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INTRODUCTION

ABSTRACT

Background: Cone-Beam Computed Tomography (CBCT) has transformed
dental Implantology by providing detailed three-dimensional imaging for pre-
surgical planning. Its ability to accurately evaluate bone quality, nerve pathways,
and implant site morphology has significantly improved diagnostic accuracy and
clinical outcomes. However, concerns persist regarding radiation exposure, cost,
and variability in imaging protocols and operator expertise.

Objective: This meta-analysis aims to evaluate the effectiveness of CBCT in
enhancing precision, predictability, and clinical outcomes in dental Implantology.
It synthesizes data from multiple studies to provide evidence-based
recommendations for its optimal use in clinical practice.

Methods: A total of 10 studies, including randomized controlled trials (RCTs),
observational studies, and cohort studies, were systematically analyzed. These
studies focused on CBCT-guided implant surgery, low-dose CBCT protocols, and
its role in preventing peri-implantitis. Quality assessment was conducted to
evaluate the risk of bias and control of confounding variables. Effect sizes,
including odds ratios (OR), relative risks (RR), and hazard ratios (HR), were
calculated to measure the effectiveness of CBCT compared to traditional imaging
methods. Heterogeneity was assessed using the Q statistic and 12 statistic to
evaluate variability across studies.

Results: CBCT consistently demonstrated superior outcomes compared to
traditional imaging methods. Odds ratios for implant placement accuracy ranged
from 1.20 to 2.10, while relative risks for peri-implantitis prevention were between
1.25 and 1.70. Low-dose CBCT protocols showed comparable efficacy to standard
protocols, effectively addressing concerns about radiation exposure. The quality
assessment revealed a low risk of bias in 60% of the included studies, although
heterogeneity was high (Q = 152.77, 12 = 86.3%) due to variability in imaging
protocols, equipment calibration, and operator expertise.

Conclusion: CBCT significantly enhances Diagnostic precision, implant
placement accuracy, and clinical outcomes in dental implantology. Despite
Challenges such as cost and high heterogeneity, its clinical utility is evident.
Standardized imaging protocols and further research on long-term cost-
effectiveness are recommended to maximize the benefits of CBCT in routine dental
practice.

Keywords: Cone-Beam Computed Tomography, Dental implantology, Pre-
surgical planning, Diagnostic accuracy, Peri-implantitis prevention.

Cone-Beam Computed Tomography (CBCT) has emerged as a transformative force in dental implantology,
revolutionizing pre-surgical planning through its detailed three-dimensional imaging capabilities. By
providing unparalleled precision in evaluating bone quality, nerve pathways, and implant site morphology,
CBCT has become an indispensable tool for clinicians seeking to enhance the accuracy and safety of dental
implant procedures [1]. This technology has significantly improved diagnostic capabilities and facilitated
more predictable surgical outcomes, making a substantial contribution to implant Dentistry.
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Research has demonstrated the superior diagnostic accuracy of CBCT over traditional two-dimensional
imaging techniques. For instance, [2] highlighted the efficacy of CBCT in identifying potential anatomical
risks, such as nerve proximity and sinus involvement, which are critical for successful implant placement.
Moreover, [3] emphasized the integration of CBCT with computer-guided surgical templates, which has
revolutionized implant positioning by ensuring optimal alignment with prosthetic Designs. These
advancements have significantly reduced procedural errors, enhancing clinician confidence and patient
satisfaction.

However, the widespread adoption of CBCT in clinical practice is not without challenges. Concerns about
radiation exposure, high operational costs, and variability in image quality due to equipment and operator
factors have been frequently cited in the literature [4]. One of the pressing issues is the need for standardized
imaging protocols, as inconsistent practices can compromise diagnostic efficacy and patient outcomes [5].

This meta-analysis aims to systematically evaluate the role of CBCT in pre-surgical planning for dental
implantology, focusing on its impact on precision, predictability, and clinical outcomes. By synthesizing
data from randomized controlled trials, observational studies, and clinical trials, this study seeks to provide
evidence-based recommendations for optimizing the use of CBCT in dental practice. It also highlights the
potential for future advancements in CBCT technology, offering a promising outlook for the field [2].

METHODS

This meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines to ensure transparency and rigor in the review process. The study aimed to evaluate
the effectiveness of Cone-Beam Computed Tomography (CBCT) in improving precision, predictability,
and clinical outcomes in dental implantology, focusing on outcomes such as implant placement accuracy,
diagnostic precision, peri-implantitis prevention, and low-dose CBCT protocols. The Rigorous
methodology employed in this study instills confidence in the reliability of the findings.

A systematic search was performed across multiple databases, including PubMed, Embase, Cochrane
Library, and Google Scholar, to identify studies published between January 2018 and November 2024.
Search terms included “CBCT,” “Cone-Beam Computed Tomography,” “Dental Implantology,” “Low-
Dose Protocols,” and “Guided Implant Surgery.” Grey literature, such as conference abstracts and clinical
trial registries, was reviewed to minimize publication bias. Reference lists of identified studies and existing
meta-analyses were also examined for additional sources.

Eligible studies included randomized controlled trials (RCTSs), observational studies, cohort studies, and
systematic reviews reporting quantitative outcomes related to CBCT in dental implantology. Studies
focusing on non-dental applications of CBCT or with insufficient data for meta-analysis were excluded.
Two independent reviewers screened titles, abstracts, and full texts for eligibility, with disagreements
resolved through discussion. Data extraction included study design, sample size, interventions, and outcome
measures, such as odds ratios (OR), relative risks (RR), and hazard ratios (HR).

The quality of included studies was assessed using the Cochrane Risk of Bias tool for RCTs and the
Newcastle-Ottawa Scale for observational studies. Studies were categorized as low, moderate, or high risk
of bias, and those with a high risk were excluded. A random-effects model was applied to account for
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variations across studies, with pooled effect sizes calculated for implant placement accuracy, peri-
implantitis prevention, and low-dose diagnostic efficacy. Heterogeneity was assessed using the Q statistic
and |2 statistic, with I? values above 75% indicating substantial heterogeneity.

This meta-analysis utilized published data only, adhering to the ethical principles of the Declaration of
Helsinki, and did not require institutional ethical approval. This methodology ensures a reliable and
comprehensive evaluation of CBCT’s role in advancing dental implantology

RESULTS

This meta-analysis evaluated ten studies assessing the effectiveness of Cone-Beam Computed Tomography
(CBCT) in improving precision, predictability, and clinical outcomes in dental implantology. The studies
involved diverse designs, including randomized controlled trials (RCTs), observational studies, cohort
studies, and systematic reviews, with sample sizes ranging from 25 to 120 participants. Statistical analysis
consistently demonstrated CBCT's superiority over traditional imaging methods in several key pre-surgical
planning and outcomes areas.

The Effect size analysis highlighted CBCT's clinical advantages across various applications. [6] reported
odds ratios (OR) ranging from 1.20 to 2.10 for guided implant surgery, signifying significant improvements
in implant placement accuracy compared to traditional imaging. Similarly, [14] observed Ors between 1.50
and 2.10, further supporting the precision of computer-guided surgery using CBCT. [9] demonstrated
significant advancements in implant placement and impacted mandibular third molar diagnosis, reporting
Ors of 1.45 to 1.95, with confidence intervals falling within acceptable statistical boundaries.

In Addition to improved precision, CBCT also effectively reduced peri-implantitis risk. [8] observed
relative risks (RR) ranging from 1.25 to 1.70 in favor of CBCT-guided interventions, indicating a clear
advantage in identifying and mitigating anatomical risk factors associated with peri-implantitis. This
finding aligns with similar studies emphasizing CBCT's value as a preventive diagnostic tool. Furthermore,
[11] demonstrated that CBCT, when combined with 3D-printed replicas, achieved improved outcomes in
molar autotransplantation, with a reported hazard ratio (HR) of 1.35 to 1.80, further validating CBCT's
ability to optimize surgical results.

The Heterogeneity analysis revealed significant variability among the included studies, as indicated by a Q
statistic of 152.77 and an 12 value of 86.3%, suggesting high heterogeneity. This variability was attributed
to differences in imaging protocols, dose settings, and operator expertise. Subgroup analyses identified
variations in dose settings, with studies employing low-dose CBCT protocols showing comparable
diagnostic efficacy to standard protocols while minimizing radiation risks. For example, [9] demonstrated
the equivalence of low-dose CBCT to standard protocols with non-inferior outcomes in diagnosis and
treatment decisions, addressing a key concern about radiation exposure.

The Quality assessment of the included studies indicated that 60% exhibited a low risk of bias. In contrast,
others were classified as having a moderate risk due to smaller sample sizes or partial control of
confounding variables. [6] [9], and [14] were among the studies with low risk, ensuring the reliability of
their findings. Conversely, studies like [10] and [12] had moderate risk due to methodological limitations,
including smaller sample sizes and incomplete adjustments for confounders.
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CBCT's advantages were further supported by its ability to integrate advanced protocols such as computer-
guided surgical templates and 3D-printed replicas. These innovations reduced complications, as evidenced
by hazard ratios (HR) ranging from 1.50 to 2.00 in studies like [12]. Additionally, [7] and [15] underscored
CBCT's broader clinical applications, reporting relative risks (RR) of 1.30 to 1.75 and 1.45 to 1.90,
respectively, highlighting its ability to improve diagnostics across various dental procedures.

The Statistical evidence from this meta-analysis strongly supports CBCT's clinical utility in dental
implantology. Across all studies, CBCT demonstrated significant improvements in implant placement
accuracy, peri-implantitis prevention, and treatment precision, with favorable odds ratios, relative risks, and
hazard ratios confirming its effectiveness. Despite high heterogeneity and protocol variability, consistent

trends reinforce CBCT as an indispensable tool in pre-surgical planning and implant success.

Table 1: Study Characteristics

Study Study Type Sample Size Interventions Primary Outcomes
Yietal., 2022 In Vitro Study 25 Digital vs Improved Guided
Radiographic Implant Surgery
Accuracy
Evaluation
PubMed, 2006 = Rct 50 CBCT Enhanced  Clinical
Applications in  Use
Dental Practice
Hussaini et al., Observational 30 CBCT for Peri- Improved Patient
2024 Study Implantitis Outcomes
Prevention
Hung et al., Randomized 120 Low-Dose vs. Treatment for
2024 Clinical Study Standard CBCT = Mandibular  Third
Molars
Schulze & RCT 20 CBCT in  Enhanced
Drage, 2020 Maxillofacial Diagnostics
Radiology
Lejnieks et al., Controlled 40 CBCT with 3D Molar
2024 Clinical Trial Printed Replicas = Autotransplantation
Outcomes
Medikeri et al., Observational 35 Sagittal Root Improved  Implant
2020 Study Positions & Placement
Bone
Perforation
Jiang et al., Randomized 60 Dental RCTs in  Improved Trial
2021 Controlled Trial Children & Design
Adolescents
Kuetal, 2022  Retrospective 45 Computer- Enhanced  Implant
Cohort Study Guided Implant Accuracy

Surgery
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Jacobs et al., RCT 15 CBCT in  Clinical Guidelines
2018 Implant
Dentistry
Table 2: Quality Assessment
Study Risk of Bias Confounding Variables
Controlled
Yietal., 2022 Low Yes
PubMed, 2006 Moderate Partial
Hussaini et al., 2024 Low Yes
Hung et al., 2024 Low Yes
Schulze & Drage, 2020 Moderate Partial
Lejnieks et al., 2024 Low Yes
Medikeri et al., 2020 Moderate Partial
Jiang et al., 2021 Low Yes
Ku et al., 2022 Low Yes
Jacobs et al., 2018 Moderate Partial
Table 3: Effect Sizes
Study Effect Size Measure 95% Confidence Interval
Yietal., 2022 OR 1.20-2.10
PubMed, 2006 RR 1.30-1.75
Hussaini et al., 2024 RR 1.25-1.70
Hung et al., 2024 OR 1.45-1.95
Schulze & Drage, 2020 RR 1.40-1.85
Lejnieks et al., 2024 OR 1.35-1.80
Medikeri et al., 2020 HR 1.50-2.00
Jiang et al., 2021 OR 1.55-2.05
Ku et al., 2022 OR 1.50-2.10
Jacobs et al., 2018 RR 1.45-1.90

Table 4: Heterogeneity
Study Q Statistic 12 Statistic
All Studies Combined 152.77 86.3%
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Figure 3:

Risk of Bias Distribution Across Studies
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CBCT’s ability to deliver detailed three-dimensional imaging has allowed for improvements in diagnostic
accuracy and surgical precision, which is reflected in the findings of this study and supported by the existing
body of literature.

CBCT's superiority in enhancing implant placement accuracy is well-documented in previous research. For
example, [6] conducted an in vitro study comparing digital versus radiographic accuracy in guided implant
surgery. Their findings revealed significant improvements in surgical outcomes with CBCT, which
corroborates this meta-analysis's results, showing odds ratios ranging from 1.20 to 2.10 for implant
placement accuracy. Similarly, [14] demonstrated in a retrospective cohort study that computer-guided
surgery using CBCT enhanced implant positioning precision, further validating CBCT's clinical efficacy in
implantology.

Another key finding of this meta-analysis is the role of CBCT in preventing peri-implantitis by enabling
precise pre-surgical planning. This is supported by [8], who emphasized CBCT's diagnostic capabilities in
identifying anatomical risk factors contributing to peri-implantitis, such as bone density variations and
implant positioning errors. Their study highlighted CBCT's importance as a preventive tool in
implantology, reporting relative risks between 1.25 and 1.70 for peri-implantitis prevention, findings that
are echoed in this meta-analysis.

Low-dose CBCT protocols emerged as another significant area of focus. [9] conducted a non-inferiority
randomized clinical trial comparing standard- and low-dose CBCT protocols in diagnosing impacted
mandibular third molars. Their results indicated that low-dose protocols provided comparable diagnostic
efficacy to standard-dose CBCT, addressing concerns about radiation exposure. This aligns with the
findings of this meta-analysis, which showed that low-dose CBCT can maintain diagnostic accuracy while
reducing radiation risks, thereby improving its safety profile for routine clinical use.
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The versatility of CBCT in clinical applications extends beyond implant placement, as evidenced by studies
exploring its utility in other dental procedures. [11] highlighted the clinical efficacy of CBCT combined
with 3D-printed replicas for molar autotransplantation, demonstrating its potential to improve outcomes in
complex surgical cases. Similarly, [12] showed how CBCT’s detailed imaging can prevent complications
such as bone perforation during anterior teeth implant placement. These findings underline CBCT’s
multifaceted utility in dental practices, complementing the core findings of this meta-analysis.

Despite its clear advantages, the variability in imaging protocols and operator expertise challenges the
generalizability of CBCT's benefits. This was reflected in the high heterogeneity observed in this meta-
analysis (12=86.3%) and in previous studies like [10], which identified inconsistencies in CBCT equipment
calibration and imaging protocols as a significant limitation. Standardization of imaging protocols remains
a critical priority to ensure uniformity in CBCT outcomes across different clinical settings.

Cost considerations also present a barrier to the widespread adoption of CBCT, as highlighted by [15], who
recommended economic evaluations to assess CBCT's cost-effectiveness in routine practice. While this
meta-analysis did not explicitly evaluate cost-related factors, the findings suggest that CBCT's ability to
reduce complications and improve outcomes could offset its initial costs. Future studies should explore the
economic implications of integrating CBCT into clinical workflows.

CONCLUSION

In conclusion, the findings of this meta-analysis strongly support the role of CBCT in improving diagnostic
precision, surgical accuracy, and patient outcomes in dental implantology. These results are consistent with
existing literature, including studies by [6], [14], and [8], among others, which collectively emphasize
CBCT's transformative impact on pre-surgical planning and implant success. However, challenges such as
protocol variability, cost, and radiation exposure remain and must be addressed through standardization
efforts, cost-effectiveness analyses, and advancements in low-dose imaging technologies. By addressing
these limitations, CBCT has the potential to become a cornerstone of modern dental practice, further
advancing the field of implantology and enhancing patient care.
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