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Artificial intelligence in detecting maxillary sinus pathologies on CBCT
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Abstract

Due to their varied presentations and possible side effects, maxillary sinus pathologies—which include diseases including sinusitis, polyps, cysts, and
neoplasms—present substantial clinical problems. For these diseases to be effectively treated and to avoid long-term morbidity, early and accurate detection
is essential. Cone Beam Computed Tomography (CBCT), which provides high-resolution, three-dimensional imaging that enables superior visibility of the
sinus structures, has become a useful tool in the diagnosis and assessment of maxillary sinus disorders. To help with the interpretation and diagnosis of diseases,
however, the growing amount of CBCT data demands the use of cutting-edge technologies. In medical imaging, artificial intelligence (Al), especially through
machine learning and deep learning methods, is revolutionizing the field. Al can greatly improve the diagnosis of small sinus abnormalities by automating and
improving the processing of CBCT pictures, frequently outperforming conventional diagnostic techniques. The integration of Al into CBCT-based diagnosis
of maxillary sinus diseases is examined in this communication, with a focus on how it can enhance early detection, accuracy, and efficiency. The aim is to
highlights how Al is transforming clinical practice by helping radiologists diagnose patients more accurately and quickly.
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example, the likelihood of successful treatment and improved

) ) ) ) results is increased when tumours or big cysts are discovered
A wide spectrum of disorders affecting the sinus chambers — g5r1y However, early-stage or minor sinus abnormalities are

under the eyes and along the upper jaw are referred to @ wpjcally difficult to detect using traditional diagnostic
maxillary sinus diseases. Tumours, polyps, cysts, and  techniques like radiographic assessment, which can lead to
sinusitis are among the most prevalent diseases. Usually misdiagnosis or delayed treatment. The diagnosis of
brought on by allergies or infections, sinusitis is characterized maxillary sinus diseases has transformed by CBCT
by inflammation of the sinus lining and can result in  egpecially in dentistry and maxillofacial imaging. Compared
breathing difficulties, sinus pressure, and chronic pain. o traditional imaging methods, CBCT offers high-resolution,
Maxillary sinus cysts are freque_ntly unmten_tlonal discoveries  three-dimensional pictures that enable more accurate viewing
that can develop asymptomatically but, if untreated, can  of the maxillary sinuses. CBCT is a vital tool in the detection
cause discomfort or subsequent infections. Benign or  anq diagnosis of disorders of the maxillary sinuses because it

malignant tumours may form in more severe situations,  nrovides crisp, comprehensive pictures of both soft tissues
which might be extremely dangerous if left unnoticed. These  5nd bone structures.?

diseases can have a wide range of clinical effects, from little

discomfort to serious issues like malignancy, chronic pain,or 2 Artificial Intelligence in Medical Imaging
facial deformity.*

1. Introduction

In medical imaging, Al refers to the use of computational
In order to reduce these dangers and for prompt action, algorithms for image analysis and interpretation, which helps
early detection of maxillary sinus diseases is essential. For ~ medical practitioners diagnose and treat a range of illnesses.
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Al includes both deep learning (DL) and machine learning
(ML). DL is a more sophisticated subset of Al that uses multi-
layered neural networks to process complex patterns in large
datasets, making it especially useful for image recognition
tasks. ML allows systems to learn from data and make
predictions without explicit programming. By helping to
identify cancers, fractures, and anomalies in X-rays, CT
scans, and MRIs, Al has become widely used in radiology.
This has improved diagnostic accuracy, decreased human
error, and sped up the analysis of massive imaging datasets
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for early disease diagnosis. Al greatly improves diagnostic

Table 1: Al tools for CBCT-based maxillary sinus pathology detection®
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capacities in CBCT, especially in dental and maxillofacial
imaging, where it helps identify structural anomalies,
including those in the maxillary sinuses. By identifying
minor structural changes and potential anomalies that may be
difficult for the human eye to perceive, Al algorithms trained
on CBCT images can uncover diseases including sinusitis,
cysts, and tumours. In addition to increasing diagnosis speed
and accuracy, this application allows for earlier and more
accurate detection, which eventually improves patient care
and treatment results.’

Al

Tool/Framework Type Key Features Use in CBCT Pros Cons
Open-source Supports CNNs, Widely used for Flexible, Requires programming
P robust model developing scalable, large knowledge (Python),
TensorFlow DL L . : A~
training, and pathology detection community not specialized for
framework .
deployment models support radiology
Dynamic Commonly used in
Open-source computation onty Easy to debug, Slower deployment
. medical image
PyTorch DL graph, ideal for . ... | strong research tools compared to
segmentation/classifi ;
framework research and . adoption TensorFlow
: cation
prototyping
Built on Medical-
. PyTorch; Specifically specific .
MONAI (by !\/Iedl_cal includes tools designed for utilities, Newer, sllgh_tly smaller
imaging . : X community than
NVIDIA) framework for 3D imaging, radiology and supports TensorElow/PvTorch
segmentation, CBCT-type 3D data | DICOM/NIfTI y
classification formats
Drag-and-drop
) interface for Can be used for pre- No coding Limited customization,
\C;?s(i)gllwe AutoML Clijftgglsed training image labelled CBCT needed, good cloud-only, privacy
classification image datasets for beginners concerns
models
FDA-approved, | Not CBCT-specific, Clinically Proprietary. costl
Aidoc Commercial | real-time image more suited to validated, easy Iimi'?e dto syu ort)e/(’j
radiology Al triage and CT/MRI, but integration atholo pigs
analysis growing applications into PACS P g
Al models for CE/FDA-
Zebra Medical Commercial CT scans CBCT limited, more | cleared tools, Commercial license,
o . ; ' focused on full-body | integrates with limited direct
Vision Al platform | including chest A ; .
imaging radiology customization
and head scans
workflows
Interface for Supports plugin- Free, open-
3D Slicer + Open-source appl_ylng deep based Al for sinus source, GUI- Req_uwes setup, I?SS
GUI-based learning models . flexible than coding
Deeplnfer and cranial based for non-
tool to 3D/CBCT . frameworks
data pathology detection programmers
. . Supports Radiology
RadiAnt . Viewer + radiologists with Limited CBCT workflow Plugin-dependent, not
DICOM Viewer add-on Al : .
. Al plugins for support but growing ready, user- fully open-source
+ Al Plugin tools . . .
image analysis friendly




42 Khuspev / IP International Journal of Maxillofacial Imaging 2025;11(1):40-43

3. Al Applications in Detecting Maxillary Sinus
Pathologies on CBCT

By utilizing cutting-edge techniques like convolutional
neural networks (CNNs) and image recognition technologies,
Al has completely changed the detection and diagnosis of
maxillary sinus diseases using CBCT imaging. CNNs, a
subset of deep learning, are especially useful in medical
imaging because they can automatically extract and
categorize complex spatial information from CBCT scans,
allowing them to identify minute variations that could be
signs of tumours, sinusitis, cysts, or polyps. These networks
can accurately distinguish between diseased situations and
normal anatomical alterations, frequently when used in
conjunction with other image recognition methods. The
quality and diversity of the training data, which include a
range of patient demographics, imaging modalities, and
disease stages, are essential for improving model
generalizability and diagnostic performance in actual clinical
settings. Al systems are trained on sizable, annotated datasets
labelled with particular pathologies. Improving diagnostic
sensitivity and accuracy is one of Al's most important
benefits in this field, particularly when it comes to identifying
early-stage or subtle abnormalities that human radiologists
could overlook. Al also significantly cuts down on the
amount of time needed to interpret CBCT pictures, which
relieves radiologists' workload, speeds up diagnosis, and
enhances clinical judgment and patient outcomes.
Furthermore, by removing inter-observer variability, Al
ensures consistent and repeatable results independent of the
radiologist's level of competence. In clinical settings where
differences in diagnosis can affect treatment plans, this
standardization is crucial. In the end, Al's real-time, high-
precision analysis improves therapy planning and early
diagnosis while also increasing efficiency, cutting down on
patient wait times, and improving overall care. The Al Tools
for CBCT-Based Maxillary Sinus Pathology Detection
enlisted in Table 1.4

4. Challenges and Limitations

Despite its prospective uses, Al in CBCT imaging for
maxillary sinus diseases confronts various hurdles. One of
the primary issues is the quality and quantity of annotated
data used to train Al models, as high-quality, accurately
labelled datasets are essential for developing robust
algorithms. However, obtaining such data is difficult,
particularly for rare or complex pathologies, and without
diverse and comprehensive datasets, Al models may struggle
to generalize, reducing their effectiveness in real-world
clinical settings. Generalization remains a significant
challenge since Al models trained on specific datasets may
not perform as well when applied to images from different
populations, imaging devices, or clinical environments, as
variability in CBCT scan quality and patient demographics
can affect the model's ability to detect abnormalities
consistently. Regulatory and ethical considerations also

present hurdles for Al adoption in medical diagnostics, with
concerns regarding patient privacy, data security, and the
accountability of Al-driven diagnoses needing to be
addressed to ensure compliance with medical regulations.
Integrating Al into existing clinical workflows poses
logistical challenges, as radiologists and clinicians require
proper training and tools to work seamlessly with Al systems,
and the technology must be effectively incorporated into
current diagnostic processes without disrupting clinical care.’

5. Conclusion

The future of Al in medical imaging, particularly in detecting
maxillary sinus pathologies, holds great promise. As Al
algorithms continue to advance, we can expect more
sophisticated models that incorporate multiple diagnostic
tools, such as integrating CBCT scans with other imaging
modalities like MRI or PET scans for more comprehensive
analysis. Additionally, hybrid Al systems that combine
machine learning with expert human judgment will likely
emerge, fostering improved decision-making. Al should be
considered as a supplementary tool to radiologists, boosting
their talents rather than replacing them. The future lies in a
collaborative approach, where Al supports physicians in
recognizing disorders with better accuracy and speed, while
human expertise remains crucial in the interpretation and
treatment decision-making process. Al is playing a
revolutionary role in increasing the detection of maxillary
sinus diseases on CBCT scans. While problems persist,
continued research and improvements in Al technology are
projected to substantially increase diagnostic accuracy,
efficiency, and early detection, ultimately enhancing patient
care. Maximizing Al's promise in medical imaging will
require ongoing development and clinical practice
integration.
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