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Abstract

The purpose of this review is comprehensively examining the application and effectiveness of Cone Beam Computed
Tomography (CBCT) in assessing the upper airway among the Indian population. This assessment spans across various demographic
and clinical contexts, including both adults and children, to provide a holistic view of the capabilities and impacts of CBCT
technology in this domain. This review aims to synthesize current research, highlight clinical applications, and identify potential
areas for future exploration and improvement in the use of CBCT in airway analysis.
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1. Introduction

The assessment of the upper airway is a critical
component in the diagnosis and management of various
respiratory, sleep-related, and craniofacial disorders.
Accurate visualization and measurement of airway structures
are essential for identifying obstructions, anatomical
anomalies, and for planning surgical or orthodontic
interventions. The introduction of Cone Beam Computed
Tomography (CBCT) has significantly enhanced the
capability of clinicians to obtain detailed and precise images
of the upper airway. The upper airway plays a pivotal role in
maintaining vital physiological functions, including
breathing, speech, and swallowing. Any compromise in its
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structure or function can lead to significant health issues, such
as obstructive sleep apnea (OSA), which affects millions of
people worldwide, including a significant number in the
Indian population. OSA and other airway issues can lead to

serious cardiovascular and metabolic diseases if not diagnose
and treated early [1]. Traditionally, the assessment of the
upper airway relied on 2-dimensional imaging techniques,
such as lateral cephalometric radiographs. However, these
methods have limitations, primarily due to the two-
dimensional representation of three-dimensional structures,
which can lead to inaccuracies in measurement and diagnosis.
CBCT has emerged as a superior alternative, offering three-
dimensional imaging capabilities that provide a

366


mailto:aravindhswamy95@gmail.com
https://doi.org/10.62877/42-IJCBS-24-25-19-42
http://www.iscientific.org/Journal.html

International Journal of Chemical and Biochemical Sciences (IJCBS), 25(19) (2024): 366-375

comprehensive view of the airway anatomy with high
resolution and fewer distortions [2]. CBCT technology, first
introduced in the late 1990s, has rapidly adopted in various
fields of medicine and dentistry due to its advantages over
traditional CT scans. CBCT provides high-resolution images
at lower radiation doses and is more cost-effective, making it
particularly suitable for frequent use in clinical settings [3].

Moreover, the ability of CBCT to offer detailed
images of bone structures and soft tissues with minimal
preparation and quick scanning times enhances its utility in
emergency assessments and pre-surgical planning. In the
context of the Indian healthcare system, where resources may
be limited and access to advanced medical technology can be
uneven, the role of CBCT becomes even more crucial. The
technology's cost-effectiveness coupled with its diagnostic
capabilities means that it can deployed effectively across
various levels of healthcare facilities, from urban centers to
rural clinics, to improve diagnostic accuracy and patient
outcomes [4]. The role of CBCT in upper airway assessment
extends beyond mere diagnosis. It is instrumental in treatment
planning and follow-up, especially in complex cases
requiring orthodontic interventions or maxillofacial surgery.
For instance, CBCT has been integral in planning the surgical
approaches for patients with craniofacial abnormalities,
facilitating the precise fabrication of surgical guides, and
predicting post-surgical outcome [5].

1.2. Relevance to the Indian Population: Specific
Considerations

The relevance of upper airway assessment using
Cone Beam Computed Tomography (CBCT) in the Indian
population encompasses several aspects, from prevalent
airway diseases and anatomical differences to the healthcare
practices and economic considerations influencing the use of
advanced imaging technologies. Understanding these
dynamics is essential for tailoring interventions and
maximizing the benefits of CBCT in improving patient
outcomes across diverse Indian demographics.

1.2.1. Prevalent Airway Diseases

Respiratory disorders, including obstructive sleep
apnea (OSA) and chronic rhino sinusitis, significantly affect
the Indian populace. Studies indicate that the prevalence of
OSA in India varies widely, with estimates ranging from
9.3% to 19.7% in adults, depending on the region and the
diagnostic criteria used [6]. The high prevalence of such
conditions underscores the need for effective diagnostic tools
like CBCT, which provides superior airway visualization,
facilitating accurate diagnosis and effective management.
Moreover, the burden of chronic respiratory diseases like
asthma and chronic obstructive pulmonary disease (COPD) is
considerable, with environmental factors such as air pollution
playing a significant role. The World Health Organization
(WHO) reports that COPD was the second-leading cause of
death in India in 2016, which suggests an urgent need for
enhanced diagnostic and treatment strategies, including those
enabled by CBCT imaging [7].

1.2.2. Anatomical Differences

Anatomical variations in the craniofacial structure
can influence the incidence and severity of airway diseases.
Studies have shown that South Asians, including Indians,
often have smaller cranial bases and shorter cranial lengths
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compared to Western populations, which can predispose
them to nasopharyngeal constriction and thus to airway-
related disorders such as OSA [8]. CBCT’s ability to provide
detailed anatomical views aids in understanding these
variations better, allowing for personalized medical and
surgical interventions.

1.2.3. Healthcare Practices in India

The healthcare landscape in India marked by its
diversity, with a wide range of practices from traditional
methods to modern medical technologies. However, the
adoption of advanced technologies like CBCT is uneven,
primarily due to cost considerations and lack of infrastructure
in rural and semi-urban areas. Nevertheless, there has been a
growing recognition of the value of advanced diagnostic
tools, and efforts are underway to integrate technologies like
CBCT into routine clinical practice, especially in urban center
[9]. The government's push towards more digital and
advanced healthcare infrastructure under initiatives such as
the Digital India program presents an opportunity to expand
the accessibility of CBCT technologies. This is particularly
relevant for dental and orthodontic care, where CBCT can
play a crucial role in treatment planning and management
[10].

1.2.4. Demographic Considerations

Demographic factors such as population density, age
demographics,  socioeconomic  variables, healthcare
infrastructure and dental and maxillofacial health needs
influence the relevance of Cone Beam Computed
Tomography (CBCT) in the Indian population. CBCT-
equipped hospitals and dental clinics are largely concentrated
in urban areas compared to rural ones where few
establishments exist due to a limited number of facilities and
less investment in health care. Young people may need CBCT
for early detection of dental anomalies as well as for
orthodontic assessments. Socioeconomic issues like limited
insurance coverage and income disparities determine whether
an individual can afford CBCT scans. There are many dental
caries, periodontal diseases, malocclusion among others,
which require detailed images through use of CBCT services
for this purpose. Technological advancements and innovation
can also reduce costs making it possible for a wider segment
of the population to have access to CBCT.

1.2.5. Economic Considerations

The cost-effectiveness of CBCT compared to other
imaging modalities like MRI or traditional CT scans is a
significant factor in its relevance to the Indian population.
Given the economic constraints prevalent in many parts of
India, CBCT offers a viable alternative that provides high-
quality diagnostic capabilities at a lower cost. This aspect is
crucial in making advanced imaging more accessible and
affordable for a larger segment of the Indian population [11].
Furthermore, the application of CBCT in mobile clinics or
portable formats could revolutionize healthcare delivery in
remote areas, providing high-quality diagnostic care in
locations previously unreachable by advanced medical
technologies. This could particularly affect rural healthcare,
where access to specialized diagnostic facilities is often
limited [12].
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1.3. Objective and Scope of the Review
1.3.1. Objectives of the Review

To Evaluate the Diagnostic Accuracy and
Reliability of CBCT: Analyze the accuracy, reliability, and
diagnostic superiority of CBCT over traditional imaging
methods in assessing the upper airway structures in both
adults and children. To Understand Clinical Applications:
Examine how CBCT utilized in the clinical setting for
diagnosing and managing airway-related disorders, with a
focus on specific applications in orthodontics, ENT (Ear,
Nose, and Throat), and sleep medicine. To Explore
Anatomical Variations: Investigate the role of CBCT in
identifying and understanding the anatomical variations of
the upper airway in the Indian population, which may differ
significantly from those observed in Western populations. To
Identify Economic and Accessibility Issues: Discuss the
economic aspects of wusing CBCT, including cost-
effectiveness and the impact of economic barriers on the
accessibility of CBCT technology in various regions of India.
To Propose Recommendations for Clinical Practice and
Research: Based on the findings, suggest practical
recommendations for healthcare providers and outline
suggestions for future research to enhance the utility and
accessibility of CBCT in India.

1.3.2. Scope of the Review
- Demographic Coverage: The review will cover both adult
and pediatric populations in India to provide a comprehensive
overview that encompasses age-related differences in airway
assessment.
- Geographical Considerations: While focusing on the Indian
population, comparisons may draw with global studies to
contextualize findings within global practices and to highlight
any unique considerations in India.
- Clinical Settings: The review will include studies and
practices from various clinical settings including dental,
orthodontic, maxillofacial, and general medical practices,
reflecting the interdisciplinary uses of CBCT.
- Technological Focus: The scope will be specifically on
CBCT technology, comparing it where relevant with other
imaging modalities such as traditional CT scans and MRIs,
but with a focused analysis on CBCT’s unique contributions
to upper airway assessment.
- Time Frame: The review will consider studies and data from
the last two decades to capture the evolution of CBCT
technology and its adoption in clinical practice in India.
This structured approach allows for a detailed
examination of CBCT as a transformative tool in airway
assessment within the Indian healthcare landscape,
addressing both broad applications and specific, critical
issues such as economic accessibility and technological
efficacy.

2. CBCT Technology Overview
2.1. Principles of CBCT

Cone Beam Computed Tomography (CBCT) is an
advanced imaging technology that has revolutionized the
field of diagnostic imaging by providing three-dimensional
(3D) views of structures with high resolution and clarity.
Developed in the late 1990s, CBCT has rapidly evolved and
expanded its applications in various medical fields,
particularly in dentistry, orthodontics, and otolaryngology.
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2.1.1. Working Principle of CBCT

CBCT operates on the principle of a cone-shaped x-
ray beam that rotates around the patient, capturing a large
volume of data in a single scan. This contrasts with the
traditional Computed Tomography (CT) that uses a fan-
shaped x-ray beam and requires multiple rotations and slices.
The CBCT scanner projects an x-ray beam in a cone shape
over the area to be image as the detector moves around the
patient in a complete 360-degree rotation. This process
captures a series of 2D images from different angles, which
reconstruct into a 3D image by specialized computer
algorithms [13].

2.1.2. Image Acquisition and Reconstruction

During the CBCT scan, the data acquired is in the
form of 2D images, also known as basis images, which are
then digitally reconstruct into a 3D volume. This volume can
be view and manipulated on any axis, providing detailed
insights into complex anatomical structures. The primary
advantage here is the ability to assess not only the
morphology but also the spatial relationships and internal
anatomy of an area with minimal distortion and high-
resolution images [14].

2.1.3. Advantages over Traditional CT scans

CBCT s preferred over traditional CT for several
reasons:
- Reduced Radiation Exposure: CBCT typically involves a
significantly lower radiation dose compared to conventional
CT scans. This is crucial in reducing the risk to patients,
especially when frequent imaging is necessary [15].
- Higher Resolution: The image quality with CBCT is
superior, particularly for bone structures, due to the focused
x-ray beam and the sophisticated image reconstruction
algorithms that produce detailed images.
- Cost and Accessibility: CBCT units are generally less
expensive and occupy less space than traditional CT scanners,
making them more accessible for office settings and
specialized clinics [16].

2.1.4. Applications in Clinical Practice

In clinical practice, CBCT has a wide range of
applications. In dentistry, it used for implant planning,
visualization of impacted teeth, evaluation of the jaw, sinus,
and nasal cavities, and more. In orthodontics, CBCT assists
in assessing skeletal relationships and airway anomalies. For
otolaryngology, it offers valuable data for the assessment of
airway pathologies, sinus issues, and complex surgeries
involving the craniofacial structures [17].

2.1.5. Limitations

Despite its numerous advantages, CBCT does have
limitations:
- Soft Tissue Imaging: CBCT is less effective than
conventional CT in capturing detailed images of soft tissues.
Its use is therefore limited when high-contrast resolution of
soft tissues is required.
- Artifact Susceptibility: Image quality affect by artifacts,
especially when metallic objects are present, which can
obscure details and affect diagnostic accuracy [18].
2.1.6. Conclusion

The principles of CBCT technology underline a
powerful diagnostic tool that provides precise, three-
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dimensional images at a lower radiation dose. Its utility in
clinical practice is significant, although considerations made
regarding its limitations, particularly in soft tissue imaging.
As technology advances, ongoing improvements in CBCT
design and imaging software expected to expand its
applications and efficacy further.

2.2. Advantages of CBCT over Other Imaging Techniques

Cone Beam Computed Tomography (CBCT) offers
several distinctive advantages over traditional imaging
modalities like Multi-Slice Computed Tomography (MSCT)
and Magnetic Resonance Imaging (MRI), particularly in
terms of resolution, radiation dose, cost-effectiveness, and
convenience. These benefits make CBCT an increasingly
popular choice in various clinical settings, especially in dental
and maxillofacial imaging.

2.2.1. High Resolution

CBCT is renowned for its superior spatial resolution
compared to conventional CT scans. The ability to produce
high-resolution images is crucial for detailed anatomical
evaluations, particularly in complex areas such as the
craniofacial region. The fine detail achieved allows for better
visualization of bone structures and can be instrumental in
planning surgical interventions, orthodontic treatments, and
other dental procedures. The resolution of CBCT typically
ranges from 0.1 mm to 0.3 mm, compared to 0.5 mm for
standard CT scans, providing clearer, more precise image.

2.2.2. Reduced Radiation Dose

One of the most significant advantages of CBCT is
its ability to image target areas with a considerably lower
radiation dose. CBCT devices use a cone-shaped x-ray beam
that covers the area of interest in a single sweep, reducing the
exposure and thus the dose compared to the multiple passes
typically required in conventional CT scans. This reduction
in radiation exposure is particularly important for pediatric
patients and individuals requiring multiple scans for ongoing
treatment[19].

2.2.3. Cost-Effectiveness

CBCT units are generally less expensive both to
purchase and to operate than traditional CT scanners. This
cost-effectiveness extends to the patient, who may benefit
from lower imaging costs. Additionally, the compact size of
CBCT equipment allows for installation in outpatient
settings, such as dental offices and clinics, reducing the need
for referrals and helping to streamline patient care [15].

2.2.4. Convenience

The design of CBCT units typically allows for faster
scans and more flexible scheduling compared to larger, more
cumbersome CT and MRI units. A typical CBCT scan can be
complete in less than a minute, and the data processing time
is minimal, allowing for rapid diagnosis and treatment
planning. This efficiency is invaluable in emergencies or
when quick decision-making is require.

2.3. Limitations of CBCT in Airway Assessment

Despite its numerous advantages, CBCT does
present some limitations, especially when it comes to the
assessment of the airway.
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2.3.1. Soft Tissue Visualization

CBCT is primarily design for hard tissue imaging
and provides less contrast than CT and MRI when it comes to
soft tissues. This characteristic can be a significant drawback
in airway assessment, where the visualization of soft tissue
structures, such as the pharyngeal tissues and muscles, is
critical. This limitation can affect the accuracy of diagnosing
certain conditions like soft tissue-based sleep apnea [18].

2.3.2. Field of View

While the adjustable field of view in CBCT seen as
an advantage, it can also limit the comprehensiveness of
airway assessment. A smaller field of view may miss adjacent
structures that could be contributing to or affected by the
primary area of interest. This limitation necessitates careful
planning and, sometimes, multiple scans to full assess
complex cases.

2.3.3. Image Artifacts

CBCT scans are susceptible to image artifacts,
especially from metal objects such as dental fillings or braces,
which can create streaks and shadows that obscure diagnostic
details. These artifacts can complicate the interpretation of
airway structures and negatively affect the diagnostic
accuracy of the scan [17].

2.3.4. Radiation Exposure

Although lower than conventional CT, the radiation
dose from CBCT is still significantly higher than that from
traditional dental x-ray techniques such as panoramic
radiography. This factor must be carefully consider when
planning repeated imaging or when imaging sensitive
populations such as children or pregnant women.

3. Applications of CBCT in Upper Airway Assessment
3.1. Diagnostic Accuracy

The diagnostic accuracy of Cone Beam Computed
Tomography (CBCT) in assessing the upper airway is a
critical aspect of its utility in clinical practice. This imaging
technology has evaluated extensively to determine its
effectiveness in identifying and analyzing various upper
airway conditions. These studies have generally highlighted
CBCT’s high degree of accuracy and reliability, particularly
in comparison to other imaging modalities.

3.1.1. Comparative Studies with Other Imaging Techniques

Several studies have compared the accuracy of
CBCT to that of traditional CT and MRI in diagnosing upper
airway disorders. A systematic review by Whyte and
colleagues (2014) demonstrated that CBCT provides
comparable anatomical detail for bony structures and is
especially superior in dental-related assessments.[2]
However, for soft tissues, traditional CT and MRI still offer
better contrast and detail, which can be crucial for
comprehensive airway analysis.

3.1.2. Reliability in Pediatric and Adult Populations
CBCT's reliability in assessing the upper airway
across different age groups has also been a focus of research.
Studies like those by Enciso et al. (2010) have shown that
CBCT can accurately depict the airway spaces in both
pediatric and adult populations [20]. This is particularly
important in pediatric orthodontics, where airway
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abnormalities can significantly influence craniofacial
development and overall health.

3.1.3. Measurement Consistency

The ability of CBCT to provide consistent and
reproducible measurements is another essential aspect of its
diagnostic accuracy. Research by Pauwels et al. (2012) on the
reproducibility of airway measurements confirmed that
CBCT could produce highly reliable dimensional
assessments of the airway, crucial for planning surgical
interventions and monitoring treatment outcomes [21].

3.1.4. Applications in Sleep Apnea Diagnosis

One of the most critical applications of CBCT in
upper airway assessment is in the diagnosis and management
of obstructive sleep apnea (OSA). A landmark study by Alves
et al. (2013) explored the use of CBCT to assess airway
volume and structure in OSA patients, concluding that CBCT
could effectively identify anatomical contributors to the
condition, such as narrowed airways or enlarged tonsils. This
capability allows for more targeted and effective treatments,
including surgical interventions and orthodontic adjustments
[22].

3.1.5. Advancements in 3D Imaging and Analysis

The evolution of 3D imaging technologies has
further enhanced the diagnostic capabilities of CBCT.
Innovations in software tools that allow for more detailed
analysis and visualization of the airway have improved the
ability to assess complex conditions. The work by Vizzotto et
al. (2011) highlighted the use of 3D reconstructions to
evaluate changes in airway space following orthodontic
treatments, providing evidence of the practical applications
of CBCT in longitudinal studies and treatment efficacy
evaluations [23].

3.1.6. Limitations and Considerations

Despite its advantages, the use of CBCT for soft
tissue imaging remains limited, and the technology chosen
with consideration of the specific clinical needs and the areas
of interest. It is also important to consider radiation exposure,
especially in pediatric cases when multiple follow-ups are
required.

3.2. Clinical Applications of CBCT in Clinical Settings
Cone Beam Computed Tomography (CBCT) has
found widespread use in several clinical settings due to its
detailed imaging capabilities. Its applications extend beyond
traditional dental assessments to include sleep apnea
management, ENT evaluations, and orthodontics, each
benefiting from the unique advantages that CBCT offers.

3.2.1. Sleep Apnea Management

In the realm of sleep medicine, CBCT has become
an invaluable tool for diagnosing and managing obstructive
sleep apnea (OSA). CBCT provides clear images of the
airway anatomy, which is crucial for identifying the structural
causes of airway blockages typical in OSA patients. This
capability allows clinicians to assess airway volume and
configuration, facilitating the design of personalized
treatments such as dental appliances or surgical interventions
to enlarge or stabilize the airway. Studies by Schendel et al.
(2012) have demonstrated that using CBCT to visualize
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airway changes before and after treatment can significantly
enhance outcomes in OSA treatment [24].

3.2.2. ENT Evaluations

In Ear, Nose, and Throat (ENT) practices, CBCT
used to evaluate sinus anatomy, nasopharyngeal airways, and
to assess the structural integrity of related craniofacial bones.
This application is crucial for planning surgeries, such as
those for chronic sinusitis or corrective procedures on nasal
septum deviations. CBCT provides ENT specialists with a 3D
view that is essential for accurate diagnosis and effective
surgical planning, reducing intraoperative surprises and
improving surgical outcomes [25].

3.2.3. Orthodontics

Orthodontists utilize CBCT for comprehensive
diagnostics and treatment planning, including the assessment
of tooth orientation, jawbone structure, and the spatial
relationships between dental and skeletal structures. This
information is crucial when planning complex interventions,
such as those involving impacted teeth or orthognathic
surgery. Furthermore, CBCT allows for the assessment of the
respiratory airway, which can be invaluable in treating
patients with dentofacial anomalies that may affect breathing
[26].

3.3. Comparative Studies: CBCT vs. Other Diagnostic Tools

Comparative studies have often focused on the
effectiveness of CBCT relative to other imaging modalities
like Magnetic Resonance Imaging (MRI) and Computed
Tomography (CT). These studies help delineate where CBCT
stands in terms of diagnostic accuracy, applicability, and
usability in different clinical scenarios.

3.3.1.CBCTvs. CT

Research comparing CBCT with traditional CT
highlights the reduced radiation exposure and comparable, if
not superior, image quality provided by CBCT for bone and
airway assessment. A study by Lofthag-Hansen et al. (2008)
confirmed that CBCT provides sufficient image quality for
diagnosing maxillofacial pathology with a significantly lower
radiation dose [27]. However, CT remains superior in cases
where soft tissue detail is critical, such as in complex cancer
evaluations or in soft tissue pathologies.

3.3.2. CBCT vs. MRI

Comparisons between CBCT and MRI have shown
that while MRI offers superior soft tissue contrast, making it
the modality of choice for soft tissue tumors, joint disorders,
and complex vascular diseases, CBCT excels in bone
pathology and dental assessments. MRI lacks the ionizing
radiation of CBCT but is more expensive, time-consuming,
and less accessible in many settings. As such, CBCT is
preferred in scenarios where bone detail is more critical than
soft tissue visualization [28].

4. Findings Specific to the Indian Population
4.1. Epidemiological Data

The prevalence of airway disorders in India
underscores the growing need for advanced diagnostic tools
like Cone Beam Computed Tomography (CBCT). Various
epidemiological studies and surveys highlight significant
rates of respiratory and airway-related conditions, which pose
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a considerable healthcare challenge. Understanding these
statistics is crucial for healthcare planning and resource
allocation, especially in adopting advanced imaging
technologies such as CBCT to improve diagnostic accuracy
and patient outcomes.

4.1.1. Prevalence of Obstructive Sleep Apnea (OSA)

Obstructive Sleep Apnea is increasingly recognize
as a major health issue in India, with prevalence rates varying
significantly across different regions and demographics. A
study by Sharma et al. (2016) estimated that approximately
13% of the Indian adult population suffers from OSA, with a
higher prevalence among males and overweight individuals
[29]. This high prevalence rate highlights the need for
effective diagnostic tools like CBCT, which can provide
detailed imaging of the airway anatomy and aid in the precise
diagnosis and treatment planning of OSA.

4.1.2. Chronic Obstructive Pulmonary Disease (COPD)

COPD is another major respiratory condition
affecting the Indian population, with environmental factors
such as air pollution and smoking contributing significantly
to its prevalence. According to a report by the Indian Chest
Society (2018), COPD affects over 5.9% of the adult
population, translating into millions of affected individual
[30]. The detailed imaging capabilities of CBCT can assist in
the early detection and management of airway changes
associated with COPD, potentially improving patient
management and outcomes.

4.1.3. Pediatric Airway Disorders

Pediatric airway disorders, including congenital
airway malformations and adenotonsillar hypertrophy, also
represent a significant healthcare burden. Gupta et al. (2019)
reported that airway disorders are among the top reasons for
pediatric hospital admissions in India, indicating the need for
accurate diagnostic tools [31]. CBCT's ability to provide clear
and precise images can help in the early diagnosis and
intervention in pediatric cases, which is crucial for effective
treatment and prevention of long-term squeal.

4.1.4. Rhino logical Conditions

Conditions affecting the nasal cavity and sinuses,
such as chronic rhino sinusitis, are prevalent in the Indian
climate due to environmental allergens and pollution. A study
by Jain et al. (2017) noted that chronic rhino sinusitis affects
approximately 11% of the population, with a significant
impact on quality of life and productivity [32]. CBCT can
play a critical role in the assessment and management of these
conditions, offering detailed insights into the sinus anatomy
and aiding in surgical planning and evaluation.

4.1.5. Impact of Airway Disorders on Public Health

The cumulative impact of these airway disorders on
the Indian healthcare system and economy is substantial.
Efficient diagnostic and management strategies are essential
to address this burden. The adoption of CBCT in clinical
settings not only enhances diagnostic precision but also
supports more informed decision-making in treatment
approaches, which can lead to better health outcomes and
reduce healthcare costs.
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4.2. Case Studies/Reports

Incorporating case studies and reports within the
Indian context provides practical insights into the unique
applications and benefits of Cone Beam Computed
Tomography (CBCT) in diagnosing and managing airway
disorders. These real-world examples highlight CBCT’s
utility in addressing specific clinical challenges encountered
in India, offering a closer look at its impact on patient
outcomes and healthcare practices.

4.2.1. Case Study 1: Diagnosis and Management of
Pediatric Obstructive Sleep Apnea

Background: A 7-year-old boy from Mumbai presented with
symptoms of chronic snoring, daytime fatigue, and
behavioral issues at school. Traditional assessments,
including a sleep study, suggested moderate obstructive sleep
apnea.

CBCT Application: A CBCT scan performed to assess the
anatomical structures of the airway. The scan revealed
adenoid hypertrophy and partial obstruction at the base of the
tongue, which were not clearly identify in previous
radiographic evaluations.

Outcome: Based on the CBCT findings, a targeted
adenotonsillectomy performed. Post-surgery, the child
showed significant improvement in sleep quality and
behavior, validating the CBCT’s role in enhancing diagnostic
accuracy and guiding precise surgical intervention.

4.2.2. Case Study 2: Advanced Planning for Sinus Surgery
Background: A 45-year-old female from New Delhi suffered
from recurrent sinus infections and nasal blockage, which
severely affected her quality of life. Previous treatments,
including medication, had failed to provide relief.

CBCT Application: CBCT imaging used to evaluate the sinus
anatomy in detail, revealing complex structural anomalies,
including a deviated septum and sinus ostia blockages that
were not apparent in conventional X-rays.

Outcome: The detailed visualization provided by CBCT
allowed for precise surgical planning. The patient underwent
a successful endoscopic sinus surgery with fewer
complications and a faster recovery time, illustrating CBCT’s
crucial role in ENT surgical planning.

4.2.3. Case Study 3: Orthodontic Treatment in Adult
Patients

Background: A 32-year-old man from Bangalore sought
orthodontic treatment for malocclusion, which was causing
jaw pain and difficulty in chewing.

CBCT Application: CBCT utilized to obtain a comprehensive
view of the jaw, teeth alignment, and bone structure. This
detailed assessment helped in formulating a more effective
orthodontic treatment plan, which included dental implants
and realignment procedures.

Outcome: The treatment plan guided by CBCT imaging led
to successful dental correction and alleviation of symptoms,
displaying CBCT’s utility in complex orthodontic cases.

4.2.4. Case Study 4: ldentification and Treatment of
Maxillofacial Trauma

Background: Following a vehicle accident, a 26-year-old
male in Chennai brought to the emergency department with
facial injuries.
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CBCT Application: CBCT imaging promptly used to assess
the extent of facial trauma. The scan provided clear images of
multiple fractures in the zygomatic arch and mandible.
Outcome: The detailed information from the CBCT scan
facilitated immediate and accurate surgical planning. The
patient underwent reconstructive surgery with minimal
complications and an optimal recovery, highlighting the
importance of CBCT in trauma management.

4.2.,5. Case Study 5: Screening for Airway Restriction in
Elderly Patients

Background: An 80-year-old woman in Kolkata presented
with progressive breathing difficulties, particularly at night.
CBCT Application: Given her age and the risk associated
with higher radiation doses of conventional CT, a low-dose
CBCT scan used to assess her airway structure.

Outcome: The CBCT scan revealed tracheal narrowing that
had gone undetected. The precise imaging allowed for
appropriate medical interventions that significantly improved
her respiratory function.

These case studies illustrate the diverse and
impactful applications of CBCT in the Indian healthcare
setting, demonstrating its critical role in enhancing diagnostic
precision, informing surgical planning, and improving patient
care across various medical disciplines.

4.3. Cultural and Economic Considerations

The adoption and utilization of Cone Beam
Computed Tomography (CBCT) in India are significantly
influence by both cultural attitudes and economic factors.
These elements play crucial roles in shaping how this
technology is perceive, accessed, and integrated into
healthcare practices across the country.

4.3.1. Cultural Attitudes

In India, cultural attitudes towards health and
medicine often emphasize traditional and homeopathic
remedies, especially in rural and some urban areas. This
preference can sometimes delay the acceptance of new
technologies like CBCT, which seen as modern, invasive, or
overly clinical. However, there is a growing recognition
among the urban population and the educated classes about
the benefits of advanced diagnostic tools. The shift is partly
due to increased health awareness campaigns and the
influence of global medical practices that highlight the
importance of early diagnosis and preventive care.
Additionally, there is a cultural reverence for technological
advancement in healthcare among India's middle and upper
classes, which often drives the demand for high-tech
diagnostic options like CBCT. This demand is more
pronounced in  metropolitan areas where higher
socioeconomic status and better education increase patient
participation in healthcare decisions.

4.3.2. Economic Factors

Economically, India presents a complex landscape
for the adoption of advanced medical technologies like
CBCT. While there is substantial economic growth in certain
sectors and cities, there remains widespread poverty and
limited healthcare funding, particularly in rural areas. The
cost of CBCT technology, although lower than traditional
CT, is still significant enough to be a barrier for widespread
adoption in government and smaller private healthcare
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settings. The high initial investment for CBCT equipment and
the need for specialized training to operate and interpret the
results can be prohibitive for smaller clinics and hospitals.
Moreover, the reimbursement policies of Indian health
insurance, which often do not cover advanced imaging
technologies unless absolutely necessary, further restrict the
accessibility of CBCT for the average patient.

However, economic growth in urban areas and
increasing private health insurance coverage are gradually
improving access to advanced diagnostic technologies.
Private healthcare providers in cities are more likely to invest
in CBCT to attract a clientele that demands high standards of
medical care. Furthermore, the production and development
of more cost-effective CBCT machines by local
manufacturers could reduce costs and enhance access.

4.3.3. The Path Forward

To increase the adoption and utilization of CBCT in
India, both cultural perceptions and economic barriers must
addressed. Educational initiatives aimed at both healthcare
providers and the public can help change cultural attitudes
towards modern medical technologies. Demonstrating the
specific benefits of CBCT, such as its role in improving
treatment outcomes in orthodontics, ENT, and sleep
medicine, can make a compelling case for its broader use. On
the economic front, making CBCT more affordable through
government subsidies, increased insurance coverage, or
through partnerships with private investors can help penetrate
underserved markets. Additionally, training programs
sponsored by the government or private sectors can equip
more practitioners with the skills needed to operate CBCT
technologies, thus broadening its application and utility.

5. Challenges and Limitations
5.1. Technical Challenges

One of the primary technical challenges faced with
Cone Beam Computed Tomography (CBCT) is the
occurrence of image artifacts. These artifacts can
compromise the clarity and utility of the images in clinical
diagnoses and treatment planning. Common types of artifacts
in CBCT imaging include:

- Scatter Artifacts: These occur due to multiple scatterings of
the x-ray beam, which can blur the image and reduce contrast.
Scatter is particularly problematic in areas with varying
densities, such as the transition from soft tissue to bone.

- Beam Hardening Artifacts: Caused by low-energy photons
being absorbed more than higher-energy photons, resulting in
streaks or dark bands across the image. This seen around
metal dental fillings or implants and can obscure critical
anatomical details.

- Motion Artifacts: Even slight movement by the patient
during the scanning process can lead to blurred images or
double contours, which are particularly challenging in
pediatric patients or in cases where patient cooperation is
difficult.

These technical issues require ongoing software and
hardware updates and improvements. Additionally, operator
training is crucial to minimize errors and optimize the quality
of the imaging results.

5.2. Accessibility and Cost
The availability and affordability of CBCT
technology vary significantly across different regions of
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India, influenced by economic disparities and infrastructural
limitations. In urban centers like Mumbai, Delhi, and
Bangalore, where there is a higher concentration of wealth
and medical facilities, CBCT technology is relatively more
accessible. These areas are more likely to see investments in
advanced medical technologies due to the presence of private
healthcare providers and a population that can afford such
services. In contrast, rural areas face considerable challenges
in accessing CBCT technology due to several factors:

- High Costs: The initial investment for CBCT equipment and
the maintenance cost are prohibitive for many smaller clinics
and hospitals.

- Lack of Trained Personnel: There is often a shortage of
trained radiologists and technicians who can operate CBCT
machines and it interpret the results in less urbanized areas.

- Infrastructure Issues: Inadequate infrastructure, including
unreliable electricity supply and lack of suitable facilities, can
hinder the operation of sensitive and complex imaging
equipment like CBCT. Efforts to improve accessibility must
focus on reducing costs through local manufacturing,
government subsidies, or financial schemes that make such
technology investments feasible for smaller and rural
healthcare providers.

5.3. Radiation Exposure

While CBCT offers many advantages, concerns
about radiation exposure remain significant, especially in
pediatric assessments. Although the radiation dose from
CBCT s typically lower than that from conventional CT
scans, it is significantly higher than standard x-ray imaging.
This issue is of particular concern when imaging children, as
their tissues are more sensitive to radiation, and they have a
longer lifetime over which they may manifest radiation-
induced effects.
To address these concerns, it is crucial to adhere to the
principle of ALARA (As Low as Reasonably Achievable):
- Justification: Ensuring that each CBCT scan is clinically
justified and the most appropriate imaging modality selected.
- Optimization: Using the lowest possible radiation dose that
still achieves the diagnostic objective. This involves selecting
appropriate exposure settings and using the latest technology
designed to minimize radiation exposure.
- Education and Training: Educating operators and clinicians
about the risks of radiation and the importance of optimizing
radiological protection, especially in pediatric cases.

6. Future Directions
6.1. Technological Advances

The future of Cone Beam Computed Tomography
(CBCT) technology holds promising advancements that
could significantly enhance airway assessment capabilities.
These potential improvements include:
- Enhanced Image Quality and Resolution: Continuous
improvements in sensor technology and image processing
algorithms expect to provide even higher resolution images
with fewer artifacts. This would improve the diagnostic
accuracy of CBCT, particularly in identifying subtle
anatomical variations and early-stage pathological changes in
the airway.
- Integration with Artificial Intelligence (Al): Al and machine
learning could be integrate into CBCT imaging systems to
automate and enhance image analysis, provide predictive
insights, and improve the detection and classification of
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airway abnormalities. Al could help in developing
personalized treatment plans based on predictive modeling of
treatment outcomes.

- Development of Low-Dose Protocols: Advances in
technology could lead to the development of ultra-low-dose
CBCT scans that would minimize radiation exposure without
compromising image quality, making it safer to use,
especially in children and in follow-up studies where repeated
imaging is necessary.

- Portable and Compact CBCT Systems: The future may see
the development of more compact and even portable CBCT
systems that could use in outpatient settings and remote areas,
improving accessibility to advanced diagnostic tools across
various regions of India.

6.2. Research Needs

Despite the growing body of research on CBCT,
there are specific gaps that need to be address, particularly in
the context of the Indian population:
- Epidemiological Studies on Airway Disorders: There is a
need for more comprehensive epidemiological data that can
provide insights into the prevalence and characteristics of
airway disorders among different demographics in India. This
information would help in tailoring CBCT diagnostic
protocols and treatment strategies to the specific needs of the
Indian population.
- Comparative Effectiveness Research: More studies
comparing the effectiveness and cost-effectiveness of CBCT
to other imaging modalities like MRI and CT in a variety of
clinical settings needed. This research would help justify the
investment in CBCT technology in terms of clinical outcomes
and healthcare economics.
- Longitudinal and Follow-up Studies: There is a lack of long-
term studies examining the outcomes of treatments planned
using CBCT imaging. Such studies would be invaluable in
assessing the long-term benefits and effectiveness of CBCT-
guided interventions.

6.3. Policy and Guidelines

To enhance the effective use of CBCT in India,
several changes in healthcare policies and guidelines
considered:
- Standardization of Protocols: Developing standardized
protocols for CBCT use in different clinical scenarios would
ensure consistent and safe practices. These protocols should
address indications for CBCT use, recommended settings for
different examinations, and guidelines on interpreting and
reporting results.
- Training and Certification: Implementing training programs
and certification requirements for CBCT operators and
radiologists could improve the quality of imaging and
interpretation. This initiative supported by medical colleges
and professional bodies in India.
- Insurance Coverage and Reimbursement Policies:
Expanding insurance coverage to include CBCT scans for a
broader range of indications would make this technology
more accessible to a larger segment of the population. This
change would require collaboration between healthcare
providers, insurance companies, and government agencies.
- Investment in Research and Development: Encouraging and
funding research into CBCT applications, particularly those
relevant to prevalent health issues in India, could drive
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innovation and adaptation of this technology to meet local
needs.

7. Conclusion
7.1. Summary of Key Findings

This comprehensive review has highlighted the
significant potential of Cone Beam Computed Tomography
(CBCT) in enhancing upper airway assessment in the Indian
population. Key findings from the review include:
- Diagnostic Accuracy: CBCT offers high-resolution images
that improve the accuracy of diagnosing various airway
disorders, notably in complex anatomical assessments and
conditions like obstructive sleep apnea (OSA).
- Clinical Applications: CBCT extensively used across
multiple specialties, including dentistry, orthodontics, and
ENT, facilitating better treatment planning and outcomes. Its
ability to provide detailed images of both bone and, to a lesser
extent, soft tissue structures makes it a valuable tool in
clinical settings.
- Technical Challenges and Limitations: While CBCT offers
many advantages; challenges such as image artifacts, limited
soft tissue contrast, and radiation exposure remain concerns
that need ongoing attention.
- Accessibility and Economic Considerations: There are
significant disparities in the accessibility of CBCT
technology across India, influenced by economic factors and
infrastructural limitations, particularly in rural areas.
- Future Directions: Advancements in CBCT technology,
such as integration with artificial intelligence and
development of low-dose protocols, promise to enhance its
utility and safety.

7.2. Clinical Implications

The findings from this review have profound
implications for clinical practice in India:
- Enhanced Diagnostic Capabilities: The ability of CBCT to
assess the upper airway can lead to earlier and more precise
diagnoses, especially in conditions that are prevalent in the
Indian population such as OSA and chronic sinusitis.
- Improved Treatment Planning: CBCT's detailed imaging
capabilities enable more precise surgical planning and
follow-up, reducing the risk of complications and enhancing
surgical outcomes.
- Risk Mitigation: With the development of protocols for
reduced radiation exposure, CBCT becomes a safer choice for
frequent imaging required in certain clinical scenarios,
particularly in pediatric populations.

7.3. Recommendations for Practitioners and Researchers

Based on the findings of this review, the following
recommendations proposed for practitioners and researchers:
For Practitioners

- Adopt CBCT with Consideration: Incorporate CBCT into
practice where it offers clear advantages over other imaging
modalities, particularly for complex cases involving the
airway and craniofacial structures.

- Continuous Education: Engage in ongoing training and
education on the latest advancements and best practices in
CBCT imaging to maximize its clinical benefits and
minimize risks.

- Collaborate and Share Findings: Participate in professional
networks or forums to share experiences and strategies for
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effectively using CBCT in clinical settings, fostering a
community of practice that enhances patient care.
For Researchers

- Address Research Gaps: Focus on conducting longitudinal
studies and comparative effectiveness research that can
provide deeper insights into the long-term benefits and cost-
effectiveness of CBCT.

- Develop Innovative Solutions: Explore advancements in
CBCT technology, such as Al integration and imaging
software improvements, to address current limitations in soft
tissue imaging and artifact reduction.

- Study Impact on Public Health: Investigate the broader

impact of CBCT on public health outcomes, particularly in
underserved populations, to support policy changes and
resource allocation.
This review underscores the transformative potential of
CBCT in the assessment and management of airway-related
disorders within the Indian healthcare landscape. By
embracing  technological advancements, addressing
accessibility issues, and adhering to best practices, healthcare
providers in India can enhance the quality of care and
outcomes for their patients.
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