pharyngeal airway dimensions in a Central Indian

3905



ISSN 0973-2063 (online) 0973-8894 (print)
Bioinformation 22(7): 3902-3906 (2026)

population. The findings highlight that skeletal Class II
individuals exhibit comparatively reduced airway spaces,
emphasizing the importance of airway assessment during
orthodontic diagnosis and treatment planning.
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