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Study Objectives: To assess the role of facial pattern as a contributing factor in patients with obstructive sleep apnea (OSA) and to
study the relationship between craniofacial abnormalities, obesity, and severity of OSA.

Materials and Methods: A total of 90 adult patients in the age group of 20 to 65 years who received a diagnosis of OSA with apnea-
hypopnea index (AHI) of 10 events/h by overnight polysomnography were chosen for the study. The data included patient age, sex,
polysomnography report, body mass index, and neck circumference. Lateral cephalograms were obtained for all the subjects in a
standardized natural head position with the teeth in maximum intercuspation. All the lateral cephalograms were scanned and digitized
using Dolphin software by a single observer to evaluate the craniofacial pattern.

Results: OSA was predominantly seen among the middle-aged males. Approximately 50% of the patients had severe OSA and
demonstrated the following significant craniofacial and soft- tissue abnormalities such as maxillary and mandibular retrognathism with
decreased mandibular length, class 11 skeletal pattern, increased lower anterior facial height resulting in hyperdivergent face, and
anteroinferiorly positioned hyoid bone. There was a significant increase in soft-tissue length and thickness and decreased posterior
airway space. Mandibular position (SNB angle) was the single most important cephalometric variable that was strongly associated in
determining the severity of OSA.

Conclusions: There is a well-established relationship between obstructive sleep apnea syndrome and craniofacial morphology in patients
exhibiting craniofacial abnormalities.
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INTRODUCTION

Obstructive sleep apnea (OSA) is increasingly being
recognized as a serious public health problem and is
characterized by repeated collapse of the upper airway
during sleep, thereby impairing quality of life.! The
etiology is often multifactorial. Patients with obstructive
sleep apnea (OSA) are often obese, which is associated
with parapharyngeal infiltration of fat, increased neck
circumference, and increased size of the soft palate and
tongue. However, some patients have airway obstruction
due to the receding jaw, resulting in insufficient room for
the tongue and thereby decreasing the cross-sectional area
of the upper airway.’

OSA was found to be higher among middle-aged men
than in women, with a percentage of 24% and 9%
respectively. Nevertheless, the distribution of OSA is
worldwide, with the highest prevalence in the United States
(16.5%) followed by India (13.7%), Singapore (11.7%),
Malaysia (6.6%), Chinese (6.2%), and Korea (6%), with
the lowest in Japan (3.7%).!34

Moreover, Asians are at a greater risk for more severe
forms of OSA, although they are not as obese as their

Caucasians or the African-American counterparts, due to
the alterations in the craniofacial structures.’ The role of
craniofacial abnormalities in patients with OSA have been
studied previously using lateral cephalometry, which
demonstrated that patients with OSA had significant
craniofacial skeletal and soft-tissue abnormalities in
comparison with control patients.®® There is sufficient
evidence in the literature showing that retrognathic
mandible and retropositioned tongue play a pivotal role in
contributing to narrowing and obstruction in patients with
OSA.

Obesity is considered a major risk factor contributing
to OSA severity. However, it is believed that there is a
significant association between obesity, craniofacial
morphology and severity of OSA.*!! Body mass index
(BMI) and neck circumference (NC) are some of the
important predictors of OSA among the obese patients, thus
explaining the different etiologic basis.!!

Although skeletal class II malocclusion has been
found to be quite common among the Asian population and
mandibular retrognathism is a significant contributor to the
Class II malocclusion facial pattern, the role of Class II
malocclusion and mandibular retrognathism predisposing
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to OSA and the relationship between craniofacial
abnormalities, obesity, and severity of OSA has not been
studied and validated among the South Indian (Chennai)
population.

AIM OF THE STUDY

To assess the role of facial pattern as a contributing
factor in patients with OSA and to study the relationship
between craniofacial abnormalities, obesity, and severity of
OSA.

MATERIALS AND METHODS

Participants in this study were recruited from various
sleep centers and ear, nose, and throat clinics/hospitals
across different parts of South India (Chennai). An
informed consent was obtained from all the participants.
The selection criteria included (1) age range of 20 to 65
years; (2) OSA diagnosed by a sleep medicine specialist
based on a standardized polysomnography; (3) no previous
surgical or palliative treatment; (4) no previous orthodontic
or orthognathic surgical treatment; (5) no craniofacial
syndrome. The study data included patient age, sex,
polysomnography report, BMI, and NC.

Each patient underwent overnight polysomnography.
“Sleep and various stages were recorded by standard
electroencephalographic  (EEG), electro-oculographic
(EOG), and electromyographic (EMGQ) criteria. A single
electrocardiography (ECG) lead was monitored to detect
cardiac arrhythmias. Oronasal airflow was recorded by an
end-tidal carbon dioxide analyzer that recorded from both
nose and the throat.” ®'° Arterial oxygen saturation was
checked using a pulse oximeter attached to the index finger.
Chest wall movements were recorded using respiratory
inductance plethysmography. OSA was defined as the
cessation of airflow for at least 10 seconds in the presence
of inspiratory effort.'?

All the participants received a lateral cephalometric
radiograph (KODAK 8000C Digital cephalometric
system) taken with the head in a natural position and teeth
placed in maximum intercuspation. To standardize the
hyoid position, the exposures are done at the end of
expiration. 3

All the lateral cephalograms were scanned and
digitized using Dolphin software (Patterson Dental, St.
Paul, MN) by a single observer to evaluate the craniofacial
pattern. To reduce the effect of operator measurement error,
the tracings were made at three separate times and the
degree of reproducibility was assessed. The landmarks,
reference planes, and measurements (linear and angular)
were chosen for the current study based on a study done by
Battagel® (Table 1) (Figures 1, 2, and 3).

STATISTICAL ANALYSIS
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Demographic and sleep data were calculated and
tabulated. An intraclass correlation coefficient was
obtained to test the reproducibility of the measurements.
The Kolmogorov-Smirnov test was done to study the
difference in cephalometric measurements in OSA patients
compared to the normal values. Analysis of variance was
done to evaluate the difference between the mean values of
the cephalometric measurements in different AHI, BMI,
and NC subgroups. Pearson correlation coefficient was
performed to study the relationship between AHI, BMI,
and NC and multiple regression analysis was used to
understand the weight of craniofacial morphology in the
pathogenesis of OSA when age, BMI, and AHI were used
as covariates. The statistical analysis was performed with
SPSS software and statistical significance level was set at
P <0.05.

RESULTS

A total of 90 patients were recruited for the study. The
demographic and sleep data are summarized in Table 2.
The sample size clearly reflects the preponderance of males
having OSA and is predominantly seen among the middle-
aged population. The mean values for AHI were 44.37
events/h in males and 32.67 events/h in females, showing
that 50% of patients had severe forms of OSA. An AHI <
15 events/h was considered mild; 16 to 30 events/h as
moderate, and AHI > 30 events/h was considered as severe
OSA.? The mean BMI was found to be 36.24 kg/m? in
males and 27.4kg/m? in females and NC were 50.47 cm and
41.97 cm, respectively. Approximately 56.6% of patients
were obese, indicating that more than 50% of patients were
obese with greater OSA severity. The degree of
reproducibility of the measures calculated using intraclass
correlation coefficient was 1.00, which suggests they were
almost identical.

Table 3 shows the cephalometric variables of patients
with OSA compared to their normative data. Patients with
OSA had greater ANB angle demonstrating class II skeletal
pattern with a high mandibular plane angle and increased
LAFH showing a tendency toward a hyper-divergent face.
The hyoid bone was positioned anteroinferiorly in most
patients with OSA. Soft-tissue measurements showed
increased length and thickness and soft palate with a
significant reduction in the superior and inferior posterior
airway space.

The difference between the mean values of
cephalometric measurements in the different AHI
subgroups is shown in Table 4. Results showed that the
following hard and soft tissue cephalometric variables were
significantly different within the AHI subgroups; SNA
(P< .00), SNB (P<.00), ANB (P< .01), mandibular body
length (Go-Gn) (P< .00) LAFH (P< .00), MPH (P< .00)
C3H (P< .00), SPT (P< .00), SPL (P< .00) and IPAS
(P<.00). Similarly the difference between the mean values
of cephalometric variables in the different BMI
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subgroups (Table 5) showed the following cephalometric
variables to be significantly different with the BMI
subgroups; SNB (P< .00), ANB (P< .00), MPA (P< .03),
mandibular length (Co-Gn) (P< .01) maxillary length (co-
pt A) (P< .00), LAFH (P< .00), MPH (P< .00), C3-Rg
(P<.03), SPT (P<.00), SPAS (P<.03) and IPAS (P<.00).

The mean values of cephalometric measurements
within NC subgroups (Table 6) showed the following
cephalometric variables to be significantly different with
the NC subgroups: ANB (P< .01), MPA (P< .01),
mandibular length (Co-Gn) (P<.00), LAFH (P<.00), MPH
(P<.00), SPAS (P<.00) and SPT (P<.00).

Pearson correlation coefficient (Tables 7, 8, and 9 )
showed that AHI and BMI were found to be strongly
positively correlated whereas NC failed to show any
correlation Nevertheless, the relationship between AHI and
cephalometric measurements elicited that AHI was found
to have strong negative correlation with SNB angle,
mandibular body length, and strong positive correlation
with LAFH, H-Rgn, and soft palate thickness and length.
However, SPAS and IPAS elicited a weak correlation with
AHI. The relationship between cephalometric variables
and BMI demonstrated significantly strong positive
correlation with ANB angle, LAFH, soft palate thickness,
and negative correlation with [IPAS. Mandibular length and
SNB angle was found to be weakly correlated with BMI.
The relationship between the cephalometric variables and
NC showed strong negative correlation with SNB angle,
SPAS, and C3-H and a strong positive correlation with
MPH. However, NC failed to elicit a strong correlation
with total mandibular length and mandibular body length.

Multiple regression analysis (Table 10) was done to
understand the role of craniofacial morphology in the
pathogenesis of OSA and results showed that mandibular
position determined by SNB angle was the only
cephalometric variable that elicited a strong predictive
equation in determining the severity of OSA based on AHI.

DISCUSSION

OSA is one of the most common breathing disorders
worldwide and the prevalence rate in India is 13.7%."
Chennai, being a cosmopolitan city, reflects its diverse
population exhibiting 62% of the migrants from other parts
of the state and 34% from other parts of India. Therefore,
samples of the study were collected from different sleep
centers in Chennai thus representing the South Indian
population. Although OSA is prevalent in both sexes, male
preponderance is clear and commonly seen among the
middle-aged population. With the increase in number of
skeletal Class II malocclusions among the Asian
population and greater prevalence of OSA in India, the
exact relationship between craniofacial structures and the
severity of OSA has not been studied particularly in the
South Indian (Chennai) population.

Therefore, the current study aimed to assess the role
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of facial pattern as a significant factor in patients with OSA
and to study the relationship between craniofacial
abnormalities, obesity, and severity of OSA. Although
there are several three-dimensional imaging techniques
such as cone beam computed tomography and magnetic
resonance imaging available to study the craniofacial and
airway dimensions, the current study used lateral
cephalometry because it was less expensive, relatively
simple, and cost effective.

Craniofacial abnormalities®!* have also been found to
play a pivotal role in the pathogenesis of OSA by causing
narrowing of the upper airway through alteration in the
craniofacial structures. In the current study, 74% of the
patients with OSA had craniofacial abnormalities such as a
larger ANB with high mandibular plane angle and
increased lower anterior facial height exhibiting a tendency
toward a hyperdivergent facial pattern.

The importance of the hyoid bone is in its unique
anatomic relationships with soft- tissue structures such as
suprahyoid and infrahyoid muscles without any bony
articulations.'® The sagittal position of the jaws and height
of the face have an important role in hyoid position as the
suprahyoid muscles are attached to the mandible or
tongue.'* In general, factors such as increased facial height
and a clockwise mandibular rotation lead to inferior
positioning of the hyoid bone. However, it has been
postulated that the anteroinferior position of the hyoid bone
could also be a compensatory adaptation taking place in
order to increase the patency of airway in patients with
OSA.%1% Lowe '* and Partinen et al'’ reported that in
patients with OSA, a high AHI was more likely to have
inferiorly placed hyoid bone to mandibular plane. Likewise
in the current study, patients demonstrated an
anteroinferior displacement of hyoid bone in relation to the
mandibular plane in patients with severe OSA.

Relationship of AHI and Obesity (BMI and NC)

There are several cross-sectional studies that have
revealed an identical relationship between OSA, BMI, NC,
and other measures of body habitus.!%!' Some studies have
reported that BMI was significantly positively correlated
with AHI, suggesting that obese patients have greater
tendency for severe OSA. 182!

In the current study, 51 patients were obese, 15
patients were overweight, and 24 patients were of normal
weight, attributing that more than half of the subjects
(35.36 kg/m?) were in the obese category. When divided
into subgroups based on BMI, the AHI showed a mean
value of 34.15 evens/h in obese patients, which was
significantly greater than patients who were overweight
(26.80 events/h) and at normal weight (23.12 events/h),
indicating that obese patients were more prone to severe
forms of OSA.

NC, a simple clinical measurement, reflects the fat
deposition in the neck region surrounding the upper airway.
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In the current study, neck circumference was divided into
subgroups as normal (n <42 cm ), medium (n=42-45 cm )
and large (n > 45 cm). Patients with OSA have been shown
to have a greater NC with the highest mean value in
patients with high BMI, thus reflecting greater tendency for
the airway collapsibility through fat deposition in the neck
region. Similar results have been obtained previously in
literature. '020-23

AHI and Cephalometric Measurements

AHI was classified according to the American
Academy of Sleep Medicine as mild OSA with AHI of 5 to
15 events/h, moderate as 16 to 30 events/h, and severe as
>30 events/h.? In the current study, more than 50% of
patients had severe OSA, thus explaining the increased
severity of the disease in the sample population. Several
studies have attempted to establish a direct association
between cephalometric measurements and severity of
obstructive sleep apnea syndrome (OSAS).”**26 Maxillary
and mandibular retrognathism have been found to play a
pivotal role in decreasing the airway patency at retropalatal
(velopharynx)  and retroglossal (oropharynx) levels,
respectively. The mandibular body length and total
mandibular length is reduced in patients with severe OSA
encroaching the tongue space, thereby causing the tongue
to fall back, obstructing the oropharynx. This leads to
downward and backward rotation of the mandible, causes
an increase in lower anterior face height and a
hyperdivergent facial pattern.

With regard to soft-tissue parameters, soft palate
thickness and length were increased in severe OSA,
causing narrowing and obstruction of the airway.
Moreover, posterior airway space had a strong relationship
with AHI and was significantly reduced in severe OSAS,
suggesting that the abnormalities of the soft tissues such as
the soft palate and tongue can encroach and obstruct the
pharyngeal airway at the level of velopharynx and
oropharynx respectively.

Obesity (BMI and NC) and Cephalometric
Measurements

It is interesting to note that although the tendency for
obesity among Asians was considered less compared to
other population groups, more than 50% of patients with
OSA (56.6%) in the current sample were obese. This
explains the current trend of the Asian population having a
high risk for obesity, probably due to alterations in lifestyle
and food habits. The relationship between obesity and the
craniofacial structures studied by Sakakibara et al®’
reported that 60% of patients who were obese (BMI > 27
kg/m?) had greater soft-tissue abnormalities that
predisposed them to OSA, whereas 54% of nonobese
patients (BMI <27 kg/m?) demonstrated alteration in
craniofacial structures contributing to OSA. In contrast, the
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current study revealed that obese individuals demonstrated
abnormalities in both hard- and soft-tissue structures, such
as deficient and retropositioned mandible, retrognathic
maxilla, and increased lower anterior face height, thus
explaining the combined contribution of obesity and
craniofacial features to upper airway obstruction and
severity of OSA.

The position of the hyoid bone was also altered in
severe cases, indicating that hyoid bone was more caudally
positioned in severe OSA cases.

Craniofacial Morphology in Pathogenesis of OSA

The role of craniofacial morphology in the pathogenesis of
OSA has been studied previously.*!> The current study
demonstrated that mandibular position determined by SNB
angle was the single most predictive variable in
determining the severity of OSA based on AHI. This
determines that patients with severe OSA had more a
backwardly positioned mandible, causing the tongue to fall
back and thereby obstructing the airway at the oropharynx.

CONCLUSION

There is a well-established relationship between
OSAS and craniofacial morphology in patients exhibiting
craniofacial abnormalities. It is interesting to note that a
combination of craniofacial abnormalities and degree of
obesity explains a large proportion of the population in
determining the severity of OSA. Mandibular position
(SNB angle) was the single most important cephalometric
variable strongly associated in determining the severity of
OSA.

Clinical Implications

The knowledge and understanding of the various
craniofacial abnormalities predisposing to OSA is
important for both diagnosis and treatment planning.
Although it is evident in the literature that obesity and
craniofacial features have a strong ethnic background, the
current study demonstrated a synergic effect of obesity and
craniofacial risk factors that determine the development
and severity of OSA. Perhaps the region and type of
pharyngeal collapse is determined by the underlying causes
such as obesity and craniofacial abnormalities.

Limitations of the Study

Cephalometric radiography is a two-dimensional
representation and therefore inadequate to measure three-
dimensional structures such as craniofacial and airway
structures. Soft-tissue structures such as the soft palate and
posterior airway space are subjected to positional and
functional airway space and therefore should be interpreted
with caution. Furthermore, the etiology of OSA is

Vol. 7, No. 12020




multifactorial; the differing craniofacial abnormalities and
its relationship to obesity is only part of the equation and
the altered path-physiology of airway due to dynamic
changes and associated systemic factors must also be
recognized. Further studies with larger sample size and
matched control patients are needed to elucidate the
relationship between craniofacial anatomy and factors
contributing to pathogenesis of OSA.
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TABLES AND FIGURES

Table 1. Summary of variables used for cephalometric analysis.

Variable

Interpretation

HARD TISSUE LANDMARKS

S —Sella turcica It is the midpoint of the hypophyseal fossa.

N —Nasion The anteriormost point of the nasofrontal suture in the median plane.

Or- Orbitale Most inferior point on the lower border of the bony orbit.

Po- Porion Most superior point on the external and internal auditory meati.

Ba —Basion Most anterior-inferior point of the foramen magnum.

A-Point A The deepest midline point in the curved bony outline from the base of the alveolar
process of the maxilla

B-Point B It is the most posterior point in the concavity between infradentale and pogonion in
the median plane.

Go -Gonion A point of curvature of the angle of the mandible (anatomic) located by bisecting
the angle formed by the lines tangent to the posterior ramus and the inferior border
of the mandible.

Go -Gonion A point at the intersection of the ramus tangent and (constructed) to inferior border
of the mandible

Gn - Gnathion A point located by taking the midpoint between the anterior(pogonion)and the
inferior (menton)points of the chin

Cd - condylion Most superior point on the head of the condyle.

ANS The anterior tip of the sharp bony process of the maxilla at the lower margin of the
anterior nasal opening.

PNS The most posterior point at the sagittal plane on the bony hard palate.

Me —Menton The most caudal point in the outline of the symphysis.

Pog-pogonion Most anterior point on mandibular symphysis.

RGN((Retrognathion) The most inferior part on the posterior surface of the symphysis of the mandible
assumed to be in the medial plane.

H-Hyoidale The most superior and anterior point on the body of the hyoid bone.

C3-Third cervical Vertebra The most inferior anterior point on the third cervical vertebra.

SOFT-TISSUE LANDMARKS

SSP

Point in the nasal contour of velum — the most prominent point on the superior soft
palate.

ISP Point on the oral contour of velum — the most prominent point on the inferior soft
palate.

U The tip of the uvula.

E The most inferior and anterior point of the epiglottis.

SKELETAL (LINEAR AND ANGULAR ) MEASUREMENTS

SNA The posterior — inferior angle between the lines SN and NA.

SNB The posterior — inferior angle between the lines SN and NB.

ANB The difference between the angles SNA and SNB. Positive value when SNA is
greater than SNB and vice versa.

Go-Gn-SN The angle formed between Go-Gn and SN line.

(Mandibular plane angle)

Cd-PtA

Effective maxillary length .

Cd-Gn

Effective mandibular length.

Go-Gn

Effective mandibular body length.
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Table 1. Summary of variables used for cephalometric analysis (cont.).

LAFH Lower anterior face height: linear distance between anterior nasal spine(ANS) to
menton(Me).

HYOID MEASUREMENTS
Vertical position of Hyoid

H-MP Linear distance along a perpendicular from H to the mandibular plane (Go — Me).
Horizontal positon of Hyoid

C3-H Linear distance between H and C3.

H-RGN Linear distance between H and RGN.

SOET-TISSUE MEASUREMENTS

SP-T The linear distance between SSP and ISP.

(Soft palate thickness)

SP-L The linear distance between PNS and U.

(Soft palate length)

SPAS —Superior Posterior The minimum distance between the posterior part of soft palate and posterior
airway Space pharyngeal wall.

IPAS- Inferior Posterior The minimum distance between the posterior airway space at the angle of the
airway Space mandible along line Go —ptB.

REFERENCE LINES AND PLANES

SN Line joining sella and nasion.

FH The line joining the marker placed in the inferior border (Frankfort horizontal) of
orbit and in front of the tragus of the ear representing the porion.

NA Line joining nasion and point A.

NB Line joining nasion and point B.

Go-Gn (anatomic) The line joining gonion and gnathion.

Go-Me (constructed) The line joining gonion and menton.
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Table 2. Demographic and sleep data.

Std. Deviation
Sex N Mean
Male 81 45.14 15.85
AGE Female 9 49.33 18.65
Male 81 36.24 12.65
BMI Female 9 27.43 5.60
Male 81 50.47 10.48
NC Female 9 51.97 11.31
Male 81 44.37 27.54
AHI Female 9 32.67 31.08

AHI, apnea-hypopnea index; BMI, body mass index; NC, neck circumference.
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Table 3. Difference in cephalometric measurements in obstructive sleep apnea compared to
normative data.
Normal Parameters
N Kolmogorov- Asymp. Sig.
Std. Smirnov Z (2-tailed)
Mean o
Deviation
SNA 90 81.38 4,161 925 .35
SNB 90 75.29 4.994 1.149 14
ANB 90 6.11 2.195 2.222 00%**
MPA 90 38.18 5.915 2.289 00***
Maxillary Length
(Co -PtA) 90 86.34 5.548 .985 28
Mandibular
Length (Co-Gn) 90 110.88 7.608 1.011 o5
Mandibular Body
Length (Go-Gn) 90 76.62 7.360 921 .36
LAFH (ANS -Me) 90 75.595 8.096 1.921 .00***
SP-T 90 16.36 4.083 1.971 00***
SP-L 90 44,76 7.615 1.803 007"
SPAS 90 12.63 3.784 1.492 02**
IPAS 90 8.38 3.197 1.522 01**
MPH 90 34.34 10.548 1.527 017"
C3-H 90 41.35 5.499 1.739 007"
H-Rgn 90 47.37 7.644 1.090 18
* - P<0.05 (significant).
*- P<0.01 (very significant).
"*P<0.001 (highly significant).
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Table 4. Difference in cephalometric variables between apnea-hypopnea index subgroups.

AHI
Mild Moderate Severe p
n=23 n=26 n=41
Mean SD Mean SD Mean | SD Sig
SNA 82.69 4.57 79.72 4.14 79.27 3.37 00***
SNB 79.04 5.00 75.78 453 73.84 3.59 00***
ANB 3.42 2.64 4,52 2.23 6.96 1.67 01™
MPA 36.61 7.31 39.95 4.90 38.41 5.20 .16
Maxillary Length
(Co -PtA) 86.22 6.33 87.10 4.63 86.12 5.48 81
Mandibular
Length (Co-Gn) 111.02 8.64 111.65 8.39 110.50 6.74 .86
Mandibular Body -
Length (Go-Gn ) 79.44 3.39 78.60 10.06 74.13 7.13 .00
LAFH hex
(ANS -Me) 68.72 4.58 77.38 5.38 78.93 8.21 .00
SP-T 13.99 3.97 16.03 4.30 17.93 3.36 00***
SP-L 42.84 9.93 41.70 711 47.15 5.26 00***
SPAS 13.09 3.67 13.70 4.73 11.93 3.36 .18
IPAS 10.80 4.30 6.18 1.12 7.82 1.84 00***
MPH 28.93 10.44 43.08 9.07 34.09 8.92 00%**
C3-H 39.34 5.31 44,77 6.62 41.20 451 .00™"
H-Rgn 44.41 5.86 48.83 10.76 48.57 6.74 05"

* - P<0.05 (significant).
*- P<0.01 (very significant).

"P<0.001 (highly significant).
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Table 5. Difference in cephalometric variables between body mass index subgroups.
Normal Overweight Obese
n= 13 n=28 n= 49 P
Mean SD Mean SD Mean SD Sig
SNA 82.07 3.93 80.44 6.14 81.58 3.33 .05
SNB 78.54 4.25 75.34 6.10 74.03 4.33 00"
ANB 4.82 2.39 4,02 2.40 7.39 1.21 00"
MPA 36.34 7.74 36.28 4.84 39.61 4.83 03"
Maxillary
Length 87.80 6.15 82.36 451 86.84 5.07 007"
(Co-PtA)
Mandibular | 41646 | g56 | 11584 | 542 | 10063 | 7.22 01"
Length (Co-Gn) ' ' ' ' ' ' '
Mandibular
Body Length 79.44 3.57 74.36 4.64 75.96 8.87 .06
(Go-Gn)
LAFH e
(ANS -Me) 70.79 5.85 67.54 3.26 80.16 6.80 .00
SP-T 13.88 3.82 15.32 5.52 17.85 2.98 007"
SP L 42.44 10.19 48.46 3.85 4478 6.68 05"
SPAS 13.82 4,18 13.76 1.82 11.74 3.83 .03"
IPAS 10.77 4,58 6.56 2.40 7.80 1.69 007"
MPH 26.65 9.11 36.36 11.08 39.48 9.21 00"
C3-H 40.94 7.29 42.66 5.36 41.17 4.55 .60
H-Rgn 46.53 4.66 44.10 9.77 48.74 7.87 .09
* - P<0.05 (significant).
*-P<0.01 (very significant).
*P<0.001 (highly significant).
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Table 6. Difference in cephalometric variables between neck circumference subgroups.
Neck Circumference
Normal Medium Large P
n<42 cm n=42-45 cm n>45 cm
Mean SD Mean SD Mean SD Sig
SNA 80.02 4.02 81.86 4.78 80.13 4.02 3
SNB 76.04 4.20 75.24 5.54 75.33 5.01 .0
ANB 4.39 2.74 6.40 59 5.60 2.05 01™
MPA 37.95 4.48 34.54 9.92 39.36 4.48 01"
Ar-Go 45.38 7.73 58.08 7.09 47.97 4.56 .00
Maxillary
Length 85.24 6.62 88.74 5.85 86.16 4.76 A
(Co-PtA) 4
Mandibular - 41509 | 748 | 10858 | 752 | 11171 | 693 00"
Length (Co-Gn) ' ' ' ' ' ' '
Mandibular
Body Length 75.00 5.84 76.54 9.05 78.23 7.19 .0
(Go-Gn) 6
LAFFI\'/I&?NS " | 7065 | 545 | 7874 | 556 | 7693 | 882 00™
SP-T 13.86 4,13 17.80 3.92 17.12 3.65 .00
SP-L 42.64 7.34 43.06 5.20 46.27 8.09 .0
SPAS 14.40 1.56 16.32 2.53 10.72 3.64 .00
IPAS 7.51 4.01 9.16 3.43 8.57 2.63 2
MPH 32.79 9.09 35.33 14.06 40.72 8.55 .00
C3-H 43.28 6.69 42.00 6.28 40.26 4.37 .075
H-Rgn 46.89 9.42 48.16 9.60 47.37 6.09 .882
* - P<0.05 (significant).
- P<0.01 (very significant).
P<0.001 (highly significant).
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Table 7. Pearson correlation coefficient between apnea-hypopnea index, body mass
index, and neck circumference.

AHI BMI Ci rcul\rlr??ekrence
AHI Sig. (2-tailed) - 00x** .8
BMI Sig. (2-tailed) 00x** - 41
Circu’\rlr?;:ekrence Sig. (2-tailed) 78 41 -

AHI, apnea-hypopnea index; BMI, body mass index; Sig, significance.
* P<0.05 (significant).
** P<0.01 (very significant).

***P<(.001 (highly significant).
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Table 8. Pearson correlation coefficient between cephalometric skeletal variables with
apnea-hypopnea index, body mass index, and neck circumference.

Neck
AHI BMI Circumference
Pearson Correlation -.266 -.161 -.114
SNA Sig. (2-tailed) o 129 286
Pearson Correlation - 477 -.203 .367
SNB Sig. (2-tailed) 00%*= 05" 00%*
Pearson Correlation .256 .358 .021
ANB
Sig. (2-tailed) 01" 00*** 845
Pearson Correlation .097 181 145
MPA Sig. (2-tailed) 361 088 173
Maxillary Pearson Correlation -.009 .090 -.003
Length
(Co-PtA) Sig. (2-tailed) 934 397 980
Mandibular Pearson Correlation .029 -.220 -.266
Length
(Co-Gn) Sig. (2-tailed) 784 037 o1
Mandibular Pearson Correlation -.354 -.045 210
Body Length
(Go-Gn) Sig. (2-tailed) 00" 674 04"
LAFH Pearson Correlation 432 .518 .049
(ANS -Me) Sig. (2-tailed) 00%* 00 647

* - P<0.05 (significant).

*- P<0.01 (very significant).

"P<0.001 (highly significant).
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Table 9. Pearson correlation coefficient between soft tissue and hyoid variables
with apnea-hypopnea index, body mass index, and neck circumference.

Neck
AHI BMI _
Circumference
sp_T Pearson Correlation .298 .357 .049
Sig. (2-tailed) .00*** .00*** .650
sp_L Pearson Correlation .356 -.014 .156
Sig. (2-tailed) .00*** .895 142
Pearson Correlation -.203 -.182 -.455
SPAS i i
Sig. (2-tailed) .05* .086 .00***
Pearson Correlation -.253 -.301 151
IPAS _ _ _
Sig. (2-tailed) .01 00*** 156
MPH Pearson Correlation .095 193 -.350
Sig. (2-tailed) 374 .069 .00***
C3-H Pearson Correlation 077 -.108 -274
Sig. (2-tailed) 470 311 .00™"
H-Rgn Pearson Correlation 321 142 -.005
Sig. (2-tailed) .00 .180 .959

* - P<0.05 (significant).
*- P<0.01 (very significant).

**P<0.001 (highly significant).
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Table 10. Multiple regression analysis (constant — age, body mass index, and apnea-hypopnea index).

Constant Standard coefficient beta (P)
SNB ANB Mandibular Mandibular MPA MPH
Length body length
(Co-Gn) (Go-Gn)
AGE 0.623(0.535) -0.436(0.664) | -0.886(0.378) | -1.050(0.297) | 0.323(0.747) | 1.091(0.278)
BMI 0.335(0.738) -1.633(0.106) | 0.616(0.540) | 0.344(0.732) | 1.467(0.146) | 1.974(0.052)
AHI - -1.633(0.106) | -0.636(0.527) | 0.060(0.952) | 0.716(0.476) | 0.092(0.927)
2.258(0.026%*)

BMI- Body mass index
AHI- Apnea hypopnea index

* - P<0.05 (significant)

- P<0.01 (very significant)

**P<0.001 (highly significant).
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FIGURE 1: LANDMARKS USED IN THE STUDY
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FIGURE 2: CEPHALOMETRIC SKELETAL VARIABLES
(LINEAR AND ANGULAR)
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FIGURE 3: CEPHALOMETRIC SOFT TISSUE AND HYOID VARIABLES
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