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ABSTRACT

Odontogenic cysts represent a significant portion of jaw pathologies encountered in
clinical practice. These cystic lesions originate from epithelial remnants associated
with the development of teeth and are typically classified into inflammatory or
developmental types. Common examples include radicular cysts, dentigerous cysts,
and odontogenic keratocysts (OKCs), the latter being known for its aggressive
behavior and high recurrence rate. The prevalence and diverse presentations of
odontogenic cysts highlight the importance of accurate diagnosis and effective
management [1].

The clinical presentation of odontogenic cysts varies widely, from asymptomatic
radiographic findings to significant jaw swelling, pain, or even pathological fractures.
Diagnosis is often challenging due to the overlap in radiographic appearances among
different cyst types, as well as with other odontogenic and non-odontogenic lesions.
This underscores the pivotal role of imaging modalities in identifying and
characterizing these lesions. Beyond diagnosis, imaging is integral to treatment
planning, monitoring disease progression, and evaluating post-treatment outcomes.
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Historically, conventional imaging modalities such as intraoral radiography and
panoramic radiography have been the mainstay for the evaluation of odontogenic
cysts. These tools offer valuable initial insights but are often limited by their two-
dimensional nature and inability to capture the complete extent of a lesion. The
advent of advanced imaging techniques, including cone-beam computed tomography
(CBCT), computed tomography (CT), and magnetic resonance imaging (MRI), has
revolutionized the diagnostic landscape. These modalities provide three-dimensional
views, detailed anatomical relationships, and improved characterization of lesion
properties [2,3].

Advancements in imaging technology, coupled with the integration of artificial
intelligence (Al) and low-dose imaging protocols, are further enhancing diagnostic
precision while minimizing patient risks. These innovations promise to address key
challenges, such as differentiating between cystic and solid lesions, assessing
proximity to critical structures, and planning minimally invasive interventions [4].

This review aims to explore the role of imaging modalities in the diagnosis and
management of odontogenic cysts. By synthesizing current literature, we examine
the strengths and limitations of each imaging technique, discuss their clinical
applications, and consider emerging technologies that are shaping the future of
maxillofacial diagnostics and treatment.

Review:
Conventional Imaging Modalities
1. Intraoral Radiography

Intraoral radiography, including periapical and occlusal views, remains a mainstay in
routine dental practice due to its accessibility and high resolution for localized areas.
These images are particularly useful in detecting small periapical lesions, often
presenting as well-defined radiolucencies [3]. For instance, a periapical radiograph can
effectively detect a radicular cyst associated with a non-vital tooth.

However, the limitations of intraoral radiography lie in its two-dimensional nature,
which can obscure the true extent and depth of lesions. Additionally, overlapping
anatomical structures, such as the zygomatic arch or maxillary sinus, may hinder
accurate interpretation [4].

2. Panoramic Radiography

Panoramic radiographs offer a broader view of the maxillofacial region, making them
ideal for evaluating larger lesions and their relationship to adjacent structures. They
are particularly useful in identifying dentigerous cysts, which often appear as
unilocular radiolucencies surrounding the crown of an unerupted tooth [5].

Despite their utility, panoramic radiographs have limitations, including geometric
distortion and reduced resolution compared to intraoral radiographs. As such, they are
typically used as a screening tool rather than for detailed lesion characterization.

Advanced Imaging Modalities
1. Cone-Beam Computed Tomography (CBCT)
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CBCT has revolutionized the field of maxillofacial imaging by providing three-
dimensional, high-resolution images at a relatively lower radiation dose than
conventional computed tomography (CT). It allows for precise measurement of lesion
dimensions, internal content, and proximity to vital structures such as the inferior
alveolar nerve and maxillary sinus [6].

For odontogenic keratocysts, CBCT plays a crucial role in evaluating cortical bone
expansion and perforation, both of which are significant in determining the
aggressiveness of the lesion. Studies have demonstrated that CBCT can identify
features such as scalloped margins and multilocular appearances, which are
characteristic of OKCs [7].

2. Computed Tomography (CT)

CT imaging is particularly valuable in cases where soft tissue involvement or complex
bone destruction is suspected. Although CBCT has largely replaced CT for routine
dental imaging, CT remains superior in visualizing soft-tissue contrast. For instance,
in cases of infected cysts or suspected malignancy, contrast-enhanced CT can delineate
the extent of soft tissue invasion [8].

However, the higher radiation dose associated with CT compared to CBCT limits its
use, especially in younger patients and those requiring serial imaging.

3. Magnetic Resonance Imaging (MRI)

MRI provides exceptional soft-tissue contrast, making it a powerful tool in
differentiating between cystic and solid lesions. Unlike CT and CBCT, MRI does not
involve ionizing radiation, making it suitable for pediatric and pregnant patients. For
odontogenic cysts, T1- and T2-weighted sequences can help identify fluid content,
septations, and potential adjacent soft-tissue involvement [9].

MRI is particularly useful in distinguishing odontogenic cysts from tumors, such as
ameloblastomas or odontogenic carcinomas, which may exhibit overlapping features
on CT or CBCT [10].

Comparative Analysis of Imaging Modalities

A comparative analysis of the imaging modalities highlights their strengths and
weaknesses in the context of odontogenic cyst diagnosis and management.

Imaging Modality ||Strengths ||Limitati0ns
Intraoral . . Limited field of view, no 3D
. High resolution, low cost . .

Radiography information

Pangramlc Wide field of view, accessible ||Distortion, reduced resolution
Radiography

CBCT High spatial resolution, 3D||Radiation exposure, higher|

imaging cost
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Imaging Modality ||Strengths ||Limitati0ns

CT Superior soft-tissue and bone|High radiation dose, limited
contrast availability

MRI Excellent soft-tissue contrastyr; 1, ¢ost Jimited availability
no radiation

Applications in Management
1. Diagnosis

Imaging aids in the initial differentiation of odontogenic cysts based on their
radiographic features. For example:

Radicular cysts typically present as well-defined, unilocular radiolucencies at the apex
of a non-vital tooth [11].

Dentigerous cysts are often associated with impacted teeth, exhibiting unilocular
radiolucency surrounding the crown [12].

OKCs display multilocular, scalloped radiolucencies with a tendency for cortical
perforation [13].

2. Treatment Planning

Imaging facilitates treatment planning by delineating lesion boundaries, internal
structures, and proximity to vital anatomical features. For instance, CBCT can guide
enucleation of a dentigerous cyst while avoiding damage to the inferior alveolar nerve
[14].

3. Post-Treatment Follow-Up

Postoperative imaging is essential for assessing treatment outcomes and detecting
recurrence. For OKCs, CBCT is preferred due to its sensitivity in identifying small
residual lesions that may not be visible on conventional radiographs [15].

Emerging Technologies
Artificial Intelligence (AI)

Al-powered diagnostic tools are increasingly being integrated into imaging
workflows. Machine learning algorithms can enhance lesion detection and
classification, reducing diagnostic variability among clinicians. For example, Al
models trained on CBCT datasets have demonstrated high accuracy in identifying
odontogenic cysts and differentiating them from tumors [16].

Low-Dose Imaging Protocols

To address concerns about radiation exposure, particularly in pediatric populations,
low-dose CBCT protocols have been developed. These protocols maintain diagnostic
image quality while significantly reducing patient radiation exposure [16].
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3D Printing and Guided Surgery

The integration of CBCT data with 3D printing technology has enabled the creation of
surgical guides for precise lesion enucleation. This approach minimizes intraoperative
risks and improves surgical outcomes [16].

Discussion and Future Directions

While imaging modalities have significantly improved the diagnosis and management
of odontogenic cysts, challenges remain. The interpretation of imaging findings
requires a high level of expertise, and misdiagnosis can lead to inappropriate treatment.
Additionally, the cost and availability of advanced imaging technologies may limit
their use in resource-constrained settings.

Future research should focus on the development of standardized imaging protocols
and the integration of multimodal imaging techniques to enhance diagnostic accuracy.
The role of Al in predictive modeling and treatment planning also warrants further
exploration.

Conclusion

Imaging modalities are indispensable in the accurate diagnosis and effective
management of odontogenic cysts. These cystic lesions, while often benign, can lead
to significant complications if not promptly identified and treated. Conventional
imaging techniques such as intraoral radiography and panoramic radiography remain
valuable tools for initial screening and diagnosis, particularly for smaller or more
localized lesions. However, their limitations in providing comprehensive three-
dimensional information have been addressed by advanced imaging modalities like
CBCT, CT, and MRI.

Among these, CBCT has emerged as the gold standard for the evaluation of
odontogenic cysts. Its ability to provide high-resolution, three-dimensional images
makes it ideal for assessing lesion size, extent, and relationship to vital anatomical
structures. CT and MRI also play critical roles, particularly in complex cases where
soft-tissue contrast or detailed anatomical visualization is required. While CT is
preferred for its superior bone and soft tissue imaging, MRI offers an alternative
without ionizing radiation, making it especially valuable in pediatric and pregnant
patients.

The integration of advanced technologies such as Al and 3D printing is transforming
the field, enabling more precise lesion detection, classification, and treatment
planning. Low-dose imaging protocols further enhance patient safety, addressing
concerns about cumulative radiation exposure, especially in individuals requiring
long-term monitoring.

Despite these advancements, challenges remain. Variability in diagnostic
interpretation, cost barriers, and limited access to advanced imaging technologies in
resource-constrained settings highlight areas for further development. Collaborative
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efforts to standardize imaging protocols and integrate multimodal imaging approaches
can enhance diagnostic accuracy and streamline clinical workflows.
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