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Abstract:
Cone-beam computed tomography (CBCT) has emerged as a valuable imaging modality in dentistry due to its ability to provide high-resolution three-dimensional images with relatively lower radiation exposure compared to conventional computed tomography¹,². Despite its advantages, CBCT imaging is frequently affected by artifacts that can compromise image quality and diagnostic accuracy³,⁴. This review aims to provide a comprehensive overview of CBCT artifacts by classifying their types, explaining their underlying physical mechanisms, evaluating their clinical implications, and discussing various strategies for their reduction. Artifacts such as beam hardening, scatter, noise, motion artifacts, metal artifacts, ring artifacts, aliasing, and cone beam–specific distortions are discussed in detail¹¹,²⁴.
These artifacts can lead to image degradation, distortion of anatomical structures, and potential misdiagnosis⁵,⁶. Understanding their origin and characteristics is essential for clinicians to accurately interpret CBCT images. Various techniques, including optimization of exposure parameters, patient stabilization, and advanced reconstruction algorithms, are also highlighted³,¹⁴. A thorough understanding of CBCT artifacts and their management is essential for improving diagnostic reliability and ensuring better clinical outcomes in dental practice.
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INTRODUCTION:


Cone-beam computed tomography (CBCT) has revolutionized dental imaging by providing three-dimensional visualization of maxillofacial structures with high spatial resolution and relatively low radiation dose compared to conventional computed tomography¹². It is widely used in oral and maxillofacial surgery, implantology, endodontics, and orthodontics³.
Despite its numerous advantages, CBCT imaging is prone to various artifacts that can degrade image quality and interfere with accurate interpretation⁴. Artifacts are defined as distortions or errors in imaging that do not correspond to actual anatomical structures⁵. These may arise due to physical limitations of the imaging system, patient-related factors, or technical issues associated with the scanner⁶.
Common sources of artifacts include beam hardening, scatter radiation, patient motion, metallic restorations, and limitations in detector performance⁷. These artifacts may obscure or mimic pathological conditions, thereby affecting clinical decision-making⁸.
Aim of the study:
The aim of this review is to provide a comprehensive understanding of CBCT artifacts by classifying their types, explaining their causes, evaluating their clinical significance, and discussing methods for their prevention and reduction.


CBCT PRINCIPLES:

Cone-beam computed tomography (CBCT) records approximately 300–600 basis projections using a flat-panel detector, while a diverging cone-shaped X-ray beam rotates around the patient’s head in a single 180–360° rotation¹². These twodimensional projection images, similar to offset cephalometric radiographs, are reconstructed into a volumetric dataset using filtered back projection and modified Feldkamp–Davis–Kress (FDK) algorithms²⁴.

The reconstructed dataset consists of isotropic voxels (0.08–0.4 mm), which can be visualized in axial, sagittal, coronal, and oblique planes, enabling accurate three-dimensional assessment of craniofacial structures⁹.

Acquisition geometry:

The cone beam originates from a point source (typically 60–120 kVp and 2–20 mA) and encompasses the region of interest (ROI) within a cylindrical field of view (FOV), ranging from 5 to 23 cm in diameter and height¹². Scan times generally range between 6 and 20 seconds, during which multiple projections are acquired.

The acquired raw projection data are reconstructed to generate multiplanar reformations (MPRs) and three-dimensional renderings such as maximum intensity projections (MIP). Unlike conventional fan-beam CT, which acquires images in helical slices, CBCT captures the entire volume in a single rotation, resulting in reduced radiation dose (approximately 50–200 µSv)¹². However, this geometry introduces limitations such as increased scatter radiation and cone beam–related artifacts.
Certain assumptions underlying CBCT imaging include linear attenuation, stationary object positioning, and a monochromatic X-ray beam. Deviations from these assumptions may result in artifacts, such as aliasing caused by undersampling, particularly at the periphery of the field of view²⁰.
Technical paraameters:

1.   Voxel isotropy:
Isotropic voxels allow equal resolution in all three dimensions, improving spatial accuracy and enabling detailed visualization of dental microstructures (up to 0.08 mm)⁸²¹. However, smaller voxel sizes may increase image noise and sensitivity to patient motion.
2.   FOV collimation:

Smaller FOVs (e.g., 5 cm) reduce scatter radiation and metal artifacts, while larger FOVs (up to 23 cm) are useful for evaluating complex craniofacial structures⁸²¹. Selection of an appropriate FOV is essential to balance image quality and radiation dose.

3.   Exposure:
Exposure settings such as kVp and mA significantly influence image quality. Higher kVp improves penetration through dense tissues, while pulsed exposure techniques help reduce motion artifacts and patient dose⁸.

CLASSIFICATION OF CBCT ARTIFACTS:

1.   Physics based artifacts:

These arise from X-ray beam properties and interactions: Beam hardening, Scatter and photon starvation, Noise

2.   Patient related artifacts:

Patient factors like movement or anatomy cause these: Motion, Metallic objects

3.   Scanner related artifacts:
Equipment imperfections produce structured patterns:Ring artefacts, Stitched artefacts.

4.   Cone beam specific artifacts:
Unique to CBCT geometry and reconstruction: Partial volume/EEGE, Aliasing, Cone beam effect.
Materials and Methods:
This review article was conducted through a comprehensive analysis of the existing literature on cone-beam computed tomography (CBCT) artifacts. A systematic search was performed using electronic databases such as PubMed and Google Scholar to identify relevant studies. The search strategy included keywords such as “CBCT,” “CBCT artifacts,” “dental imaging,” “image distortion,” and “artifact reduction techniques.” Boolean operators (AND, OR) were used to refine the search results and improve relevance.
Studies published in the English language and those specifically focusing on CBCT artifacts, their classification, causes, and reduction methods were included in this review. Both original research articles and review papers were considered. Additionally, standard textbooks related to dental radiology were also consulted to support the theoretical aspects.
Articles that were not directly related to CBCT artifacts, non-English publications, and studies lacking sufficient methodological details were excluded.
The selected articles were carefully analyzed, and relevant information was extracted, categorized, and synthesized to provide a comprehensive understanding of CBCT artifacts and their clinical significance.

1. PHYSICS BASED ARTIFACTS: Beam hardening:
Beam hardening occurs when low-energy X-ray photons are preferentially absorbed as the beam passes through dense materials such as bone or metal¹¹. This results in an increase in the average energy of the beam, leading to image distortion¹².


Types of Beam Hardening Artifacts:
1.Cupping Artifact

Cupping occurs when X-ray beams passing through the center of a uniformly dense object (such as the mandible or cylindrical structures) undergo greater beam hardening compared to the periphery¹. This results in a characteristic “bowl-shaped” reduction in grey values, where the central region appears less attenuated than the outer edges. Cupping artifacts can affect the accuracy of density measurements and image interpretation.

2.Dark Streaks

Dark streaks appear as radiolucent bands between high-attenuation structures such as metal restorations or dense bone¹. These occur due to complete absorption of low-energy photons, leading to beam hardening and photon starvation. During image reconstruction (e.g., Feldkamp algorithm), this results in under-sampling and back-projection errors, producing streak-like artifacts. These are commonly observed adjacent to dental
implants.
3.Bright Streaks
Bright streaks are hyperdense lines that may appear along the edges of dense structures or adjacent to dark streaks¹. They are caused by edge-gradient effects, scatter radiation, and overcompensation during reconstruction. Although less common than dark streaks, they may mimic high-density anatomical structures and lead to diagnostic confusion.

Scatter Radiation and Photon Starvation:
Scatter radiation occurs when X-ray photons are deflected from their original path after interacting with matter². This results in increased noise and reduced image contrast².
Photon starvation occurs when insufficient photons reach the detector due to high attenuation by dense structures¹². This leads to streaking artifacts and grainy images.

Noise:
Noise refers to random variations in pixel intensity that degrade image quality². It is often caused by low photon counts or improper exposure parameters². Increased noise reduces contrast resolution and affects diagnostic clarity¹³.

2.   PATIENT RELATED ARTIFACTS: Motion Artifacts
Motion artifacts occur due to patient movement during scan acquisition, such as head
nodding, swallowing, or tremors¹⁷. These movements disrupt the reconstruction process, leading to inconsistencies in the acquired projection data.

They may appear as unsharpness, ghosting, double contours, or misaligned streaks in the reconstructed image. The severity of these artifacts increases with longer scan durations and lack of patient stabilization.

Common manifestations include:

•    Image blurring and loss of sharpness

•    Double exposure

•    Ghost images

•    Misaligned streaks or step-like structures

Motion artifacts are more commonly observed in

•    Pediatric patients

•    Elderly patients

•    Patients with neurological disorders

Although the use of immobilization devices and faster scanning protocols has reduced their occurrence, motion artifacts still remain a significant concern in CBCT imaging¹⁷.
Metal artifacts:
Metal artifacts arise from the presence of high-density materials such as dental restorations, orthodontic brackets, and implants³,⁷. These materials cause severe beam hardening and photon starvation, resulting in distortion of the X-ray beam. They typically appear as:
•    Radiating starburst patterns
•    Bright and dark streaks extending from metallic objects
•    Radial gradients around the metal
These artifacts reduce image quality and obscure adjacent anatomical structures, making diagnosis difficult. High kVp settings may further intensify these streaking effects. Metal artifact reduction (MAR) techniques are commonly employed to minimize these distortions and improve image clarity³,⁷.



3.   SCANNER RELATED ARTIFACTS:

Ring artifacts:
Ring artifacts are caused by detector calibration errors or defective detector elements that produce non-uniform or nonlinear responses¹. These inconsistencies result in concentric circular patterns, typically visible in uniform regions of the image.
Poor maintenance and inadequate calibration can worsen these artifacts, making them more prominent and interfering with image interpretation. Regular detector calibration and flat-field correction are essential to minimize ring artifacts and ensure consistent image quality¹.

Stitched artifacts:
Stitched artifacts occur in cone-beam computed tomography (CBCT) when multiple smaller scans are combined to produce a larger field of view (FOV)⁵,¹⁰. These artifacts arise due to misalignment or inconsistencies in overlapping regions during the stitching process. They may appear as discontinuities, streaks, or variations in gray values, particularly in areas containing high-density materials such as metals. Beam hardening effects may also be accentuated in these regions.
Although stitched imaging techniques allow coverage of larger anatomical areas, they may introduce artifacts in overlap zones. However, some studies suggest that stitched CBCT images may exhibit relatively reduced artifact expression compared to single-scan modes in certain clinical scenarios⁵,¹⁰.
Common Manifestations:


•    Scanner-related artifacts may present as:
•    Step-like discontinuities in anatomical structures
•    Local variations in grayscale between adjacent regions
•    Misalignment and distortion in overlap zones¹⁸

4.CONE BEAM SPECIFIC ARTIFACTS:


Partial volume/EEGE:
The partial volume effect occurs when a single voxel contains multiple tissue types, resulting in averaging of their attenuation values¹. This leads to loss of sharp boundaries between structures and may produce misleading low-density halos at interfaces, especially at highcontrast regions such as bone–soft tissue junctions.
This phenomenon is sometimes associated with edge gradient effects, where abrupt changes in density are not accurately represented. The severity of this artifact depends on voxel size and
imaging geometry. Using smaller voxel sizes and a limited field of view (FOV) can help reduce this distortion¹.


Aliasing:
Aliasing artifacts arise when the projection data acquired during scanning is insufficient to meet sampling requirements (Nyquist criterion), resulting in undersampling⁴. These artifacts appear as wavy lines, moiré patterns, or false frequency patterns in the reconstructed image. Aliasing is commonly associated with low-resolution scans and inadequate number of projections. It can be minimized by increasing the number of projections or optimizing acquisition parameters⁴.

Cone beam effect:
The cone beam effect is a result of the diverging cone-shaped X-ray beam used in CBCT, which differs from the parallel beam geometry of conventional CT¹. This divergence leads to increased scatter radiation and reconstruction inaccuracies, particularly in peripheral regions of the scan field.
As a result, image distortion, blurring, and aliasing-like patterns may be observed, especially in
off-axis areas where projection data is less uniform. This artifact becomes more pronounced in larger field-of-view scans.
Techniques such as reducing the field of view, using offset scanning, and applying advanced reconstruction algorithms can help minimize cone beam–related distortions¹.


REDUCTION METHODS OF CBCT ARTIFACTS:


1. PHYSICS RELATED ARTIFACTS: Beam hardening artifacts reduction:
Beam hardening artifacts can be minimized by optimizing exposure and reconstruction techniques.

•    Use higher tube potentials (90–120 kVp) to reduce low-energy photon absorption¹
•	Apply pre-patient filters such as aluminum or copper to harden the beam before entering the patient¹
•	Employ beam hardening correction algorithms or polynomial correction methods during reconstruction¹
•    Advanced approaches such as dual-energy imaging and software-based corrections can
further reduce polychromatic effects¹



Scatter and photon starvation and mitigation:
Scatter and photon starvation can be controlled using appropriate acquisition parameters.


•    Use narrower and collimated fields of view (FOV) to reduce scatter volume²
•    Utilize anti-scatter grids or software-based scatter correction techniques²
•    Optimize exposure parameters to prevent photon starvation behind dense structures²
Noise artifact reduction:
Noise can be minimized by improving photon statistics and reconstruction techniques.
•    Increase mA or exposure time within permissible radiation limits²
•    Use beam-shaping filters (e.g., bow-tie filters) and proper patient positioning²
•	Apply iterative reconstruction algorithms to enhance image quality without increasing radiation dose²







2.PATIENT RELATED ARTIFACTS: Motion artifact reduction:
Motion artifacts can be minimized by ensuring patient stability and reducing scan duration.

•    Use stabilizing devices such as headrests, chin supports, and straps³,¹⁴,¹⁹

•    Select faster scan modes and reduce scan time³

•    Provide clear pre-scan instructions to the patient³

•    Use motion correction or gated reconstruction techniques when available³,¹⁴

Metallic artifact reduction:
Metal artifacts can be reduced through both pre-scan preparation and advanced imaging techniques.

•    Remove detachable metallic objects such as jewelry before scanning³
•    Use higher kVp and appropriate mA settings to improve beam penetration³
•	Apply metal artifact reduction (MAR) algorithms or projection interpolation techniques³,¹³,²²
•    Advanced methods such as dual-energy imaging and model-based iterative reconstruction
may further improve image quality³

3.SCANNER RELATED ARTIFACTS : Ring artifact reduction:
Ring artifacts can be minimized through proper system maintenance and calibration.

•    Perform regular detector calibration and flat-field correction⁵,⁹

•    Ensure routine maintenance and replacement of defective detector elements⁵

•    Use reconstruction algorithms designed for ring artifact suppression⁵

Stitched artifact reduction:
Stitched artifacts can be reduced by improving acquisition and reconstruction strategies.
•    Optimize exposure parameters in overlap regions to prevent distortion⁵
•    Prefer single-scan acquisitions with appropriate FOV when possible⁵
•    Use MAR software and improved stitching algorithms to reduce discontinuities⁵




4. CONE BEAM SPECIFIC ARTIFACTS: Partial volume/EEGE artefact reduction:
Partial volume artifacts can be minimized by optimizing spatial resolution and scan parameters.

•    Use smaller voxel sizes (approximately 0.075–0.2 mm) for better structural accuracy²,⁹

•    Limit the field of view to the region of interest²

•    Avoid oblique reconstructions that exaggerate averaging effects²

Aliasing artefact reduction:
Aliasing artifacts can be reduced by improving sampling and reconstruction quality.


•    Increase the number of projections or use high-resolution acquisition modes⁴
•    Apply appropriate reconstruction filters and anti-aliasing techniques⁴
•	Adjust voxel size and sampling rate according to the spatial frequency of the region of interest⁴



Cone beam effect artefact reduction:
Cone beam–related artifacts can be minimized by optimizing imaging geometry.


•    Use smaller cone angles and narrower fields of view¹
•    Optimize the distance between the X-ray source, object, and detector¹
•    Employ advanced reconstruction algorithms and improved Feldkamp-based techniques¹

[bookmark: _GoBack]Table 1: Methods for Reduction of Common Imaging Artifacts

	Artifact Type
	Reduction Methods

	Beam hardening
	High kVp, filters, correction algorithms

	Scatter
	Collimation, anti-scatter grids

	Noise
	Increase mA, iterative reconstruction

	Motion
	Patient stabilization, faster scan

	Metal
	Remove objects, MAR algorithms

	Ring
	Calibration, detector correction

	Aliasing
	Increase projections

	Cone beam effect
	Reduce FOV, advanced reconstruction





ADVANTAGES OF CBCT:
Cone-beam computed tomography (CBCT) is significantly more accurate than
conventional radiography in detecting conditions such as impacted teeth, cysts, tumors, and bone pathologies²,⁸,²⁵. It provides high-resolution three-dimensional images of teeth, roots, bones, nerves, and sinuses, enabling visualization of fine anatomical details. This enhanced imaging facilitates precise treatment planning in procedures such as dental implant placement, endodontics, orthodontics, and maxillofacial surgery²¹.
CBCT delivers a substantially lower radiation dose compared to conventional computed tomography (CT), with reductions of approximately 76–98%, while still providing diagnostically adequate information²,⁸. This makes it relatively safer for repeated use, particularly in younger patients and those requiring multiple scans, when appropriate precautions are followed. Additionally, CBCT scans are rapid (typically 10–30 seconds), non-invasive, and patientfriendly, thereby reducing motion artifacts and improving clinical workflow efficiency²,⁸.
Further advantages include improved patient education through shareable 3D visualizations,
cost-effectiveness due to compact equipment compared to full CT systems, and versatility across various dental specialties such as periodontics and endodontics²⁵. CBCT also aids in the development of virtual models for customized restorations, enhancing treatment outcomes in complex clinical cases²¹.
LIMITATIONS OF CBCT:
Despite its advantages, CBCT has several limitations. It provides inferior soft tissue contrast compared to multidetector computed tomography (MDCT), primarily due to fewer projections and limited dynamic range²,⁸. Additionally, although the radiation dose is lower than CT, it remains higher than conventional two-dimensional radiography (approximately 5–75 times that of panoramic imaging), necessitating strict adherence to the ALARA principle²⁵. Image quality may also be affected by non-uniform dose distribution within the field of view and
patient movement during scanning, leading to motion artifacts¹,¹⁶. High equipment costs and the
requirement for specialized training may limit its availability in smaller clinical setups²⁵. Furthermore, artifacts caused by metallic restorations, such as crowns and implants, can obscure diagnostic details³,¹⁴.
The restricted field of view in some CBCT systems may require multiple scans for larger anatomical regions, potentially increasing cumulative radiation exposure²,⁸. Additionally, overreliance on CBCT without proper clinical correlation may increase the risk of overdiagnosis²⁵.

INDICATIONS OF CBCT:
CBCT is highly valuable in preoperative planning for dental implants, as it provides cross- sectional images for evaluating bone quality, quantity, and vital anatomical structures such as the inferior alveolar nerve and maxillary sinus²,⁸. It is widely recommended in endodontics for assessing complex root canal morphology, dentoalveolar trauma, root fractures, resorption, perforations, and cases with inconclusive conventional imaging, as per guidelines by the
European Society of Endodontology²⁵.
In orthodontics, CBCT is useful for evaluating impacted teeth, skeletal discrepancies, palatal bone thickness, airway analysis, cephalometric assessment, and orthognathic surgery planning²,⁸. It also provides three-dimensional visualization of tooth inclination and alveolar bone for precise buccolingual movement analysis.
Surgical applications include assessment of impacted third molars in relation to the mandibular canal, localization of unerupted or supernumerary teeth, and evaluation of maxillofacial pathologies such as cysts, tumors, osteomyelitis, and medication-related osteonecrosis²,⁸. In restorative and prosthodontic dentistry, CBCT aids in virtual implant planning, evaluation of periapical status, and identification of anatomical variations²¹. It is also useful in temporomandibular joint (TMJ) assessment, sinus evaluation, and nerve canal tracing in oral and maxillofacial surgery². Periodontal applications include evaluation of infrabony defects and
perio-endo lesions using small field-of-view imaging²⁵.


CONTRAINDICATIONS OF CBCT:
CBCT should be used judiciously due to radiation exposure and certain patient-related limitations. Absolute contraindications include pregnancy (unless strongly justified with appropriate shielding) and inability of the patient to remain still during scanning, which can result in motion artifacts¹,²⁵.
Relative contraindications include claustrophobia, obesity affecting image quality, and history of
significant radiation exposure²⁵. Routine use without clear clinical indication is discouraged, as per SEDENTEXCT and FDA recommendations²⁵. CBCT should not be used when conventional
2D imaging is sufficient for diagnosis.
Due to higher radiation dose compared to intraoral radiography, the ALARA principle must always be followed²⁵. Large field-of-view scans should be avoided unless necessary, and small FOV imaging is preferred to minimize exposure.
CBCT is not ideal in cases requiring detailed soft tissue evaluation or when metal artifacts significantly degrade image quality³,¹⁴. In pediatric patients, its use should be limited to situations where the diagnostic benefit outweighs the radiation risk²,²⁵.


Clinical significants of CBCT artifacts:
CBCT artifacts have significant diagnostic and therapeutic implications. They may:

•	Mimic pathological conditions such as caries, fractures, cysts, or periapical radiolucencies¹⁵,¹⁶
•    Obscure subtle findings such as root resorption or cortical bone defects¹⁵
•    Mask periapical or peri-implant lesions, affecting diagnosis and treatment planning¹⁵
•    Distort anatomical relationships, potentially leading to implant placement errors¹⁶

Therefore, clinicians must be able to recognize common artifact patterns and differentiate them from true pathology. Correlation with clinical findings and other imaging modalities is essential for accurate diagnosis¹⁵,¹⁶.

Table 2: Clinical Impact of Imaging Artifacts in Diagnostic Interpretation

	Effect of Artifact
	Clinical impact

	Mimics pathology
	False diagnosis (caries, cysts, fractures)

	Obscures structures
	Missed lesions (periapical, peri-implant)

	Distortion
	Incorrect anatomical interpretation

	Image degradation
	Reduced diagnostic quality

	Misleading data
	Errors in treatment planning (implants, endodontics)





FUTURE DEVELOPMENT
Recent advancements in artificial intelligence and deep learning have enabled automated detection and correction of CBCT artifacts²⁴. Deep learning–based reconstruction and postprocessing techniques can reduce noise, scatter, and metal artifacts while improving overall image quality without significantly increasing radiation dose²⁴.
Advancements in hardware, such as ultra-high-resolution photon-counting detectors, may further
enhance contrast resolution, reduce noise, and improve dynamic range²³. These innovations are expected to improve the visualization of complex anatomical structures and high-density materials.
The integration of advanced hardware, robust reconstruction algorithms, and AI-based correction techniques is likely to significantly enhance the diagnostic reliability of CBCT in the near future²³,²⁴.



CONCLUSION :

Artifacts are common in CBCT imaging and can significantly affect diagnostic accuracy. These artifacts may obscure or mimic pathological conditions, making it essential for clinicians to be aware of their characteristics and implications¹⁵,²⁵.
Modern reconstruction techniques aim to minimize these artifacts; however, many require
substantial computational power, limiting their widespread clinical application¹⁵. With the rapid advancement of computing technologies, particularly the use of graphics processing units, processing time has been significantly reduced¹⁶.
As these technologies continue to evolve, more advanced and efficient artifact reduction methods are expected to become widely available, thereby improving the overall reliability and clinical utility of CBCT imaging¹⁶.
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