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ABSTRACT

To test local grey-scale changes on dental bitewing radiographs near filling margins for image acquisition. Forty
approximal preparations in caries-free amalgam filled teeth and bitewing radiographs were acquired under
standardized conditions applying four techniques. Film-based analog radiographs were digitized using flat-bed
scanner (FDR). Phosphor-plate computed radiographs (PCR) were directly acquired by scanning VistaScan im-
aging plates. Image quality was tested using Preset Filter (PF) or manually applied IntraOral Fine Filter (IF) to
enhance digital images. Local changes from digital imaging processing were assessed by comparing the margin-
near (MN) and margin-far (MF) zone by a multivariate repeated measurements analysis. All images were ac-
quired with 8-bit depth (256 shades). Dentine was displayed in 79 shades for FDR and 54 shades for PCR. PF or IF
locally modify bitewing radiographs by darkening marginal dentine by 8 or 29 shades, respectively. The sharpest
display of the margin (shades per pixel) from dentine to filling was found for IF (26.2), followed by FDR (23.2),
PF (15.3) and PCR (8.3). Computed radiography with phosphor plates generate more homogeneous images
compared to flatbed-digitized film-based radiographs. The filling margin was sharpest represented with the IF
filter at the detriment of an artificial darkening of the dentine near the margin of the filling. Contour artifacts by
filters have the potential to confound diagnosis of secondary caries. Algorithms and filters for sensor data pro-
cessing, causing local changes above 2% of the dynamic range by non-continuous mathematical functions, should

only be applied with caution, manually when diagnosing and reversibly.

1. Introduction

Bitewing radiology provides best diagnostic accuracy to diagnose
approximal and secondary caries, after inspection and palpation have
indicated possible presence of a carious lesion or a marginal gap [11].
Analogue film-based radiographs are slowly disappearing due to the
broad availability of digital techniques [24,28]. However, the use of
digital intraoral images also raises questions regarding dose, image
quality, artifacts, and diagnostic reliability [1,4,10,23,25,28,30]. The
recognizability of image features and the details important for diagnosis
must correspond to the information content of the radiographs [10,20].
Phosphor-plate computed radiographs have the advantage of a wider
exposure range, generating acceptable consistent radiographs even with

large variation in radiation dose [2,5,9]. Subjective image quality varies
depending on the calibration of the sensor for the intended use and the
image recognition and interpretation system used to produce an original
image that is optimal for diagnosis, sharing and storage [14,28].
Post-processing functions and filters on the original image, such as
sharpness and contrast enhancement, can be used by the diagnostician
to optimize X-ray images for specific tasks [18,31]. The diagnostician
intends to improve the quality of the X-ray image or to achieve higher
accuracy in the assessment of diagnostic problems with the help of
software technology [6]. However, misinterpretations can also lead to
incorrect diagnoses and consequently incorrect therapies. Diagnostically
relevant structures can be suppressed using various filters and directly
lead to misinterpretations [29]. This can happen unknowingly with
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software presets, contrast enhancement filters or sharpness filters, which
can influence the X-ray image positively as well as negatively [16].
Improper post-processing of radiographs can cause a reduction in
diagnostic performance [31]. In case of a marginal gap below an
approximal filling, secondary caries can be diagnosed clinically, and the
cavity’s extension is verified on bitewing radiographs [10]. In the case of
non-cavitated lesions that are only radiologically visible, the assessment
of secondary caries may be more difficult [21]. Ring artifacts by math-
ematical algorithms used in filters were shown to occur predominantly
at areas that have sharp transitions [17]. The true and precise display of
the transitions between the filling and dentine is crucial for marginal
caries diagnosis. Artifacts influence and complicate the diagnosis based
on radiographs [4,12]. Although several studies have addressed the
quality of digital radiology [8,26,27], studies on dental-anatomically
correct image reproduction or artifacts by local changes by digital
radiographic techniques are lacking [15]. Inhomogeneities in the filling
margin area in the absence of caries or a marginal gap may lead to
misinterpretations that have clinical implications for the diagnosis and
treatment of secondary caries. The aim of this study is to compare the
influence of four different techniques to acquire bitewing radiographs
on artifacts which are seen as local differences in dentine between areas
near and far from the filling margin.

2. Materials and methods
2.1. Tooth selection and preparation

Forty approximal restorations were placed in extracted human first
molars, with healthy undamaged enamel and coronal dentine. Twenty
premolars and twenty molars served as adjacent teeth to create a natural
contact area. All teeth come from a collection of universities in
Switzerland and southwestern Germany, which were made available for
research purposes. The roots embedded in methyl methacrylate (Pro-
Base Cold, Ivoclar, Vaduz, Liechtenstein). Forty Class II cavities were
prepared in mesial and distal aspects. The dimensions of the Class II
cavities were as follows: occlusal 1 mm reduced and mesio-distal
extension of 3 mm; slot against apical 3 mm, bucco-lingual 1.5 mm
and mesio-distal 1.5 mm. All prepared teeth were filled with amalgam.

2.2. Radiography

The preparations were each X-rayed using the orthoradial X-ray
technique. A bitewing plastic wing was placed on the occlusion of the
fixed molar and the distance guide was standardized at 3 cm. The X-ray
tube was adjusted from buccal so that the examination area was fully
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irradiated, and a perpendicular beam path appeared on the film. This
positioning device allows the standardized production of radiographs
which correspond closely to clinical bitewing radiographs (Fig. 1). All
radiographs were taken with equal settings: a voltage of 63 kV, a tube
current of 8 mA and an exposure time of 0.200 s. Prior to image
acquisition, a consistency test was conducted. Analogue images were
captured on Insight super Poly-Soft size 2 (Carestrem Health Inc., Le
Perreux-sur-Marne, France) films with a PLANMECA intra (Planmeca
Oy, Helsinki, Finland) x-ray tube. Subsequently, the films were pro-
cessed semi-automatically (PerioMat, Diirr Dental SE, Bietigheim-Bis-
singen, Germany, www.duerrdental.com). Computed images were
acquired using a BELRAY Model 096 X-ray unit (Takara Belmont Cor-
poration, Osaka, Japan) and by scanning VistaScan imaging plates Plus
2+ (Diirr Dental SE and VistaScan mini-View, Germany, www.duerrd
ental.com).

2.3. Radiologic imaging and post-processing techniques

Four techniques for radiologic display of filling margins were used
(Fig. 2): In the film-based and digitized radiography technique (FDR),
the films were digitized by 8-bit 1200 DPI scanning with EPSON
Expression 1680 Pro flatbed scanner (Seiko Epson Corporation, Suwa,
Nagano, Japan) and exported as.JPG format. The phosphor-plate
computed radiographs (PCR) were exported with all filters removed.
In the preset filter group (PF), the filter for image enhancement which is
automatically applied by the software has been kept. In the IntraOral
Fine filter technique (IF) an additional post-processing filter from
DBSWIN was applied. All radiographs based on phosphor-plates were
exported 1272 DPI resolution from DBSWIN imaging software (Diirr
Dental SE, Germany, www.duerrdental.com) as .PG format. All images
were exported in 256 grey-scales (8-bit dept).

2.4. Measurements

Grey levels in an area of 100 pixels around the filling margin were
measured using ImageJ 1.53 (National Institutes of Health, Rockville
Pike, Bethesda, Maryland, USA) by one observer. A fourfold magnifi-
cation was used to draw a measurement line perpendicular to the filling
margin with the filling margin between pixel 50 and 51. The double
measurement of the samples took place five days after the first
measurement.

2.5. Area of interest

The filling margin is represented in a radiographic image as a

Fig. 1. The mounting device ensures standardized bitewing radiographs with perpendicular alignment of the tube to the film. The fillings were put in contact with

adjacent teeth.
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Fig. 2. Bitewing radiographs of an average specimen acquired with analogue film-based technique (FDR) or digital computed technique (PCR) and with applied
preset filter (PF) or IntraOral Fine filter (IF). The dynamic range between amalgam and dentine was largest for FDR, smallest for PCR and locally altered at filling

margins by PF and IF creating bright and dark contour artifacts.

transition zone, where the median grey value of dentine changes grad-
ually to the median value of the filling material. The width of the
transition zone was defined from the 10 percentiles of amalgam to the 90
percentiles of dentine gray values. Based on the assumption that the
filling margin lies exactly in the middle between bright (filling) and dark
(dentine) pixels, the inversion point was calculated as the median value
of the grey levels for each group. A margin-near (MN, pixel 53-57) and a
margin-far (MF, pixel 73-77) zone was defined for comparison of local
changes and to compare them between techniques (Fig. 3).

2.6. Data analysis and measurement error

Bland Altman analysis was calculated using GraphPad Prism 9
(GraphPad Software, Boston, MA, USA) to estimate intervals of agree-
ments between double measurements. Data was imported to STATA
12.0 (StatCorp, College Station, Texas, USA) for descriptive statistical

analysis. Local changes from digital imaging processing were assessed
by comparing margin-near and the margin-far zone by a multivariate
repeated measurements analysis using technique and zone as random
coefficients with intercepts. Residuals were calculated and plotted.

3. Results

The median grey value of all pixels is for FDR 123 (between pixel 50/
51), for PCR 220 (between pixel 49 and 50), for PF 180 (between pixel
49 and 50) and for IF 187 (between pixel 49 and 50). Depending on the
technique, dentine and amalgam are mapped at different locations on
the grey scale (Table 1). In addition, also the difference between median
grey value of amalgam and dentine varies and is for FDR 116 shades, for
PCR 41 shades, for PF 77 shades and for IF 79 shades. The transition
zone between amalgam and dentine is for FDR 5 pixels (slope 23.2
shades per pixel), for PCR 5 pixels (slope 8.3 shades per pixel), for PF 5

Fig. 3. The mean grey values at each pixel from amalgam to
dentine are shown for analogue film-based technique (FDR),
digital computed technique (PCR), preset filter (PF) and
IntraOral Fine filter (IF). The dentine at margin-near zone
near (MN) was compared to the zone further away (MF). It is
expected that the grey values decrease slightly from near the
margin (MN) to far from the margin (MF) of the filling, as less
tooth substance is penetrated towards the apex. Artifacts (*)
were found for PF and IF near the filling margin in dentine
and in amalgam.
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Table 1

Descriptive table of grey values for analogue film-based technique (FDR), digital
computed technique (PCR), Preset filter group (PF) and the IntrOral Fine filter
group (IF).

Technique  Tissue Grey value Grey value 10% Grey value 90%
Median Quantile Quantile

FDR Amalgam 200 183 207
Dentine 84 68 106

PCR Amalgam 244 234 247
Dentine 202 188 214

PF Amalgam 237 230 244
Dentine 160 147 173

IF Amalgam 239 234 255
Dentine 160 141 178

15+

Difference

-15 I I I I I 1
140 160 180 200 220 240 260
Average

Fig. 4. The Bland-Altman plot shows non-significant bias of —0.32 grey values
between double measurements with a 95% limits of agreement from —3.13 to
2.48. One dotted arc upwards and one downwards could be a mismeasurement
of two specimen, e.g. measured wrong image in one of the double measure-
ments. No measurements were excluded.

pixels (slope 15.3 shades per pixel) and for IF 3 pixels (slope 26.2 shades
per pixel) wide. The mean grey values at each pixel from amalgam to
dentine are shown in Fig. 3. Bland Altman comparison of double mea-
surements resulted in non-significant bias of —0.32 Grey value and 95%
limits of agreement from —3.13 to 2.48 (Fig. 4).

3.1. Display of dentine: Film-based and digitized radiographs vs.
phosphor-plate computed radiographs

Mean grey values of FDR and PCR were significantly different to all
other groups (p < 0.01). The range of shades in dentine was 79 for FDR
and 54 for PCR. The dentine darkens in FDR by 12 shades (p < 0.01) and
in PCR by 5 shades (p < 0.01)) from zone MN to zone MF. Dentine of
FDR is displayed 110 shades darker at zone MN and 117 shades darker at
zone MF than dentine of PCR. The darker display of dentine from MN to
MF is not parallel between FDR an PCR. The grey value darkens by 7
shades more in FDR than in PCR (p < 0.01) from zone MN to zone MF.

3.2. Display of dentine: Preset Filter

The application of PF on digital radiographs decreases overall
brightness by 49 shades at zone MN (p < 0.01) and by 40 shades at zone
MF (p < 0.01). The range of shades in dentine was 59 for PF. The dentine
in PF is 3 shades (p < 0.01) darker at zone MN than at zone MF, whereas
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in PCR it was the opposite. The change between zone MN to zone MF is 8
shades different when comparing PF with PCR (p < 0.01).

3.3. Display of dentine: IntraOral Fine filter

In IF, the darkening is 68 shades at MN (p < 0.01) and 33 shades at
MF (p < 0.01) when com paring to PCR. The range of shades of dentine is
122 for IF. The dentine is modified by IF in the amount of 29 shades (p <
0.01) brighter from MN to MF. The darkening at MN is 9.7-fold higher in
IF than in PF (p < 0.01).

4. Discussion

Bite-wing radiographs of caries-free restorations obtained by digi-
talized analog films, by phosphor-plate computed radiography and by
two filters were compared regarding changes of the grey value of
dentine near the filling margin and dentine far from the filling margin.
The observed range of 117 out of a total of 256 shades of grey for dentine
varies depending on the amount of irradiated tissue and on the tech-
nique. The diagnosis is therefore based on the relative comparison be-
tween areas in the radiograph and the shape or difference in brightness
expected by the dentist. An influence of the dose on the image quality or
brightness was avoided in this study, as the acquisition parameters were
the same for all methods [1,23]. A limitation of this study is that it does
not directly measure the impact of the algorithms on the specificity and
sensitivity of caries diagnosis because only caries-free teeth were used.

Alongside the resolution and the used grayscale range for the tissue
of interest, the dental-anatomically correct image reproduction is
particularly important for the quality in radiology.

Images generated by PCR were found to be more homogeneous and
the range of shades was lowest with 54 for dentine. Although the
chemical processing of the films (temperature, time, consumption of
chemicals) and consistent settings during digitalization with a scanner,
the numerous steps could have resulted in 79 shades wider range of for
dentine (Fig. 5). The reduction in image quality by digitalization of film-
based radiographs, especially in darker image areas can partially explain
the differences between FDR and PCR [7,22]. Even though the dynamic
range of FDR is highest, the higher average brightness of the tissue
dentine in PCR could be an advantage, since bright images are less
sensitive to ambient light for diagnosis [3]. Applying PF and IF filter to
PCR increased the range of greyscale from 54 for dentine to 59 and 122,
respectively. As these changes by filters are not evenly distributed in
marginal and near-marginal dentine, artifacts near the contour of the
filling margin appear, which are likely to influence the diagnosis of

2004
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Fig. 5. For each of the forty fillings, a red line represents the digital computed
radiographs (PCR) and a black line the analogue film-based radiographs (FDR)
for radiographic imaging. Amalgam and dentine of the analogue technique is
represented in a darker band of grey values with a larger range. The step in grey
values between amalgam and dentin is larger for the analogue technique than
for the digital technique. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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secondary caries. The difference of 8 shades caused by filter PF is
detectable by the human eye and clinically relevant, but not obvious
without comparison to the original digital image since the pixels are
changed gradually over a larger distance. In IF, the effect of the filters to
increase the contrast in the marginal area was 9.7 times greater and well
visible in the dentine as dark contour artifacts and in the filling material
as a white contour artifact. The same artifacts can also be found close to
filling as brighter spots from pixels 36 to 45, where modifications by the
filter have exceeded the maximum brightness of 256 shades (Fig. 3).
Therefore, PF and IF filters seem to locally modify the image near the
margin of the filling creating artificial darkening or brightening of
specific areas. The occurrence of artifacts was solely measured between
dentin and fully radio-opaque restorative material. It can be expected
that algortihms cause less artifacts at tissue transitions with a smaller
difference in radioopacity. Also ring artifacts are caused by filters, which
can lead to image modification that potentially distort diagnostics [12].

A short and steep transition zone between different tissues is a sub-
jective indicator for image quality (Fig. 3). The transition zone between
dentine and filling was narrowest (3 pixels) and steepest (26.2 shades
per pixels) after application of IF filter, resulting in the subjectively
sharpest image for IF. All other transition zones were 5 pixels wide with
a slope (shades per pixel) of 23.2 for FDR, of 15.3 for PF and 8.3 for PCR.

The computed image is different from the film-based image with
changes that cannot be explained by changes in brightness, contrast, or
other linear calculations alone. Human visual perception seems to
function well from 64 levels of grey but can differentiate up to 900
shades of grey under optimal conditions [13,19]. We consider a local
change of 5 grayscales (2% of dynamic range of the image) clinically
significant. The ability by computed image acquisition to adjust grey
value of a tissue, e.g., dentine, independently of the dose offers more
possibilities in image standardization [26]. The processing of the sensor
data by PCR was found herein to produce more uniform images than
with FDR. Histograms of a FDR gamma brightened image and a PCR
image have in common that the darkest gray levels are unused (Fig. 6).
Brightening the images by placing gray scale ranges of important tissues,

FDR gamma

FDR equalize
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in ranges with best human visual perception, may improve the diag-
nosis. A combination of logarithmic image transformation (gamma) and
square root transformation with extension of the range to the maximum
(equalization) could improve visibility of important tissues without ar-
tifacts and without information loss larger than 2% by pixel saturation.
The ability to create consistently uniform images with computed tech-
nology is an advantage over analogue technology among lower dose,
faster image acquisition, fewer errors and easier storage or communi-
cation [28]. However, mathematical functions used in digital computed
radiology to process the sensor image and for post-processing should be
disclosed so that the diagnostician is aware of the possible occurrence of
artifacts. When using artificial intelligence for diagnosis, it will always
be necessary that the diagnosis is verified by a human. The two filters
tested herein caused local changes such as darkening of dentine at the
filling margin. Preset algorithms used for transformation of sensor data
to create the original image and manually added algorithms for image
enhancement during diagnosis should be tested for possible artifacts
which can interfere with diagnosis and published before clinical
application.

5. Conclusions

The digital transformation of sensor data into a greyscale image re-
sults in a more homogeneous image than film-based acquisition. We
consider algorithms in computed radiography used to adapt sensor data
optimally for on-screen viewing, which cause < 2% local changes in
grayscale values, to be clinically acceptable. All filters causing larger
local changes should only be applicable manually and reversibly during
diagnosis. Future research should focus on how to improve sensor data
for human visual perception (gamma and tissue equalization), prefer-
ably with minimal data loss and without the occurrence of artifacts, and
how diagnosis is affected by the use of algorithms including artificial
intelligence.

Fig. 6. Magnifications, histograms (black) and logarithmic histograms (grey) of specimen number 2. The film-based digitized radiograph (FDR) is the darkest image
with a mean grayvalue of 44 + 58, followed by FDR with equalized histogram 76 + 71, preset filter (PF) 80 + 77, FDR with gamma filter 90 + 55, IntraOral Fine
Filter (IF) 101 + 76 and phosphor-plate computed radiographs (PCR) 121 + 68. PF and IF showed not only an artificial darkening in the dentin near the filling but
also a gap formation between the teeth (enlargement of opaque material or shrinkage of radiolucent tissues) and a saturation of the pixels to white in the enamel area.
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