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ABSTRACT

Obstructive Sleep Apnea (0SA) has been considered a major health complication as the underlying medical condition
poses independent risk factors such as hypertension, Cardio Vascular Disease (CVD), and diabetes thus resulting in an
increased multi-morbidity and mortality rate among individuals. The emergence of diagnostic tools and techniques for
exploring OSA has become a primary requisite for the healthcare community to focus on meticulously.

Aim of the study: To determine the morphology of the soft palate among potential OSA patients via performing CBCT

and lateral cephalogram studies Objective of the study: To perform a comparative analysis between CBCT and Lateral
Cephalogram and to determine the reliability of the radiographic techniques in measuring the upper airway.
Methodology: 30 individuals diagnosed with potential OSA were subjected to Upper Airway measurements through
radiographic imaging. Two Examiners carried the study out using standardized diagnostic tools such as the Sirona
Dental Systems Lateral cephalogram machine and CS 3D CBCT machine. The variables involved in UA measurements
for both radiographic studies involve NPA, VPA, OPA, HPA, SPT and SPL. The collected data were analyzed qualitatively
and quantitatively and necessary statistical analysis was carried out using SPSS version 24.

Results: There is no significant difference observed by the examiners on UA measurements from CBCT and lateral
cephalogram, except for a few parameters like VPA and OPA.

Conclusion: The study indicates that both CBCT and Lateral cephalogram are effective diagnostic tools for morphological
characterization of UA among those individuals who are highly susceptible to exhibiting OSA.
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One typical feature observed in OSA patients
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is the snoring habit, which has become a major
concern that affects the significant population,
as the estimates suggested that adult males

INTRODUCTION

There are wide arrays of medical disorders,
of which sleep-related disorders or in certain
cases, referred to, as sleep-disordered breathing
have become a major concern. It is characterized
by abnormal respiration experienced by
patients during their sleep and can be grouped
into four categories: Obstructive Sleep Apnea
(0SA), Central sleep apnea or sleep-related
hypoventilation, and Sleep-related hypoxemia
disorder. OSA is the most common disorder
commonly found in family medicine, setting

and females ranged between 3-7% and 2-5%,
respectively [3]. This eventually results in a
reduction/pause of breath that might lead to
waking up and a loud snort or gasping sound.
Overall estimates have suggested that ~80-
90% of the total population meeting the criteria
appeared to be still undiagnosed [4]. This
disorder appears to have a deleterious impact
with long-term consequences including symptoms
like cardiovascular morbidity, neurocognitive
impairment and increased overall mortality [5, 6].
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The clinician undertakes a diagnosis primarily
based on symptoms associated with the patient
and medical history. It can be determined
whether the patient is suffering from O0SA
in the first place and this assessment could
be classified as subjective or objective [7, 8].
Nevertheless, in view of taking medical care to
a low socioeconomic population, affordability
gains primary importance. Regularly, CBCT and
Lateral cephalogram are utilized to arrive at
a clinical diagnosis. Several other techniques
used for evaluating the adenoid tissues and their
impact on obstruction of airways, such as nasal
endoscopy, lateral cephalogram, CT scan, MRI
and acoustic rhinometry, the utilization of lateral
cephalogram has been observed to be cost-
effective and reproducible and easy to interpret
and assess the of adenoidal tissue, based on its
size [9- 15].

Since lateral cephalogram is a simple and well-
standardized imaging approach that comprises
radiograph along with the head and neck region
with specific emphasis over the bony as well
as soft-tissue structures, if it is comparable to
other expensive techniques, it can be used in
their place, thereby making diagnosis affordable
to more people. This study was performed to
compare CBCT and Lateral Cephalogram and
to determine the reliability of the radiographic
techniques in measuring the upper airway [16-
20].

MATERIALS AND METHODS

Institutional the human ethics committee
approved this study. It was conducted in Sree
Balaji Dental College and Hospital, on outpatients
reporting to the Department of Oral Medicine.
This study included 30 patients [21].

Inclusion criteria

18 and 65 years of age

Symptoms of snoring

Higher frequency of daytime sleepiness
BMI>30

Hypertension

The patient and their relatives completed the
Berlin Questionnaire. Patients with a complaint
of sleep a respiratory disorder associated with
signs and symptoms such as snoring, daytime
sleepiness, witnessed apnea, choking during

sleep and hypertension, and 2 or 3 positive
scores from the three categories of Berlin
questionnaires are included [22].

Exclusion Criteria

The patient with morbid obesity (BMI>40),
craniofacial abnormalities (e.g., cleft lip or
palate), gross ear-nose-throat problems, larynx
or pharynx paralysis or upper airway surgery,
history of cerebrovascular, kidney, lung disease
or cancer, and temporomandibular disorder
were excluded from the study [23].

In the case of lateral cephalogram, the
radiographs were  obtained with CS
8000(Kodak) 60 kv, 2-14 mA 0.1-32 s, and the
patients stood with the Frankfort horizontal line
parallel to the floor with their teeth in
maximum intercuspation, with lips relaxed,
head in natural head position and, dorsum of the
tongue as well as a pharyngeal airway. The same
investigator traced all the radiographs thrice
[24].

CBCT images were obtained by CARESTREAM
(Kodak) 9000 3D operating at 90 kV 10 mA
10.80 s 18x21 mm FOV and 0.2 slice thickness.
To observe the airway in the same CBCT data
set in the 18x21 mm FOV, the patient was
asked to stand with a Frankfort horizontal line
parallel to the floor with their teeth in maximum
intercuspal position without using a bite block
[25]. Any CBCT scans with artefacts distorting
the airway borders have been excluded from
this study. Both CBCT and lateral cephalogram
were performed on each patient, and they were
employed for radiographic examination via two
examiners at different variables namely: NPA,
VPA, OPA, HPA, SPL, and SPT (The radiographic
variables and their definitions shown in Table
1. Statistical analysis was done using IBM
SPSS (Version 24.0) statistical software. The
scores were compared with paired t-test and
inter-observer agreement was analyzed using
Pearson’s r correlation analysis and Kendal’s
tau, P < 0.05 was considered significant [26].

RESULTS

The mean values for each of the variables by
both examiners in CBCT were 22.74 for NPA;
8.79 for VPA; 11.00 for OPA; 7.28 for HPA; 35.13
for SPL; 9.80 for SPT by Examiner I; and 22.78
for NPA; 8.81 for VPA;10.95for OPA; 7.29 for
HPA; 35.10 for SPL; 9.8 for SPT by Examiner II.

The mean values for each of the variables b
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Table 1: Radiographic variables and their definitions.
Variable Name Definition
NPA Na.sopharyngeal Distance from the PNS to the posterior pharyngeal wall along an extension of the basal plane
airway space
Velopharyngeal . .
VPA Distance from U to the posterior pharyngeal wall

airway space

OPA Oropharyngeal airway

Distance between a point on the base of the tongue and another point on the posterior pharyngeal wall, both

space determined by an extension of a line from point B through Go

HPA Hypopharyngeal
airway space

SPT Soft palate thickness
SPL Soft palate length

both examiners in the Lateral Cephalogram were
22.66 for NPA; 8.85 for VPA; 11.47 for OPA; 7.36
for HPA; 35.22 for SPL, 9.72 for SPT by Examiner
Iand 22.64 for NPA; 8.86 for VPA; 11.12 for OPA;
7.20 for HPA; 35.37 for SPL; 9.64 for SPT by
Examiner II. Pearson’s r analysis clearly shows
that there is an agreement difference between
the observers when they scored the CBCT and
lateral cephalogram [27].

There were no significant differences between
the observers scoring CBCT and lateral
cephalogram. (The interrater agreement was
good.) Comparing the agreement between CBCT
and Lateral cephalogram for every parameter
measured showed no significant difference,
exceptin VPAand OPA. Table 1 provide a detailed
comparative analysis using a paired-sample t-
test showing that mean NPA values remain the
same in the two radiographic examinations, viz,
CBCT and lateral cephalogram since the P-value
is >0.05.

DISCUSSION

The diagnosis of OSA in upper airway
measurements is one of the prime factors that
facilitate the exploration of unexplored enigmas
regarding OSA pathology. The structural
narrowing in the upper airway along with a
combination of the inadequate compensation
for a decrease in upper airway neuromuscular
tone is an important factor in the pathogenesis
of Obstructive Sleep Apnea Syndrome (OSAS).
Lateral Cephalogram tends to suffer certain
limitations as the inherent errors could be
witnessed in the 2D representation of the 3D
structures with regards to its distorted
structure, variations in its magnifications, and
the superimpositions in its bilateral craniofacial
structure. Additionally, it has also been reported
that it exhibits lower reproducibility due to

Distance from V to the posterior pharyngeal wall

The maximal thickness of the soft palate measured perpendicular to PNS to U

Distance from PNS to U

difficulty in identifying landmarks. One of the
major drawbacks of lateral cephalograms is their
lack of information on the cross-sectional area
and volume.

In the current study, the mean variables of the
upper airway measurements when compared by
both CBCT and Lateral Cephalogram appeared
to exhibit similar results without showing any
significant differences, therefore, it can be
considered that both radiographic techniques
exhibit good reproducibility of upper airway
measurements. Radiographs have been taken
from potential OSA patients so it can be suggested
that radiographic measurements of the upper
airway could act as an effective predictor for
determining the risk factors of OSA susceptibility.
Besides, both the measurements about the
radiographic landmarks of the key variables
were found to showcase similar measurements
for both CBCT as well as Lateral Cephalogram.
This indicates that a Lateral Cephalogram could
serve as a potent, reliable, and cost-effective
diagnostic procedure, which could be utilized for
the diagnosis of OSA.

There are conflicting results derived from the
radiographic analysis of the available literature
sources, there exists a significant difference
among OSA patients in its sagittal and vertical
planes. This particular characteristic exhibited
among OSA patients from several studies
indicated that there are no ideal or standardized
tools for analyzing the skeletal differences as
there is much debate on this subject, especially
on the mandibular position as well as the
positioning of the hyoid bone and the soft
palate's length. From the currently available
literature on the diagnosis of obstructive sleep
apnea, it is known that there is no single
universal tool that assesses the risk of bias for
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Table 2: Interrater agreement among CBCT and lateral cephalogram.
Variables CBCT LATERALCEPH CBCT LATERALCEPH
Pearsonr Kendall Tau
NPA 0.994** 0.995%* 0.947** 0.945%*
VPA 0.988** 0.993** 0.931** 0.937**
OPA 0.995%* 0.991** 0.961** 0.942%*
HPA 0.988** 0.934** 0.918** 0.846**
SPL 0.997** 0.996** 0.949** 0.934**
SPT 0.983** 0.980** 0.873** 0.873**
NOTE; ** indicates P value is less than 0.001 (i.e., P < 0.001)
Table 3: Inter-technique agreement among CBCT and lateral cephalogram.
Variables PEARSON’S ‘T’ KENDALL'S TAU

r P Value Tau P Value
NPA -0.121 0.524 -0.026 0.844
VPA 0.498 0.005 0.353 0.007
OPA 0.45 0.013 0.351 0.007
HPA 0.17 0.369 0.101 0.442
SPL -0.071 0.708 0.051 0.695
SPT -0.024 0.9 0.016 0.9

The assessment by t-test has shown that on
average there was no difference between the
scores given by observers, scoring or evaluating
the Lateral cephalogram and CBCT scans. On
deeper examination using Pearson’s correlation,
every parameter has been properly rated in both
cephalogram and CBCT (Table 2).

However, the question to be answered here
is whether what is seen in CBCT tallies with
lateral cephalogram or otherwise. This is
answered by Pearson's r and Kendall's T value
calculated assuming all four values are from
the same technique (Table 3). VPA and
OPA are differently rated between lateral
cephalogram and CBCT. Other parameters are
statistically similar. Hence, while using lateral
cephalograms in place of CBCT, when doubts
arise about these parameters, the clinician
should not hesitate to make CBCT arrive at a
proper conclusion [28].

CONCLUSION

Obstructive sleep apnea is one such complication
that has raised concerns in recent times. With
the advent of radiographic screening, it has
become an effective tool for understanding the
morphology and anatomical features of upper
airway space. Hence, determining individuals
who are exhibiting OSAS is being studied
intensively.

Lateral Cephalogram and CBCT are regarded
as effective diagnostic tools that facilitate the

understanding of upper airway anatomy among
normal individuals and those with OSAS. This
study involved a comparative analysis of CBCT
and lateral cephalogram among potential OSA
individuals. From this study, we inferred that
both radiographic examinations showed no
significant difference in the measurements
of the mean variable, thus clearly indicating
that both tools are suitable and effective for
the diagnosis of potential OSA patients. Since
both the radiographic assessments showed a
similar result, we could conclude that for the
initial screening of individuals with OSA lateral
cephalogram, it can be used as a diagnostic
radiograph, which is more cost-effective, and
easily available when compared to CBCT.
However, care must be taken when interpreting
OPA and VPA.

REFERENCES

Joshi JM. Obstructive sleep apnea and its prevalence in
India. RespiMirror 2015; 5:1-2.

Strollo Jr PJ, Rogers RM. Obstructive sleep apnea. N Engl
] Med 1996;334:99-104.

Lee RW, Sutherland K, Cistulli PA. Craniofacial
morphology in obstructive sleep apnea: a review. Clin
Pulm Med 2010; 17:189-95.

Osman AM, Carter SG, Carberry JC, et al. Obstructive
sleep apnea: current perspectives. Nat Sci Sleep 2018;
21-34.

Guijarro-Martinez R, Swennen G. Cone-beam
computerized tomography imaging and analysis of the
upper airway: a systematic review of the literature. Int ]

Journal of Research in Medical and Dental Science | Vol. 11 | Issue 12 | December 2023

Oral Maxillofac Surg 2011; 40:1227-37.


https://www.nejm.org/doi/full/10.1056/NEJM199601113340207
https://journals.lww.com/clinpulm/FullText/2010/07000/Craniofacial_Morphology_in_Obstructive_Sleep.6.aspx
https://journals.lww.com/clinpulm/FullText/2010/07000/Craniofacial_Morphology_in_Obstructive_Sleep.6.aspx
https://www.tandfonline.com/doi/abs/10.2147/NSS.S124657
https://www.tandfonline.com/doi/abs/10.2147/NSS.S124657
https://www.sciencedirect.com/science/article/pii/S0901502711002542
https://www.sciencedirect.com/science/article/pii/S0901502711002542
https://www.sciencedirect.com/science/article/pii/S0901502711002542

Th chiru.

J Res Med Dent Sci, 2023, 11 (12):30-34

10.

11.

12.

13.

14.

15.

16.

17.

Subramani Y, Nagappa M, Wong ], et al. Death or near-
death in patients with obstructive sleep apnoea: a
compendium of case reports of critical complications.
Br] Anaesth 2017; 119:885-99.

Spicuzza L, Caruso D, Di Maria G. Obstructive sleep
apnoea syndrome and its management. Ther Adv
Chronic Dis 2015; 6:273-85.

GAUR §, Jindal SK, Shah A, et al. CHEST DISEASES AND
ALLIED SCIENCES. Indian ] Chest Dis Allied Sci 2012; 54.

Miljeteig H, Mateika S, Haight JS, et al. Subjective and
objective assessment of uvulopalatopharyngoplasty for
treatment of snoring and obstructive sleep apnea. Am ]
Respir Crit 1994; 150:1286-90.

Koskenvuo M, Partinen M, Sarna S, et al. Snoring as a
risk factor for hypertension and angina pectoris. Lancet
1985;325:893-6.

Shahid A, Shen ], Shapiro CM. Measurements of
sleepiness and fatigue. ] Psychosom Res 2010; 69:81-9.

Pandi-Perumal SR. Synopsis of sleep medicine. CRC
Press; 2016.

Shantha TR Devi. Therapeutic focus - a new patented
device for treating obstructive sleep apnea & snoring. |
Drug Deliv 2015; 7:7.

Kushida CA, Morgenthaler TI, Littner MR, et al. Practice
parameters for the treatment of snoring and obstructive
sleep apnea with oral appliances: an update for 2005.
Sleep 2006; 29:240-3.

Feng X, Li G, Qu Z, et al. Comparative analysis of upper
airway volume with lateral cephalograms and cone-
beam computed tomography. Am ] Orthod Dentofacial
Orthop 2015; 147:197-204.

Ludlow ]B, Ivanovic M. Comparative dosimetry of dental
CBCT devices and 64-slice CT for oral and maxillofacial
radiology. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2008; 106:106-14.

Chau AC, Fung K. Comparison of radiation dose for
implant imaging using conventional spiral tomography,
computed tomography, and cone-beam computed
tomography. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2009; 107:559-65.

18.

19.

20.

21.

22.

23.

24

25.

26.

27.

28.

Kaur S, Rai S, Kaur M. Comparison of reliability of
lateral cephalogram and computed tomography for
assessment of airway space. Niger ] Clin Pract 2014;
17:629-36.

Halazonetis DJ. From 2-dimensional cephalograms
to 3-dimensional computed tomography scans. Am ]
Orthod Dentofacial Orthop 2005; 127:627-37.

Finkelstein Y, Wexler D, Berger G, et al. Anatomical basis
of sleep-related breathing abnormalities in children
with nasal obstruction. Arch Otolaryngol Head Neck
Surg 2000; 126:593-600.

Marcus CL, McColley SA, Carroll JL, et al. Upper airway
collapsibility in children with obstructive sleep apnea
syndrome. ] Appl Physiol 1994; 77:918-24.

Baumrind S, Frantz RC. The reliability of head film
measurements: 2. Conventional angular and linear
measures. Am ] Orthod 1971; 60:505-17.

Cattaneo PM, Melsen B. The use of cone-beam computed
tomography in an orthodontic department in between
research and daily clinic. World ] Orthod 2008; 9.

. Aboudara C, Nielsen IB, Huang ]JC, et al. Comparison

of airway space with conventional lateral headfilms
and 3-dimensional reconstruction from cone-beam
computed tomography. Am ] Orthod Dentofacial Orthop
2009; 135:468-79.

Cattaneo PM, Melsen B. The use of cone-beam computed
tomography in an orthodontic department in between
research and daily clinic. World ] Orthod 2008; 9.

Tangugsorn V, Skatvedt O, Krogstad O, et al. Obstructive
sleep apnoea: a cephalometric study. Part II. Uvulo-
glossopharyngeal morphology. Eur ] Orthod 1995;
17:57-67.

Gungor AY, Turkkahraman H, Yilmaz HH, et al
Cephalometric comparison of obstructive sleep apnea
patients and healthy controls. Eur ] Dent 2013; 7:048-
54,

Di Carlo G, Polimeni A, Melsen B, et al. The relationship
between upper airways and craniofacial morphology
studied in 3 D. A CBCT study. Orthod Craniofac Res
2015; 18:1-1.

Journal of Research in Medical and Dental Science | Vol. 11 | Issue 12 | December 2023


https://academic.oup.com/bja/article-abstract/119/5/885/4384745
https://academic.oup.com/bja/article-abstract/119/5/885/4384745
https://academic.oup.com/bja/article-abstract/119/5/885/4384745
https://journals.sagepub.com/doi/abs/10.1177/2040622315590318
https://journals.sagepub.com/doi/abs/10.1177/2040622315590318
https://www.academia.edu/download/82080694/January-March-2012_20Revised.pdf
https://www.academia.edu/download/82080694/January-March-2012_20Revised.pdf
https://www.atsjournals.org/doi/abs/10.1164/ajrccm.150.5.7952554
https://www.atsjournals.org/doi/abs/10.1164/ajrccm.150.5.7952554
https://www.atsjournals.org/doi/abs/10.1164/ajrccm.150.5.7952554
https://www.sciencedirect.com/science/article/pii/S0140673685916721
https://www.sciencedirect.com/science/article/pii/S0140673685916721
https://www.sciencedirect.com/science/article/pii/S0022399910001625
https://www.sciencedirect.com/science/article/pii/S0022399910001625
https://academic.oup.com/sleep/article-abstract/29/2/240/2708054
https://academic.oup.com/sleep/article-abstract/29/2/240/2708054
https://academic.oup.com/sleep/article-abstract/29/2/240/2708054
https://www.sciencedirect.com/science/article/pii/S088954061400924X
https://www.sciencedirect.com/science/article/pii/S088954061400924X
https://www.sciencedirect.com/science/article/pii/S088954061400924X
https://www.sciencedirect.com/science/article/pii/S1079210408002369
https://www.sciencedirect.com/science/article/pii/S1079210408002369
https://www.sciencedirect.com/science/article/pii/S1079210408002369
https://www.sciencedirect.com/science/article/pii/S1079210408008421
https://www.sciencedirect.com/science/article/pii/S1079210408008421
https://www.sciencedirect.com/science/article/pii/S1079210408008421
https://www.sciencedirect.com/science/article/pii/S1079210408008421
https://www.ajol.info/index.php/njcp/article/view/108661
https://www.ajol.info/index.php/njcp/article/view/108661
https://www.ajol.info/index.php/njcp/article/view/108661
https://www.sciencedirect.com/science/article/pii/S0889540605000612
https://www.sciencedirect.com/science/article/pii/S0889540605000612
https://journals.physiology.org/doi/abs/10.1152/jappl.1994.77.2.918
https://journals.physiology.org/doi/abs/10.1152/jappl.1994.77.2.918
https://journals.physiology.org/doi/abs/10.1152/jappl.1994.77.2.918
https://www.sciencedirect.com/science/article/pii/0002941671901163
https://www.sciencedirect.com/science/article/pii/0002941671901163
https://www.sciencedirect.com/science/article/pii/0002941671901163
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=15305678&AN=35446840&h=jY1ZjxosmYhbEfsDFmv1FB4yeJkY7VJfHesTfG%2BXmbLFK%2FQrTd3L4%2FICOYhi4Te0VmAPGl%2BljAcH8qIbyIIRYA%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=15305678&AN=35446840&h=jY1ZjxosmYhbEfsDFmv1FB4yeJkY7VJfHesTfG%2BXmbLFK%2FQrTd3L4%2FICOYhi4Te0VmAPGl%2BljAcH8qIbyIIRYA%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=15305678&AN=35446840&h=jY1ZjxosmYhbEfsDFmv1FB4yeJkY7VJfHesTfG%2BXmbLFK%2FQrTd3L4%2FICOYhi4Te0VmAPGl%2BljAcH8qIbyIIRYA%3D%3D&crl=c
https://www.sciencedirect.com/science/article/pii/S0889540608011293
https://www.sciencedirect.com/science/article/pii/S0889540608011293
https://www.sciencedirect.com/science/article/pii/S0889540608011293
https://www.sciencedirect.com/science/article/pii/S0889540608011293
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=15305678&AN=35446840&h=jY1ZjxosmYhbEfsDFmv1FB4yeJkY7VJfHesTfG%2BXmbLFK%2FQrTd3L4%2FICOYhi4Te0VmAPGl%2BljAcH8qIbyIIRYA%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=15305678&AN=35446840&h=jY1ZjxosmYhbEfsDFmv1FB4yeJkY7VJfHesTfG%2BXmbLFK%2FQrTd3L4%2FICOYhi4Te0VmAPGl%2BljAcH8qIbyIIRYA%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=15305678&AN=35446840&h=jY1ZjxosmYhbEfsDFmv1FB4yeJkY7VJfHesTfG%2BXmbLFK%2FQrTd3L4%2FICOYhi4Te0VmAPGl%2BljAcH8qIbyIIRYA%3D%3D&crl=c
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0039-1698995
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0039-1698995
https://onlinelibrary.wiley.com/doi/abs/10.1111/ocr.12053
https://onlinelibrary.wiley.com/doi/abs/10.1111/ocr.12053
https://onlinelibrary.wiley.com/doi/abs/10.1111/ocr.12053

