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ABSTRACT
Statement of the problem: The presence of a metal object such as dental implants in the scan field may 

cause artifacts on the cone-beam computed tomography (CBCT) images, which can reduce the diagnostic 
quality and accuracy of images.

Purpose: The aim of this in vitro study was to compare the severity of implant-induced metal artifacts 
on CBCT images.

Materials and method: To this end, a dry human mandible and a maxilla were selected, then two 
Roxolid and two Zirconium fixtures with different diameters were placed in the central incisor and first 
molar sockets and fixed with dental wax. The mandible and maxilla were placed in the simulated phantom 
for soft tissue, and the occlusal plane was adjusted parallel to the horizon. Images were taken at standard 
and high resolutions using two CBCT units. The CBCT gray values were measured in three longitudinal 
sections of the fixture (cervical, middle and apical) and the contrast noise ratio (CNR) was calculated. The 
CNR values of images were analyzed based on the fixture material, resolution, jaw, unit parameters and 
fixture size by using the paired t-test and different fixture sections by one-way ANOVA.

Results: Depending on the CBCT unit, the CNR values in Roxolid and Zirconium fixtures are completely 
different. Under higher exposure parameters, the CNR values of the Roxolid and Zirconium fixtures were 
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INTRODUCTION

Dental implants are a suitable 
choice for edentulous regions in 
the jaw with high success rate and 
desired outcomes. The applica-
tion of CBCT in the treatment plan 

increases the chance of long-term dental implant 
success (1). CBCT is also used in other dental 
branches for the diagnosis, treatment plan, and 
follow-up (2-4). 

As compared to CT, the lower cost, fast acqui-
sition, and lower radiation dose have made 
CBCT increasingly popular in dentistry. The 
CBCT advantages include high accuracy and high 
resolution, and removal of burning and overlap 
of adjacent teeth (5, 6). The presence of a metal 
object in the scan field may cause artifacts in 
CBCT images which, in turn, reduces image 
quality and sometimes makes it unclear (6). The 
presence of a fixture in the CBCT scan field 
weakens the x-ray beam, inhibiting the proper 
scan of structures adjacent to the implant site (7). 
The conical nature of the X-ray beam causes ar-
tifacts in all areas around the implant site (6, 8). 
The artifact severity depends on the shape, posi-
tion, direction, and number of implants in the 
image, and also on the sequence of related pa-
rameters. Many variables are involved with the 
incidence of artifacts, such as exposure condi-
tions, pixel size, and field of view (FOV) (9-10).

There are some studies into the use of artifact 
reduction algorithm (11, 12). Although these al-
gorithms can partially reduce the incidence of 
artifacts, the details around the metal-tissue in-
terface, as the main region of interest (ROI), may 
still remain unobservable to the clinicians (13). 
Therefore, the effects of factors capable of re-
ducing metal-related artifacts in CBCT imaging 
should be assessed. 

The most common artifacts are black or white 
strip and streak lines, as well as dark area around 
a hard and metal object depending on the extent 

to which the ray is weakened or absorbed by a 
high-density substance (14-16).

This study was conducted to determine the 
severity of implant-related artifacts in different 
maxillary and mandibular areas based on the 
size, site, and implant material, using the CBCT 
units set at standard and high resolutions. q

MATERIALS AND METHOD

After ethical approval was given by Babol Uni-
versity of Medical Sciences (IR.MUBABOL.

HRI.REC.1397.187), this study used intact dry 
human mandible and maxilla with empty so-
ckets at central incisor and first molar sites. 

Four Straumann fixtures (ITI, Basel, Switzer-
land)

Including two Zirconium fixtures: 
(PURE Ceramic, Monotype, Cylandrical: 

4.1×10 mm) 
(PURE Ceramic, Monotype, Cylandrical: 

3.3×10 mm)
And two Roxolid fixtures:
(Roxolid*, Standard Plus, Cylandrical: 

4.1×10 mm)
(Roxolid*, Standard Plus, Cylandrical: 

3.3×10 mm) 
*Roxolid: 85% Titanium and 15% Zirconium
Two plastic cylinders with the least severity of 

artifact were used to fix the jaws during the scan. 
In addition, water was used for simulating the 
soft tissue (17).

Scans were taken using two CBCT units X 
MIND (ACTEON, Olgiate olona, Italy) and 5G 
(Newtom, Verrona, Italy) at two different resolu-
tions (high,standard) in the presence and ab-
sence of fixtures (as the case and control groups, 
respectively). The X MIND scan parameters were 
set as follows: 90 kVp, current of 8 mA, FOV of 
11×8 cm and pixel size of 150 µ at standard 
resolution and 100 µ at high resolution.

The 5G scan parameters were set as follows: 
110 kVp, current of 10 mA, FOV of 12×8 cm 

significantly higher in the maxilla than mandible. However, the fixture size and longitudinal section type 
did not have a significant effect on the CNR values.

Conclusion: In contrast to the fixture material, scanning parameters and jaw type, differences in the size 
and longitudinal section of the fixtures had no impact on artifact severity.

Keywords: dental implants, artifact, cone-beam computed tomography.
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and the pixel size of 150 µ at standard resolution 
and 75 µ at high resolution.

The XMIND images were analyzed with 
OnDemand 3D Dental, and 5G images were 
analyzed with NNT software. First, the mandible 
with empty sockets in the central incisor and first 
molar sites was placed in the plastic phantom 
filled with water (if needed, thermal adhesive 
was used at the condyles to attach it to the 
cylinder and position the occlusal plane parallel 
to the horizon). Then, CBCT images were taken 
at standard and high resolution, using XMIND 
and 5G units (control group). Next, the Roxolid 
fixture (diameter 3.3 mm) was placed in the 
central incisor socket, that the total 10 mm 
height of the fixture was in the bone (crestal) and 
fixed upright by wax. The same procedures were 
applied to the central incisor socket using the 
Zirconium fixture (diameter 3.3 mm). Then, the 
anterior fixture was removed from the socket 
and the Roxolid fixture (diameter 4.1 mm) was 
placed in the first molar socket and scanned 
using the same units at standard and high 
resolutions. The same procedures were 
conducted with the Zirconium fixture (diameter 
4.1 mm). In total, 40 CBCT scans were performed 
(32 scans in the case group and eight scans in the 
control).

To standardize ROI positions and include the 
artifact areas, the 10 mm fixture heights in the 
images were divided into the cervical, middle, 
and apical sections (2 mm, 5 mm, and 8 mm, 
respectively). In the axial view of each section, a 
line was drawn from the fixture center along the 
longitudinal axis of the jaw, then, a perpendicu-
lar line and three lines spaced 25° from each 
other was drawn (two anterior lines at angles of 
115° and 140°, and one anterior line at an angle 
of 65°). To examine the fixtures at the anterior 
area, only the lines at the angles of 65°, 90°, and 
115° were drawn. Moreover, three semicircles 
(1.5 cm, 2 cm and 2.5 cm in diameter) were 
drawn from the fixture center, resulting in a total 
of 12 squares (25×25 pixels), as ROI, at the in-
tersection of semicircle and lines (Figure 1). The 
number of squares for the anterior fixtures was 
nine. The gray values in these areas were calcu-
lated and placed in following formula to obtain 
the CNR values. (17)

Dental Implants In ComputeD tomography Images

FIGURE 1. CNR calculation method in the maxillary anterior region 
for control group (A), Roxolid (B), and Zirconium (C).
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The mean, standard deviation, and standard 
error of CNR values of CBCT images were calcu-
lated and reported by fixture material (Roxolid-
Zirconium), jaw (mandible-maxilla) resolution 

(high-standard), size (anterior-posterior) and sec-
tion of the images (cervical-middle-apical). The 
statistical comparison of CNR values by dual-
mode variables (fixture material, lower or upper 
jaw, posterior or anterior, resolution) was done 
using the paired t-test. In addition, the statistical 
comparison of CNR values by the triple-mode 
variable (cervical, middle, apical) was done using 
the one-way ANOVA (one-sided analysis of vari-
ance). q

RESULTS 

In contrast to 5G, the mean CNR values of Ro-
xolid fixture in XMIND was higher than Zirco-

nium fixture. Moreover, the CNR values in Ro-
xolid and zirconium fixtures were significantly 
higher in the maxillary region than the mandibu-
lar region (Table 1, Figure 2). 

Nevertheless, there was no significant diffe-
rence between the fixture diameters in terms of 
the CNR values (Table 1).

Moreover, there was no significant difference 
between the longitudinal sections of Roxolid and 
5G fixtures (cervical, middle, and apical) in terms 
of CNR values (Table 2). 

In XMIND, there was not any significant dif-
ference between standard(voxel size: 150 µ) and 
high (voxel size: 100 µ )resolutions of CBCT im-
ages of Roxolid and Zirconium fixtures in term of 
the CNR values; whereas, in 5G, the CNR value 

Dental Implants In ComputeD tomography Images

TABLE 1. Measures of 
central dispersion of CNR 
values for Roxolid and 
Zirconium fixtures by 
unit, jaw, and region 
(fixture diameter)

FIGURE 2. Mean CNR values of CBCT images by X MIND and 5G, 
maxilla and mandible, two resolutions in Roxolid and Zirconium fixtures
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of CBCT images was significantly higher at high 
resolution (voxel size: 75 µ) than standard reso-
lution( voxel size: 150 µ) (Table 3, Figure 2). q 

DISCUSSION

The gray values in CBCT depend on characte-
ristics of the object, such as diameter, shape, 

density, and atomic number in particular 
(6, 18, 19). Since metals have high density and 
their atomic number is higher than soft tissue 
and bone compositions (20), they cause X-ray 
beam hardening artifacts while imaging (9, 10). 
In this study, XMIND and 5G produced different 
CNR values for the Roxolid and Zirconium fix-
tures. In XMIND, the CNR of Roxolid fixture was 
significantly higher than that of Zirconium (1.24 
versus 1.17) whereas, in 5G, the CNR of Roxolid 

fixture was significantly lower than that of Zirco-
nium (2.74 versus 3.28). According to the incon-
sistency of different CBCT results given the se-
verity of artifacts caused by titanium and 
Zirconium, it can be concluded that in addition 
to the fixture material, the exposure parameters 
and CBCT Units are also influential (16, 17, 21, 22).

Based on different results reported by San-
cho-Puchades’s study into titanium and zirconi-
um fixtures placed in gypsum casts (21), it seems 
that the difference in anatomic structures, den-
sity, and atomic number of tissues adjacent to 
the fixture site can affect the severity of fixture-re-
lated artifacts. Moreover, the CNR values of Zir-
conium and Roxolid fixtures in the maxilla was 
significantly higher than those in the mandible, 
indicating lower incidence of artifacts in the 
maxilla which is consistent with Machado’s study 
(16). This difference can be attributed to the dif-
ference in the density and thickness of maxillary 
and mandibular bones. 

In this study, the CNR values of different fix-
ture sections (cervical, middle, and apical) were 
not different, which is inconsistent with Macha-
do’s study. It can be attributed to the presence of 
crown on the fixtures under examination in 
Machado’s study, in which the incidence of arti-
facts was higher in cervical sections (16). q

CONCLUSION 

It seems that in addition to the fixture materials, 
different exposure parameters and CBCT units 

play a role in the severity of artifacts caused by 
different fixture alloys. However, such factors as 

TABLE 3. Measures of 
central dispersion of CNR 
values for Roxolid and 
Zirconium fixtures by 
resolution  

TABLE 2. Measures of central dispersion of CNR values for Roxolid 
and Zirconium fixtures by cervical, middle and apical sections of 
fixtures
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