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ABSTRACT

Introduction: The quality of cone-beam computed tomography (CBCT) images can be
affected by patient factors, including metal artifacts, which may compromise diagnosis and
surgical planning. Objective: To evaluate the interference of metal restoration artifacts with
superimposed DICOM and STL files using automatic segmentation in CBCT planning software
and compare it with image acquisition. Methods: Subjects were divided into three groups:
group 0 (zero to two restorations), group 1 (three to five restorations), and group 2 (six or more
restorations). DICOM files were superimposed on STL files using four fixed anatomical
positions in 3D arches for standardization. Statistical analysis included Shapiro-Wilk normality,
Levene, Kruskal-Wallis, Dunn's post-tests, and Mann-Whitney U Test, with a 5% significance
level. Results: The mean deviation was 0.489 mm (SD £1.353 mm). The number of restorations
significantly influenced deviations in the horizontal/anterior position (p=0.009). Group 1
differed significantly from group 2, while group 0 showed no significant differences from
either. Comparing occlusion and non-occlusion, Vertical/Posterior (VP) and Vertical/Anterior
(VA) positions showed significant differences, with higher means for group 1. Conclusion:
Metal artifacts did not affect vertical analyses in CBCT planning but caused discrepancies in

horizontal DICOM-STL segmentation adjustments.

Keywords: Dental Implants; Artifacts; Computer-Aided Design; Image Processing, Computer-

Assisted; Cone-Beam Computed Tomography.
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INTRODUCTION

Implant-guided surgery involves placing dental implants using surgical guides produced
by CAD-CAM technology. Planning software designs the surgical guide on tooth surface
models with stereolithography (STL) files, which are superimposed and recorded on
tomographic files (DICOM). Thus, planning can occur in a virtual environment where soft and
hard tissue information is connected and aligned in the same setting, helping identify anatomical
deviations. That may affect surgery and implant placement regarding the best three-dimensional
position for future prosthetic rehabilitations. After planning, the guide is designed and exported
for further fabrication using 3D printers. However, the quality of STL and DICOM file
acquisition may harm this technique!~.

Patient factors, movement during the exam, voxel size, contrast resolution, and artifacts
of different sources may impair cone-beam computed tomography (CBCT) image quality®*. An
imaging artifact is a structure visualized alongside the image formed with the reconstruction
data but not present on the object from which the image was acquired®. Artifacts may impair
diagnosis and surgical planning, affecting the visualization of different structures or even bone
defects, such as peri-implant bone, fenestrations, and furcation lesions®’.

Correct image registration requires capturing multiplanar reconstructions in a high
image resolution, considering that any changes can cause model inaccuracies®. Moreover,
dental restorations may increase the imprecision level due to artifact formation, causing image
registration errors in CBCT images ',

The null hypothesis was that artifacts from metallic dental restorations do not affect
image registration failures between DICOM and STL files with automatic segmentation using
CBCT planning software, comparing this interference with the acquisition of images in

occlusion and non-occlusion.
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Therefore, this study aimed to evaluate the interference of artifacts from metallic dental
restorations with superimposed images, with automatic segmentation using CBCT planning

software, and compare this interference with image acquisition in occlusion and non-occlusion.

METHODS
Patient selection and group assignment

The imaging acquisitions were approved by the Research Ethics Committee registered
with the CAAE: 82950618.2.0000.0075 and Opinion number: 2,523,002.

This study is a retrospective study that used CT scan files in DICOM format acquired
from a ProMax 3D Max cone-beam computed tomography unit (Planmeca, Helsinki, Finland),
using the following protocol: 90 kVp, 12 mA, FOV 13x9 cm, and 0.16 mm voxel. A trained
dentist also performed intraoral scans (Virtuo Vivo 3.4, Dental Wings, Canada). The scanning
was performed in a standardized way, starting with the palatal/lingual surface, followed by the
occlusal surface, and ending with the buccal surface. In a second moment, the gaps in the initial
scan were randomly filled by the operator through focal scanning of areas not previously
captured. Through smooth and linear movement, the operator kept the scanner at a distance of
approximately Smm from the faces to be scanned. The scanner used has an accuracy of about
40 pum according to the manufacturer.

The database provided 100 tomographic exams, designated through sample calculation,
of which 97 were selected for evaluation according to the following inclusion criteria: 1)
Partially edentulous patients with restorations or fixed metal prostheses; 2) Patients with dental
implants; 3) Patients with at least one anterior and one posterior tooth. The exclusion criteria
were as follows: 1) Patients with metal restorations on all teeth; 2) Patients only with dental

implants; 3) Fully edentulous patients.
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Image data import and segmentation

Tomographic data in DICOM format and intraoral scanning in STL format
(stereolithography) were imported into Blue Sky Plan software (Version 4.9.4, Libertyville, IL,
USA). Two oral and maxillofacial radiologists experienced in using implant planning software,
blinded to patient clinical data and did not participate in the intraoral scans, segmented the
CBCT data. Subsequently, the metal restorations in CBCT images were counted with the
overlaid STL files using the automatic tool of the software before the experimental phase.
Software instructions were provided. The “screenshot” tool was used to illustrate the coronal
and sagittal images segmentation that were saved and measured with the CBCT data available
in DICOM format and intraoral scanning (Figure 1).

As for the qualitative image evaluation, clippings were made from the software in
sagittal and coronal images to verify a potential image registration error between the STL and

DICOM systems (Figure 2).

Image registration protocol

The DICOM files were selected and superimposed on their corresponding STL file
based on four fixed anatomical positions in the 3D arches, as identical as possible, to standardize
the superposition. These milestones were defined as described below and indicated in Figure 1:
A) Vertical/Posterior (VP): Selecting a posterior tooth and measuring the distance between the
STL file and the occlusal surface of the tooth (cuspid tip). B) Horizontal/Posterior (HP): After
selecting a posterior tooth, the distance between the STL file and the buccal surface was
measured. C) Vertical/Anterior (VA): Selecting an anterior tooth and measuring the distance
between the STL file and the incisal surface of the tooth. D) Horizontal/Anterior (HA): After
selecting an anterior tooth, the distance between the STL file and the buccal surface was

measured.
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The subjects were divided into three groups to analyze the artifact/restoration: group 0
included patients with zero restorations, group 1 had patients with three to five restorations, and
group 2 consisted of patients with six restorations or more. The number of individuals per group
varied according to the position analyzed. Each patient was assessed for one anterior and one
posterior element. Each element was subjected to standardized measurements vertically to the
STL file in the incisal or occlusal surface and horizontally to the STL file in the cervical third
of the face. The same procedure analyzes the images of patients in these same positions, but
patients in occlusion would be allocated to group 0 and those in non-occlusion to group 1. There
were two groups for arch type according to the occlusion pattern, in which group 0 was selected

for the maxilla and group 1 for the mandible.

Data record evaluation

The scan image registration accuracy in the DICOM file was evaluated by measuring
the distance between the scan and the 3D volume using the visualization software, Imagel
(National Institutes of Health, USA, Maryland). Reference points were selected for the
measurements: one on the incisal surface for anterior teeth, one on the cusp tip for posterior
teeth, and one on the buccal surface coinciding or close to the cementoenamel junction (CEJ)
for both positions. Thus, four distances were recorded for each model. When this reference
point was not visible or missing due to the absence of a dental element, the most distal occlusal
and incisal surfaces were used. If none of these regions could be visualized, the measurement
was omitted. Two distances were recorded for each dental element: one toward the long axis of
the tooth from the incisal surface of anterior teeth or the cusp tip of posterior teeth, and one

perpendicular to the buccal surface up to the STL tracing.
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Statistical analysis

To evaluate intra-examiner and inter-examiner agreement, the intraclass correlation
coefficient (ICC) was applied. The data were statistically analyzed with the Shapiro-Wilk
normality and Levene tests to assess homoscedasticity. Kruskal-Wallis and Dunn's post-tests
analyzed the artifacts, and the Mann-Whitney U Test investigated occlusion and arch type. This
study used SPSS for Windows 20.5 (SPSS, Chicago, IL), BioEstat 5.0 (Instituto Mamiraua,
Belém, PA), and GraphPad Prism (GraphPad Software, San Diego, CA). All tests used a 5%

significance level.

RESULTS

The ICC values for examiner 1 were 0.98, and for examiner 2 were 0.96. The ICC value
between evaluators was 0.93, indicating excellent replicability according to Fleiss. This study
found a mean of 0.489 mm and a standard deviation of +£1.353 mm. The analysis of variance
showed a significant influence of the number of metal restorations on the deviations of models
in the horizontal/anterior position (p=0.009), and Dunn's post-test was applied (Table 1).

According to the box plot in Figure 3, group 1 showed a statistically significant
difference from group 2. Group 0 did not significantly differ from groups 1 and 2.

Boxplot showing median, maximum, and minimum, with the application of the Kruskal-
Wallis test and post-Dunn’s test. Different letters (AB) represent a statistically significant
difference between groups (Figure 3).

Table 2 displays occlusion and non-occlusion comparisons, showing a statistically
significant difference in VP and V A positions. In both cases, group 1 showed a higher meaning.

The occlusion during tomographic acquisition shows that the VP (p=0.029) and VA

(p=0.006) positions showed statistically significant differences.
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Table 3 refers to upper and lower arches according to the occlusion pattern, showing a
statistically significant difference in VP and VA positions. In both cases, group 1 showed a

higher meaning.

DISCUSSION

The null hypothesis was rejected due to statistically significant differences between the
groups according to occlusion type and the number of metal restorations. Metal objects in the
field of view (FOV) can produce artifacts from three sources: scattering, beam hardening, and
starvation. However, the higher the values of these three sources, the higher the attenuation of
X-ray photons. Consequently, the signal collected by the receiver will drastically decrease!*!*,

CBCT cannot provide accurate intercuspation and occlusal surface due to poor scanning
resolution and streak artifacts from metal restorations, insufficient exposure of the teeth, and
complicating a full surgical guide settling at placement surgery'>!’. Therefore, integrating a
virtual impression of teeth and related oral structures from an intra- or extraoral surface requires
a complementary scan with an accurate anatomical morphology of the dentition and its
interocclusal relationship'®.

In our sample, it was not always possible to perform the procedure in occlusion, since
some patients did not have most of their anterior teeth, preventing them from keeping their
vertical dimension correctly positioned, considering that the stability maintained by these teeth
was not achieved. In our study, mostly partial volume artifacts were found, mainly in the
presence of orthodontic brackets and crowns, generating shadows or striations, which, in turn,
despite slightly distorting the image quality, were not sufficient to prevent the superimposition
of the DICOM-STL system in most cases.

Metals produced streak artifacts in DICOM files, and, considering that patients present

metal restorations, finding reliable reference points for recording positions becomes
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challenging!®. Studies indicated procedures to reduce the beam hardening effect of artifacts,
such as the Metal Artifact Reduction (MAR) tool, which minimizes gray value variability and
increases the contrast-to-noise ratio, highly increasing image quality and ease of image
registration systems®*2!,

Some articles demonstrated deviations between the planned implant and its actual
position, with a reported mean of 1.12 mm, and such deviations cause cumulative errors
throughout the guided implant planning protocol?>?}. Considering this gap in the literature
regarding studies on the influence of deviation data recording, especially in the presence of
metal restorations, because there was no consensus on the best method, our study was developed
to elucidate this relationship between the presence of metal artifacts and image registration
failures.

This study proposed to verify whether the number of metal restorations interferes with
the automatic superimposition of STL and DICOM files and analyze the potential implications
for open- or closed-mouth acquisitions. The results were relevant since the analysis of variance
showed statistically significant data on model deviations in different demarcated positions,
determining the image registration accuracy corresponding to imaging artifacts and showing
the potential interference of metal artifacts with planning modalities.

The literature review showed three systems documented for collecting and analyzing
patient data, allowing, by different procedures, the superposition of hard and soft tissues for
prosthetic planning, which are DICOM-DICOM, DICOM-cast, and DICOM-STL?**2¢, The
present study used the DICOM-STL protocol, which is based on the superposition of DICOM

data from CBCT and STL data from a scan (intra- or extraoral). Common landmarks understood

as visible areas in both files were used for image registration of the two datasets?’.
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CBCT allows for visualizing hard tissue, and intra- and extraoral scanning gathers
information about the soft tissues of these patients. Thus, superimposed DICOM files with STL
create a “virtual patient” and can be used in implant planning procedures?®2°.

Artifacts from metal®® materials can cause image registration failure in automatic
planning systems due to beam hardening, resulting in altered images, forming hypodense bands
(dark bands), hyperdense striations (white streaks), and distorting metal objects (cupping
artifacts). The present study analyzed the comparative data on the number of metal restorations
in the four positions, obtaining only a statistically significant difference in the
horizontal/anterior position (p=0.009), corroborating a previous study®! that stated that the
anterior region produced more artifacts than the posterior one. Figure 2 shows software
effectiveness in all conditions, except for the HA group, which has few artifacts, indicating
satisfactory accuracy with considerably fewer metal artifacts or a high number of them because
the number of metal artifacts in CBCT images can significantly affect image quality,
corroborating different authors*>**. That might indicate two situations: the first would infer that
a high number of artifacts hindered the analysis in the visualization software, and the second
would refer to software ineffectiveness in the presence of few metal artifacts*3¢.

The present work also evaluated the difference between these artifacts in the dental
arches, corresponding to the maxilla and mandible in their respective positions. There were
statistically significant differences in both VP and VA positions, and the mandible showed the
highest number of artifacts compared to the maxilla. These results corroborated with some
studies®??, requiring more caution when evaluating this area in an overlapping plan.

It is worth noting that, in the horizontal analysis, the artifacts in the upper and lower
arches did not interfere with the posterior and anterior bites of patients. The vertical analysis in

both positions showed statistically significant values, demonstrating the interference of these

metal artifacts with image registration in this evaluation. The horizontal variation showed little
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interference whether the patient was in occlusion or not because there were few metal artifacts,
and the face was free. The vertical positions with occlusion demonstrated a loss of references
that define the verticality of STL files, causing anterior and posterior discrepancies.

Moreover, the results were statistically significant in the vertical posterior and vertical
anterior positions, where the relationship between the distance from STL to its dental occlusion
positions (occlusal/incisal) was analyzed. That may help understand that metal artifacts
interfere with the correct software measurement when registering these images, resulting in
unfeasible planning.

The research presented limitations regarding metal restorations, considering that each
metal material has a different atomic number and, consequently, affects the expression of
artifacts and gray values in CBCT, as stated in several works**>®. Protocols that decrease
artifact production in CBCT should be included when planning with overlaid images because
they interfere with the reliable reproduction of planning models in guided surgeries. Further
studies should be performed to assess software effectiveness in the presence of artifacts from

metal materials.

Conclusion

This study concluded that, whether the patient is in occlusion or not, metal artifacts do
not interfere with CBCT planning software for superimposed images in vertical analyses.
However, horizontally, there was an inferred discrepancy in the adjustments to DICOM-STL
segmentation. Additionally, metal artifacts distorted the superimposition and hindered the
planning of procedures using this technique. Protocols that reduce metal artifacts should be

used to improve image quality without harming the image registration procedure.
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Figure 1: Superimposition of the corresponding STL file based on four fixed anatomical
positions on the 3D arches. These landmarks were defined as: a) Vertical/Posterior (VP):
Selecting a posterior tooth and measuring the distance between the STL file and the occlusal
surface of the tooth (tip of the canine). b) Horizontal/Posterior (HP): After selecting a posterior
tooth, the distance between the STL file and the buccal surface was measured. c)
Vertical/Anterior (VA): Selecting an anterior tooth and measuring the distance between the
STL file and the incisal surface of the tooth. d) Horizontal/Anterior (HA): After selecting an
anterior tooth, the distance between the STL file and the buccal surface was measured.
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Figure 2: On the left, coronal section of the molar region; On the right, sagittal section of the
central incisor region, denoting the failure in the overlapping of the systems, demarcated and

signaled by the green contour, obtained by the Image J software.

Table 1: Positions determined concerning the number of metallic restorations.

.. Standard First Third
% sk
Positions Groups N Mean Deviation Median quartile quartile
0 18 0.4049 +1.068  0.0465 0.0215 0.1265 0.738
Xflﬁt)lcal—posmor 1 19 04629 +0.754 0.18 0034 0.541
2 32 06132 +1.002  0.0395 0.0238 0.7275
0 16 0.088 +0.111  0.052 0.0248 0.0845 0.141
Horizontal posterior 1 18 0314 +0.547  0.104 0.0163 0.3283
(HP) 2 24 0.1472 +0489  0.021 0.0075 0.0725
0 18 0.7888 +1329  0.0365 0.018 0.8665 0.555
Vertical anterior 1 22 09727 +1.353  0.2465 0.0388 1.3825
(VA) 2 34 0.8384 +1.128  0.0495 0.013 1.3263
0 15 0.1056 +0.237  0.0165 0.0108 0.0465 ***0.009
ig’:)zomal anterior 19 03071 +0.385  0.0935 0.0275 0.419
2 22 0.0628 +0.110  0.019  0.0025 0.0485

* Group 0: 0-2 metallic restorations; Group 1: 3-5 metallic restorations; Group 2: 6 or more
metallic restorations; **Kruskal-Wallis test; ***p<0.05 (statistically significant difference).
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Figure 3: Boxplot showing median, maximum, and minimum, with the application of the
Kruskal-Wallis test and post-Dunn’s test.

https://doi.org/10.7322/abcshs.2024043.2759

18


https://doi.org/10.7322/abcshs.2024043.2759

Santos et al. Evaluation of the interference of metallic dental artifacts with virtual implant planning
on CBCT. ABCS Health Sci. [Epub ahead of print]; DOI: 10.7322/abcshs.2024043.2759

Table 2: Comparison of the occlusion and non-occlusion during the acquisition, with the mean,

standard deviation, median, quartiles, and p-value, applying the for independent variables.

. Standard . First Third
* ks
Positions Groups N Mean Deviation Median quartile  quartile p
Vertical posterior 0 41 0311  +0.713 0.46 0.036  0.954 550,029
VP '
(VE) 1 28 0.82 +1.165 0.031  0.019 0.117
Horizontal posterior 0 38 0.183  +£0.534  0.1385 0.0188 0.3188
0.978
(HP) 1 20 0.181  +0.195 0.033  0.0129 0.0665
Vertical anterior 0 48  0.717  £1.228  0.0418 1.7585 1.7168
**%0.006
(VA) 1 26 1.143  +£1.216  0.0125 09625  0.95
Horizontal anterior 0 37 0.101  +0.209 0.068  0.012  0.451
(HA_) 0.204
1 19 0266 +0.369 0.024 0.0113 0.0528

*Group 0: closed mouth; Group 1: open mouth; ** Mann-Whitney Test; ***p<0.05

(statistically significant difference).
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Table 3: Occlusion pattern, applying the Mann-Whitney Test for independent variables.

Positions Groups* N Mean Stagdgrd Median FlI‘S"[ Thqu *k
Deviation quartile quartile
‘ , 0 41 0.3394 +0.713 0.039 0.0185 0.45
Vertical posterior 550 004
(VP) 1 28 0.8978 =+1.165  0.061 0.0335 1.5125
Horizontal posterior 0 38 0.1754 +0.534 0.04 0.0085 0.224
0.101
(HP) 1 20 0.2034 +0.195 0.034 0.0185 0.0875
Vertical anterior 0 48 0.4736 =£1.228 0.0375 0.0138 0.7988
**%0.016
(VA) 1 26 1.4422 +£1.216 09285 0.029 3.0873
Horizontal anterior 0 37 0.2031 +0.209 0.036  0.011 0.296
(HA_) 0.284
1 19 0.0295 +0.369 0.0185 0.0125 0.0393

*Group 0: Upper arch (maxillary); Group 1: Lower arch (jaw); **Mann-Whitney Test;

**%*p<0.05 (statistically significant difference).
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