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Effect of a metal artifact reductio
n algorithm on
dehiscence and fenestration detection around zirconia

implants with cone beam computed tomography

Bernardo Barbosa Freire, DDS, MSc, PhD,a Victor Aquino Wanderley, DDS, MSc, PhD,b

Jo~ao Victor Fraz~ao Câmara, DDS, MSc,c Lethycia Almeida Santos, DDS, MSc,d

Carolina Ruis Ferrari, DDS,d Tamara Teodoro Araujo, DDS, MSc,d and
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Objective. To assess the efficacy of the metal artifact reduction algorithm (MARA) of the Cranex 3D cone beam computed tomog-

raphy (CBCT) device in the detection of peri-implant dehiscence and fenestration around zirconia implants.

Study Design. In total, 60 implants were placed in bovine ribs. Dehiscence and fenestration defects were created around the

implants, after which 60 CBCT images were obtained with and 60 without activation of MARA. Three radiologists examined the

images for the presence of defects. The area under the curve (AUC) from receiver operating characteristic analysis, sensitivity,

and specificity were calculated to assess the ability to discriminate the presence vs absence of bone defects. One-way analysis of

variance was employed to analyze outcome measures. The significance level was established at 5% (a = 0.05).

Results. AUC values indicated excellent discrimination of dehiscence on images with MARA activation and an excellent to out-

standing range of discrimination with MARA deactivation. For fenestration, MARA activation and deactivation both led to out-

standing discrimination. Sensitivity and specificity values revealed that activation of MARA was helpful in distinguishing the

presence vs. absence of dehiscence, while both MARA conditions were helpful for fenestration. However, there were no statisti-

cally significant differences between MARA activation and deactivation for any outcome measure (P >.05).

Conclusion. CBCT is suitable for detecting peri-implant defects, but MARA application does not significantly affect peri-implant

dehiscence and fenestration detection. (Oral Surg Oral Med Oral Pathol Oral Radiol 2024;138:316�323)
Rehabilitation treatment using dental implants in

completely or partially edentulous patients has been

practiced on a large scale by the dental profession,

driven by the increase in technical and scientific

knowledge gained in implant dentistry. Currently, tita-

nium implants are widely used due to their excellent

biocompatibility, good mechanical properties, and

long-term clinical success.1 Although titanium is a

popular material, it has the drawback of being gray in

color, which can darken the gingival tissue in signifi-

cantly thin biotypes.2 Another disadvantage is related

to the galvanic reaction of titanium implants, which is

an electrochemical process that can occur after the

implant body comes into contact with saliva and
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jvfrazao92@hotmail.com

Received for publication Aug 29, 2023; returned for revision Jan 31,

2024; accepted for publication Feb 18, 2024.

� 2024 The Author(s). Published by Elsevier Inc. This is an open

access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/)

2212-4403/$-see front matter

https://doi.org/10.1016/j.oooo.2024.02.023

316
fluoride, resulting in an inflammatory response that can

lead to alveolar bone resorption.3

The evolution of dental materials and technologi-

cal systems has enabled the development of dental

implants made of zirconia. These implants have

proven to be suitable for rehabilitation concerning

such requirements as biocompatibility, mechanical

characteristics, and aesthetic properties related to

their white color.4 Nevertheless, incorrect position-

ing of dental implants can bring about complica-

tions such as dehiscence and peri-implant

fenestration. Dehiscence occurs when there is an

absence of bone from the cervical portion of the

implant, while fenestration is characterized by the

absence of bone over part of the implant but where

the cervical portion has bone coverage.5 Early diag-

nosis of a bone defect in the buccal and/or lingual

cortex of the anterior region of the maxilla and

mandible is extremely important for maintaining the

function and aesthetics of the implants.
Statement of Clinical Relevance

Early diagnosis of defects in cortical bone around

zirconia dental implants is important for maintain-

ing function and aesthetics. Cone beam computed

tomography is suitable for detecting peri-implant

defects, but metal artifact reduction algorithms do

not significantly affect diagnostic outcomes.
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Intraoral radiographic techniques have the drawback

of a 2-dimensional representation of the radiographed

structures; these images are therefore contraindicated

for detecting peri-implant bone defects.6,7 The disad-

vantage of 2D imaging can be resolved by using cone

beam computed tomography (CBCT), which depicts

the region of interest without superimposition of other

structures. CBCT enables satisfactory evaluation of the

buccal and lingual cortical bone.8 A comprehensive

publication in 2020 detailed the extensive array of

CBCT devices currently available on the market

(approximately 203 devices), listing variations in com-

binations of kilovoltage, milliamperage, focal spot

size, detector type, contrast resolution, spatial resolu-

tion, and reconstruction algorithm that characterize the

variations in performance of these units.9 Despite these

differences, artifacts are always present in CBCT

images and pose significant challenges to interpretation

and diagnosis. Beam-hardening artifacts are a type of

error or distortion in the reconstructed data caused by

the absorption of low-energy X-ray photons when

interacting with dense objects that have high atomic

numbers, consequently increasing the mean energy of

the X-ray beam. These artifacts often obscure diagnos-

tically important structures and are directly related to

the atomic number of the metallic material and its size,

quantity, and location.10,11

Metal artifact reduction algorithms (MARAs) have

been introduced by some manufacturers to correct this

artifact in CBCT images. MARAs identify and mini-

mize the streaking and dark banding artifacts in the

scanned volume. These algorithms typically function

by interpolating or replacing the distorted projection

data with estimated gray values, thereby improving

image quality.12 The usage of MARA remains a con-

troversial subject in the literature. While some studies

recommended its application,13,14 others did not dis-

cover efficacy for diagnostic performance in the detec-

tion of dehiscence or fenestration.12 However, when

evaluating the published research on the effectiveness

of MARAs, it is important to highlight the methodolog-

ical variations, such as the type of dental material uti-

lized, the specific type of MARA applied, and the

diversity of CBCT systems, all of which could contrib-

ute to the alteration of subjective perception of image

artifacts.15

Thus, the present study aimed to compare the detec-

tion of peri-implant dehiscence and fenestration defects

in bovine ribs containing a zirconia abutment implant

by examining images acquired with the Cranex 3D

CBCT unit (Soredex) with and without application of

the MARA. The null hypothesis tested was that no sig-

nificant differences would be identified in the detection

of dehiscence and fenestration through MARA activa-

tion vs deactivation.
MATERIALS ANDMETHODS
Ethical aspects
This study was considered exempt by the Ethics Com-

mittee on Use of Animals (CEUA) of the School of

Dentistry of the University of S~ao Paulo (protocol

number 022/2018).

Sample preparation
Bovine ribs donated by a slaughterhouse registered with

the Brazilian Health Regulatory Agency (ANVISA)

were used. The ribs were fragmented using a bandsaw.

Fragments of fresh bovine ribs in good condition with

bone thickness greater than 5.5 mm and height greater

than 11 mm were included in the sample. Rib fragments

with extensive bone surface irregularity, cortical bone

disruption, and/or insufficient dimensions (height x width

x thickness) for proper dental implant installation were

excluded from the study. The rib fragments were stored

in a container containing water to keep them hydrated.

The fragments were used as bone support to install

dental implants as an alternative approach to placing

implants in a dry human jaw. The sample was used to

obtain CBCT images of 60 bovine rib fragments. One

dental implant with integrated zirconia connections

(Straumann PURE Ceramic System), with measure-

ments of 4.1 mm wide x 10 mm high, was installed in

each of the fragments.

Installation of implants
The dental implants were installed in the bovine ribs by

the same implantologist, who used a Straumann surgical

kit. Drills with diameters of 2.2 mm, 2.8 mm, 3.5 mm,

and 4.2 mm were used in sequence, with motor and con-

tra-angle in a reduction of 20:1 and torque of 45 N-cm.

The touch ratchet was used to aid in installing the dental

implants. The implantologist ensured that the procedure

maintained the proximity between the dental implant and

the cortical bone to guarantee the conditions of the peri-

implant bone defects. Transillumination of the cortical

bone in the surgical beds with a light-emitting diode was

performed to ensure that the preparation was in close

proximity to the cortex.

Bone defect induction
After the dental implants were installed in the bovine

ribs, peri-implant bone defects of dehiscence and fenes-

tration were created in the cortical bone adjacent to the

implant by using a low-speed spherical drill. Dehiscence

was induced at the cervical bone margin of the implant

and had a 2.5mmdiameter and semielliptical shape. Fen-

estration was induced in the bone region adjacent to the

apical third of the dental implant and had a 2.5 mm diam-

eter and circular shape.12 The defects were all created on

the surface of the rib fragment that faced the x-ray beam

(i.e., the “buccal” surface).



Fig. 1. Zirconia implants in bovine rib fragments. A) Control

with no peri-implant defect. B) Peri-implant dehiscence

(arrow) at the cervical bone margin of the implant with a

2.5 mm diameter and semi-elliptical shape. C) Peri-implant

fenestration (arrow) adjacent to the apical third of the dental

implant with a 2.5 mm diameter and circular shape.
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The 60 rib fragments with dental implants were

divided into 3 groups: (1) 20 specimens with no peri-

implant bone defects (controls), (2) 20 specimens with

dehiscence, and (3) 20 samples with fenestration

(Figure 1).
Acquisition of CBCT images
CBCT scans were obtained using the Cranex 3D

unit operating at 90 kV, 8 mA, voxel size of 0.13
Fig. 2. Cone beam computed tomography images of bovine rib frag

the metal artifact reduction algorithm (MARA) activated and dea

MARA deactivated. C) Dehiscence (arrow) with MARA activated.

tion (arrow) with MARA activated. F) Fenestration (arrow) with MA
mm3, field of view (FOV) of 4 cm x 4 cm, and

acquisition time of 19 s. Each bone fragment was

positioned in the unit on a leveling platform at the

appropriate height and standardized by using the

luminous guidelines of the equipment, so that the

entire specimen was located inside the FOV. The

fragments were immersed individually inside a cir-

cular plastic container with water to simulate X-ray

attenuation in the soft tissues around bone.16

CBCT images of each of the 60 bone fragments (20

controls, 20 with dehiscence, and 20 with fenestration)

were acquired under 2 different conditions: (1) with

MARA activated and (2) with MARA deactivated. As

a result, 120 tomographic volumes were obtained.

Examples of images from each group acquired with

MARA activation and deactivation are shown in

Figure 2.

Image analysis
The acquired images were randomized and made avail-

able for independent examination by 3 dental radiology

specialists, each with over 5 years of experience in

CBCT evaluation. The examiners received a document

that explained the purpose of the study, assessment

period, diagnostic scores to be applied to the images,

and format for filling out the worksheets. They were
ments representing each of the 3 groups of rib fragments with

ctivated. A) Control with MARA activated. B) Control with

D) Dehiscence (arrow) with MARA deactivated. E) Fenestra-

RA deactivated.



Table I. Area under the curve values from receiver oper-

ating characteristic analysis by each examiner

for dehiscence and fenestration detection with

activation and deactivation of the metal artifact

reduction algorithm (MARA)

Examiner MARA activation MARA

deactivation

Dehiscence 1 0.87 0.91

2 0.88 0.87

3 0.86 0.81

Average (SD) 0.87 (0.01) 0.86 (0.03)

Fenestration 1 0.96 0.92

2 0.96 0.96

3 0.94 0.94

Average (SD) 0.95 (0.01) 0.94 (0.02)
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trained to use the CBCT OnDemand3D software

(Cybermed) and were familiarized with the imaging

procedure. The examinations were conducted in a

dimly illuminated room. The examiners analyzed the

entire dataset acquired from each of the 120 CBCT vol-

umes in the axial, coronal, and sagittal planes and were

allowed to use the brightness, contrast, and zoom tools.

The examiners, working independently, were

instructed to record their confidence in the presence or

absence of cortical bone dehiscence or fenestration

according to a 5-point scale: 1, definitely absent; 2,

probably absent; 3, uncertain; 4, probably present; and

5, definitely present. Forty percent of the sample was

reassessed by the examiners 30 days after the initial

evaluations were concluded to ascertain intraexaminer

reproducibility. The data were tabulated on a Microsoft

Office Excel 2013 spreadsheet (Microsoft Corpora-

tion), and analyzed using SPSS software version 22

(IBM Corporation).

Statistical analysis
The ability of the examiners to discriminate between

the presence and absence of dehiscence and fenestra-

tion defects on CBCT images captured with activation

and deactivation of the MARA device was calculated

as the area under the curve (AUC) generated by each

examiner through receiver operating characteristic

(ROC) analysis. The AUC outcomes were assessed

using the scale proposed by Hosmer et al.,17 in which

0.5-0.7 indicates poor discrimination; 0.7-0.8, accept-

able discrimination; 0.8-0.9, excellent discrimination;

and greater than 0.9, outstanding discrimination.

The outcome measures of sensitivity and specificity

were also calculated. For this, the data were dichoto-

mized, with scores 1 and 2 representing a negative find-

ing (absence of a bone defect) and scores 4 and 5

representing a positive finding (presence of a bone

defect). Since no examiners entered a score of 3 (uncer-

tain) as a response, it was discarded. For a test to be

useful, the sum of sensitivity and specificity should be

at least 1.5 (halfway between 1, which is useless, and

2, which is perfect).18 The reference standard for all

examinations was the known status of the presence or

absence of a bone defect on each of the 60 bone frag-

ments. The statistical significance of differences in

diagnosing both dehiscence and fenestration with

MARA activation vs deactivation was assessed for

AUC and all other outcome measures with one-way

analysis of variance (ANOVA). The significance level

was set at 5% (a = 0.05).

After data collection, the inter- and intraexaminer

agreement rates of the 3 examiners were determined by

using the weighted kappa index. The level of agree-

ment was interpreted according to the scale of Landis

and Koch,19 in which kappa values of 0.00-0.20
indicate bad agreement; 0.21-0.40, reasonable agree-

ment; 0.41-0.60, moderate agreement; 0.61-0.80, good

agreement; and 0.81-1.00, excellent agreement.
RESULTS
The AUC values from the evaluations of the 3 exam-

iners for detecting dehiscence and fenestration with

and without MARA activation are shown in Table I.

For detection of dehiscence, excellent discrimination

ability was found on images with MARA activation,

with AUC values ranging from .86 to .88, while there

was an excellent to outstanding range of discrimination

with MARA deactivation (.81-.91). On the other hand,

outstanding discrimination ability for fenestration

detection was observed with both MARA activation

(0.94-0.96) and deactivation (0.92-0.96). There were

no statistically significant differences between MARA

activation and deactivation in diagnosing dehiscence

(P = .38) or fenestration (P = .99).

Table II summarizes the mean values of sensitivity

and specificity obtained by the 3 examiners for dehis-

cence and fenestration detection with MARA activa-

tion vs deactivation. For dehiscence, the sum of

sensitivity and specificity was 1.566 with activation,

indicating that MARA application was helpful in dis-

tinguishing the presence vs. absence of the lesion, but

deactivation of MARA diminished the value of the

exam (sum = 1.48). On the other hand, the scans were

successful in distinguishing the presence of fenestra-

tion from normal cases both with and without MARA

application, since the sum of sensitivity and specificity

was 1.616 with MARA activated and 1.650 with

MARA deactivated. There were no statistically signifi-

cant differences for these diagnostic tests regarding the

activation or deactivation of the MARA tool (P > .05).

Interexaminer agreement for dehiscence with

MARA activation ranged from good to excellent, with



Table II. Mean sensitivity and specificity for dehis-

cence and fenestration detection with activa-

tion and deactivation of the metal artifact

reduction algorithm (MARA)

MARA activation MARA deactivation

Dehiscence Sensitivity 0.716 0.65

Specificity 0.85 0.83

Sum 1.566 1.48

Fenestration Sensitivity 0.683 0.667

Specificity 0.933 0.983

Sum 1.616 1.650
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weighted kappa values of .75-.85, but agreement on

images with MARA deactivation was considered good

(.73-.78). Interexaminer agreement for fenestration

ranged from good to excellent with both MARA activa-

tion (.74-.87) and deactivation (.80-.87). Intraexaminer

agreement for dehiscence with MARA activation

ranged from good to excellent, with kappa values of

.75-.91, while with MARA deactivation it was consid-

ered excellent (.88-1.00). Intraexaminer agreement for

fenestration with MARA activation ranged from good

to excellent, with kappa values of .73-.97, while agree-

ment on images with MARA deactivation was consid-

ered excellent (.87-1.00), as listed in Table III.

DISCUSSION
Implant-supported prosthetic rehabilitation has

expanded across a wider socioeconomic range in recent

years as treatment costs have declined. The more com-

mon use of implant therapy has raised challenging diag-

nostic issues in clinical practice.19 The presence of peri-

implant bone defects can compromise rehabilitation

treatment. In these cases, clinical symptoms trigger the

search for a diagnosis, often using periapical radio-

graphs as an initial evaluation method. However,

because these images are 2-dimensional, they lack infor-

mation on details of the bone support structure on the

buccal and lingual regions of the dental implant.20�24

Hence, CBCT examination may play an important role

in acquiring the information that facilitates the diagnosis

of bone defects, since the 3-dimensional visualization of

the tomographic volume guarantees an analysis without
Table III. Inter- and intraexaminer agreement for the prese

beam computed tomography images with activati

rithm (MARA)

MARA Dehiscence

Interexaminer Intraexamine

Activation 0.79 (0.75-0.85) 0.85 (0.75-0.

Deactivation 0.76 (0.73-0.78) 0.96 (0.88-1.

Weighted kappa values are presented as Mean (Min-Max).
distortion and superimposition of structures.26 CBCT

also provides the ability to make linear measurements

that allow the objective assessment of bone loss, which

may present decisive information for diagnosis and

selection of the most appropriate surgical correction

approach, including bone grafts.25

Studying the diagnosis of peri-implant bone defects

is of utmost importance in dentistry because the con-

stant development of technology ultimately improves

the quality of images, thereby enhancing the diagnostic

accuracy of clinicians.18 Although acquisition proto-

cols that use the metal artifact reduction algorithm as a

tool have been recommended, studies are scarce that

evaluate peri-implant bone defect diagnosis for zirco-

nia implants, considering that these diagnoses are

made from images with a greater number of

artifacts.26,27

The diagnostic studies of peri-implant bone defects

presented in the literature for evaluating dehiscence

and fenestration mention the use of titanium dental

implants in their methodology. In their evaluation of

the effectiveness of MARAs in detecting peripheral

bone defects using bovine ribs with titanium implants,

De-Azevedo-Vaz et al.12 obtained better results in

diagnostic values for fenestration and observed no sig-

nificant difference with activation of MARA, thus cor-

roborating the findings of the present study. Although

they used a dried skull instead of beef ribs in their

methodology, Kolsuz et al.28 also found no significant

difference with MARA activation, and observed better

results in the diagnostic values for the fenestration

bone defect.

Research has demonstrated the usefulness of

MARAs in improving the accuracy of diagnosing

dehiscence and fenestration around dental implants,

but these studies were based on the use of titanium

implants.29 Our investigation to test the variable of

MARA status in the detection of peri-implant bone

defects from zirconia abutment implants arose from

the greater expression of artifacts caused by this mate-

rial, and therefore represents an innovative and unique

approach. This differentiation in the choice of implant

material brings significant novelty to the research,

introducing a new and potentially transformative
nce of dehiscence and fenestration as detected on cone

on and deactivation of the metal artifact reduction algo-

Fenestration

r Interexaminer Intraexaminer

91) 0.82 (0.74-0.87) 0.88 (0.73-0.97)

00) 0.84 (0.80-0.87) 0.93 (0.87-1.00)
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perspective in the context of applying MARA for accu-

rate diagnoses around dental implants. However, this

factor was not enough to guarantee a significant differ-

ence in the number of artifacts.30

Kamburoglu et al.31 investigated the accuracy of

CBCT images with and without metal artifact reduc-

tion activation to detect periodontal bone defects and

artificial peri-implantitis produced with a spherical bur.

Higher values were observed for the diagnosis of peri-

odontal defects than peri-implant bone defects. This

may be directly related to the lower quality of dental

implant images caused by artifacts. Furthermore, intra-

examiner agreement was greater than the agreement

between different examiners, corroborating the find-

ings of the present study. This result is common in

research with multiple examiners who have different

experience levels and cognitive abilities. Nevertheless,

no significant differences were observed in the diag-

nostic values in that study when the variable of MARA

activation was tested. In the current investigation, how-

ever, it is important to highlight that for dehiscence,

activation of MARA was helpful in distinguishing the

presence vs absence of the lesion, yielding a sum of

sensitivity and specificity of 1.566, but inactivation of

MARA diminished the value of the exam (sum = 1.48).

On the other hand, the scans were successful in distin-

guishing the presence of fenestration from normal

cases both with and without MARA activation, since

the sum of sensitivity and specificity exceeded 1.5 for

both conditions.

The difference in the methodologies of diagnostic

studies of peri-implant bone defects may be related to

the different bone structure support; the different ways

of inducing the bone defect; and the different imaging

modalities, equipment, and procurement protocols.32 A

relevant point to be considered when observing the val-

ues of CBCT diagnostic tests is the spatial resolution of

these images. According to the acquisition protocol

selected by the radiologist and provided by the equip-

ment, images can be obtained with different spatial res-

olutions. It is known that CBCT images can accurately

determine the thickness of the cortical bone adjacent to

implants, especially with high-resolution protocols in

which the acquisition voxels are small.33

De-Azevedo-Vaz et al.34 evaluated the accuracy of

CBCT in diagnosing dehiscence and fenestration by

comparing 2 different voxel sizes (0.2 mm3 and

0.12 mm3). The scans with the smaller voxels did not

improve the results, in contrast with study expectations.

The authors emphasized that the difference between

the 2 voxel sizes was not sufficient to guarantee signifi-

cant differences in diagnostic values. However, a tech-

nical issue that must be raised concerns the limitation

of some CBCT devices in regard to acquisition proto-

col selection, where smaller voxels are inseparably
associated with smaller FOVs. Higher spatial resolu-

tion associates acquisition protocols with a lower dose

of radiation.

In contrast to the study by De-Azevedo-Vaz et al.,34

who evaluated only 2 sizes of voxels on the same

CBCT equipment, Kolsuz et al.28 examined 6 different

voxel sizes in 2 CBCT devices. The results suggested a

voxel size of 0.15 mm3 as a reference for diagnosing

periodontal defects. Based on these previous studies,

we believe that the acquisition protocol of the present

research would be best for use in clinical examinations

of peri-implant bone defects when using the Cranex 3D

CBCT equipment.

Another important point brought up in the present

investigation involved how periodontal bone defects

were induced. Bagis et al.35 asserted that the way bone

defects are created can affect the diagnostic values of

periodontal bone defects and recommended that

defects be induced with a drill or with the combination

of a drill and chemicals. We chose to induce bone

defects mechanically in an acquisition protocol with a

4 cm x 4 cm FOV and 0.13 mm3 voxel size, taking the

ALADA concept of radioprotection (as low as diagnos-

tically acceptable) into account. This concept relates

the acquisition protocols to images with sufficient qual-

ity for diagnosis but with the lowest possible dose of

radiation.

Future clinical studies should be performed with a

greater number of variables since we showed no signif-

icant difference in the diagnostic values for detecting

peri-implant bone defects in the presence of a zirconia

implant abutment in CBCT images acquired with or

without the activation of the metal artifact reduction

algorithm.

CONCLUSION
Cone beam computed tomography was efficacious in

allowing examiners to detect the presence of dehis-

cence and fenestration, with AUC scores in the good to

outstanding range and sums of sensitivity and specific-

ity exceeding 1.5 in most cases, but MARA activation

status had no significant effect on outcomes.
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