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Influence of the X-ray
source and the digital image
receptor on the expression
of halo artefacts around
dental implants
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Objectives: To assess if different dental X-ray sources and
receptors can improve the bone-to-implant interface image
visualization by preventing halo artefact expression in terms
of presence and magnitude. Methods: 144 digital periapical
radiographs of eight titanium implants installed in two human
jaws were obtained using two devices (high- and low-frequency
X-ray sources) and two radiographic receptors (complementary
solid metal oxide semiconductor sensor, and phosphor storage
plate). Two evaluators assessed the presence or absence of halo
on the left, right and apical surfaces of the implants. In surfaces
with halo, the area was segmented and quantified to measure the
magnitude of artefact using the Trainable Weka Segmentation
plugin of the Imaged software. Statistics comprised Cochran’s Q,
ANOVA, Kappa, and Intraclass Correlation tests (a = 5%). Results:
Intra-examiner reproducibility was substantial and excellent.
No surface showed statistically significant differences between
the paired groups considering halo presence. 85 radiographs
had at least one surface with halo, but the magnitude of halo
did not vary considering the X-ray sources and radiographic
receptors studied. Conclusion: Neither different X-ray sources
nor radiographic receptor used in dentistry could improve the
bone-to-implant interface image by preventing the presence or
reducing the magnitude of halo artefacts.
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Introduction

The absence of peri-implant radiolucencies that may indicate flaws in osseointegra-
tion is one of the key criteria to establish the success of dental implants’. Despite
their advantages when compared to radiographic films, digital periapical radio-
graphs are usually associated with the occurrence of halo artefacts — also known
as Uberschwinger artefact, and “blooming” or “burn out” phenomenon — which can
simulate peri-implant radiolucencies?®. The halo artefact appears as a radiolucent
line around a metal or other high-density object. In dentistry, it can also mimic misfits
at restoration margins and recurrent caries, which can lead to erroneous treatment
decisions*’. The halo artefact is associated with the use of sharpness filters and
with the energetic parameters involved in X-ray production, such as kilovoltage-peak
(kVp)*®. It also can be associated to an overflow of energy that exceeds the recep-
tor's limit range, making pixels in certain regions oversaturated, thus appearing
“black” or “burned out” in the image?.

Dental digital radiography can be obtained using the complementary metal-oxide
semiconductor (CMOS) sensor, charged-coupled device (CCD) sensor and photo-
stimulable phosphor plate (PSP). Although CMOS and CCD sensors have similar
structures, the current production volume of CMOS is much higher than CCD for
some advantages such as high-speed data transfer because each pixel is inde-
pendently connected to the output, for example®. Furthermore, CMOS receptors
are prone to a higher dispersion of radiation than PSP due to their bigger physical
thickness associated to its plastic®. The dispersion of radiation is caused mainly
by Compton scattering and can generate radiolucent artefacts in the digital image,
such as the halo artefact™"".

High-frequency X-ray sources allow a better use of the consumed energy when com-
pared to low-frequency sources, reducing exposure time and, consequently, generat-
ing a lower radiation dose to the patient’'®. In addition, for the same kVp and radio-
graphic density settings, the images resulting from high-frequency devices have a
lower contrast than those obtained with low-frequency devices. This could compen-
sate for the sudden density difference between dental implant and surrounding alve-
olar bone by providing a more homogenous distribution of grey values, thus reducing
the expression of halo artefacts™.

Little is known regarding the outcomes of using high- and low-frequency X-ray
sources, as well as different radiographic receptors currently used in dentistry
(i.e.; CMQS and PSP), in halo artefact formation. Considering the available knowl-
edge regarding these, we hypothesized that high-frequency devices with lower kVp
and PSP receptor would reduce halo artefacts and, therefore, improve the radio-
graphic image of the bone-to-implant interface, due to the longer contrast scale and
decreased radiation scattering. To test our hypothesis, the aim of this study was to
assess the influence of different X-ray sources (high and low frequency) and radio-
graphic receptors (CMOS and PSP) on the expression of halo artefacts, in terms
of presence and magnitude, in digital periapical radiographs of dental implants
acquired with two kVp settings.
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Methods

This was an ex vivo experimental study carried out after approval by the local Research
Ethics Committee (protocol #05675718.8.0000.5060) and it is in accordance with the
Helsinki Declaration.

Sample preparation

Four external hexagon titanium implants with 3.75 mm in diameter (TitamaxTi, Neo-
dent, Curitiba/PR, Brazil) were placed in two partially edentulous dried human jaws.
Thus, eight implants were inserted in the regions of first premolars and first molars
on both sides. Following the manufacturer's recommendations, initially a spear-type
drill (Neodent, Curitiba/PR, Brazil) was used in the milling sequence. Using the canal
made by the drill as a guideline, the Titamax 2.0, pilot 2/3, and the Titamax 3.0 and
3.15 cylindrical drills (Neodent, Curitiba/PR, Brazil) were used, respectively. The instal-
lation was carried out under abundant irrigation with saline solution. In addition, the
insertion of the implants followed the criteria of parallelism and long axis of the adja-
cent teeth, so that the implant neck was at the level of the alveolar ridge.

Image acquisition

The images were obtained using a high-frequency device (Focus™, 100-120 Hz,
60/70 kVp, 7 mA, Kavo, Tuusula, Finland) and a low-frequency device (Timex 70E,
50-60 Hz, 70 kVp, 7 mA, Gnatus, Ribeirdo Preto, Brazil), with an exposure time of
0.2 seconds and a focus-receptor distance of 40 cm. The radiographs were
obtained using 60 and 70 kVp in the high-frequency device. In addition, two image
receptors were used: type 1, size 1 (23 x 39 mm) CMOS (Snapshot, Kavo, Tuusula,
Finland); and type 1, size 2 (31 x 41 mm) PSP (VistaScan Mini Easy, Durr Dental,
Beitigheim-Bissingen, Germany). Automatic application of filters by the software of
the digital systems (Cliniview Kavo, Tuusula, Finland; Viewbox Studio, Durr Dental,
Beitigheim-Bissingen, Germany) were disabled before images acquisition.

Since halo artefacts are absent when radiographic films are used, radiographic images
were obtained under all study conditions using chemically processed radiographic
films. Such radiographs were taken in order to verify the absence of gaps between the
implant and the alveolar bone, which could produce peri-implant radiolucencies. This
verification was done by the actual operator.

In order to standardize the images obtained, the periapical radiographs were per-
formed by a single trained operator, using an acrylic device that allowed the image
receptor to be parallel to each implant installed (Figure 1). Additionally, an acrylic plate
of 20 mm thickness was used to simulate the attenuation of X radiation caused by
the patient’s soft tissues' (Figure 1). Considering the factors under study, six experi-
mental groups were formed (Table 1). Since variations in the X-ray tube current could
influence the results to be obtained, three digital radiographs per implant were per-
formed to guarantee repetitions of the same experimental condition. Thus, a total of
144 radiographs were obtained (8 implants x 3 exposures x 6 experimental groups),
stored as 32 bit .jpeg files. The images were then coded and randomized using Micro-
soft Excel (Microsoft®, Redmond, WA).
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Figure 1. 1A. Acrylic device used for image acquisition, with an acrylic plate of 20 mm thickness to mimic
soft tissue attenuation. 1B. Demonstration of the positioning of acrylic device, acrylic plate, dry mandible
with implants, CMOS sensor and X-ray device.

Table 1. Experimental groups, according to X-ray devices, digital receptor and kilovoltage.

Groups X-ray devices Frequency Receptor Kilovoltage (kVp)  Paired Groups
A Low PSP 70 AandC
Timex
B Low CMOS 70 B and D
c High PSP 70 AandB
D High CMO0S 70 CandD
Focus
E High PSP 60 EandF
F High CMO0S 60 CandF
DandF

kVp, kilovoltage peak; PSP, photostimulable phosphor plate; CMOS, Complementary Metal Oxide Semiconductor.
Paired groups used for subjective analysis, according to X-ray source, type of receptor and kilovoltage.

Image evaluation

Two oral radiologists with atleast four years of experience with digital radiographs eval-
uated the digital radiographs for halo presence/absence (subjective analysis), and one
of them assessed the magnitude of halo (objective analysis). Both evaluations were
performed in a dimly lit environment using an Asus SonicMaster AR5B225 notebook
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(AsusTek Computer Inc, Taipei, Taiwan). They were allowed to use the zoom tool, but
not brightness and contrast adjustments or filter application.

After training sessions conducted with images not included in the study, the evaluators
initiated the subjective analysis using the Windows image viewer software (Microsoft®,
Redmond, WA). To this end, they assessed each radiograph under consensus and
answered whether a radiolucent halo around the dental implant (left, right and apical
surfaces) was present or absent. Radiographs presenting a halo on at least one of the
surfaces (Figure 2) were objectively assessed, so that the three surfaces were included.

The evaluator used the Trainable Weka Segmentation plugin of the ImageJ soft-
ware (National Institutes of Health, Bethesda, MD, USA) for the objective analysis
(Figure 2). This consisted of a semi-automatic segmentation of the halo artefact
area in the bone-to-implant interface on the left, right and apical surfaces of each
implant. First, the evaluator selected a region of interest (ROI) with dimensions
of 3 mm width and 4 mm height, including the implant surfaces and the adjacent
bone (Figure 3A). Then, the evaluator positioned classifiers of different sizes in
areas of opposite densities: red classifiers in radiopague areas — bone and implant
surface; and green classifiers in radiolucent areas — halo artefact area (Figure 3B).
The segmented artefact area was calculated using the ROl Manager tool and
expressed in mm?2 (Figure 3C). This area represented the quantitative expression
of the halo artefact magnitude. Thirty days after concluding the evaluations, the
evaluators reassessed 20% of the sample to measure their reproducibility.

Figure 2. Examples of radiographs cropped at the right surface of the implants in which the halo artefact
was considered present, according to the subjective analysis. 2A. Group A - low frequency, PSP, 70 kVp.
2B. Group B - low frequency, CMOS, 70 kVp. 2C. Group C - high frequency, PSP, 70 kVp. 2D. Group D -
high frequency, CMOS, 70 kVp. 2E. Group E - high frequency, PSP, 60 kVp. 2F. Group F — high frequency,
CMOS, 60 kVp.

Braz J Oral Sci. 2024;23:€243907 5



Braga et al.

Figure 3. Steps of the semi-automatic segmentation process of the left surface of an implant using the
Trainable Weka Segmentation plugin of the ImageJ software. 3A. Selected region of interest (3 mm x 4 mm)
after calibration of the radiograph. 3B. Classifiers of different sizes were positioned in areas of opposite
densities: red classifiers in radiopaque areas — bone and implant surface; green classifiers in radiolucent
areas — halo artefact area. 3C. The segmented halo artefact area (in green) was obtained, in mm?2,

Statistical analysis

Data collected in the subjective and objective analyses were tabulated in the Mic-
rosoft Excel program. The intra-examiner reproducibility values were calculated
using the Kappa test (subjective analysis) and the Intraclass Correlation Coefficient
(ICC) (objective analysis). The values were interpreted according to Landis and Koch
(1977)' (subjective analysis) and Szklo and Nieto (2016)" (objective analysis).

In the subjective analysis, data consisted of dichotomous nominal variables (pres-
ence/absence of halo) and was expressed as the absolute and relative frequency
of radiographs with halo per surface and per experimental group. These data were
analyzed by Cochran’s Q test with pairwise McNemar post-hoc. Data collected in the
objective analysis comprised continuous quantitative variables (area of segmented
halo, in mm?) and was descriptively presented as the mean and the standard devi-
ation of the segmented halo areas in mm?2. Since the Shapiro-Wilk and the Barllet
tests showed normal distribution and variances, the data were submitted to ANOVA.
Statistics were performed considering the paired groups shown in Table 1 using two
software programs: R version 4.0.0 (R Foundation for Statistical Computing, Vienna,
Austria) and Jamovi version 1.6.3 (The Jamovi Project, Sidney, Australia™). The signif-
icance level was adopted at 5%.

Results

Intra-examiner reproducibility was substantial for the subjective analysis (Kappa = 0.75)
and excellent for the objective analysis (ICC = 0.76). None of the film-based radio-
graphs showed peri-implant radiolucencies.

Table 2 features the absolute and relative frequency of radiographs with halo consid-
ering each surface and each experimental group, based on the subjective analysis.
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No surface showed statistically significant differences between the paired groups
considering halo presence (p > 0.05).

Table 2. Absolute and relative frequency of surfaces with halo considering each experimental group,
according to the subjective analysis.

Surface

Group

Left Right Apical
A 7 (29.2%) 5(20.8%) 9 (37.5%)
B 9 (37.5%) 8(33.3%) 5(20.8%)
c 5 (20.8%) 4(16.7%) 6 (25%)
D 8(33.3%) 12 (50%) 6 (25%)
E 5(20.8%) 5(20.8%) 8(33.3%)
F 5(20.8%) 10 (41.7%) 8(33.3%)
p-value 0.36 0.05 0.26
Total 39 (27.1%) 44 (30.6%) 42 (29.2%)

Group A - low frequency, PSP, 70 kVp; Group B — low frequency, CMOS, 70 kVp; Group C — high frequency,
PSP, 70 kVp; Group D - high frequency, CMOS, 70 kVp; Group E - high frequency, PSP, 60 kVp; Group F - high
frequency, CMOS, 60 kVp.

* p < 0.05, according to Cochran’s Q test.

In the subjective analysis, 85 of 144 radiographs expressed halo artefact on at least
one of the surfaces and were included in the objective analysis. The left, right and
apical surfaces of all 85 radiographs were objectively assessed. Table 3 shows the
number of surfaces with halo and the mean and standard deviation values for the halo
segmented areas by surface and experimental group. No surface showed statistically
significant differences among the groups considering areas of halo artefact (p > 0.05).

Table 3. Number of surfaces with halo and mean and standard deviation of the halo segmented areas
(in mm?), considering each surface and each experimental group, according to the objective analysis.

Mean (SD), mm? / Surface

Group N

Left Right Apical
A 13 1.093 (0.177) 0.948 (0.192) 1.197 (0.336)
B 15 1.122 (0.267) 0.899 (0.289) 1.090 (0.392)
Cc 11 1.101 (0.181) 0.925(0.272) 1.175(0.251)
D 18 0.981(0.318) 0.930 (0.239) 1.056 (0.318)
E 13 1.146 (0.224) 0.832(0.187) 1.307 (0.286)
F 15 0.949 (0.305) 0.864 (0.217) 1.092 (0.312)
p-value 0.346 0.693 0.307

N, number of surfaces with halo; SD, standard deviation; Group A — low frequency, PSP, 70 kVp; Group B - low
frequency, CMOS, 70 kVp; Group C - high frequency, PSP, 70 kVp; Group D - high frequency, CMOS, 70 kVp;
Group E - high frequency, PSP, 60 kVp; Group F - high frequency, CMOS, 60 kVp.

*p < 0.05, according to ANOVA.
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Discussion

In this study, we aimed to assess the influence of the X-ray source and the image
receptor on the expression of halo artefacts in digital radiographs of dental implants,
since this artefact can simulate failures in the osseointegration of implants* Each
factor under study was considered individually by paired group comparisons.
To the best of our knowledge, this was the first study to evaluate whether differ-
ent X-ray sources and radiographic receptors used in dentistry can improve the
bone-to-implant interface, avoiding the expression of the halo artefact in terms of
presence and magnitude.

We used subjective analysis (presence or absence of halo) and objective analy-
sis (area of halo expressed in mm?) considering that both could relate to osse-
ointegration diagnosis, since these provided assessment of radiolucent area in
the bone-to-implant interface. Kappa and ICC values were above 0.75, indicating
substantial and excellent reproducibility for subjective and objective analyses,
respectively. Calibration of the examiners was unnecessary since the study did
not aim to standardize the diagnosis of artefact but rather to obtain the perception
of the two examiners. In the objective assessment, semi-automatic segmentation
minimized the possibility of inconsistent responses.

In this study, the file format used was jpg. Miranda-Viana et al. (2021)" observed
that digital radiographic images could be stored in different file formats, i.e., TIFF,
BMP, PNG and JPEG, without affecting the diagnosis of root resorption. Additionally,
Madlum et al. (2021)% also observed that the same digital file formats did not influ-
ence the radiographic diagnosis of proximal caries lesions.

The electronic components of a CMOS receptor for reading and signal amplification
are encapsulated within a plastic casing to protect them from deterioration and
contamination at the oral cavity, while making it bulkier?'. Since this plastic casing
is composed of a polymer which presents a low physical density, its interaction
with the X-ray beam is not associated with photoelectric absorption but mainly with
radiation scattering, i.e. the X-ray beam interacts with the object and the scattered
photons still reach the sensor. Radiation scattering reduces the image quality and
can generate radiolucent artefacts in digital images®'". However, we did not find any
statistically significant differences between the two radiographic receptors, so this
effect showed to be insufficient to interfere in the presence and magnitude of the
halo artefacts generated.

The artefacts that occur by radiation scattering can be reduced by decreasing kVp and
by an accurate collimation of the radiation beam'®. A previous study found that digital
images of humeral implants obtained with the lowest kVp values were less associated
with the formation of halo artefacts?. Low-energy photons tend to be more absorbed
than high-energy photons; for this reason, low kVp values result in more attenuated
photons?, which may decrease scattering radiation and, consequently, the production
of radiolucent artefacts. However, we did not find any statistically significant differ-
ences between the values of 60 and 70 kVp. It is noteworthy that Hudek et al. (2017)%
worked with greater kVp variations than those available for periapical X-ray devices
such as ours.
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The influence of the X-ray source on the formation of halo artefacts in digital radio-
graphs of dental implants has not yet been considered in the literature, to the best of
our knowledge. When using high-frequency devices, the anode’s voltage varies from
zero to the kVp setting, therefore the intensity of radiation tends to be as high as the
kVp value, and the beam energy presents less heterogeneity than that produced by
low-frequency sources. In addition to energy use', high-frequency X-ray machines
produce images with a longer contrast scale, i.e., smaller differences between adja-
cent densities™. Thus, we hypothesized that high-frequency X-ray machines could
be less associated with halo artefacts, attenuating the abrupt difference of density
between dental implant and adjacent bone. Nonetheless, our hypothesis could not
be confirmed, since there were no statistically significant differences between the
groups considering X-ray sources.

Still, the decrease in image contrast is also related to greater radiation dispersion,
which is influenced by the increase in kVp, as shown above. In addition, Compton
scattering is favored when using higher kVp and lower mAs (milliamperage x expo-
sure time in seconds)’. Both devices used herein have a constant milliamperage fac-
tor. Furthermore, since this is an ex-vivo study that aimed to analyze isolated study
factors, the exposure time parameter was standardized for all radiographs. Thus, the
time used may have been a factor that influenced our results when considering that,
in clinical conditions, the devices would need different exposure times because they
have different generators.

The ex vivo model has some inherent limitations that could be overcome in an in vivo
study. In order to enable comparison between digital receptors, X-ray sources and
kVp values, it was necessary to standardize the sample. Thus, to avoid repeated expo-
sure of patients to X radiation, the use of a human jaw with installed implants and an
acrylic plate to simulate soft tissues attenuation were the selected model to mimic
a clinical condition, preserving the ethical integrity of this study. Future studies may
involve analysis of the presence of the halo artefact in periapical radiographs taken
from patients for clinical purposes. In addition, a dichotomy analysis might be con-
sidered as a method that could overlook tenuous effects of the halo artefact. Initially,
we proposed a 3-point scale; however, we observed that only two scores were chosen
during image analysis, i.e., the expression of halo artefact was only considered as
present or not present. Further studies should continue exploring the subject employ-
ing other quantitative methods, such as image subtraction.

At last, we understand that brightness and contrast adjustments and filter applica-
tion are features commonly used in a clinical context. Nevertheless, these adjust-
ments were not allowed during image evaluation, since they modify the image grey
values?®. Sharpening filters enhance high frequency image content and reduce low
frequency ones, intensifying image contrast and highlighting structure boundaries?#25,
and increase image noise?®. Thus, we consider that these adjustments could possi-
bly influence the expression of halo artefacts, and next studies shall be developed
assessing their impact on halo artefacts.

In conclusion, the presence and magnitude of halo artefacts did not differ according
to the image receptor and the X-ray source, considering the ones tested in the present
study. Future studies are still needed to clarify our findings.
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