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Obijectives: The purpose of this study was to evaluate the MRI-artifact pattern produced by
titanium and zirconia dental implants with different geometries (diameter and height).
Methods: Three titanium (Titan SLA, Straumann) and three zirconia (Pure Ceramic Implant,
Straumann) dental implants differing on their design (diameter x height) were installed in
porcine bone samples. Samples were scanned with a MRI (3T, TIW turbo spin echo sequence,
TR/TE 25/3.5ms, voxel size 0.22%0.22x0.50 mm, scan time 11:18). Micro-CT was used as
control group (80kV, 125mA, voxel size 16pum). Artifacts’ distribution was measured at vestib-
ular and lingual sites, mesial and distal sites, and at the apex. Statistical analysis was performed
with Within-ANOVA (p=0.05).

Results: Artifacts distribution measured 2.57 + 1.09 mm for titanium artifacts and 0.37 +
0.20 mm for zirconia artifacts (p<0.05). Neither the measured sites (p=0.73) nor the implant

geometries (p=0.43) influenced the appearance of artifacts.

Conclusion:

Artifacts were higher for titanium than zirconia implants. The artifacts pattern

was similar for different dental implant geometries.
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Introduction

Magnetic resonance imaging (MRI) is a non-invasive
imaging technique used for diagnosis of head and neck
pathologies."? One of the main advantages of using
the technique is the ability to reproduce anatomical
and functional structures without involving ionizing
radiation. Furthermore, MRI provides a high contrast
between hard and soft tissues, which is valuable for
medical and dental diagnostic imaging purposes.>?
However, the technique is susceptible to misinterpre-
tation and diagnostic errors due to the appearance of
unintended effects. The so-called artifacts are dependent
not only on the system features, but also on the interac-
tion between MRI and the scanned object. Whereas the
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MRI sequence parameters and phase-encoding direc-
tion can be modulated to minimize the appearance of
artifacts, physical properties of the scanned object must
be taken into consideration.*

For instance, in the presence of dental materials,
two main types of artifacts, known as susceptibility
and non-susceptibility artifacts, are expected. Suscepti-
bility artifacts occur due to the signal loss caused by the
discrepancy between magnetic susceptibility of neigh-
boring structures. Conversely, a non-susceptibility arti-
fact is related to eddy currents, which are induced by the
alternation of gradients and radiofrequency magnetic
fields.5 10

Although previous studies have confirmed MRI
artifacts produced by the composition of dental
implants, it is still unclear whether the dental implant
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geometry can influence the severity and pattern of
the artifacts.!"™ Due to the variability of commer-
cially available dental implants, the relations between
dental implant features and artifacts should be further
analyzed.

In this sense, the purpose of the present study was
to evaluate the distribution of MRI artifacts produced
by dental implants when considering different geome-
tries (diameter and height). The rationale of this study
was to verify whether the formation of artifacts could
differ according to the dental implant features. The
null hypothesis is that there would be no difference
among MRI artifacts produced by dental implants with
different geometries.

Methods and materials

Sample acquisition

Sample size was calculated based on a pilot study using
G*Power (University of Diisseldorf)."*Considering a
statistical power of 80% and a significance level at 0.05,
nine bone samples were required to detect a statistical
difference between artifacts produced by dental implants
with differences in their composition.

Freshly extracted porcine ribs were acquired at a local
butchery and prepared by removing all soft tissues and
periosteum. Specimens were sectioned with a diamond
disc in order to produce bone samples measuring
approximately 3 cm wide.

Titanium (Titan SLA, Straumann) and zirconia
(Pure Ceramic Implant, Straumann) dental implants
with different diameters and heights were used in this
study (Figure 1). Dental implant bed preparation was
performed according to the manufacturer instructions
using appropriate surgical drills (Straumann GmbH,
Freiburg, Germany). Prior to the experimental phase,
specimens were immersed in a 3.5% formaldehyde bath
for 4 weeks.
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Figure 1 Study design.
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Image acquisition

Micro-computed tomography (uCT)

High accuracy images of the implant bed prepara-
tion were used as the control group. Thus, before the
implants were installed, the bone samples were scanned
using uCT (SkyScan 1272; Bruker, Kontich, Belgium) at
80kV, 125mA, and voxel size of 16 um.

Magnetic resonance imaging

After installing the dental implants, MRI scans of the
bone samples were performed. For this purpose, each
sample was positioned in a conical plastic container
measuring 25X45mm (diameterXheight) filled with
ultrasound gel. TIW turbo spin echo sequence imaging
was performed for each sample using a whole body 3T
magnetic resonance system (Philips, Healthcare System)
with 8-channel SENSE-foot/Ankle coil, TR/TE 25/3.5
ms, FOV 100x100x90, voxel size 0.22%0.22x0.50 mm,
scan time 11:18, phase-encoding direction RL.

Artifact assessment

Images were assessed using an imaging software
(Imalytics Preclinical, Gremse-IT GmbH, Aachen,
Germany),'® which enabled segmentation of the dental
implant artifact and cortical bone surrounding dental
implants. A combination of manual and automatic
segmentation operations were performed.

For MRI, two segmentations were applied: the
first containing both cortical bone and dental implant
artifacts, and the second, containing only the arti-
facts. Threshold values were individually determined
according to the mean gray value between each arti-
fact and air/bone. Segmentation quality was visually
controlled, and when required, it was refined using
morphological operations based on distance maps. For
uCT, bed implant preparation and cortical bone were
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Figure 2 Superimposition of STL files. Micro-CT images (blue) of bone samples without dental implants were matched to MR images (gray) of
cortical bone and dental implants. (A). Titanium implants. (B). Zirconia implants.

segmented in accordance with a mean threshold value
calculated by the software.

All segmentations were reconstructed in 3D images
and then imported into an Inspection Software (GOM
Inspect) for analysis. MRI and pCT images were
spatially oriented according to the reference lines
provided by the software. First, MRI and uCT segmen-
tations containing the cortical bone were superimposed
using the best-fit alignment method, adopting the
cortical bone as the anatomical reference. After this,
the MRI-segmentation containing only artifacts was
matched to the one containing the cortical bone. Since
this segmentation delineated the artifact borders better
than the one containing the cortical bone, it was used
for analysis (Figure 2).

Coronal and sagittal sectional planes were created
in the midpoint of dental implant bed preparation. As
shown in Figure 3, measurement points were equally
distributed along these sectional planes to delineate the
surfaces of interest. The extensions of artifacts were

determined by measuring the linear distance (mm)
between implant preparation surface (WCT) and artifact
borders (MRI). These measurements were performed
along the implant at the following sites: vestibular-
lingual (VL), mesial-distal (MD), and apex (A). After-
wards, a mean arithmetical value was calculated for each
measurement site (VL, MD, A). In order to control the
intrarater variability, measurements were repeated three
times by the same examiner.

Statistical analysis
Statistical analysis was performed with the software
SPSS v.22.0 (IBM). Data distribution and homogeneity
of variance were assessed by Shapiro-Wilk and Levene
tests. Additionally, Mauchly’s test was used to evaluate
the sphericity assumption. Intra-rater variability was
determined by Conbrach’s alpha.

Within-ANOVA was performed to evaluate the
interaction between materials (titanium and zirconia)
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Figure 3 Assessment of artifacts. (A,B) Cross-sectional images of (A) zirconia and (B) titanium dental implants. (C,D) The segmented three-
dimensional images were sectioned in the midpoint of implant bed preparation for (C) zirconia and (D) titanium implants. (E, F) Distance
between artifact and dental implant preparation borders were measured for (E) zirconia and (F) titanium dental implants.
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Table 1 Descriptive data (mm) for Ti and Zi dental implants with
different design
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Vestibulo-lingual Apex Mesio-distal
Titanium
A 3.00 £ 1.31 2.33£0.76 2.95%0.86
B 2.67 £0.80 2.79 £0.51 1.60 £ 1.40
C 3.47 £0.68 1.02£1.35 3.31+£0.55
Zirconia
A 0.38 £0.27 0.58 £0.09 0.29 £0.19
B 0.62£0.14 0.17£0.13 0.48 £0.14
C 0.35+0.10 0.35£0.04 0.30 £0.16

according to the measurement sites (vestibular-lingual,
mesio-distal, and apex). Implant design (3.3X8 mm;
4.1x8 mm; 4.1X14 mm) was considered a co-variant
factor (p < 0.05).

Results

According to adherence to the Gaussian distribution,
data were described as mean * standard deviation.
Violation of sphericity was corrected by using the
Greenhouse-Geisser method. Intra-rater variability was
high (0.92).

Tables 1-3 describe the artifact measurements and
statistical analysis. Overall, the mean deviation was 2.57
+ 1.09 mm for titanium artifacts and 0.37 = 0.20 mm
for zirconia artifacts (Figure 4). Although statistical
difference was found between dental implant materials
(p<0.01), artifacts were similarly distributed among
different sites (p=0.73). Additionally, dental implant
geometry did not influence the extension of artifacts
(p=0.43). Figure 5 shows an overview of the pattern of
artifacts according to the dental implants evaluated.

Discussion

The findings of this study suggested that although
the artifacts overextended dental implant size in MRI
images, their dimension had no influence on the exten-
sion of artifacts. In a similar manner, Ganapathi et al
(2002)!7 assessed the influence of titanium screws used
for fixing scaphoid fractures, on susceptibility artifacts
in MRI. Contrary to the findings of our study, the

Table 2 Statistical analysis.

Sum of

Squares ~ DF Mean square V4 p-value
Intercept 15,922 1 15,922 27,702 <0.01
Implant Design 0,067 1 0,067 0,116 0.73
Implant Material 73,011 1 73,011 127,023 <0.01
Error 8,622 15 0,575

DF, degree of freedom.

Table 3 Comparison between zirconia and titanium dental implants

Mean  Standard 95% Confidence

Material  difference  error p-value Interval
Inferior  Superior
2.32¢ 0.2 0 1.88 2.76

astatistical difference at p=0.05.

authors showed that longer screw lengths produced
longer artifacts. Possibly, this statement is true for larger
sized materials, since the height of the screws in the
present study ranged from 16 to 22 mm. As the size of
dental implants tends to be smaller, their influence on
artifacts may not be clinically significant.

Furthermore, artifacts were similarly distributed
among different sectional planes. Duttenhoefer et al.
(2015)"? showed an overestimation of 36.9% in the
transversal plane and 29.7 % in the longitudinal plane
for titanium implants. As has been reported in previous
studies,'® the “clover-like” pattern was related to the
scanning direction. Many factors, such as the MRI
sequence, parallelism between dental implants and
scanner, for example, the phase-encoding direction, can
influence the severity of artifacts. Thus, in a clinical situ-
ation, the artifact pattern would be possibly different
according to the MRI protocol.

With regard to dental implant material, the magni-
tude of MRI artifacts was greater for titanium dental
implants in comparison with zirconia implants. These
findings are in agreement with those in the previous
literature. Demirtuk Kocasarac et al. (2019)"* reported
how titanium, zirconium, and titanium-zirconia dental
implants generated artifacts in MRI and CBCT. The
authors showed greater signal voids for dental implants
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Figure 4 Box plots showing distribution of artifacts for titanium and
zirconia dental implants. Bars represent 95% CI, and circles represent
mean values (mm).
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Figure 5 Artifacts distribution according to different dental implant
geometries.

containing titanium in their composition. Accord-
ingly, our study showed that zirconia dental implants
were well-depicted in MRI images, whereas titanium
implants distorted peri-implant tissues surrounding
dental implants to an extension of up to 3.55 mm.

Nonetheless, titanium artifacts are limited to the
implant site and were more severe around the implants,
thus preventing visualization of the adjacent bone.'®
Although there is no evidence to support the hypoth-
esis that dental implants affect medical diagnosis in
head and neck region, it is presumed that they limit the
assessment of hard and soft tissues surrounding dental
implants. Hence, in cases in which MRI is required,
distortions at the implant site should be taken into
consideration. Conversely, zirconia implants appeared
with minor distortions in MRI. Thus, the assessment
of peri-implant defects around zirconia implant may be
considered.!?

The present study was performed by means of a TIW
turbo spin echo sequence. Reports have stated that arti-
facts are smaller for the TIW sequence in comparison
with the T2W sequence. In addition, turbo spin echo is
able to provide a better image quality in comparison with
gradient echo. Nonetheless, the use of a 1.5T instead of
3T-MRI, and metal artifact reduction techniques, could
be beneficial to ensure that smaller artifacts would be
produced.!

Artifacts were assessed in standard tesselation
language (STL) files using an Inspection software.
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Conclusion

Within the limitations of this study, artifacts for tita-
nium were larger than those for zirconia dental implants.
However, the distribution of artifacts was not influenced
by dental implant geometry.
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