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ARTICLEINFO ABSTRACT

Background and aim: Artificial intelligence has garnered significant attention recently, and its application in
medicine and dentistry has been proposed. However, few studies have been done in the field of dental implants.
Investigating the factors affecting its accuracy is also very important. Therefore, the present study was conducted to
investigate the diagnostic accuracy of artificial intelligence in bone density in implant surgery.

Material and methods: The relevant published literature was gathered through a systematic search of four
electronic databases: Web of Science, Scopus, MEDLINE/PubMed, and Cochrane. The developed PICO question
served as the basis for the search terms. Only articles published in English within the previous five years (January
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Results: Artificial intelligence-guided implant surgery was 87% accurate (ES 0.87, 95% CI: -0.01, 1.75). According

to meta-regression, a higher bone density increased the risk of angular and implant apex deviations.
Conclusions: According to the present meta-analysis, the accuracy of the implant pattern designed with artificial
intelligence is high, and bone density is higher than the reasons that can lead to implant deviation.

1. Introduction

Digital technology could enable guided implant surgery, thereby
increasing implant insertion accuracy and reducing potential problems during
the procedure. This would make surgery easier for the patient to comprehend
and accept.lY! Based on previous studies, clinicians and patients have recently
preferred guided implant surgery over conventional methods. The reason for
this is higher accuracy and reduced operation time.?* Guided implant surgery
necessitates modifying conventional surgical techniques. Most dental
implants are still placed free-hand because of the additional preoperative
analysis required by the template design software program, as well as the time
clinicians must invest in learning its related functions. Artificial intelligence
(Al) has been developed to mimic human reasoning and carry out tasks such
as problem-solving, object recognition, and decision-making, which typically
require human intelligence.® © According to in vitro research, Self-learning
Al systems in dentistry can accurately identify caries, fractures, and root canal
orifices with remarkable results.” Al technology can automatically
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recognize the 3D contours of implant areas and create a database of situations
with different edentulous sites.'™® An implant template system that utilizes
artificial intelligence (Al) can alleviate clinicians of the burden of gathering
data and evaluating numerous medical images.'® Furthermore, even with
guided implant surgery, a nonuniform density distribution during the
osteotomy preparation procedures may increase the risk of drill shifting.!*!!
The accuracy and aesthetic results of maxillary anterior teeth implant
surgery using flapless guided technology were assessed in a study. According
to their findings, 19% of the implants were lingually positioned, and 70%
were labially positioned, resulting in a buccolingual direction deviation. This
finding suggested that bone density might influence the accuracy of guided
surgery.*2 Others have noted that the implant position (maxillary or
mandibular) does not significantly affect the accuracy of guided implants.
These studies' research objectives, dentition defects, and guided surgery
protocols may result in differing conclusions. It is essential to remove the
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inherent error factors of surgical templates and investigate how density affects
errors in guided implant surgery in clinical applications.'® The purpose of the
present study was to evaluate the diagnostic accuracy of artificial intelligence
in bone density in implant surgery.

2. Material and methods

In the current study, the Preferred Reporting ltems for Systematic
Reviews and Meta-Analyses (PRISMA) guide was used to systematize and
compile the research.l'!

Inclusion and exclusion criteria
Table 1 lists all of the inclusion and exclusion criteria in detail.

Table 1. Selection criteria.

Inclusion Criteria

Exclusion Criteria

English language.

Articles published between January 2019 and February
2025.

Participants with missing teeth.

were excluded.

Artificial intelligence-guided implant surgery.

Articles published in languages other than English
All study types except randomized clinical trials, in-vitro studies, and cohort studies

artificial intelligence tools in the identification of other dental/oral structures.

Studies for which only abstracts are available, studies that deal with methods other
than artificial intelligence, and artificial intelligence tools under testing.

Exposure and outcome

In the current study, the exposure was bone density in implant surgery
using an artificial intelligence tool. The outcome was the accuracy of
identification. The focused PICO (Population (P), Intervention (1),
Comparison (C), and Outcome (O)) question for the present study was “What
is the accuracy (outcome) of artificial intelligence tools (Intervention) in
detecting bone density in implant surgery in Participants with missing teeth
(Participant/population)?”

Information sources and search strategy
The relevant published literature was gathered through a systematic
search of four electronic databases: Web of Science, Scopus,

MEDLINE/PubMed, and Cochrane. The developed PICO question served as
the basis for the search terms. Only articles published in English within the
previous five years (January 2019 and February 2025) were included in the
search. Animal studies were excluded from the analysis. Table 2 provides
specifics regarding the search approach. Based on the database's
requirements, a few minor adjustments were made to the search strings. The
bibliographies of chosen studies and other review articles were manually
reviewed after searching the grey literature to ensure no pertinent articles were
overlooked.

Strategy and search terms for the electronic databases

Table 2. The approach and keywords for international databases.

Database

Search Terms and Strategy

MEDLINE (PubMed)

Scopus

Web of Science

Cochrane

(((((((((("Dental Implants"[Mesh]) OR "Dental Prosthesis“[Mesh]) OR "Dental Implantation“[Mesh]) OR
( "Oral Surgical Procedures'[Mesh] OR  "Surgery, Oral"[Mesh] )) AND ( "Surgery, Computer-
Assisted"[Mesh] OR "Image Processing, Computer-Assisted"[Mesh] OR "Diagnosis, Computer-
Assisted"[Mesh] OR "Radiographic Image Interpretation, Computer-Assisted"[Mesh] OR "Computer-
Aided Design"[Mesh] OR  "Cone-Beam Computed Tomography“[Mesh] )) AND "Atrtificial
Intelligence"[Mesh]) OR "Machine Learning"[Mesh]) OR "Predictive Learning Models"[Mesh]) AND
"Data Accuracy"[Mesh]) OR "Sensitivity and Specificity"[Mesh]) AND "Humans"[Mesh].

("Dental Implants" OR "Dental Prosthesis" OR "Dental Implantation" OR ("Oral Surgical Procedures" OR
"Surgery, Oral) AND ( "Surgery, Computer-Assisted” OR "Image Processing, Computer-Assisted” OR
"Diagnosis, Computer-Assisted” OR "Radiographic Image Interpretation, Computer-Assisted” OR
"Computer-Aided Design" OR "Cone-Beam Computed Tomography") AND (“Artificial Intelligence" OR
"Machine Learning" OR "Predictive Learning Models") AND ("Data Accuracy” OR "Sensitivity and
Specificity") AND ("Humans" OR "missing teeth™).

#1 (population)

‘dental implantation’ OR ‘dental implants” OR ‘bone density’ OR ‘implant surgery’
#2 (intervention)

‘artificial intelligence’ OR ‘machine learning’

#3 (outcome)

‘sensitivity and specificity’ OR ‘Accuracy’ OR ‘sensitivity’ OR ‘specificity’

#1 MeSH descriptor: [Dental Implants]

#2 Implant surgery

#3 Bone density

#4 MeSH descriptor: [Artificial Intelligence]

#5 MeSH descriptor: [Machine Learning]

#6 Deep learning

#7 MeSH descriptor: [Sensitivity and Specificity]
#8 Accuracy

#9 Sensitivity

#10 Specificity

#1 OR #2 OR #3 AND #4 OR #5 OR #6 AND #7 OR #8 OR #9 OR #10
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Selection, data collection, screening and data extraction

After two blind, independent researchers examined the data from the
chosen studies, a third researcher provided a summary. The research team
utilized a pre-made form to gather the data, which contained sections such as
the first author's name, the year of publication, the study design, the number
of patients, participant characteristics, Surgical templates, and data.

Quiality assessment, statistical heterogeneity, and data analysis

The bias of the prediction models is assessed using the PROBAST
(Prediction Model Risk of Bias Assessment Tool).*) PROBAST comprises
four domains: participants, predictors, outcomes, and assessment. Based on
how each PROBAST checklist item was answered, each domain was assigned
arisk of bias rating (high, low, or unclear). I and the chi-square test ( x 2) are
used to assess study heterogeneity. Four levels of 12 heterogeneity were
examined: low (< 25%), moderate (25-50%), substantial (50-75%), and
considerable (= 75%). The accuracy of Al was used as an effect size in a
fixed-effects model and inverse-variance methods, with 95% confidence
intervals (ClI). A significance of less than 0.05 was considered. All data
analysis was performed using Stata.v18 software.

3. Results
Identification and screening

The databases were searched electronically, and 312 results were shown.
The titles of 312 articles were examined, and their eligibility was verified
using inclusion and exclusion criteria after 61 articles were eliminated as
duplicates. A total of 198 articles were carefully reviewed by two independent
blind authors based on the inclusion and exclusion criteria. One hundred
thirteen articles were not eligible to be included in the study and were
excluded at this stage. For full-text review, 85 articles were chosen. Irrelevant
studies, incomplete data, and the lack of artificial intelligence utilization in
implant planning were excluded at this stage. Ultimately, eleven articles were
included in the study. Upon manually searching the bibliographies of the
chosen studies and other review articles, no pertinent articles that satisfied the
selection criteria were discovered. (Fig. 1).

Study characteristics

Table 3 displays the characteristics of the studies. Five thousand three
hundred seventy-one implant images were selected for analysis, and surgical
fully guided templates were designed by using an Al implant planning
software program.

Quiality assessment of included studies
As shown in Table 4, all studies were of high quality (low risk of bias).

[ Identification of studies via databases and registers ]
Records identified Records removed before the screening:

S (n=312)
= »| Duplicate records (n = 61)
2 Records marked as ineligible by automation
s l tools (n = 21)
é Other reasons (n = 32)
= Records screened

(n=198)

>
Records excluded
¢ (n=113)

o Reports _sought for
= re(tr:'%?l' > Reports not retrieved
§ (n=0)
[&]
n

Full text Reports_e>7<£clluded

(n =85) (n=74)
3
=) v
= Included studies
= (n=11)

Fig. 1. PRISMA 2020 Checklist.
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Table 3. Study characteristics and method of the included studies.

No. Study. Years Study Design Sample Size Participants Surgical Templates Data
1 Chen et al., 202401 In vitro 10 Missing mandibular left first Al implant planning software 3-dimensional printing
molars program
2 Yang et al., 2023161 Retrospective 1366 Patients under implants Al |mp|antp;::)e;r1rg:]:g software 2-dimensional printing
3 Moufti et al., 2023017 Retrospective 43 edentulpus mandlbula}r bone Al implant _plannlng (CNN CBCT
for implant planning architecture)
Vinayahalingam et al., . . . Al implant planning (CNN
4 2023081 Retrospective 1750 Patients under implants architecture) casts scans
Oliveira-Santos et al., . . . Al implant planning (CNN
5 202311 Retrospective 27 Patients under implants architecture) CBCT
. . . . . Al implant planning (CNN
120
6 Jindanil et al., 2023 Retrospective 200 Patients under implants architecture) CBCT
7 Sakai et al., 202321 Retrospective 60 Patients under implants CBCT
8 Lyakhov et al., 2022[? Case-control 1626 Patients under implants Al implant plannlng (CNN 3-dimensional printing
architecture)
patients who had a CBCT
examination performed
9 Alsomali et al., 2022131 Retrospective 34 wearing a radiographic stent Al implant planning (R-CNN) CBCT
for implant treatment
planning.
Roongruangsilp et al., . . . Al implant planning (R-CNN
10 2021124 Retrospective 184 Patients under implants algorithm) CBCT
Kurt Bayrakdar et al., . . . Al implant planning (CNN
11 20211251 Retrospective 75 Patients under implants architecture) CBCT

Table 4. Bias assessments of included studies according to PROBAST.

Risk of Bias
Study. Years Overall
Participants Predictors Outcomes Assessment

Chen et al., 202427 * * * * low
Yang et al., 2023061 * * * * low
Moufti et al., 20231 * * * * low
Vinayahalingam et al., 2023181 * * * * low
Oliveira-Santos et al., 20230°! * * * * low
Jindanil et al., 20232 * * * * low
Sakai et al., 2023124 Y * * * low
Lyakhov et al., 20222 * * * * low
Alsomali et al., 202213 * * * * low
Roongruangsilp et al., 2021 * * * * low
Kurt Bayrakdar et al., 2021125 * * * * low

Black stars (%) to signify that a study satisfactorily meets a specific criterion.
White stars (%) indicate that a criterion is not met.

Accuracy of artificial intelligence-guided implant surgery

The accuracy of artificial intelligence-guided implant surgery was 87%

implant template was high (Fig. 2). The I? statistic was 0% (p = 1.00),

(ES 0.87 95% CI; -0.01, 1.75); the accuracy of the Al-assisted designed

indicating low heterogeneity (Fig. 2 and 3).
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accuracy of artificial intelligence  Weight

Study with 95% CI (%)
Chen et al., 2024 —— 0.91[-1.32, 3.14] 15.38
Yang et al., 2023 —B— 0.89[-1.42, 3.20] 14.36
Moufti et al., 2023 i 0.78 [ -2.96, 4.52] 5.48
Vinayahalingam et al., 2023 —B— 0.80[-1.61, 3.21] 13.21
Oliveira-Santos et al., 2023 L 0.90 [ -2.55, 4.35] 6.45
Jindanil et al., 2023 L 0.79 [ -2.01, 3.59] 9.78
Sakai et al., 2023 L 0.91[-2.95, 4.77] 5.15
Lyakhov et al., 2022 i 0.91[-2.81, 4.63] 5.54
Alsomali et al., 2022 i 0.90[-2.33, 4.13] 7.34
Roongruangsilp et al., 2021 i 0.93[-2.26, 4.12] 7.52
Kurt Bayrakdar et al., 2021 L 0.86 [ -1.94, 3.66] 9.78
Overall - 0.87[-0.01, 1.75]
Heterogeneity: I = 0.00%, H” = 1.00
Test of 6, = 6;: Q(10) = 0.01, p = 1.00
Testof 6=0:z=1.94,p=0.05

5 0 5

Fixed-effects inverse-variance model

Fig. 2. A forest plot showed the accuracy of artificial intelligence-guided implant surgery.
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Fig. 3. The Galbraith plot showed low heterogeneity among the selected studies.

Bone density Publication bias
According to meta-regression, in guided implant surgery, a higher bone The funnel plot showed a proportional distribution of studies, with those
density increased the risk of angular and implant apex deviations (Table 5). on the line, allowing for visible symmetry. The result of Egger's regression

test also showed a non-significant p-value for bias (p>0.01). (Fig. 4).
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Table 5. Meta-regression.

Meta_es Coefficient Standard Error z P>|z|
Higher Bone Apical .66 9.58 0.07 0.09
Density Angular Deviations -30 5.7 -0.05 0.04
Funnel plot
o 4
LQ -
S
5
°
[
©
=
8
»n
w0 |
A
T T T T T
4 -2 0 2 4
accuracy of artificial intelligence
Pseudo 95% CI @ Studies
Estimated 6y
Fig. 4. Funnel plot of standard error by standard effect size.
4. Discussion position and bone density of the implant area by incorporating bone density

Diagnostic procedures are an essential component of dental practice. The
first step to a successful and individualized course of treatment is a precise
diagnosis and the identification of anatomic structures.’?? In the field of oral
implant rehabilitation, it is crucial to place the implant away from neural
structures to prevent intraoperative and postoperative complications.?”]
According to the findings of the present study and the selected studies,
implant surgery is highly accurate when performed with the aid of artificial
intelligence. Additionally, meta-regression analysis revealed a direct
relationship between the bone density of the implant area and the accuracy of
implant surgery, indicating that higher bone density is associated with greater
apex and angular deviation of the implant. Studies have shown that more
deviations can occur in patients with higher bone density, which increases the
lateral vibration of the mold during implant surgery.™% 28291 According to the
findings of a study, more bone density leads to an increase in the possibility
of pattern rotation.” The detection model and deep learning algorithm played
a significant role in the success of Al-assisted guided implant surgery. By
identifying the reference points, the detection model can automatically
determine the anatomy of the implant region. The software application can
identify the optimal implant location in conjunction with the deep learning
algorithm. Clinically acceptable deviations were found in the Al-assisted
implant surgical template, according to systematic reviews and meta-
analyses.l?” 3321 A] systems have reportedly been able to precisely identify
bone density from imaging data in recent years, which can aid in the diagnosis
of osteoporosis.*3 Future research can assess whether the Al-assisted implant
planning software program can synchronously analyze the ideal implant

measurement into the algorithm. This will help further optimize the Al
software program. Once it has detected the high bone density, the Al software
can advise physicians to use anchor micro-screws or add more supporting
teeth to stabilize the surgical template.

5. Conclusion

Based on the findings of the present study, the use of artificial intelligence
in implant planning is highly accurate. However, further studies are needed to
confirm the evidence, as the number of articles is limited, and the study
designs vary. Therefore, to confirm the evidence, it is necessary to conduct
studies with a clinical and cohort design to provide stronger results.
Additionally, meta-regression revealed that in guided implant surgery, bone
density should be closely monitored, as higher bone density can lead to
angular deviation of the implant and its apex. Therefore, in guided implant
surgery, bone density can affect the accuracy of artificial intelligence.
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