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ABSTRACT

Purpose: The aim of this study was to assess the influence of kilovoltage- peak (kVp) and the metal artifact reduction
(MAR) tool on the detection of buccal and lingual peri-implant dehiscence in the presence of titanium-zirconia (Ti-Zr)
and zirconia (Zr) implants in cone-beam computed tomography (CBCT) images.

Materials and Methods: Twenty implant sites were created in the posterior region of human mandibles, including
control sites (without dehiscence) and experimental sites (with dehiscence). Individually, a Ti-Zr or Zr implant was
placed in each implant site. CBCT scans were performed using a Picasso Trio device, with variation in the kVp setting
(70 or 90 kVp) and whether the MAR tool was used. Three oral radiologists scored the detection of dehiscence using
a 5-point scale. The area under the receiver operating characteristic (ROC) curve, sensitivity, and specificity were
calculated and compared by multi-way analysis of variance (a.=0.05).

Results: The kVp, cortical plate involved (buccal or lingual cortices), and MAR did not influence any diagnostic values
(P>0.05). The material of the implant did not influence the ROC curve values (P>0.05). In contrast, the sensitivity
and specificity were statistically significantly influenced by the implant material (P <0.05) with Zr implants showing
higher sensitivity values and lower specificity values than Ti-Zr implants.

Conclusion: The detection of peri-implant dehiscence was not influenced by kVp, use of the MAR tool, or the cortical
plate. Greater sensitivity and lower specificity were shown for the detection of peri-implant dehiscence in the presence

of a Zr implant. (Imaging Sci Dent 2022; 52: 267-73)
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Introduction

The success of oral rehabilitation of partially or totally
edentulous patients by titanium dental implant placement is
well established in the literature.'"> However, patients with
a thinner mucosal biotype may present negative aesthetic
results, given the gray color of this type of implant material.
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In these cases, zirconia (Zr) dental implants are advanta-
geous, advantages, as Zr is a metal-free, ceramic material
that is biocompatible and has high resistance to flexion and
hardness.” Regardless of the type of implant material, im-
plants are susceptible to bone loss, and bone loss affecting
the alveolar process around an implant at the cervical level
is known as peri-implant dehiscence.” Several factors may
influence the development of this inflammatory clinical
condition, such as the thinness or thickness of bone and
gingival tissues, accumulation of inflammatory biofilm, un-
favorable anatomical conditions, inadequate implant place-
ment, and an excessive load.'*?

The early diagnosis of peri-implant bone defects is one
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of the most important factors that affect the prognosis and
longevity of dental implants, as the progression of dehis-
cence defects may lead to gingival recession, bone loss, and
consequently, dental implant failure."*” Periapical radio-
graphy is a recommended imaging modality for evaluation
and follow-up after dental implant placement.® However,
periapical radiographs should not be requested to detect
bone loss in the buccal and/or lingual cortical bone around
a dental implant due to the inherent limitations of 2-dimen-
sional images, such as the superimposition of anatomical
structures and inability to depict the buccal-lingual level of
bone tissues around the implant.7 According to the current
guidelines, cone-beam computed tomography (CBCT) is
the first-choice examination for evaluating the detection
of bone defects affecting the cortical plates around dental
implants.g’9 Nevertheless, there is still no consensus in the
literature on the diagnostic efficacy of CBCT for the diag-
nosis of peri-implant dehiscence, due to the production of
artifacts by high-density materials (e.g., titanium and Zr
implants) that impair the diagnostic image quality of CBCT
scans >

The beam-hardening phenomenon is a major factor that
reduces the quality of CBCT images when high-density
materials such as titanium-zirconia (Ti-Zr) and Zr (Z1i=22;
Zz7:=40) are present in the dental arches. The regions near
these high-density materials are impaired by hyperdense
streaks and dark bands that overshadow the bone tissue
around the dental implzmts.12 Several factors may reduce
the artifacts generated by high-density materials, ranging
from physical factors inherent to the material used to manu-
facture dental implants to factors related to the acquisition
parameters of CBCT images (milliamperage [mA] or kilo-
voltage- peak [kVp]), the number of basis images, and use
of the metal artifact reduction (MAR) tool)."”'* A previous
study12 showed that increasing the kVp level in combina-

tion with use of the MAR tool reduced the appearance of
artifacts generated by different dental implants in regions
near and far from the material that generates the artifacts.
Considering that artifacts can impair the diagnosis of de-
hiscence on CBCT, an investigation of factors that could
decrease artifact production, such as increasing kVp and
using the MAR tool, is clinically relevant.

Thus, the purpose of the present study was to assess the
influence of kVp and the MAR tool on detection of buccal
and lingual dehiscence bone defects around Ti-Zr and Zr
implants using CBCT images. The null hypothesis was that
the kVp level and the MAR tool would not influence the
diagnosis of dehiscence bone defects regardless of the cor-
tical plate involved (buccal or lingual).

Materials and Methods

This study was approved by the local Research Ethics
Committee (protocol number #24952219.0.0000.5418). The
sample was composed of 3 dry edentulous human mandi-
bles, which had alveolar bone edges with preserved height
for the placement of dental implants in the posterior region.

Implant placement and simulation of

dehiscence defects

First, a #1092 cylindrical drill (#1092, KG Sorensen, Sao
Paulo, SP, Brazil) was used to prepare cylindrical holes in
the left and right posterior regions of each mandible, with
at least 1 mm between them, to allow the alternating fitting
of 2 dental implants: a Ti-Zr implant (Straumann SLActive,
Institute Straumann, Basel, Switzerland) and a Zr implant
(PURE Ceramic, Institute Straumann, Basel, Switzerland),
both measuring 3.3 X 8 mm. In total, 20 holes were pre-
pared (1 mandible with 8 holes and the other 2 with 6 holes)
(Fig. 1A).

Fig. 1. A. Top view of a mandible used in the study shows the 6 holes prepared for the placement of the implants. B. A titanium-zirconia
implant is positioned in 1 of the holes, in which a dehiscence defect was prepared in the buccal cortical (image with smaller and greater

magnification).
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Subsequently, the holes were randomly selected to create
dehiscence defects in the buccal and/or lingual cortices of
the mandible. For this, a trained dental surgeon carefully
used a spherical drill (#1014; KG Sorensen, Sao Paulo, SP,
Brazil) to create semi-circular dehiscence defects measur-
ing 3 mm in height in the mandibular cortices (Fig. 1B).
The thickness of the control cortices (without defects) was
standardized using a caliper (Digimess, Sdo Paulo, Brazil),
and only those with remaining bone thickness between 1
and 2 mm were considered valid for the study. In 4 cases,
the thickness of the control cortex exceeded the estimated
size, so these cortical plates (2 buccal and 2 lingual) were
excluded from the evaluations. Therefore, 19 dehiscence
defects were performed (distributed between buccal and lin-
gual cortical plates) and the remaining cortices constituted
the control group (17 cortical plates).

CBCT image acquisition

Individually, each mandible was fixed by wax in a plastic
container (16 cm diameter) filled with water to mimic the
interactions of the X-ray beam with soft tissues, as occurs
in clinical conditions.'> The CBCT images were acquired
using a Picasso Trio unit (Vatech, Hwaseong, Korea) for
both groups of implants tested under 2 protocols with dis-

Rocharles Cavalcante Fontenele et al

Fig. 2. Sagittal cone-beam computed
tomographic reconstructions show
the presence of dehiscence defects in
the buccal cortical plate and the ab-
sence of bone defect (control cortical
plate) in the lingual cortical plate ac-
cording to the different factors tested
(implant material, kVp, and metal
artifact reduction condition). A and
C: Titanium-zirconia implants, B
and D. Zirconia implants.

tinct energies of the X-ray beam: low energy (70 kVp) and
high energy (90kVp). The other acquisition parameters were
fixed in SmA, a field of view (FOV) of 8 cmX5cm, and a
voxel size of 0.2 mm. For each protocol, 2 sets of images
were acquired with the MAR tool enabled or disabled (Fig.
2). For all scans, the phantom was centered in the FOV and
the guidance lines of the CBCT machine aided in standard-
izing the position of the phantoms for acquisition.

CBCT assessment

A total of 160 CBCT scans (2 levels of kVp X2 MAR con-
ditions X 20 implant sites X 2 types of implant material) were
assessed individually by 3 oral and maxillofacial radio-
logists with more than 5 years of experience in CBCT eval-
uation previously trained using a medical display (MDRC-
2124, Barco NV, Courtray, Belgium). The scans were ran-
domized, and the examiners were blinded regarding the
factors investigated in the present study. The images were
dynamically evaluated using the OnDemand 3D software
(CyberMed, Seoul, Korea) under dim-light conditions in a
silent room. The examiners were allowed to use the zoom
tool and adjust brightness and contrast according to their
visual needs. For each CBCT scan, the examiners assessed
the buccal and lingual cortical plates around the implant
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regarding the presence or absence of a dehiscence bone
defect using a 5-point scale (1: absent, 2: probably absent,
3: uncertain, 4: probably present, 5: present). Thirty days
after completing the evaluation, the examiners re-assessed
randomly selected scans (30% of the sample) to test intra-
examiner agreement.

Statistical analyses

The weighted-kappa test was used to assess intra- and
inter-examiner agreement considering the categorical 5-
point scale used to assess the images. The area under the
receiver operating characteristic (ROC) curve, sensitivity,
and specificity were calculated according to the study factors
investigated (kVp level, cortical plate, type of implant mate-
rial, and MAR use). These results were compared by multi-
way analysis of variance with the post-hoc Tukey test. The
level of significance (o) was set at 5% (P <0.05). The power
was calculated to be 75%. All analyses were carried out
using the SPSS version 24.0 (IMB Corp, Armonk, NY, USA),
with the significance level set at 5%.

Results

Intra- and inter-examiner agreement ranged from slight
(weighted kappa=0.10 and 0.13, respectively) to substan-
tial (weighted kappa =0.64 and 0.69, respectively) (Table 1).

The results of the diagnostic values are shown in Tables

Table 1. Intra- and inter-examiner agreement for the detection of
dehiscence bone defects

Examiners 1 2 3
1 0.64 0.19 0.13
2 0.10 0.69
3 0.19

2-4. The values of the area under the ROC curve were not
significantly affected by any of the studied factors (P>
0.05) (Table 1). For 70kVp and without MAR, the area under
the ROC curve values ranged from 0.55 to 0.76 regardless
of the type of implant and cortical plate. A similar pattern
was observed when the highest kVp level was tested, in
which the values ranged from 0.59 to 0.73. When the MAR
tool was enabled, the values of the area under the ROC
curve ranged from 0.64 to 0.78 for the 70 kVp condition
and from 0.59 to 0.70 for the 90 kVp condition. Overall,
these values of the area under the ROC curve are considered
acceptable.16

In contrast, the sensitivity was statistically significantly
affected by the type of implant used (P <0.05). As shown
in Table 3, Zr implants showed greater sensitivity, ranging
from 0.67 to 0.89, than Ti-Zr implants, which had sensitivity
values ranging from 0.07 to 0.30. The kVp (P =0.58), cor-
tical plate (P =0.58) and MAR (P =0.78) did not influence
the results. When the MAR tool was disabled, the sensitivity
values ranged from 0.22 to 0.78 and from 0.19 to 0.70 for
70 and 90 kVp, respectively, regardless of the type of im-
plant and cortical plate. A similar pattern was observed
when the MAR tool was enabled, with values ranging from
0.19 t0 0.82 for 70k Vp and from 0.07 to 0.89 for 90k Vp.

The specificity was also statistically significantly affected
by the type of implant used (P <0.05). As seen in Table 4,
Zr implants showed lower specificity (ranging from 0.37
to 0.56) than Ti-Zr implants (ranging from 0.96 to 1.00).
The kVp (P =0.92), cortical plate (P=0.76) and MAR
(P=0.54) did not influence the results. When the MAR
tool was disabled, the specificity values ranged from 0.37 to
1.00 and from 0.41 to 1.00 for 70 and 90 kVp, respectively,
regardless of the type of implant and cortical plate. Simi-
larly, when the MAR tool was enabled, the values ranged
from 0.44 to 1.00 for 70 kVp and from 0.52 to 1.00 for 90
kVp.

Table 2. Area under the receiver operating characteristic curve of titanium-zirconia (Ti-Zr) and zirconia (Zr) implants according to the

studied factors

. Without MAR With MAR
KVp Cortical
plate Ti-Zr Zr Ti-Zr Zr
70 Buccal 0.76+0.12 0.55+0.06 0.64+0.18 0.69+0.15
Lingual 0.73+0.18 0.63+0.16 0.78+0.05 0.68+0.22
90 Buccal 0.73+0.16 0.63+0.19 0.59+0.08 0.64+0.19
Lingual 0.66+0.17 0.59+0.24 059+0.12 0.70+0.18

MAR: metal artifact reduction tool
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Table 3. Sensitivity of titanium-zirconia (Ti-Zr) and zirconia (Zr) implants according to the studied factors

KVp Cortical Without MAR With MAR
plate Ti-Zr Zr* Ti-Zr Zr*
70 Buccal 0.26+0.17 0.67+0.39 0.19+0.23 0.81+0.32
Lingual 0.22+0.19 0.78+0.22 0.30+0.17 0.82+0.13
90 Buccal 0.30+0.23 0.70£0.13 0.07£0.13 0.74+0.36
Lingual 0.19+£0.23 0.70£0.13 0.15+£0.26 0.89£0.11
MAR: metal artifact reduction tool, *: P<0.05 compared with Ti-Zr
Table 4. Specificity of titanium-zirconia (Ti-Zr) and zirconia (Zr) implants according to the studied factors
KVp Cortical Without MAR With MAR
plate Ti-Zr* Zr Ti-Zr* Zr
70 Buccal 0.96+0.06 0371046 0.96+0.06 0441048
Lingual 1.00+0.00 041042 1.00+0.00 0.56+0.40
90 Buccal 1.00+0.00 041+045 0.96+0.06 0.52+0.39
Lingual 0.96+0.06 041+£042 1.00+0.00 0521045

MAR: metal artifact reduction tool, *: P<0.05 compared with Zr

Discussion

The determination of scanning protocols for obtaining
CBCT examinations with greater image quality is essential
in the evaluation of complications after dental implant place-
ment, mainly in the presence of artifacts generated by high-
density materials.”'” The present ex vivo study aimed to
investigate the influence of kVp and the MAR tool on the
detection of dehiscence bone defects located in buccal and/
or lingual cortical plates around dental implants made from
distinct materials. The authors’ hypothesis was that both
factors that have been proven to decrease artifact produc-
tion, especially when working together, could improve de-
hiscence diagnosis. It was also hypothesized that could be
a difference in the detection of the peri-implant dehiscence
according to the cortical plate involved (i.e., the buccal or
lingual cortical plate) because a previous study'® objective-
ly showed a difference in the production of artifacts accord-
ing to the involved cortical plate, as the lingual cortical plate
was the most affected when objectively assessed. Further,
the MAR tool was effective in decreasing the artifacts only
on the lingual cortical plate due to the greater presence of
artifacts in this area. However, in the present study, none of
these factors influenced dehiscence diagnosis.

Previous studies have investigated the influence of several
scanning parameters on the detection of dehiscence defects
using distinct in vitro models S0 However, according to

the authors’ best knowledge, this is the first study that used
human mandibles to investigate the influence of these CBCT
parameters on the detection of dehiscence bone defects.
Although kVp, MAR, and the cortical plate did not affect
dehiscence detection, different behaviors were observed
regarding diagnostic performance according to the material
of the dental implant, as Zr implants showed greater sensiti-
vity and lower specificity values than Ti-Zr implants for the
detection of peri-implant dehiscence defects.

The type of implant material is a factor that may impair
the image quality in areas close to the implant in CBCT
images, as it is expected that implant materials with higher
atomic numbers could lead to greater formation of metal arti-
facts from the beam-hardening phenomenon and the materi-
al volumetric distortion.”'**' The present results showed that
the presence of Zr implants (Zz:=40) was associated with
higher sensitivity values and lower specificity values than
were observed for Ti-Zr implants (Z1i=22). It was hypo-
thesized that the higher expression of hyperdense streaks
from the beam-hardening phenomenon and the increase
of physical volume from the blooming effect may explain
these findings. First, the expression of hyperdense streaks
on cortical plates may have covered the cortical plates
(healthy or with dehiscence). Additionally, as reported in the
literature,”' the artificially increased volume of the implant
from the blooming effect may have caused an underesti-
mation of the cortical thickness. Thus, both effects may
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have contributed to the examiners more frequently assign-
ing scores 4 and 5, which resulted in an increase in correct
answers when there was dehiscence (increased sensitivity)
and in incorrect answers when there was no dehiscence
(decreased specificity).

The superior ability to diagnose bone defects around den-
tal implants using CBCT images than using 2-dimensional
radiography images is widely known;”** however, the accu-
racy is still moderate, which makes further studies on CBCT
protocols necessary.'’?* There is still a lack of informa-
tion or contradictions in the literature regarding the acqui-
sition parameters that are most appropriate to obtain an
image with higher diagnostic quality. Although it is known
that peri-implant dehiscence defects are more often detected
when CBCT images are acquired with a higher spatial resol-
ution and with full-rotation of the machine, there was no
information on the influence of kVp on this diagnostic
task According to the current results, an increase from 70
to 90 kVp did not increase the detection rate of peri-implant
dehiscence.

Several CBCT machines offer machine-specific MAR
tools that work, in most cases, in the data reconstruction
stage through the homogenization of gray values, espe-
cially in the regions where the artifacts are most strongly
expressed. Their effectiveness has been widely proven
when assessed objectively.”> However, the effectiveness of
MAR tools is less clear when subjectively assessed. Pre-
vious studies reported that MAR tools did not improve the
diagnosis of vertical root fracture,” furcal perforation,”’
periodontal bone defects,” and peri-implant bone defects.
However, a recent in vitro study5 evaluated the influence
of the MAR tool of a different CBCT machine (Promax 3D
Max; Planmeca Oy) combined with an image filter to noise
optimization on the detection of peri-implant bone defects
created in sheep jaws around 3 types of implants (titanium,
Ti-Zr and Zr), and found better performance when those 2
tools were applied simultaneously on the CBCT images.
However, no influence was observed on the diagnostic per-
formance when only the MAR tool was applied. Corrobo-
rating these previous studies, the current investigation did
not observe an influence of the MAR tool of the Picasso
Trio CBCT machine on the diagnosis of peri-implant de-
hiscence around both tested implants, regardless of the kVp
level tested.

The diagnosis of peri-implant dehiscence is a challenge,
especially when defects are restricted to the cervical level of
the dental implant.zo’28 Furthermore, the greater presence of
artifacts on the cortical plates is another reason that makes
this assessment difficult, once this region is closer to the

artifact-generating area. In the present study, standardized
dehiscence bone defects were created at the cervical level
of the implant, representing the initial stage of bone loss.
These reasons may explain why intra- and inter-examiner
agreement ranged from poor to reasonable in the present
results. Previous studies’ reported low agreement values
when the same diagnostic task was assessed using bone de-
fects created on sheep jaws (0.30-070 and 0.20-0.63 for intra-
and inter-examiner agreement, respectively) and bone ribs
(0.40-0.47 for both types of agreement). However, these
studies did not report the standardization of the control cor-
tical plate thickness, as thicker cortical plates can be eas-
ily diagnosed. In contrast, the bone defects in the current
investigation were created only at the cervical level of the
implant, and the cortical plates were carefully selected to
have a standardized thickness between 1 and 2 mm.

The current investigation is an ex vivo study that presents
inherent limitations regarding the study design. However, it
is important to highlight that this methodology is the only
ethically acceptable way to assess various factors, such as
the implant material, kVp level, and MAR tool, through
CBCT scans. The main reasons why this methodology can-
not be performed in a clinical scenario are the need to per-
form multiple CBCT scans and the biological risks inherent
to ionizing radiation exposure to patients added to the lack
of a gold standard. Furthermore, another limitation of the
current study is that the bone defects were artificially made
using spherical burs. Although using this type of burs made
it possible to standardize the morphology and size of bone
defects, this defect model may differ from those seen in the
clinical setting regarding size, shape, and borders.

In conclusion, kVp and the MAR tool did not influence
the diagnosis of dehiscence bone defects around dental im-
plants, regardless of their buccal or lingual location. How-
ever, greater sensitivity and lower specificity values were
observed in the presence of Zr implants than around Ti-Zr
implants, regardless of the CBCT acquisition parameters
tested.

Conflicts of Interest: None
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