
INTRODUCTION

he pharyngeal airway space is a structure which
contains more than twenty muscles that are
committed close to skeletal configurations and there

is effect of developing craniofacial skeleton on its
dimensions.1 It consists of three portions, nasopharynx,
oropharynx, and laryngopharynx.2 It is a cylindrical structure
that covers superoinferiorly from base of cranium to the
inferior surface of C6 vertebrae.3 The proportions of the
superior airway are dictated by arrangements of the
craniofacial skeleton, muscles and soft tissue close to the
pharynx.4 For this void space, effective assessment is
necessary.5 For the normal development and enlargement

of craniofacial region, it necessitates the need of a potent
airway.6 Genetics is responsible for the dimensions and
proportions of face and hence of the air passages; though,
environmental conditions seem to be a foremost cause of
nasal obstruction.7 According to McNamara and Brudon,
the upper pharyngeal wall is determined from the posterior
surface of the soft palate to the nearest area on the wall of
dorsal pharynx, the lower pharyngeal area is determined
from the junction of tongue's posterior boundary and the
mandible's lower margin to the nearest area on the wall of
posterior pharynx.8 Narrowing of the pharyngeal airway in
the nasopharyngeal region results in breathing through the
mouth.9 Abnormalities including speech impairment, facial
deformities, poor body posture and inadequate teeth
positioning are seen in children with mouth breathing.10

There is a direct relationship between the mandible position
and the airway space has also been established.11 A common
term used to describe the breathing difficulties during sleep
is sleep-disordered breathing (SDB). It is described as
chronic increase in airway resistance, partial or full upper
airway obstruction which interferes with pulmonary
ventilation, oxygenation or sleep quality.12 Airway
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constriction in young people can predispose them to
obstructive episodes as they mature.13 OSA's pathophysiology
is sometimes associated with increased upper airway
resistance, which might affect the quality of the pulmonary
ventilation oxygenation and sleep.14 Usual OSA symptoms
comprise snoring, sleep apnea and hypopnea, and extreme
daytime sleepiness. Left untreated, OSA may also have a
strong relationship with greater cardiovascular mortality
rates, cognitive impairment, accidents with motor vehicles
and lowered quality of life (QOL).15 The literature reports
various influencing causes for impediment of pharyngeal
airways, such as infections, sensitivity reactions and irritating
substances in environment.16

In several ways malocclusion can be perceived which
more likely includes patients with enlarged adenoids, OSAS,
snoring and clefts.17 The relation between respiratory pattern
and form of malocclusion is still disputed.18 Patients with
craniofacial disorders including a short cranial base, reduction
in the cranial base angle, bimaxillary retrusion, and
retrognathic mandibles show common finding of narrow
airways.19 Lateral cephalograms can provide us with useful,
credible and replicable airway measurements while
minimizing patient costs and radiation exposure. Studies
have shown that while cephalometric measurements provide
two-dimensional data, cephalometry is a reliable method
for airway assessment and adenoid size estimation.20

Interpretation of findings in a study conducted by Fadie
Khalil showed that group of class II had considerably
reduced Upper nasopharyngeal width than group of class
I and class III malocclusion (p <0.01) i.e.; correlation for
class I is -.354, class II -.422 and for class III 0.157.
McNamara's lower pharyngeal width was statistically larger
in group of class III than class I and class II i.e.; correlation
for class I is .378, class II .075, and class III -.118.18

So as to predict changes in the upper airway following
orthognathic surgeries, with concern of potential
development of OSA, it would be helpful to have the data
about the upper airway dimensions in Pakistani untreated
inhabitants. Hence, the goal of this study is to correlate the
pharyngeal dimensions among sagittal skeletal Class I, II,
and III orthodontic patients.

METHODOLOGY

Lateral cephalograms of untreated patients who visited
Dental OPD, Karachi Medical and Dental college were
recruited in this cross-sectional analytical study. Technique
of nonprobability purposive sampling was employed to
gather data. Patients from both gender were included. The
age group of selected patients was 15-25 years. Patients
belonging to Pakistani ethnicity were included to avoid

selection bias. Patients who underwent orthodontic treatment,
had syndromes, clefts and asymmetric jaws were also
excluded. Duration of this study was from August 2019 to
March 2020.

All 54 lateral cephalograms signifying subjects in Class
I, class II and class III sagittal malocclusion were recruited
in the research. Sample size was calculated using correlation
sample size calculator, taking statistics for correlation among
pharyngeal airway space in upper region and class I as
0.378, 95% confidence interval, the calculated sample size
came out as 54.18

Data was collected from subjects reporting to the
Orthodontics department of Karachi Medical and Dental
College after approval from ERC (Ref:- 026/18). All the
patients were inspected by researcher. After taking informed
consent and thorough history and examination they were
enrolled for the study. Measurements were taken on pre-
treatment lateral cephalograms.

Sagittal skeletal malocclusion: ANB angle to group the
sagittal malocclusion in Class I, II and III subjects (ANB
from 0 to 4°, ANB greater than 4° and ANB less than
0° respectively). ANB angle is formed between Point A
(Subspinale), nasion and Point B (supramentale).

McNamara's airways analysis is used to determine
pharyngeal airway space which defines:

Upper pharyngeal space: Width of upper pharyngeal area
is determined from posterior outline of the soft palate to
the nearest point on the wall of posterior pharynx. Its average
measurement is 15 to 20 mm.

Lower Pharyngeal space: Width of lower pharyngeal area
is measured from juncture of the posterior limit of tongue
and the lower boundary of the mandible to the nearby
landmark on the wall of posterior pharynx. Its Average
value is 10 to 12 mm.8

A single investigator who was a fourth year resident in
orthodontics manually performed landmark identifications
and anatomic tracings. All measurements were recorded on
a predesigned Performa.

Data was analyzed using SPSS version 23. Calculations
of frequencies and percentages were made for gender, class
of malocclusion on the basis of ANB. Mean and SD was
calculated for age and space in upper and lower pharyngeal
airways. Correlation between space upper and lower regions
of pharyngeal airway and skeletal relationship was measured
using pearson correlation. Effect modifiers like age and
gender were considered through post stratification. Pearson's
correlation was applied. P-value lower than or equivalent
to 0.05 was taken significant.
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RESULTS

Descriptive analysis: The sample for our study encompassed
54 number of patients (males = 15 and females = 39; having
mean age of 17.66 ± 3.08 and 19.20 ± 4.23 years
respectively) comprised of the Class I, class II and class III
skeletal malocclusion groups. Patients were grouped
according to skeletal pattern into class I (n=18), class II
(n=19) and class III (n=17). The means and standard
deviations of upper and lower regions in pharyngeal airways
were calculated.

Table I showed age in relation to space in upper and
lower region of pharyngeal airways with Sagittal
malocclusion. Mean and standard deviation was noted for
54 number of participants

Inferential analysis: SPSS version 23 was used to analyze
data. Calculations of Frequency and percentages were made
for gender, class of malocclusion on the basis of ANB.
Mean and SD was calculated for age and upper and lower
pharyngeal airway space. Correlation between space in
regions of upper and lower pharyngeal airways and skeletal
relationship was measured using Pearson product moment
correlation. Effect modifiers like age and gender were
considered through post stratification. Pearson product
moment correlation was applied; P-value was kept lower
than or equal to 0.05 to be significant.

McNamara's upper pharyngeal space: Results showed
that mean values are smaller for group of class II than class
I and class III malocclusion whereas group of class III
malocclusion showed larger space in upper pharynx than
class I and class II.

McNamara's lower pharyngeal space: Results showed that
mean values are smaller for class II group than class I and
class III and class III showed larger upper pharyngeal space
than class I and class II.

Pearson product moment correlation showed strong
negative correlation exists between ANB angle and upper
pharyngeal space which was statistically significant at 0.01

level and moderately negative correlation exists between
ANB angle and lower pharyngeal space which was
statistically significant at 0.05 level.

One-way ANOVA was applied for comparison of upper
and lower airways between groups and we found statistically
significant difference class III skeletal group when compared
with class II and class I skeletal malocclusion.

In Table II it is shown that there is a significant negative
moderate correlation between upper pharyngeal space and
Sagittal skeletal malocclusion mean value is -0.530. There

is significant negative weak correlation between lower
pharyngeal space and Sagittal skeletal malocclusion mean
value is -0.345.

Table III showed the result for class 1, class II and class
III comparison with pharyngeal airway space. One-way
ANOVA was applied to see the mean difference. The result
is significant for the class I, II and III mean difference
compared with space in regions of upper and lower pharynx.

The highest mean difference was noted for class III in
regions of upper and lower pharynx having mean values
15.12 and 13.56 was noted respectively. The highest mean
difference for sagittal skeletal malocclusion was noted in
class II skeletal malocclusion that is 06.63.

DISCUSSION

The present study aimed to confirm hypothesis if there
is any correlation exists between pharyngeal airway space
and sagittal skeletal relationships in Pakistani population.
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**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table II

Table III



The obtained data showed strong negative correlation exists
between ANB angle and upper pharyngeal space and
moderately negative correlation exists between ANB angle
and lower pharyngeal space. ANB angle is taken to classify
sagittal skeletal malocclusion.

Our findings revealed while increasing ANB angle as
in skeletal class II cases, there is a decrease in space in
regions of upper and lower pharynx and in decreased ANB
cases i.e.; in skeletal class III cases space in regions of
upper and lower pharynx is increased. The obtained outcomes
also found statistically significant difference for space in
upper airways for skeletal class III group when compared
with skeletal class II and skeletal class I.

The findings of this study revealed statistically significant
mean differences among class I, II and III cases, showing
narrow space of airways in cases of class II and wider in
cases of class III. The highest mean difference was noted
for class III in spaces of upper and lower pharyngeal airways
having mean values of 5.12 and 13.56 was noted respectively.
Ceylan and Oktay; in their study showed variations in the
angle of ANB which affected size of nasopharyngeal airway,
and that the space of oropharyngeal area was decreased in
patients having greater ANB angle, these findings are in
favor with our study.21 Moto et al. evaluated the diameter
of the pharyngeal airway at with a normal, retruded and
protruded mandible. Their results showed largest Pharyngeal
airway space in the group having prognathic mandible
trailed by the groups of normal mandible and retrognathic
mandible. These findings showed that the measurement of
the pharyngeal airway is influenced by different mandibular
skeletal positions which is in favor with our findings.22

Findings obtained by Kerr et al., showed patients having
Class II skeletal malocclusion had reduced nasopharyngeal
and adenoid areas when compared with class I.23 A study
by Atia Abd et al. also showed narrow dimensions of airways
in Class II division 1 malocclusion patients when
differentiated with Class I malocclusion and Class III
malocclusion, whereas Class III malocclusion had wider
dimensions of lower pharynx because of prognathic
mandible, these results are also consistent with our results.24

Sarwat Memon et al, compared craniofacial forms with
spaces in pharyngeal airways in 360 orthodontic patients.
They reported that upper pharyngeal space is not influenced
by skeletal malocclusion.16 These results contradict with
our study which showed a significant correlation exists of
airway space in upper and lower pharynx with ANB which
represent sagittal malocclusion. Class II patients have
narrower airway width in upper and lower regions of pharynx
as compared to class III and I, and class III has wider space
in upper and lower pharynx compared to class I and class
II. Though, in our study vertical growth was not highlighted.

In a study conducted by Freitas et al; his findings showed
vertical growers have significantly reduced upper pharyngeal
airways whereas, there was no influence of the type of
malocclusion with upper and lower width of pharyngeal
airways.25 Their findings contradict the findings of this
study which exhibited significantly moderate correlation in
upper pharyngeal space and significant weak correlation in
lower airway space with sagittal malocclusion.  In a study
conducted by Sosa et al., while relationship between adenoids
and malocclusion was analyzed, he concluded that airways
dimensions did not change while changing malocclusion
type. They showed lower correlations among the dimensions
of the area of nasopharynx and sagittal malocclusion,
whereas our research showed strong correlations of skeletal
malocclusion with upper pharyngeal airway space and
moderate correlations of skeletal malocclusion with lower
pharyngeal space.26 Our outcomes concerning the pharyngeal
space and anteroposterior skeletal malocclusion relationship
are not consistent with studies that showed no relationship
between pharyngeal space and sagittal malocclusion.
Nonetheless, different variables were utilized in previous
studies, which made it challenging to compare.
Batool et al. described that individuals having Class II
malocclusion and growth in vertical direction have
significantly narrow airways than Class II malocclusion
and horizontal growing pattern.7

Sagittal class II malocclusions are categorized by
retrognathic mandible, prognathic maxilla, or a blend of
both. To correct skeletal class II malocclusion, three
interventions linked with growth are utilized: modification
of growth, camouflage, or surgery.27 While planning
treatment for patients requiring orthognathic surgery,
maxillary setback can further reduce upper airway
dimensions, for this purpose it is necessary to determine
the effect of anteroposterior positioning of jaw bones.

LIMITATIONS

It is necessary to mention two study limitations:
1. Two-dimensional images are considered for evaluation
of airway which is a 3-D structure.
2. Vertical pattern of growth was not emphasized which
influence the rotation of mandible. Further emphasis on
vertical pattern is also needed.

CONCLUSIONS

Considering the outcomes obtained in our study, we
conclude that:
1. Anteroposterior relationship of maxilla and mandible
is correlated with pharyngeal airway space dimensions.
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2.  Skeletal class III malocclusion has increased dimension
of airways in upper and lower regions and class II
malocclusion has reduced dimensions of upper and lower
region of airways.
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