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KEY POINTS

e Radiology is crucial in prosthodontics for evaluating oral and maxillofacial structures, aid-
ing in the accurate placement of dental implants, and ensuring precise treatment planning
while minimizing radiation exposure.

e Various imaging techniques, including intraoral radiographs, panoramic imaging, and
cone beam computed tomography, are utilized at different stages of prosthodontic treat-
ment to enhance diagnostic efficiency and patient care.

e The use of artificial intelligence and computer-assisted surgery has improved the accu-
racy and success rates of dental implant procedures by providing precise 3 dimensional
imaging, enhancing treatment planning, and reducing complications.

INTRODUCTION

Radiology plays an indispensable role in dentistry and provides critical insights into the
oral and maxillofacial structures. Prior to prescribing radiographs, careful consider-
ation of the selection criteria and thorough clinical examination are imperative to
ensure precise radiographic diagnosis while minimizing radiation exposure and
costs.! The landscape of modern dentistry has undergone profound changes owing
to the widespread adoption of dental implants and the extensive utilization of cone
beam computed tomography (CBCT). Recently, there has been a paradigm shift
from a surgical to prosthetic perspective regarding dental implant placement.
Currently, implant placement without comprehensive prosthetic restoration planning
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is deemed unsustainable. Clinicians must possess comprehensive knowledge of fac-
tors such as bone height/width, trabecular bone pattern, and nearby vital structures
when planning implant procedures.?* Different imaging modalities can help clinicians
during different stages of treatment. In this study, we underscore the significance of
various imaging modalities for prosthodontic treatment, with the aim of maximizing
diagnostic efficiency, enhancing patient care, and minimizing posttreatment errors
and complications.

PRETREATMENT ANATOMIC SITE CONSIDERATION

The alveolar bone varies by location due to differences in morphology, trabecular pat-
terns, and adjacent structures. In the maxillary anterior region, postextraction residual
ridge atrophy affects both height and width, often creating a labial concavity (Fig. 1)
that may require augmentation.” Bone dimensions are also influenced by the nasopa-
latine canal (Fig. 2) and nasal cavity floor.* Implant placement in the anterior maxilla is
also complicated by the canalis sinuosus (anterior superior alveolar nerve canal),
especially in the lateral incisor and canine regions, where it parallels the nasopalatine
canal (Fig. 3).° In the posterior maxillary region, the alveolar bone is adjacent to the
maxillary sinus, making residual bone evaluation crucial (Fig. 4). Low trabecular
bone density increases implant failure risk. The maxillary sinus floor can cause
alveolar bone pneumatization, potentially requiring sinus augmentation based on re-
sidual bone height.®

Presurgical sinus assessment is essential to reduce complications, including eval-
uating sinus wall vascularization, ostiomeatal unit patency (Fig. 5), cortices, septation
(Fig. 6), and the anterior recess (Fig. 7). The maxillary sinus is vascularized by the
infraorbital artery, the posterior superior alveolar artery (PSAA), and by the lateral nasal
artery. The infraorbital artery and PSAA have both intraosseous and extraosseous
anastomoses and branches in the lateral wall of sinus. It is essential to understand
the location of the protruding infraorbital canal within the sinus lumen (Fig. 8) and
the posterior superior alveolar neurovascular canal in the lateral sinus wall (Fig. 9) to
prevent intraoperative arterial damage.”®

Although the anterior mandible is typically deemed safe for implants, evaluating
anatomic structures is necessary to prevent bleeding, sensory issues, and to improve

Fig. 1. CBCTsagittal section shows labial concavity (solid arrow) in the maxillary anterior re-
gion due to residual ridge atrophy.
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Fig. 2. Nasopalatine canal. (A) CBCT sagittal section showing the solid arrow indicates resid-
ual ridge atrophy, while the dashed arrow points to the nasopalatine canal. (B) The place-
ment of implant shows possible interruption of the palatal cortex due to the reduced
alveolar bone width and proximity with the nasopalatine canal.

osseointegration. Important structures include the genial tubercle, lingual canal,
mental foramen (Fig. 10), terminal branch of the mandibular canal, and anterior loop
of the mandibular canal (Fig. 11).° In the posterior mandible, implant placement can
be complicated by structures such as the submandibular gland fossa, which forms
a lingual concavity below the mylohyoid ridge (Fig. 12), and the mandibular canal
(see Fig. 11).10:1"

FUNDAMENTALS OF RADIOLOGY IN PROSTHODONTICS

Prosthodontic patients may be completely or partially edentulous, or fully dentate,
seeking improved esthetics and/or function. The advent of implant dentistry has
changed the prosthesis option for completely and partially edentulous patient.* For
decades, dental implants have been utilized to restore chewing function by replacing

Fig. 3. Canalis sinous. (A) CBCT coronal section: The long solid arrow shows the nasopalatine
canal, the dashed arrow highlights the canalis sinous running parallel to the nasopalatine
canal in the lateral incisor region and the short solid arrow points to an incidental mesio-
dense. (B) Three-dimensional reconstructed CBCT with the canalis sinous annotated in pink.

Descargado para Daniela Zufiga Agiiero (danyzuag@gmail.com) en National Library of Health and Social
Security de ClinicalKey.es por Elsevier en abril 30, 2025. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.

175



176

Khurana & Trochesset

Fig. 4. CBCT coronal section demonstrating residual ridge atrophy and pneumatization of
the alveolar bone in the posterior maxillary region (solid arrows).

missing teeth, and they have become a reliable treatment method for dental rehabil-
itation.'? This section explores how radiology aids in decision-making by helping cli-
nicians understand the specific applications, advantages, and limitations of various
imaging techniques used in prosthodontic treatment.

Intraoral Radiographs

Intraoral radiography, including periapical, bite-wing, and occlusal images, is
commonly used in dental practices. Periapical imaging is frequently employed
throughout prosthodontic treatment stages. For preoperative assessment, it evaluates
osseous healing at edentulous sites and identifies retained roots, residual periapical
pathology, and conditions such as dense bone island and cemento-osseous dysplasia
(COD), which can complicate treatment. It also assesses adjacent teeth and estimates
mesiodistal and vertical distances to anatomic boundaries and vital structures in
partially edentulous patients. However, periapical images lack buccolingual dimen-
sion details and are susceptible to geometric distortion and magnification, limiting
their utility for accurate linear measurements essential for preoperative implant plan-
ning." Vertical accuracy can be enhanced by using a radiographic marker of known

Fig. 5. CBCT coronal section showing patent ostiomeatal complex (dashed arrows).
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Fig. 6. CBCT coronal section showing sinus septum (solid arrow).

dimensions to calibrate image measurements.’® Despite these limitations, intraoral
radiography remains valuable for preliminary evaluation during intraoperative and
postoperative phases.

Panoramic Imaging

Panoramic imaging offers a comprehensive view of the maxillofacial region and is
preferred for its low cost and ease of acquisition. However, it has significant limita-
tions, such as distortion, superimposition, and a lack of Three-dimensional (3D) capa-
bility. The degree of distortion is unpredictable and influenced by patient positioning
and jaw alignment within the focal trough. Structures buccal to this trough appear dis-
torted and narrow horizontally, while those lingual to the trough appear horizontally
magnified. This nonuniform distortion prevents accurate mesiodistal measurements
of the edentulous ridge and cannot be corrected by software. Additionally, vertical
magnification of 15% to 30% occurs, and the negative vertical angulation of the
x-ray beam results in a superior projection of lingually positioned structures. Despite
these limitations, panoramic imaging is valuable for initial evaluations, especially either
when assessing multiple sites simultaneously or when intraoral images are impractical
due to challenging patient anatomy or lack of cooperation.’*

Cone Beam Computed Tomography

CBCT provides accurate, three-dimensional assessments of bone quantity, cortical
plate thickness, trabecular bone quality, and proximity to adjacent anatomic

Fig. 7. Anterior recess of the maxillary sinus. (A) CBCT sagittal and (B) coronal sections illus-
trate the anterior recess (solid arrows) within the anterior wall of the maxillary sinus,
reducing available alveolar bone height and can complicate implant placement.
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Fig. 8. CBCT sagittal section demonstrating the infraorbital canal protruding into the maxil-
lary sinus (solid arrow).

structures. It is the preferred imaging method for the preoperative evaluation of the
maxillary sinuses before sinus augmentation, assessment of donor and recipient sites
for autogenous bone grafting, and assessment of procedure outcomes. Additionally,
CBCT is crucial for designing and fabricating surgical guides using computer-aided
design (CAD) and computer-aided manufacturing (CAM) technology.® Like all ionizing
radiation imaging techniques, CBCT should be used responsibly with careful proto-
cols. The field of view should be restricted to the region of interest but may include
relevant adjacent anatomy, such as the maxillary sinus ostia before sinus lifts, the
external oblique ridges for bone harvesting, or opposing dental crowns for prosthetic
planning and surgical guide fabrication. To ensure diagnostic quality with minimal ra-
diation exposure, exposure settings should be adjusted based on the patient’s age,
size, and anatomy, with efforts to minimize motion during image acquisition.*1°

MRI

MRI in implant dentistry has multiple applications, including the planning, placement,
and follow-up of dental implants, with effectiveness similar to CBCT. Techniques like
Black Bone MRI and MSVAT-SPACE MRI minimize artifacts and enhance tissue res-
olution, serving as useful alternatives to CBCT. MRI also helps evaluate bone struc-
ture, dimensions, and proximity to vital structures, improving predictions of

Fig. 9. Posterior superior alveolar neurovascular canal. (A) CBCT coronal and (B) sagittal sec-
tions showing the canal location (solid arrows) within the lateral wall of the maxillary sinus.
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Fig. 10. Anatomic landmarks of the anterior mandible. (A) CBCT sagittal section illustrating
the genial tubercle (solid arrow). (B) CBCT sagittal section highlighting the lingual foramina
(solid arrows). (C) Three-dimensional reconstructed CBCT showing the presence of 2 mental
foramina (solid arrows).

s

Fig. 11. The mandibular canal is marked in red: (A) CBCT sagittal section with a dashed ar-
row indicating the terminal branch of the mandibular canal, and (B) CBCT sagittal section
with a solid arrow pointing to the anterior loop of the mandibular canal.
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Fig. 12. CBCT coronal section illustrating the submandibular gland fossa (solid arrows)
creating a lingual concavity.

postoperative outcomes and reducing surgical risks. Furthermore, MRl is excellent for
soft tissue visualization, minimizes radiation exposure, and enhances perioperative di-
agnostics by improving bone imaging and reducing metal artifacts.'®

RATIONALE FOR IMAGE USE IN PROSTHODONTICS BASED ON RADIATION DOSE

By evaluating radiation doses among various imaging options, clinicians can select the
optimal modality that offers necessary diagnostic information while adhering to the as
low as reasonably achievable safety principle. This strategy minimizes patients’ radi-
ation exposure and promotes safer imaging practices. CBCT radiation doses are
lower than computed tomography (CT) and equivalent to 2 to 10 panoramic radio-
graphs (20-100 uSv). However, there is significant variability among commercial
CBCT systems, with doses ranging from about 10 to 1000 uSv, equivalent to 2 to
200 panoramic radiographs.’”'® CBCT systems vary widely in parameters, causing
significant differences in radiation dose and image quality. Although low-dose proto-
cols are recommended and increasingly utilized, further research is required to opti-
mize the balance between image quality and dose in implant dentistry.'®'® While
CBCT generally has lower radiation doses than CT, both deliver significantly higher
doses compared to 2 dimensional imaging techniques.” Thus, continuous dose opti-
mization and customization remain essential for radiation safety and effectiveness.'®

IMPACT OF PARAMETERS ON IMAGE QUALITY FOR PROSTHODONTIC
APPLICATIONS

The image quality of CBCT devices can vary widely, influenced by exposure protocols
and radiation dose. CBCT typically offers high spatial resolution, with voxel sizes
ranging from 0.08 to 0.4 mm, which is useful for visualizing small structures.?® Howev-
er, segmentation accuracy can vary, impacting the effectiveness of virtual planning
and guide fabrication. A target accuracy of 200 um is generally achievable, though
inaccuracies up to 1000 um can occur. Compared to multislice CT, CBCT often has
lower contrast resolution, affecting segmentation and diagnostic capability.?°?
CBCT also lacks distinct soft tissue contrast and does not use Hounsfield units,
complicating bone density assessments and follow-ups.?? This makes CBCT less reli-
able for tracking bone density changes compared to medical CT. Instead, structural
bone analysis through pCT software may be more relevant for assessing bone quality
in implant dentistry.?® Additionally, CBCT images can suffer from artifacts due to pa-
tient motion or metallic restorations, affecting image quality.™
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USE OF IMAGING IN IMPLANT TREATMENT PLANNING

In 2012, the American Academy of Oral and Maxillofacial Radiology (AAOMR) released
a position statement detailing the use of radiology in implant dentistry, with a particular
emphasis on CBCT. The position statement offers evidence-based and consensus-
driven clinical guidance for clinicians on the most suitable imaging techniques for
dental implant therapy, with particular emphasis on CBCT, across different stages
of the treatment process.” The guidelines are as follows based on the treatment phase
(Table 1).

ROLE OF CONE BEAM COMPUTED TOMOGRAPHY IN STATIC AND DYNAMIC
COMPUTER-ASSISTED IMPLANT SURGERY

CBCT improves diagnostic accuracy and facilitates implant prosthodontics and digital
dentistry. While freehand implant placement relies on the surgeon’s skill, computer-
assisted implant surgery is gaining popularity due to its predictable 3D-guided
placement and reduced complications. Contemporary prosthodontics employs digital
technology for implant imaging, software-based planning, and guided surgical place-
ment. Digital Imaging and Communications in Medicine (DICOM) files from CBCT and
.stl files from digital wax-ups enable clinicians to plan treatments for partially edentu-
lous patients, with surgical guides milled or printed for pilot or fully guided surgery. For
fully edentulous patients, the dual-scan (CBCT) technique addresses soft tissue unre-
liability by integrating separate scans with fiducial markers and 3D radiographic im-
ages to create accurate surgical guides.?*?° Dynamic guides, such as navigation
and robotic systems, eliminate the need for physical guides. Dynamic navigation

Table 1
Guidelines for selecting imaging modalities based on the treatment phase
Stages of
Treatment Recommendations
Initial e The initial radiographic examination is critical for evaluating remaining
examination dentition, edentulous areas, and anatomic abnormalities or pathologies
e The AAOMR recommends using panoramic radiography as the primary
tool, supplemented by intraoral periapical radiography for enhanced
detail
e CBCT is not recommended during this phase
Preoperative e Preoperative imaging assesses residual alveolar ridge morphology,
imaging residual topography of the alveolar-basal, anatomic limitations, and

pathologies

Radiographs also aid in prosthetic planning and surgical template
construction

Panoramic and intraoral radiography lack precision

e Cross-sectional imaging preferably CBCT is recommended by AAOMR for
lower radiation (compared to CT) and superior detail

It also helps in assessing bone grafting, site development (such as sinus
augmentation), the presence of impacted teeth near the site of interest,
and evaluating previous trauma history

Postoperative e Postoperative imaging verifies implant placement and monitors long-term
imaging bone-implant interface and peri-implant bone health

Intraoral periapical radiographs are recommended for routine assessment

in cases of absence of symptoms due to higher resolution

CBCT is advised only if clinical symptoms arise, like mobility of the implant

and/or altered sensation or if implant removal is needed

e CBCT is not advised for periodic follow-up

Descargado para Daniela Zaiiiga Agiiero (danyzuag@gmail.com) en National Library of Health and Social
Security de ClinicalKey.es por Elsevier en abril 30, 2025. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.

181



182

Khurana & Trochesset

systems provide real-time monitoring of implant bed preparation by registering denti-
tion and reconstructing CT or CBCT data, allowing surgeons to track drill positions us-
ing specialized software.?®?” Robotic systems offer real-time visual, audio, and haptic
feedback, guiding the drill to the correct 3D location and resisting deviations from the
planned position. In contrast, navigation systems rely on the operator’s hand—eye co-
ordination for precise implant placement.?®

RADIOGRAPHIC ASSESSMENT OF PRE-EXISTING CONDITIONS AND INCIDENTAL
FINDINGS

Considering a patient’s medication history, particularly bone-modifying medications
like bisphosphonates (BPs) and RANKL inhibitors, is crucial before initiating prostho-
dontic treatment, especially implant procedures. The increased use of these medica-
tions and the rise in dental implants among adults over the past 20 years necessitate
determining if the medication effects on bone metabolism jeopardize implant suc-
cess.?® BPs and receptor activator of nuclear factor kappa-B ligand inhibitors (RANKL)
inhibitors inhibit bone resorption, disrupt bone remodeling, and osseointegration.>°
BPs hinder endothelial cell proliferation and capillary formation, leading to poor
bone vascularization and higher cell loss, negatively affecting bone quality and implant
success.®' The method and duration of bone-modifying medication administration are
critical; intravenous (IV) BPs pose greater risks due to rapid bone accumulation and
severe side effects. Long-term BP therapy, particularly IV, heightens the risk of
medication-related osteonecrosis of the jaw, increasing implant failure rates.>? Patient
adherence, varying potency, and adverse effects of different BPs can influence bone
metabolism and implant survival (Fig. 13). However, the impact of bone-modifying
medications on marginal bone loss remains inconclusive due to insufficient data.?®
When assessing the necessity for implant placement, it is crucial to consider local
risk factors affecting bone remodeling. Dental implants present a complex challenge
for patients with conditions like COD (Fig. 14) and dense bone islands (Fig. 15), which
alter bone structure and impact blood supply and plasticity, complicating osseointe-
gration.®® Avoiding extractions and elective surgeries in individuals with COD is rec-
ommended. Continuous bone resorption, extractions near COD lesions, or implant
drilling can expose cemento-osseous tissue (COT), leading to infections, poor healing,
sequestrum formation, and jaw fractures. The sclerotic nature and hypovasculariza-
tion of COT in COD lesions impede healing and heighten the risk of osteomyelitis,
exacerbated by drilling overheating.®® Literature on dental implant survival rates in

Fig. 13. Effect of bisphosphonates on implant survival. (A) CBCT maxillary coronal section,
(B) CBCT mandible axial, and (C) coronal sections, depicting bone loss and sequestrum for-
mation depicted through solid arrows around dental implants in a patient on bisphospho-
nates, highlighting the potential impact of bone-modifying medications on implant success
and risk of osteonecrosis.
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Fig. 14. Cemento-osseous dysplasia. (A, B) CBCT coronal and (C) sagittal sections show
cemento-osseous dysplasia (solid arrows) at the edentulous right posterior mandible with
bone augmentation material (dashed arrows), highlighting challenges COD may present
for implant placement due to altered bone structure, compromised blood supply, and
increased risk of complications such as infections, poor healing, and osteomyelitis.

patients with COD is limited, but a case report by Gerlach offers insight. In this study,
implants were placed at 2 sites within the same patient: site #30, affected by COD, and
sites #14 and #15, which were unaffected. The implant at site #30 failed after
26 months due to fibrous encapsulation, while those at sites #14 and #15 functioned
effectively. These findings illustrate that COD, characterized by normal bone replace-
ment with fibrous tissue and woven bone, can significantly hinder implant osseointe-
gration.>* Although patients with COD may not be ideal candidates for implants, it
cannot be conclusively stated that implants are entirely contraindicated. Implants
might be considered in adjacent or opposite jaw regions, provided procedures are
avoided at lesion sites. Prospective, randomized, long-term studies are necessary
to evaluate implant survival and success rates in such patients.®®

Studies on implant stability, after immediate or delayed implantation in the dense
bone island (DBI) area after lesion removal, show that both implants and peri-
implant tissue remained stable at 1 and 2 years of follow-up.3%3” While no standard
protocol for dental implantation in DBI exists, the literature suggests that for small,
apically positioned DBIs, adjusting implant length, position, and angulation may be

Fig. 15. Dense bone island. (A) CBCT sagittal and (B) coronal sections showing dense bone
island (solid arrows) at the edentulous right posterior mandible region. Literature suggests
adjusting implant length, position, and angulation for such apical DBIs.
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necessary. For highly dense lesions, removal followed by delayed implant placement
is recommended.3®

Common sinus diseases can block the ostiomeatal unit, requiring thorough clinician
evaluation before sinus augmentation. Tadinada and colleagues®® proposed a radio-
graphic classification to assess surgical suitability, indicating that sinus lining thick-
ening up to 2 mm is safe for surgery. Thickening between 2 and 5 mm, while not
risky, needs attention, especially at the higher end. Thickening of 6 to 9 mm, with or
without partial ostiomeatal complex obliteration, suggests inflammation or infection
(eg, allergies, odontogenic sinusitis, or mucocele) and contraindicates augmentation,
necessitating otolaryngologist referral.>® Complete sinus opacification clearly contra-
indicates surgery, requiring Otolaryngologist referral for diagnosis and management
(Fig. 16). Other ostiomeatal unit obstructions, such as nasal polyps (Fig. 17), also
need otolaryngologist referral before procedures. Assessing sinus walls is crucial for
favorable outcomes, considering factors like wall interruption, sclerosis, and displace-
ment. The thin bony wall of the sinus floor in the posterior maxillary region, often weak-
ened by molar extraction (Fig. 18), is a primary cause of oroantral communication.
Other causes of oroantral communication include inflammatory odontogenic lesions,
cysts, tumors, malignancies, and implant procedures. Impacted third molar extraction
frequently causes posterior wall interruption (Fig. 19), while chronic sinusitis can lead
to wall sclerosis (see Fig. 16). Trauma, malignancy, and Lefort osteotomy can disrupt
other walls.*° Benign cysts, tumors, orbital floor fractures (Fig. 20), and silent sinus
syndrome (Fig. 21), may displace sinus walls, necessitating otolaryngologist referral
before surgery.*’

CHALLENGES IN CONE BEAM COMPUTED TOMOGRAPHY INTERPRETATION: LEGAL
AND ETHICAL RESPONSIBILITIES

Interpreting CBCT images presents significant challenges for dental professionals
owing to their legal and ethical responsibilities. Dental professionals face the risk of
misdiagnosis, which can have severe consequences for patient health and the den-
tist’s reputation as well as potential legal and financial repercussions. Dentists who
perform their own CBCT scans must ensure accurate interpretation, either personally
or by a qualified oral and maxillofacial radiologist. This also applies to those who refer
scans to external imaging centers, some of which are operated by nondentists. In the
United States, oral and maxillofacial radiology services offer Health Insurance Porta-
bility and Accountability Act-compliant platforms for remote DICOM file interpretation.

Fig. 16. Acute exacerbation of chronic sinusitis. (A) CBCT coronal and (B) axial sections show
nearly complete opacification of bilateral maxillary sinuses with air-bubbles, obstruction of
the right ostiomeatal unit (solid arrow), and sclerotic sinus walls (dashed arrows). A referral
to an otolaryngologist is recommended prior to considering sinus augmentation.

Descargado para Daniela Zaiiiga Agiiero (danyzuag@gmail.com) en National Library of Health and Social
Security de ClinicalKey.es por Elsevier en abril 30, 2025. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



Understanding Radiology and Imaging

Fig. 17. Nasal polyp. (A) CBCT coronal and (B) sagittal sections show a nasal polyp (long solid
arrow). The location of polyp is obstructing the ostiomeatal unit (short solid arrow). Dashed
arrow indicates air bubbles, suggestive of acute sinusitis due to the blocked ostiomeatal
unit. Otolaryngologist referral is recommended before sinus augmentation in such cases.

Legal complexities arise when a dentist employs an oral and maxillofacial radiologist
licensed in a different state. Ignoring these licensing requirements can lead to legal
consequences, such as accusations of negligent referral or aid in unlicensed dental
practice if the radiologist lacks the necessary credentials in the relevant state. Strate-
gies have been proposed to limit the liability related to CBCT interpretation, including
patient liability waivers or giving patients the option to interpret their scans. However,
these methods typically do not meet accepted standards of care and are unlikely to be
legally effective. Courts generally reject liability waivers in health care as they do not
permit practitioners to exempt themselves from negligence. Additionally, allowing pa-
tients to decide on scan interpretation fails to meet the professional care standards.
Proper education, vigilant oversight, and adherence to legal standards are crucial to
minimize risks and ensure optimal outcomes for patients and practitioners.*?

Fig. 18. Oroantral communication. CBCT coronal section showing interruption of the left
maxillary sinus floor due to molar extraction. There is opacification of the maxillary sinus
and ethmoid air cells due to oroantral communication. A referral to an otolaryngologist
is advised prior to implant planning in such cases.
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Fig. 19. CBCT axial section showing interruption of the posterior wall of the left maxillary
sinus due to surgical procedure. There is mucosal thickening noted along the sinus walls.
A referral to an otolaryngologist is advised prior to implant planning in such cases.

ADVANCEMENTS AND FUTURE PERSPECTIVES

Artificial intelligence (Al) has seen considerable progress across various sectors,
including dentistry. In restorative dentistry, Al shows great potential for enhancing
diagnosis, treatment planning, and predicting treatment outcomes. Al models are
increasingly being employed for tasks such as detecting dental caries, identifying
tooth preparation margins, and forecasting restoration outcomes. Since 2019, their
use has grown significantly, reflecting the growing trend of integrating Al into restor-
ative dental practices.*® These models analyze intricate patterns in dental images,

Fig. 20. CBCT axial section highlights incidental findings in a patient referred prior to a sinus
augmentation procedure. The solid arrow points to an orbital floor fracture, while the
dashed arrow indicates a cleft palate. Referral to an ophthalmologist and surgeon is recom-
mended before proceeding with sinus augmentation.
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Fig. 21. Silent sinus syndrome of the right maxillary sinus. (A) CBCT coronal and (B) axial sec-
tions demonstrate lateralization of the right uncinate process (solid arrow), reduced sinus
volume, and inward bowing of the sinus wall (dashed arrows). A referral to an otolaryngol-
ogist is advised before proceeding with implant planning.

allowing for more precise and early detection of conditions, which can lead to timely
interventions and improved patient outcomes. Al significantly enhances dental pro-
cedures by accurately detecting tooth finishing lines, which are crucial for the precise
placement of crowns and other restorations, ultimately improving the accuracy and
longevity of dental prostheses. Furthermore, advanced Al models can predict the like-
lihood of dental restoration failures by analyzing various factors, including restoration
type, patient characteristics such as age, medical and dental history, oral hygiene
practices, and lifestyle factors like smoking and diet. This approach enables person-
alized treatment planning and enhances patient outcomes. This assists dentists in
selecting appropriate materials and techniques, potentially reducing the need for
future treatments. However, it is crucial to acknowledge that Al applications in
dentistry are evolving. Additional research is necessary to evaluate their clinical perfor-
mance thoroughly. Standardizing and benchmarking datasets can enhance the accu-
racy of Al models in diagnosing dental conditions and predicting restoration
outcomes. Accessible datasets would facilitate the ongoing development of Al models
that have the potential to transform restorative dentistry by improving diagnostic pre-
cision, treatment planning, and outcome prediction. As Al technology continues to
advance, its role in restorative dentistry is expected to become increasingly impor-
tant.*+45 Al has significantly advanced dental implant procedures by introducing inno-
vative methods for analyzing radiographs and CBCT scans, suggesting optimal
implant placements and sizes, and enhancing treatment planning based on patient-
specific data and anatomic considerations.*® Al models have proven effective in iden-
tifying dental implant issues, such as peri-implantitis and fractures, and they have also
demonstrated the ability to accurately recognize key anatomic structures, such as the
mandibular canal, sinus, and nasal fossa, in CBCT images. This precision in planning
helps minimize surgical risks and improve outcomes.*®4” Al systems also contribute
to precise implant placement with minimal deviation, leading to successful proced-
ures. Moreover, Al has been utilized to determine implant brands from radiographic
images, helping avoid unnecessary surgeries in cases of abutment fractures.*® Key
areas of focus in Al for dental implantology include classifying implants using radio-
graphs, evaluating bone quality and quantity from CBCT images, and accurately
assessing bone loss and potential problematic areas. Al-generated 3D jawbone
models enhance the design and placement of implants, whereas digital planning soft-
ware and rapid prototyping facilitate the creation of surgical guides that improve
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placement accuracy and success rates. Machine learning algorithms also support
dentists by identifying and categorizing dental restorations and differentiating be-
tween thousands of dental implant systems, thereby reducing trial and error, invasive
procedures, and chairside time.*° The future of prosthodontic radiology is expected to
further integrate and advance Al technologies to enhance the diagnostic precision and
treatment planning. Additionally, Al tools designed to measure bone density at implant
sites hold promise for improving surgical outcomes.®° Al models have been developed
to automate the determination of drilling protocols during implant surgery based on
CBCT data, which is crucial for achieving primary stability.>' With the advent of robotic
cavity preparation and ever improving Al technology, we may see changes in dentistry
similar to those in medicine where robots are utilized for very technique-sensitive sur-
gical procedures. It is likely in dentistry we will eventually see robotic arms utilized to
prepare, digitally impression and mill and place restorations in the not-too-distant
future. It is happening with implant placement and is likely to continue to evolve to
include other dental procedures.

SUMMARY

We conclude by emphasizing the indispensable role of radiology in prosthodontics,
highlighting its contribution to precise diagnosis, treatment planning, and the overall
enhancement of patient care. It underscores the importance of selecting appropriate
imaging modalities, such as intraoral radiographs, panoramic imaging, and CBCT,
tailored to different treatment stages. The integration of advanced technologies like
Al and computer-assisted surgery is shown to significantly improve the accuracy
and success of dental implant procedures, ultimately leading to better patient out-
comes and minimized complications.

CLINICS CARE POINTS

e Select imaging modalities based on treatment needs while adhering to the ALARA principle
to minimize radiation exposure. Use CBCT for 3D assessments when precision is essential, but
restrict its field of view to the region of interest.

e Thoroughly evaluate anatomical structures such as the maxillary sinus, mandibular canal, and
pre-existing conditions like cemento-osseous dysplasia or dense bone islands to prevent
complications and improve treatment success.

e Use CBCT for precise 3D imaging and computer-assisted surgery to improve diagnostic
accuracy. Integrate Al solutions selectively to assess bone quality, identify critical
anatomical structures, and enhance treatment planning in implant dentistry.
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