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Abstract

Background: Cone beam computed tomography (CBCT) has revolutionized implant dentistry by providing three-
dimensional imaging capabilities that enhance the precision, planning, and execution of implant procedures. It
allows clinicians to evaluate the quality and quantity of the available bone, identify potential complications or
limitations, and simulate the final implant position virtually. By obtaining a detailed understanding of the patient's
unique oral anatomy, clinicians can optimize implant treatment plans, leading to improved success rates and reduced
risk of complications. This review article aims to explore the applications, benefits, implications, and limitations of
CBCT in implant dentistry. By understanding the potential of CBCT technology, dental professionals can make
informed decisions regarding its integration into their clinical practice, thereby improving patient outcomes and
treatment success rates.
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CONMNCLUSION: CBCT is a valuable imaging technique in implant dentistry, providing high-resolution, three-dimensional images that offer numerous benefits.
CBCT offers a comprehensive view of the region of interest, allowing for more accurate assessment and diagnosis compared to traditional two-dimensional
radiographs. It provides detailed anatomical information, aiding in precise treatment planning, implant placement, and assessment of the patient’s unique oral
anatomy. CBCT enables the detection and evaluation of various conditions, such as dental caries, periodontal disease, dental infections, impacted teeth, cysts,
tumors, and fractures. However, CBCT has limitations, including radiation exposure, image artifacts, limited field of view, lack of soft tissue visualization, cost
implications, and the need for specialized expertise. Careful consideration of these limitations is necessary for optimal clinical outcomes and patient safety in
the use of CBCT in implant dentistry.

2. Introduction

Accurate preoperative surgical planning is crucial for achieving successful dental implant
rehabilitation. The selection of appropriate imaging techniques to assist in planning is determined by the
patient's clinical presentation and the professional judgment of the clinician. This judgment is based on
the clinician's need for additional information beyond what can be obtained from a clinical examination
alone to formulate an accurate diagnosis. Factors that should be considered include the complexity of the
case, regional anatomical considerations, the potential risk of complications, and aesthetic concerns in the
implant placement site. The chosen imaging modalities for presurgical dental implant planning should be
sufficient to provide information that supports the achievement of three primary goals: 1) Determine the

anatomical features and shape of the remaining alveolar ridge; 2) Assess the alignment and position of the

2



remaining alveolar ridge; and 3) Recognize any nearby anatomical or pathological structures that may
restrict or affect the placement of implants within the remaining alveolar ridge [1].

Radiography is widely used as the primary diagnostic tool in routine clinical dental practice.
Dental radiographs have been the go-to method for obtaining diagnostic information in the oral and
maxillofacial region since the advent of X-rays. Over an extended period, the data necessary to meet these
objectives has been acquired through clinical examination and primarily by utilizing two-dimensional
(2D) imaging techniques like intraoral periapical, lateral cephalometric, and panoramic radiography.
However, traditional 2D imaging techniques have limitations in accurately representing complex three-
dimensional (3D) anatomical regions and associated pathologies [2].

Cone Beam Computed Tomography (CBCT) in implant dentistry refers to the utilization of CBCT
technology for imaging and visualization purposes in implant-related procedures. CBCT is a specialized
form of computed tomography that provides high-resolution, three-dimensional images of the oral and
maxillofacial region. It offers significant advantages over traditional two-dimensional radiographic
techniques, such as panoramic and periapical radiographs [3].

CBCT scanners utilize a cone-shaped X-ray beam that rotates around the patient's head, capturing
multiple two-dimensional images from various angles. These images are then reconstructed by computer
algorithms to generate a three-dimensional representation of the scanned area. The resulting CBCT images
provide detailed anatomical information, including bone structure, density, dimensions, and the spatial
relationship between teeth, roots, nerves, and surrounding structures [4].

In implant dentistry, CBCT has become an invaluable tool for accurate treatment planning, precise
implant placement, and comprehensive assessment of the patient's anatomical structures. It allows
clinicians to evaluate the quality and quantity of the available bone, identify potential complications or
limitations, and simulate the final implant position virtually. By obtaining a detailed understanding of the
patient's unique oral anatomy, clinicians can optimize implant treatment plans, leading to improved
success rates and reduced risk of complications. Moreover, CBCT aids in the diagnosis and management
of peri-implant diseases, such as peri-implantitis, by providing clear visualization of bone loss, soft tissue
inflammation, and potential pathology around the implant site. It enables early detection and timely
intervention, promoting long-term implant survival and patient satisfaction [1, 5, 6].

CBCT technology has transformed implant dentistry by enhancing diagnostic capabilities,
improving treatment predictability, and facilitating communication between clinicians and patients.
However, it is essential to consider the associated limitations, such as radiation exposure, image artifacts,

and cost implications, while utilizing CBCT in implant dentistry. Adhering to proper radiation safety
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protocols, interpreting CBCT images accurately, and understanding the technology's limitations are
crucial for optimal clinical outcomes [7].

Given the important clinical implications to use CBCT in implant dentistry, a narrative review of
CBCT in implant dentistry is essential to consolidate the existing knowledge, evaluate the current
evidence, and provide clinicians with a comprehensive understanding of CBCT's applications, benefits,
implications, and limitations. This review will serve as a valuable resource for clinical decision-making,
education, and future research, ultimately enhancing treatment outcomes, patient safety, and the overall
quality of implant dentistry practice.
3. Benefits of Cone Beam Computed Tomography

CBCT offers numerous benefits across various medical and dental fields. Here are some of the key
advantages of CBCT:
3.1 Three-Dimensional Imaging

CBCT provides three-dimensional images of the anatomy, offering a comprehensive view of the
region of interest. This allows for a more accurate assessment and diagnosis compared to traditional two-
dimensional radiographs [1].
3.2 High Image Resolution

CBCT produces high-resolution images with excellent clarity and detail, enabling healthcare
professionals to visualize anatomical structures with precision. This level of detail is particularly
beneficial in complex cases or when evaluating fine structures [8].
3.3 Low Radiation Exposure

CBCT scanners are designed to minimize radiation exposure to patients compared to conventional
CT scanners. The imaging protocol for CBCT is optimized to provide diagnostic information while
keeping the radiation dose as low as reasonably achievable [9].
3.4 Quick and Non-invasive

CBCT scans are typically quick and non-invasive, taking only a few minutes to acquire the images.
The process is well-tolerated by patients, making it a convenient imaging modality [4].
3.5 Accurate Treatment Planning

CBCT provides detailed information about the patient's anatomy, including bone volume, density,
and proximity to vital structures. This helps in precise treatment planning, such as implant placement,
orthognathic surgery, and complex dental procedures [6].
3.6 Enhanced Diagnosis and Evaluation

CBCT enables the detection and evaluation of various conditions, such as dental caries,
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periodontal disease, dental infections, impacted teeth, cysts, tumors, and fractures. It helps clinicians make
informed diagnoses and develop appropriate treatment strategies [10, 11].
4. Clinical Implications of Cone Beam Computed Tomography

CBCT has revolutionized the field of implant dentistry by providing valuable clinical information
for diagnosis, treatment planning, and assessment of treatment outcomes. Here are some of the key clinical
implications of CBCT in implant dentistry:
4.1 Accurate Preoperative Assessment

CBCT allows for precise evaluation of the anatomical structures relevant to implant placement,
such as the quality and quantity of bone, proximity to vital structures (nerves, sinuses), and presence of
pathology. This information helps in selecting appropriate implant size, location, and surgical technique,
minimizing the risk of complications [12].
4.2 Virtual Treatment Planning

CBCT data can be used to create a 3D virtual model of the patient's jaw, enabling the dentist to
virtually place implants in the ideal positions. This aids in determining the optimal implant angulation,
depth, and trajectory, and ensuring optimal implant success [13].
4.3 Guided Implant Surgery

CBCT images can be used to generate surgical guides that facilitate precise implant placement
according to the preoperative plan. These guides increase surgical accuracy, reduce operative time, and
enhance patient comfort. They are particularly beneficial in cases with limited bone availability, complex
anatomical conditions, or when placing multiple implants [14].
4.4 Assessment of Bone Quality and Quantity

CBCT provides detailed information about bone density, volume, and morphology. This helps in
evaluating bone quality and quantity, identifying areas of inadequate bone, and determining the need for
additional bone grafting procedures or alternative implant techniques [15].
4.5 Evaluation of Implant Stability

CBCT can be used postoperatively to assess implant stability and osseointegration. By comparing
serial CBCT scans over time, clinicians can evaluate the progress of bone healing, identify any signs of
implant failure, and make appropriate interventions [12, 16].
5. Limitations of Cone Beam Computed Tomography

While CBCT does have its limitations, it is not without drawbacks. Dentists should carefully weigh
the advantages and limitations when considering its use and ensure appropriate case selection and

radiation protection measures. Some of the well-recognized limitations of CBCT are:



5.1 Radiation Exposure

CBCT imaging involves the use of ionizing radiation, which poses potential risks to patients,
particularly if repeated scans are necessary. Careful consideration of the radiation dosage and justification
for each scan is essential [17, 18].
5.2 Image Artifacts

CBCT images can be susceptible to artifacts, such as metal streaking or scatter artifacts, which
may interfere with accurate interpretation. These artifacts can obscure anatomical structures and
compromise the evaluation of implant sites [19, 20].
5.3 Limited Field of View

CBCT scans have a limited field of view, which means that only a specific region can be captured
in each scan. This limitation may require multiple scans to capture the entire oral and maxillofacial region,
leading to increased radiation exposure and additional time [21].
5.4 Lack of Soft Tissue Visualization

CBCT primarily focuses on hard tissue imaging, such as bones and teeth, and may not provide
detailed visualization of soft tissues like gums or nerves. This limitation may restrict the comprehensive
assessment of implant sites, especially when evaluating the proximity of vital structures [21].
5.5 Cost

CBCT equipment and the associated software can be expensive, making it less accessible for some
dental practices. The initial investment, maintenance, and training costs can pose financial challenges,
especially for smaller clinics or practitioners [4, 5].
5.6 Learning Curve and Expertise

Interpreting CBCT images requires specialized knowledge and training. Dentists and radiologists
need to develop proficiency in analyzing three-dimensional images to accurately diagnose and plan
implant treatments. Lack of expertise or improper interpretation can lead to errors in treatment planning
[22, 23].
5.7 Overdiagnosis

The high-resolution images provided by CBCT may reveal incidental findings that are unrelated
to the primary reason for imaging. This may lead to unnecessary treatments or additional exposure to
radiation due to follow-up scans [24, 25].
5.8 Regulatory Considerations

The use of CBCT in implant dentistry is subject to regulatory guidelines and standards that vary

across different regions. Compliance with these guidelines, including justification and optimization of
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CBCT usage, is necessary to ensure patient safety and adherence to legal requirements [26, 27].
6. Conclusion

In conclusion, CBCT is a valuable imaging technique in implant dentistry, providing high-
resolution, three-dimensional images that offer numerous benefits. CBCT offers a comprehensive view of
the region of interest, allowing for more accurate assessment and diagnosis compared to traditional two-
dimensional radiographs. It provides detailed anatomical information, aiding in precise treatment
planning, implant placement, and assessment of the patient's unique oral anatomy. CBCT enables the
detection and evaluation of various conditions, such as dental caries, periodontal disease, dental infections,
impacted teeth, cysts, tumors, and fractures. However, CBCT has limitations, including radiation
exposure, image artifacts, limited field of view, lack of soft tissue visualization, cost implications, and the
need for specialized expertise. Careful consideration of these limitations is necessary for optimal clinical
outcomes and patient safety in the use of CBCT in implant dentistry.
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