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ABSTRACT

Purpose: Bone grafts can be challenging to assess on cone-beam computed tomography (CBCT) examinations
due to their discreet appearance and the potential introduction of metallic artifacts from implant screws. This study
aimed to evaluate the effect of CBCT milliamperage (mA) on detecting bone graft dehiscence adjacent to titanium (Ti)
and zirconia (Zr) implants.

Materials and Methods: Twenty Ti and 20 Zr implants were installed in bovine rib blocks. Gaps of at least 2 mm
were created between the implant and the bone and filled with particulate autogenous bone grafts. In half of the
blocks, the gap was completely filled, while in the other half, the grafting material was removed up to the third
implant thread. CBCT images were acquired at 4, 6.3, and 10 mA and evaluated by 5 observers to detect bone graft
dehiscence. The area under the receiver operating characteristic curve, accuracy, sensitivity, and specificity were
calculated. These values were then compared across various dental implant materials and mA levels using 2-way
analysis of variance with a significance level of 5%.

Results: No statistically significant differences were observed in the diagnostic values for bone graft dehiscence
between implant types (P>>0.05) or mA settings (P>0.05).

Conclusion: Although a protocol with lower radiation exposure (that is, lower mA) could be employed, the use of
CBCT for evaluating bone graft dehiscence adjacent to different types of dental implants should be approached with

caution. (Imaging Sci Dent 2025; 55: 48-55)
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Introduction

Installing a dental implant immediately after tooth ex-
traction significantly reduces the number of surgical inter-
ventions and treatment time.'” With a success rate of about
98% after 1 year, this procedure is highly effective.> How-
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ever, immediate implant placement poses a risk of bone tis-
sue loss and reduction in bone crest size.”* For minimizing
peri-implant bone resorption and maintaining bone struc-
ture, autogenous grafts are considered the optimal solution
due to their capacity to promote bone growth and establish
an immunological bone structure akin to the recipient bed.’
Therefore, for superior hard tissue preservation, the use of
bone grafts during immediate implant placement in alveo-
lar spaces is highly recommended.’

In the absence of clinical concerns or symptoms, peri-
apical radiographs are frequently used as the imaging mo-
dality of choice for the postoperative assessment of dental
implants.”® However, due to their 2-dimensional nature,
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peri-implant bone loss and specific structures may not be
visible on these radiographs?’11 Three-dimensional imag-
ing modalities, such as cone-beam computed tomography
(CBCT), offer better visualization through high-resolution
images of the bone tissue in the peri-implant region.”'*"
CBCT can also diagnose peri-implant defects with sub-mil-
limeter precision.” However, the presence of the implant
generates metallic artifacts on CBCT.'®

CBCT images may accurately and effectively display
peri-implant deficiencies in the buccolingual plane.'"'*
This imaging modality can reveal dehiscence and fenes-
trations affecting the cortical bone around the implant."
However, the use of CBCT to assess particulate bone grafts
used in the immediate implant technique is challenging, as
these grafts appear as sparse high-density granules. Never-
theless, CBCT remains an essential tool for determining the
success of implant treatment by confirming the filling of
the spaces between bone tissue and the implant.'” Notably,
previous studies have not evaluated the accuracy of CBCT
in assessing bone grafts near dental implants.

The aim of this study was to evaluate the effect of CBCT
milliamperage (mA) on the detection of bone graft dehis-
cence around titanium and zirconia implants. The null hy-
pothesis was that the type of implant and the mA level do
not affect bone graft dehiscence detection adjacent to den-
tal implants.
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Materials and Methods

The study adheres to the standards published by the Na-
tional Council for the Control of Animal Experimentation
(CONCEA) and was approved by the Ethics Committee
for Animal Research of the Federal University of Alfenas
under protocol number 0018/2022 (CEUA: 3641cc56e4b-
f17852287b1fdbad7alel).

The sample consisted of 40 bone blocks with approx-
imate dimensions of 4 cm X4 cm X 2 cm, obtained from
fresh bovine ribs."®"® Only blocks with an appropriate
thickness for simulating the gap around the implant and a
balanced ratio of cortical and trabecular bone tissue were
included (Fig. 1A).

A @8-mm trephine bur (WF Cirtirgicos Ltda., Sdo
Paulo, SP, Brazil) was used to drill a bone defect with
a depth of 5 mm, ensuring at least a 2-mm gap between
the implant and the bone block on all faces (Fig. 1B). For
autogenous bone graft collection, a trephine drill was em-
ployed to extract bone from the bovine rib (Fig. 1C).

For 20 of the bone blocks, in the center of the bone de-
fect (Fig. 1D), a titanium implant (Neodent CM Drive Ac-
qua; Neodent, Curitiba, PR, Brazil) measuring 3.5 mm in
diameter by 10 mm in length was inserted (Fig. 1E) by an
experienced specialist in implantodontics. For the remain-
ing 20 blocks, a zirconia implant (Neodent Zirconia; Neo-
dent) measuring 3.75 mm in diameter by 10 mm in length

Fig. 1. A. Bone blocks obtained from fresh bovine ribs, sectioned to approximate dimensions of 4 cm X4 cm X2 cm. B. A @8-mm trephine
bur (WF Cirtrgicos Ltda., Sdo Paulo, SP, Brazil) used to drill a bone defect 5 mm deep. C. A collector trephine bur employed to harvest
bone tissue for bone graft simulation. D. A bone block after preparation for implant installation, with a gap between the cortical bone and
the implant’s planned position in the center of the defect. E. A titanium implant (Neodent CM Drive Acqua; Neodent, Curitiba, PR, Brazil)
measuring 3.5 mm in diameter and 10 mm in length placed on a bone block. F. A zirconia implant (Neodent Zirconia; Neodent) measuring
3.75 mm in diameter and 10 mm in length placed on a bone block.
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Fig. 2. A. Bone block with a titanium implant, with the gap between the implant and the cortical bone completely filled with bone graft.
B. The arrow indicates the simulation of bone graft dehiscence; the bone graft was removed up to the third implant thread. C. Bone block
placed individually in a plastic container and covered with ballistic gelatin to simulate soft tissue. D. Bone block with a zirconia implant,
with the gap between the implant and the cortical bone completely filled with bone graft. E. Arrow indicates the simulation of bone graft
dehiscence; the bone graft was removed up to the third implant thread. F. Bone block placed individually in a plastic container and covered
with ballistic gelatin to simulate soft tissue.

was inserted into the center of the defect (Fig. 1F). The
process was performed using an implant motor (NSK Sur-
gic Pro; NSK Ltd., Kanuma, Tochigi, Japan) and a surgical
contra-angle handpiece (Ti-Max X-SG20L; NSK Ltd.). Im-
plant placement was carried out according to the manufac-
turers’ specifications.

The acquired bone graft material was carefully posi-
tioned around the implant site to fill the entire gap (Figs.
2A and D). To establish a bone defect, the autogenous bone
graft material was removed from the vestibular area of 10
titanium implants and 10 zirconia implants up to the third
thread (Figs. 2B and E).

The prepared bone blocks were placed individually in
plastic containers and covered with ballistic gelatin to sim-
ulate soft tissue (Figs. 2C and F). The ballistic gelatin was
prepared using 48 g of colorless gelatin (Royal; Hypera
Pharma, Jundiai, SP, Brazil), 200 mL of distilled glycerin
(Razzo; Razzo Ltda., Sdo Paulo, SP, Brazil), and 500 mL
of water.” The ballistic gelatin surrounded the bone blocks
with the implants installed and was kept refrigerated until
image acquisition.

CBCT images of the specimens were acquired using
an OP300 system (Instrumentarium Dental, Tuusula, Fin-
land) following a fixed protocol with a kilovoltage (kV)
of 90 kV, a field of view (FOV) of 6 cm X4 cm, a voxel
size of 0.133 mm, and 3 different mA levels (4, 6.3, and
10 mA), resulting in a total of 120 volumes. To ensure
consistent positioning of the specimens across all acqui-

sitions, a polystyrene platform and a permanent marker
were used, and reference lights were employed to stan-
dardize the placement of the bone blocks in the center of
the FOV. Images were acquired for all implant groups, for
both the gaps filled with bone graft and those with bone
graft removed up to the implant’s third thread (Fig. 3).

Images were exported from the acquisition software in
Digital Imaging and Communications in Medicine (DI-
COM) format. Five evaluators (4 oral radiologists and 1
experienced specialist in implantodontics), each with a
minimum of 5 years of experience in CBCT image evalu-
ation, underwent a comprehensive training session during
which the condition being assessed (peri-implant bone graft
dehiscence) was explained. Evaluation sessions were held
in a controlled environment with reduced ambient lighting
conducive to CBCT image assessment. The evaluators used
high-performance monitors (MDRC-2222; Barco, Kortrijk,
Belgium) and OnDemand 3D version 1.0 (Cybermed Inc.,
Seoul, Korea). The original volumes of each exam were
available, allowing the evaluators to perform a dynamic
assessment through axial, coronal, sagittal, and cross-sec-
tional reconstructions. The slice thickness was set to the
minimum, corresponding to the voxel size (0.133 mm).

For each exam, the evaluators were required to dynam-
ically assess the volume (i.e., scroll through the slices),
adjust the window/level if necessary, and assign a score
for the presence of bone graft dehiscence according to a
5-point scale, described as follows: 1, certainly no bone
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Fig. 3. Images acquired at 4 mA (A),
6.3mA (B), and 10 mA (C). In the rows,
sagittal and axial views compare control
and bone graft dehiscence conditions
within the same implant type (titanium
or zirconia). In the columns, these con-
ditions are compared between implant
types. Arrows indicate areas of bone
graft dehiscence.
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Fig. 4. Frequencies of scores, shown as percentages, across different implant materials and mA levels.

Table 1. Area under the receiver operating characteristic curve (AUC), accuracy, sensitivity, and specificity for detecting the presence of
bone graft around titanium and zirconia implants at different milliamperage (mA) levels

Titanium Zirconia
4mA 6.3 mA 10 mA 4mA 6.3mA 10 mA
AUC 0.78+£0.06 0.75£0.12 0.65+0.16 0.73+£0.07 0.85+0.07 0.70£0.11
Accuracy 0.67£0.10 0.65+0.14 0.63+0.14 0.71£0.04 0.69+0.10 0.62+0.08
Sensitivity 0.72+0.16 0.70£0.12 0.56+0.23 0.84+0.13 0.78+0.24 0.60£0.12
Specificity 0.62+0.33 0.60+£0.38 0.70£0.26 0.58+0.16 0.60+£0.20 0.64+£0.11

graft dehiscence; 2, probably no bone graft dehiscence; 3,
uncertain; 4, probably bone graft dehiscence; and 5, cer-
tainly bone graft dehiscence. The evaluators were instruct-
ed to assess 20 CBCT volumes per day to avoid visual fa-
tigue and potential bias related to sample memorization. To
assess the reproducibility of the image evaluation method,
25% of the sample was reevaluated after 30 days under the
same conditions.

All data were analyzed using SPSS version 25.0 (IBM
Corp., Armonk, NY, USA) and GraphPad Prism version
8 (GraphPad Software, San Diego, CA, USA). Intra-ob-
server and inter-observer agreement were evaluated using
the weighted kappa test for diagnostic evaluation. The fre-
quency of each score was recorded based on the implant
type and mA level and descriptively analyzed. Based on
the 5-point scale evaluation, the area under the receiver op-
erating characteristic curve (AUC) was calculated for the
different mA and implant types. Additionally, diagnostic
accuracy, sensitivity, and specificity values were calculated
after data dichotomization, considering scores 1,2, and 3 as
indicating the absence of bone graft dehiscence and scores

4 and 5 as denoting its presence. These values were also
calculated for the various mA levels and implant types. The
diagnostic values were expressed as the mean and standard
deviation (SD) among the evaluators for each condition -
mA and implant type - and were compared using 2-way
analysis of variance with a significance level of 5%.

Results

The mean intra-observer agreement was 0.726 (SD,
0.078; range, 0.600-0.792), indicating substantial agree-
ment, while the mean inter-observer agreement was 0.193
(SD, 0.167; range, 0.082-0.662), indicating slight agree-
ment.”'** In the evaluation of titanjum implants, the score
of 3 (uncertain) was relatively infrequent, occurring in 3%
to 8% of cases across the different mA values. This implies
that the evaluators were generally certain in their assess-
ments. In comparison, the assessments of zirconia implants
displayed higher frequencies of scores 2, 3, and 4 (probably
no bone graft dehiscence, uncertain, and probably bone
graft dehiscence, respectively). These ranged from 13% to



Table 2. Sum of sensitivity and specificity for titanium and zirco-
nia implants at different milliamperage (mA) levels

Implant material 4mA 6.3mA 10mA
Titanium 1.34 1.30 1.26
Zirconia 1.42 1.36 1.24

43%, suggesting greater uncertainty in the evaluations (Fig.
4).

Regarding the diagnosis of bone graft dehiscence, the
AUC results indicated no statistically significant differen-
ces between implant types or mA levels (P>0.05) (Table
1). According to the evaluation scale developed by Hosmer
et al. (2013),” all identified AUC values were within the
acceptable range for diagnostic performance.

Similarly, no significant differences were observed in
accuracy, sensitivity, or specificity (P> 0.05, Table 1).
According to Power et al..” an examination must have a
combined sensitivity and specificity of at least 1.5 to accu-
rately predict the presence or absence of a disease. For both
titanium and zirconia implants, all tests conducted at the
different mA levels resulted in a combined sensitivity and
specificity of less than 1.5 (Table 2), indicating that CBCT
imaging does not achieve the desired diagnostic perfor-
mance in assessing the presence or absence of bone graft
dehiscence.

Discussion

The present study investigated the influence of different
mA settings in CBCT exams on the detection of bone graft
dehiscence around zirconia and titanium implants. The
results did not display significant differences in detecting
bone graft dehiscence, thus supporting the null hypothesis.
Nevertheless, caution should be exercised when evaluating
CBCT images for these diagnostic purposes, as the diag-
nostic values were somewhat low. Further research on den-
tal implants and imaging exams is encouraged to advance
diagnosis and treatment.

Initially, concerns were raised that zirconia implants
might impede the identification of bone graft dehiscence,
due to their higher atomic number relative to titanium and
their greater potential to generate image artifacts. However,
the results suggest no significant differences in detecting
bone graft dehiscence around titanium or zirconia implants.
These findings are consistent with those of Fontenele et
al.,”> who evaluated the detection of peri-implant dehis-
cence in titanium-zirconia and zirconia implants using
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CBCT images and found no significant differences be-
tween the implant types.

The use of a higher mA level improves image quality by
reducing noise; however, the present results did not indi-
cate significant differences among the mA settings used.
Considering the correlation between mA and patient dose,
this research suggests that it is possible to lower mA when
evaluating bone grafts around titanium and zirconia im-
plants without compromising diagnostic image quality.
Pauwels et al.”® investigated the impact of mA reduction
on image quality with various CBCT devices to determine
minimally acceptable values, employing a polymethyl
methacrylate and an anthropomorphic skull phantom. This
research revealed that mA can be reduced to lower patient
dose with minimal impact on image quality, a promising
finding that aligns with our results.

Although CBCT device manufacturers define image ac-
quisition protocols, decreasing mA and limiting radiation
exposure did not appear to substantially impact diagnostic
accuracy. Nevertheless, other acquisition and reconstruc-
tion parameters influence image quality and radiation dose,
which could affect diagnostic performance. Thus, it is rea-
sonable to propose the existence of an exposure threshold,
beyond which substantial differences between titanium and
zirconia implants may emerge. In this context, Chang et
al.”’” conducted a study to identify xenogenous bone graft
dehiscence around different implant types using CBCT
images with metal artifact reduction algorithms. Using the
OP300 device (as in the present study), they observed low-
er diagnostic values for zirconia implants compared to ti-
tanium without the algorithm, whereas with the algorithm,
no significant difference was found between these types.

Although reducing mA can lower patient radiation ex-
posure, the present results showed only slight to moderate
inter-observer agreement, suggesting that the diagnostic
task is challenging. This contrasts with Pauwels et al.,*®
who demonstrated that minimally acceptable mA settings
can effectively achieve high inter-observer agreement
when evaluating anatomical structures in phantoms. Nev-
ertheless, the differences in the inter-rater agreement likely
relate to the nature of the task, as detecting well-defined
anatomical structures is easier than detecting sparse graft
material, especially in the presence of image artifacts. This
complexity is reflected in the observed agreement values,
which ranged from slight (0.01-0.20) to moderate (0.41-
0.60) agreement. Notably, these values were calculated
using the weighted kappa statistic, which can vary between
—1 and +1; a positive value indicates that the observed
agreement is greater than expected by chance® and thus re-
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liable.

In this study, substantial intra-observer agreement was
observed. This supports the reliability of the raters’ analy-
ses, as they remained consistent upon reanalysis of the im-
aging exams. Other studies in the literature have reported
high intra-observer agreement in assessing bone grafts, as
demonstrated by Parsa et al.,” who similarly evaluated the
accuracy of CBCT in detecting bone grafts in an ex vivo
study, and by Umanjec-Korac et al.,”” who assessed the
detection of simulated autogenous bone graft resorption in
the maxillary sinus using CBCT.

This ex vivo study has inherent limitations in its design.
Importantly, the methodology employed is the only eth-
ically acceptable way to assess peri-implant dehiscence
and factors such as implant material and mA level using
repeated CBCT scans, as it would be unethical to expose a
patient to repeated imaging acquisitions. Bovine ribs were
used to simulate the anatomy of the human mandible in
CBCT images due to their structural similarity, as demon-
strated in research by Dave et al.”’ Autogenous bone grafts
were also used, sourced from the same bovine ribs. How-
ever, the tomographic density of these bone grafts makes
them challenging to visualize, as evidenced by the low in-
ter-observer agreement. These obstacles are consistent with
prior findings in the literature; for instance, Fienitz et al.”
assessed the accuracy of CBCT in evaluating peri-implant
bone defect regeneration after bone grafting and found dif-
ficulties in distinguishing between the bone graft and native
bone. In contrast, our results differ from those of Bucchi et
al.,”> who did not encounter problems in detecting synthet-
ic bone grafts throughout the healing process. However,
synthetic bone grafts appear to have higher tomographic
density, which could make them easier to detect compared
to native bone grafts. Therefore, these limitations should be
considered when interpreting and generalizing the conclu-
sions of this study.

The present study aimed to improve the clinical signifi-
cance of CBCT by applying the ALADA (“as low as diag-
nostically achievable™) principle.” The use of low mA val-
ues meaningfully reduces patients’ radiation exposure with-
out compromising diagnostic quality. Minimizing radiation
exposure during the diagnostic process prioritizes patient
well-being by mitigating the risks associated with exces-
sive ionizing radiation. However, bone grafts near implants
can be difficult to visualize due to their discreet appearance
and imaging artifacts caused by the high density of titani-
um and zirconia. In accordance with radiation protection
guidelines, this study supports the use of CBCT protocols
with low mA settings to assess bone grafts around dental

implants, provided that the images are analyzed with cau-
tion.

In conclusion, low-mA CBCT protocols can be used to
assess bone graft dehiscence near titanium and zirconia im-
plants. However, caution is warranted when using CBCT to
evaluate bone graft dehiscence adjacent to different implant
types due to factors such as imaging artifacts caused by the
implants, which can lead to misdiagnosis.

Conflicts of Interest: None
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