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Abstract

Cone Beam Computed Tomography (CBCT) represents a
significant advancement in the field of Oral Medicine,
offering three-dimensional imaging that provides detailed
anatomical information. This imaging technique has
revolutionized the way clinicians diagnose, plan treatment,
and manage a wide range of dental and maxillofacial
conditions. The applications of CBCT in Oral Medicine are
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vast, ranging from implantology and orthodontics to
endodontics and maxillofacial surgery. This paper explores
the key applications of CBCT in oral health care,
emphasizing its advantages over traditional two-
dimensional imaging techniques, and discusses the
implications of its use in clinical practice.
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1. INTRODUCTION

The advent of Cone Beam Computed Tomography has been a landmark
development in the field of Oral Medicine. Introduced in the late 1990s, CBCT
technology was developed to meet the unique needs of the oral health and
maxillofacial community, providing detailed three-dimensional images at a lower
radiation dose compared to conventional computed tomography (CT). Its ability to
offer precise, high-resolution images of the bony structures of the maxilla and
mandible, as well as soft tissues in some cases, makes it an invaluable tool in
diagnosis and treatment planning.’

CBCT's application in Oral Medicine is multifaceted, significantly impacting various
specialties such as implantology, orthodontics, endodontics, periodontics, and
maxillofacial surgery. In implantology, CBCT assists in the assessment of bone quality
and quantity, vital for planning implant placement. Orthodontics benefits from CBCT
for its ability to analyze craniofacial structures, tooth positions, and airway
assessments. Endodontics sees its application in assessing complex root canal
anatomy and detecting periapical pathology. Additionally, periodontics utilizes CBCT
for evaluating alveolar bone loss and planning regenerative procedures. In
maxillofacial surgery, it is crucial for surgical planning of impacted teeth, fractures,
and pathological lesion assessments.'?

Despite its numerous benefits, the application of CBCT in Oral Medicine must also
consider the potential risks associated with radiation exposure. The ALARA (As Low
As Reasonably Achievable) principle guides the ethical use of CBCT, advocating for its
use when the benefits outweigh the risks involved.?

The introduction of CBCT has therefore not only improved diagnostic capabilities but
also enhanced treatment planning and outcomes in Oral Medicine. This paper delves
into the applications of CBCT across different specialties within Oral Medicine,
showcasing its significance and the transformative impact it has had on both clinical
practice and patient care.

2. PRINCIPLE OF CONE BEAM COMPUTED TOMOGRAPHY

CBCT is an advanced imaging technology that offers clear, three-dimensional images
of the anatomy in a way that surpasses traditional two-dimensional X-rays. This
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technique is particularly significant in the medical and dental fields, providing
detailed visualization that aids in accurate diagnosis, treatment planning, and follow-
up.”

The principal of CBCT revolves around the use of a cone-shaped X-ray beam, which is
the source of its name. Unlike conventional computed tomography (CT) that uses a
fan-shaped beam to take multiple slices of an area, CBCT captures data with a single
rotation around the patient, utilizing a cone-shaped beam. Here's an outline of how
it works:2

The X-ray source emits a cone-shaped beam that is directed towards the target area.
This shape allows the beam to cover a large volume in a single pass, unlike the
narrow slice obtained with conventional X-rays.3#4

During the scan, the X-ray source and the detector rotate around the patient,
capturing multiple images from different angles. This usually completes a full 360-
degree rotation, although the range can vary based on the specific machine and the
area being scanned.*

As the rotation occurs, the detector captures a series of two-dimensional images
from different angles. These images are projections captured as the X-rays pass
through the patient and are detected on the other side.’

The collected two-dimensional projections are then reconstructed into a three-
dimensional image using sophisticated algorithms. This process is known as digital
volumetric reconstruction. The final 3D model provides a detailed representation of
the patient's anatomy in the scanned area.?

The resulting 3D images can then be viewed on a computer, where they can be
manipulated and analyzed. This allows for precise measurements, detailed views of
the bone structures and tissues, and the ability to view the area of interest from
various angles.*

3. APPLICATION OF CBCT

CBCT has revolutionized various fields by offering detailed three-dimensional images,
enhancing precision in applications ranging from dental practices to forensic science.
In dentistry, CBCT is indispensable for implantology, wherein it assists in assessing
bone structure, locating critical nerves, and planning surgical approaches. This
technology ensures the accurate placement of dental implants, minimizing
complications and improving outcomes. Orthodontics is another domain where CBCT
shines by providing comprehensive assessments of tooth positioning, bone

abnormalities, and treatment planning, thus enabling more effective interventions.™>®
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Beyond dental applications, CBCT has made significant strides in the medical field,
particularly in otolaryngology for evaluating middle and inner ear disorders, sinus
issues, and complicacies within the nasal cavity. Its ability to deliver precise
anatomical details supports surgeons in planning intricate procedures, thereby
enhancing patient safety and treatment efficacy. In the realm of orthopedics, CBCT
aids in diagnosing bone fractures and joint dislocations with unprecedented clarity,
facilitating treatment planning and the assessment of healing progress.”®

Moreover, CBCT technology has found promising applications in the area of forensic
science, where it aids in the non-destructive analysis of skeletal remains. This
capability is crucial for identifying victims, determining causes of death, and solving
criminal cases, thereby serving both justice and historical documentation. The
technology's high resolution allows for accurate age estimation, sex determination,
and trauma analysis, making it a powerful tool for forensic anthropologists.’

4. ADVANTAGE AND LIMITATIONS OF CBCT

Cone Beam Computed Tomography (CBCT) is a specialized type of X-ray imaging
that provides 3D images of dental structures, soft tissues, nerve paths, and bone in
the craniofacial region in a single scan. Its advantages are profound, particularly in
the precision and clarity it offers. Unlike traditional 2D X-ray images, CBCT provides
detailed cross-sectional views that eliminate the superimposition of structures,
offering unparalleled accuracy for diagnosis, treatment planning, and surgical
guidance in dentistry and orthodontics. This precision is invaluable in implant
dentistry, endodontics for locating canal pathways, and orthodontics for assessing
tooth orientation and bone structure. Furthermore, CBCT scans are quick, requiring a
shorter time to capture than traditional scans, thereby reducing patient discomfort
and exposure to radiation.">"8

However, CBCT is not without limitations. The most significant concern is radiation
exposure. Although lower than conventional CT scans, the radiation dose from a
CBCT is significantly higher than that from conventional dental X-rays, making its use
more considered, especially in children and young adults. Another limitation is cost;
both the acquisition of CBCT equipment and the individual scans are more expensive
than traditional radiography, which may limit access for some patients. Additionally,
the high-resolution images produced require significant storage space and
specialized training to interpret accurately, potentially restricting its use to specialist
settings or larger dental practices. Lastly, while the detailed information CBCT
provides is invaluable for many clinical situations, it can also reveal incidental findings
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that may require further investigation, potentially leading to patient anxiety and
additional unnecessary tests.””

In summary, while CBCT technology has revolutionized dental and maxillofacial
imaging with its detailed 3D images, considerations around radiation exposure, cost,

training, and implications of incidental findings temper its use.

5. CONCLUSION

In sum, CBCT provides detailed, three-dimensional images that are invaluable in
many medical disciplines, especially those requiring precise anatomical detail and
measurement for diagnosis and treatment planning.
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