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Abstract

Purpose: This study aims to investigate the effect of 4 different scanning protocols offered by the VistaScan Mini Easy scanner on
image quality at different exposure times.

Materials and Methods: Four number size-2 photostimulable phosphor plates were exposed with 5 different exposure times while
keeping the other parameters constant. The exposed plates were scanned without delay using 4 different scanning protocols. 10
Ip/mm, 20 lp/mm, 25 lp/mm, and 40 lp/mm are offered by the VistaScan Mini Easy scanner. The mean gray value was calculated
using the Image] program by identifying three non-overlapping regions of interest from the background and each step in the
obtained images. The mean of all mean gray values determined for the background and steps on a plate was also considered the
mean gray value of that plate.

Results: When plate mean gray values at 0.20 s and 0.40 s were examined, a statistically significant difference was observed
between the scanning protocols (p<0.001, p=0.001 respectively). It was determined that the plate mean gray value at 40 lp/mm in
0.20 s was lower than that of other scanning protocols. The plate mean gray value at 20 Ip/mm in 0.20 s was higher than that at 25
Ip/mm. It was determined that the plate mean gray value at 10 Ip/mm in 0.40 s was lower than that of the other groups.
Conclusions: The effect of spatial resolution on diagnostics in digital imaging per se is a subject under investigation and still not

agreed upon.
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Introduction

Recently, with the help of developing technology, different digital
imaging methods have been developed. 2 Although conventional
imaging methods continue to be used in dentistry, the advantages
of digital imaging methods have attracted the attention of dentists
and these systems are gradually replacing conventional methods. 3
The most important reasons for the rapid spread of digital imaging
methods are that a quality image can be obtained quickly, and im-
ages can be easily stored and transmitted. 4=6 Image formation in
digital systems is based on the digital recording of the radiographic
image after the exposure of solid-state detectors or photostimula-
ble phosphor plate (PSP).7 PSPs are similar in size to conventional
films and are wireless. Additionally, since it is thin and flexible
like conventional films, it is easier to manipulate in the mouth
than other digital systems. 46,8 1t is widely used in clinical practice
because of the convenience provided by the PSP system and the
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ability to obtain images with a lower radiation dose compared to
conventional radiographs. 9'1° In the PSP system, photo-stimulated
phosphor luminescent plates are used. To digitize the analog im-
age formed on the PSP, additional scanning equipment is required.
Therefore, these systems are also termed semi-direct digital imag-
ing techniques. ! With the widespread use of digital systems, there
are PSP systems of different manufacturers in the market. 2 The
features of the PSP system and the scanner used vary according
to the manufacturers. Some commercially available PSP systems
offer the possibility to choose between high and low-resolution
settings during scanning, allowing images of different resolutions
to be obtained. This allows the evaluation of the relationship be-
tween spatial resolution and diagnostic image quality. The spatial
resolution of the PSP receptor is a parameter that determines the
quality of the final image. 3 The spatial resolution of the receptor in-
dicates its ability to distinguish details in radiographic images and
varies with pixel size. The spatial resolution is usually expressed
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in pairs of lines per millimeter (Ip/mm). 3% Since there is a direct
relationship between the resolution selected before scanning and
the scanning time, slow scan motion affects resolution by increas-
ing plate advancement. This method is used in some PSP systems
to increase or decrease the resolution. > The effect of spatial reso-
lution per se on diagnosis in digital imaging is a subject that has
been researched and is still not agreed upon. 3% Additionally, the
number of radiographs taken daily in the clinic and the information
system of the clinic are also important in the selection of resolution,
since the choice of resolution during scanning affects the scanning
time and storage area. This study examines the relationship be-
tween spatial resolution and image quality by using four different
scanning protocols offered by the VistaScan Mini Easy (Diirr Dental,
Bietigheim-Bissingen, Germany) scanner with different exposure
times.

Material and Methods

In this study, four never used VistaScan (Diirr Dental, Bietigheim-
Bissingen, Germany) branded size-2 PSP were used. PSPs were first
scanned with a strong light source in the scanner to clear them of
background effects. To standardize the distance between the X-ray
device and the PSP, a setup consisting of a parallel technical appa-
ratus was made. This setup allowed a repeatable vertical constant
distance of 27.2 cm between the X-ray device and the PSP ( Figure
1). All radiographic exposures included a 9-step wedge made of a
99.5% pure aluminum (Al) scale (each step of a thickness of 1 mm).
An X-ray device with a total filtration of 1.5 mm Al equivalent (CCX
Radiography Unit, Trophy, Instrumentarium, Tuusula, Finland) in
the radiology clinic of Gazi University Faculty of Dentistry was used
for radiographic imaging. All exposures were performed using five
different exposure times (0.10 s, 0.16 s, 0.20 S, 0.34 S, and 0.40 s) in
which 70 kV and 8 mA parameters were kept constant. The exposed
PSPs were transported in a closed, opaque box and without waiting
after exposure. PSPs were scanned with the VistaScan Mini Easy
(Diirr Dental, Bietigheim-Bissingen, Germany) scanner with four
different scanning protocols as 10 Ip/mm, 20 lp/mm, 25 lp/mm,
and 40 Ip/mm.

Minimal ambient lighting was used in the scanning room. A
total of 80 images were obtained using 5 different exposure times x
4 different scanning protocols x 4 PSPs. All exposure and scanning
procedures were performed by the same researcher to ensure stan-
dardization. The resulting images were downloaded to a personal
computer in JPEG (Joint Photographic Experts Group) format and
converted to 8-bit TIFF (Tagged Image File Format) files. Images
obtained using Image] ([National Institutes of Health, Bethesda,
MD]; https://imagej.nih.gov/ij/), a publicly available software, were
analyzed for gray values. While determining the mean gray value
(MGV) in the images, the black was assigned a value of 0 and the
white value of 255 by the Image] program. MGVs were measured
by determining three non-overlapping ROIs (Region of Interest)
(40%40 pixels) from each step and background in the acquired im-
ages. The value obtained by averaging all MGVs calculated from
the steps and background in an image was recorded as the MGV
of that plate. The data obtained in the study were analyzed using
the SPSS 25.0 (Statistical Package for Social Sciences) program. De-
scriptive statistical methods (mean, standard deviation, median)
were used while evaluating the data. Also, the normal distribution
of the data used was tested with Kolmogorov-Smirnov and Shapiro-
Wilk tests. In the comparison of measurements of more than two
independent groups, analysis of variance (ANOVA) was used for
normally distributed measurements, and Kruskal-Wallis analysis
was used for non-normally distributed measurements. If there was
a statistically significant difference between the groups, Bonferroni
analysis was performed to determine if between the two groups the
difference.
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Results

When the MGVs of the exposure times were compared, the MGV at
0.10 s was smaller than the other exposure times, but this difference
was not statistically significant. MGVs determined according to dif-
ferent scanning protocols at exposure times are shown in Figure
2. The MGVs determined for the background and steps are shown
inFigure 3. At 0.20 s and 0.40 s exposure times, the MGVs of the
plates scanned with different scanning protocols showed statisti-
cally significant differences (p<0.001, p=0.001 respectively). For
0.20 s, plate MGVs obtained at 40 lIp/mm scanning protocol were
always lower than the others (p=0.001, p<0.001) (Table 3). In other
compared protocols, only plate MGV obtained at 25 Ip/m was statis-
tically significant lower than at 20 Ip/m (p=0.037, p<0.05) (Table 3).
For 0.40 s, plate MGVs obtained in the 10 Ip/m scanning protocol
were always lower than the others (Table 5). Plate MGV in images
scanned at 10 Ip/mm resolution in 0.40 s is lower than plate MGV in
images scanned at 20 Ip/mm, 25 Ip/mm, and 40 Ip/mm resolution
(p=0.015, p=0.003, p=0.005, respectively) (Table 5). The MGVs of
the images acquired at 0.10 s, 0.16 s, and 0.34 s in different scanning
protocols are shown in Table 1, Table 2, and Table 4, respectively.

Discussion

PSPs are a type of digital image receptor that is similar in size and
thickness to conventional periapical films and are widely used in
intraoral imaging. 17 The choice of the ideal PSP system depends on
digital image-related factors that can directly affect image quality.
The spatial resolution, which is defined as the capacity to distin-
guish fine details in an image, isamong these factors. The thickness
of the phosphor material and the diameter of the laser beam affect
the resolution in PSP systems. !> According to manufacturers, the
higher the Ip/mm, the better the image resolution. 7 New PSP sys-
tems on the market offer a theoretical resolution option of up to 40
Ip/mm. Although there are studies on the effect of spatial resolution
on diagnosis, the effect of increased resolution alone on diagnosis
is still unclear, 13:16,18

The effect of spatial resolution in the diagnosis of different cases
such as caries lesions, and root fracture, root resorption has been
investigated by many researchers. 3171920 While some studies
have shown that the spatial resolution of the PSP system has no
effect in detecting proximal caries lesions, 1222 some studies
have shown that spatial resolution is effective in detecting caries
lesions. 3 Ferreira et al. found higher accuracy in images with a low
spatial resolution for carious lesions in enamel. '3 Li et al. evaluated
proximal caries using the different spatial resolutions offered by
the Digora Optime and Diirr VistaScan PSP systems and found that
increased theoretical spatial resolution was not associated with
better detection of proximal caries. 9

De Oliveira et al. suggested using a combination of endodontic
filters with high spatial resolution and high contrast resolution to
determine file lengths when using the VistaScan PSP system. 23
Lacerda et al. found that higher spatial resolution improved the
radiographic diagnosis of external root resorption in multi-rooted
teeth.7 Mauro et al. evaluated the image quality using different
exposure times and scanner resolutions in their study to develop a
protective device for PSPs. Although there was no statistical differ-
ence in terms of MGVs between groups formed according to protec-
tive devices, there were differences in exposure times (0.06-0.25 s,
0.06-0.40'S, 0.10-0.40 5).18

Similarly, in our study, when the MGVs of the exposure times
were compared, the MGV at 0.10 s was smaller than the other expo-
sure times, but this difference was not statistically significant. In
our study, plate MGV showed a statistically significant difference
in 0.20 s and 0.40 s between scanning protocols according to expo-
sure times. Plate MGV at 40 Ip/mm in 0.20 s is lower than that of
other scanning protocols. Additionally, in our study, plate MGV at
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Figure 1. Flow chart showing the number of variables and the mechanism and methodology used
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Figure 2. MGVs of different scanning protocols at exposure times

20 Ip/mm in 0.20 s is statistically significantly higher than that at Moura et al’s study that a scanning resolution of 20 Ip/mm showed
25 Ip/mm. This result in our study is consistent with the result of higher MGV than 25 and 40 Ip/mm. '8
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Table 1. Comparison of MGVs between scanning protocols at an exposure time of 0.10 s
10 Ip/mm (1) 20 Ip/mm (2) 25Ip/mm (3) 401p/mm (4) Test statistic P Bonferroni P
m X S m X S m X S m X
Background  23.64 2381 082 2372 2378 113 22.85 22.83 094 2352 23.80 124 F=2.568 0.066 -
1. Step L4469 44,87 1.54 43.91 43.89 1.61 45.09 45.26 2.30 44,99 45.40 1.87 F=1.622 0.198 -
2. Step 70.37 70.68 1.40 70.02 69.87 1.50 70.59 70.79 1.63 70.44, 71.88 3.26 X2=2.642 0.487 -
3. Step 9410 9395 102  93.27 93.41 132 9414 9402 120 9394 9427 183 F=0.830 0.484 -
4. Step 112.24 11249 095 112.02 112.47 106 11272 11273 078 112.69 11246 132 F=0.188 0.904 -
5. Step 12822 128.65 123 129.04 129.08 136 129.16 12928 152 129.45 12923 134 F=0.529 0.665 -
6. Step 14218  142.41 111 142.87 142.67 1.64 14292  143.05 137  142.69 14254 109 F=0.513 0.675 -
7. Step 15438 15440 105 154.69 15448 121 154.62 154.60 0.82  154.07 15418 139 F=0.295 0.829 -
8. Step 16475 16530 1.25 16554 165.62 143 16510 165.04  0.79 164.13  164.53  1.65 F=1.464 0.237 -
9. Step 17453 17448 056 17404 17412 126 17392 173.83 0.83 17331 17327 102 F=3.417 0.025% 4<1 0.021
Plate MGV 11069 11110 0.85 11078 11094 0.97 11106 11114 0.88 111.28 11115 0.90 F=0.147 0.931 -
*p<0.05 F: Analysis of variance (ANOVA) Test Statistic X?: Kruskal-Wallis Test Statistic
Table 2. Comparison of MGVs between scanning protocols at an exposure time of 0.16 s
10 lp/mm (1) 20 Ip/mm (2) 25 Ip/mm (3) 40 Ip/mm (4) Test statistic P Bonferroni P
m X S m X S m X S m X
Background 22.64 22.47 0.76 22.52 22.67 0.84 22.72 22.82 0.84 22.81 22.49 0.73 F=0.524 0.668 -
1. Step 48.82 4868 168  49.10 4925 084 4937 4951 210  49.01 4890 118 F=0.696 0.559 -
2. Step 75.03 75.09 177 75.63 75-86 1.22 7594 7590 197 75.00 75.20 175 F=0.752 0.527 -
3. Step 97.99 97.99 174 99.01 99.15 1.52 98.14 98.76 233 97.27 97.61 235 F=1.453 0.240 -
4. Step 116.58 116.51 122 117.08 11729  0.90 117.19 117.18 148  116.64  116.62  1.24 F=1.215 0315 -
5. Step 13223 13230 117 13274 13299 131 13293 132.83 158 131.84 132.08 108 F=1313 0.282 -
6. Step 145.61 14558 121 14618 14612 127 14609 146.08 152 14496 14537 137 F=0.905 0.446 -
7. Step 15701 15714 127 15747 157.65 114  157.45 15737 119 15655  156.56 131 F=1.699 0.181 -
8. Step 166.99 167.00 1.08 167.66 167.67 099 167.37 167.41 131 166.80 166.69 130 F=1.640 0.194 -
4<1 0.003*
9. Step 17595 17639 124 17616 17632  0.75 17596 17589 102 17496 17489 0.88 F=5.858 0.002%
4<2 0.006*
Plate MGV 113.87 11392 120 11447 11450 0.88 11441 11437 139 11341  113.64 097 F=1.499 0.288

*p<0.05 F: Analysis of variance (ANOVA) Test Statistic X?: Kruskal-Wiallis Test Statistic

In the VistaScan system, Moura et al. recommended the use of a
spatial resolution of 25 Ip/mm for improved image quality, 18 while
Li et al. suggested that the standard spatial resolution should be 20
Ip/mm for detecting proximal caries.? In our study, plate MGV was
found to be lower than the other groups at 10 Ip/mmin 0.40s. Inline
with the findings of this study, we think that a resolution higher
than 10 Ip/mm, which is considered standard and fast, should be
selected in the VistaScan system.

The choice of spatial resolution in the scan also affects the image
processing time and image size. Processing high-resolution images
mean more scanning time. Scanning times for the size-2 PSP of
the VistaScan Mini Easy (Diirr Dental, Bietigheim-Bissingen, Ger-
many) scanner for resolutions of 10 Ip/mm, 20 Ip/mm, 25 lp/mm,
and 40 lp/mm are 8 s, 16 s, 20 s, and 32 s. respectively. A reason
why digital imaging is frequently preferred is that images can be
obtained in a short time. In a busy dental clinic, obtaining high-
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Table 3. Comparison of MGVs between scanning protocols at an exposure time of 0.20 s

10 lp/mm (1) 20 lp/mm (2) 25Ip/mm (3) 40 Ip/mm (4) Test statistic p Bonferroni P
m X S m X S m X S m X
Background 2226 2223 046 2227 2237 053 2275 2315 092 2170 21.98 117 X2=13.438 0.004* 4<3 0.007*
4<1 0.000%*
1. Step 47.63 4823 117  49.05 4922 128 4677 4719 134 4547 4568 156 F=15.150 0.000* 3<2 0.004*
4<2 0.000*
2. Step 74.68 7461 148 7576 7572 158 7445 7419 134 72.69 72.71 1.01 F=9.958 0.000% 4<1 0.009%
4<2 0.000%*
4<1 0.003%*
3.Step 97.96 97.82 137 98.63 98.83 124 96.41 96.64 186 95.52 95.29 198 F=10.336 0.000* 3<2 0.013*
4<2 0.000%
1<2 0.046*
3<2 0.001*
4. Step 11676  116.63 096 11736 11760 072 11585 116.14 095 11446 11444 075 F=28.841 0.000* 4<2 0.000%
4<3 0.000%*
4<1 0.000%
4<1 0.002%*
5. Step 13219 13249 108 13291 13351 126 13213 13246 134 13039 13058 121 F=11.977 0.000* 4<2 0.000%*
4<3 0.003*
4<1 0.009%*
6. Step 14554 145.99 114  146.43 14679 116 14623 14597 116 14432 14445 098 F=9.288 0.000* 4<2 0.000%
4<3 0.010%*
4<1 0.000%*
7. Step 15717 15744 0.86 15769 15796 090 15756  157.43 0.94 15596  155.83  0.51 F=15.145 0.000* 4<2 0.000%*
4<3 0.000%*
4<2 0.002%
8. Step 16736  167.43 095 16775 16798 096 16751 167.59 092 16637 16639 107 F=5.783 0.002%* 43 0.026%
3<1 0.001%*
4<1 0.000%*
9. Step 17678 17677 072 17674  176.65 0.47 17582 17586 0.45 17490 17506 054 F=24.645 0.000%* 3<2 0.007%
4<2 0.000%
4<3 0.006*
4<1 0.000%*
3<2 0.037*
Plate MGV 11393 11396 090 11445 11466 0.83 113.54 113.66 094 11220 11224 073 F=17.073 0.000% ez 0,001
4<3 0.000%*
*p<0.05 F: Analysis of variance (ANOVA) Test Statistic X?: Kruskal-Wallis Test Statistic
Table 4. Comparison of MGVs between scanning protocols at an exposure time of 0.34 s
10 Ip/mm (1) 20lp/mm (2) 25Ip/mm (3) 40 Ip/mm (4) Test statistic P Bonferroni p
m X s m X s m X s m X s
Background  22.25 2226 077 2131 2153 077 2208 2200 080 2173 21.80 059 F=2.083 0.116
1. Step £45.80 46,01 090 4522 4573 132 4615 4588 156 4464 4468  0.88 F=3.046 0.039* 4<1 0.05*
2. Step 72.47 72.68 131 7178 7225 123 7221 7259 125 7197 7162  1.64 F=1.489 0.231
3. Step 96.06 9627 150  95.83 9631 141 96.08 9629 126 9504 9541 142 F=1.171 0332
4. Step 115.62 11590 111 11538 11532 104 11566 11598 105 11513 11518 104 F=1.713 0.178
5. Step 13217 13227 109 13137 13174 105 13218 13273 120 130.82 13132 116 X?=9.503 0.023% 4<3 0.028%
6. Step 145.97 14595 120 14548 14553 106 14591  143.74  9.20 145.62 14570  1.21 X?=2.362 0.501
7. Step 157.67 157.80 094 15706 15709 0.81 15740 157.68 094 157.44  157.42  0.80 F=1.547 0.216
8. Step 168.04 168.09 0.89 16742 16740 099 168.03 16820 0.92 16821 16789 097 F=1.692 0.182
2<1 0.001*
9. Step 177.05 17714 0.65 17633 17611  0.47 17708 177.08 059 17678 176.42  0.78 F=7.732 0.000%* 4<1 0.046*
2<3 0.003*
Plate MGV 113.46 11344 094 11277 11290 0.88 11342 113.22 155 11245 11274  0.68 F=1.029 0.389

*p<0.05 F: Analysis of variance (ANOVA) Test Statistic X?: Kruskal-Wallis Test Statistic

resolution images requires 4 times longer waiting time.

Additionally, the increase in scanning resolution causes a large
increase in the file size. In our study, high-resolution images re-
quired almost 10 times more storage space than low-resolution
images. Factors such as processor capacity and storage space in
the dental clinic should be considered in determining the scanner
resolution.

Today, many companies produce PSP scanners that allow the
user to scan in low and high-resolution. Studies investigating the
effect of changing spatial resolution with different scanning proto-
cols in PSP systems on diagnosis show different results. Another
important factor affecting the detection of details in radiographic
images is the human visual system. Although high-resolution im-
age detectors can produce images with high detail and contrast,
the human visual system can limit this.!3 Therefore, the effect
of acquiring high-resolution images on clinical diagnosis is still
unclear.

In this study, it was observed that step MGVs differed statistically
in terms of scanning protocols at different exposure times. This

suggests that the choice of spatial resolution may be effective in
determining the lesions of dental tissues with different densities
such as enamel, dentin, and pulp tissue. Ferreira et al. found that a
spatial resolution of 10 Ip/mm was significantly superior to other
resolutions in detecting enamel lesions, while spatial resolution did
not affect the detection of carious lesions in dentin. '3 The limitation
of this study is that while examining the effect of spatial resolution
on MGV, it did not evaluate its effect on the detection of lesions in
dental tissues.

Conclusion

When the MGVs of the exposure times were compared, the MGV at
0.10 s was lower than the other exposure times, but this difference
was not statistically significant. At 0.20 s and 0.40 s exposure times,
the MGVs of the plates scanned with different scanning protocols
showed statistically significant differences. It was determined that
the difference in plate MGV at 0.20 s was caused by the 40 Ip/mm
group and the plate MGV of 40 lp/mm was lower compared to other
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Table 5. Comparison of MGVs between scanning protocols at an exposure time of 0.40 s

10 Ip/mm (1) 20 Ip/mm (2) 25 lp/mm (3)

40 Ip/mm (4)

Test statistic P Bonferroni P
m X S m X S m X S m X

Backround  22.61 2258 055  23.09 23.03 070 2338 23.07 0.80 22.64 2276 096 F=1.074 0.370
1<2 0.005*
1. Step 4535 4535 082 4718 47.11 136 46.80 4719 126 4734 4729 129 F=7.118 0.001%* 1<3 0.003*
1<4 0.002*
2. Step 72.47 7253 100 7379 73.95 119 7410 7414 123 7465 74.10 171 F=4.149 0.011* 1<3 0.026*
1<4 0.032%*
1<3 0.034*
3. Step 96.04  96.47 125 97.77 97.84 132 9769  98.08 150 97.58 98.11 133 F=3.970 0.014* 1< 0.030%
1<2 0.009*
4. Step 115.63  115.68 112 116.97 11722 099  117.05 117.38 1.08  116.60 116.74 1.25 F=5.731 0.002% 13 0.003*
5. Step 13216 13222 135 13338 133.66 135 133.47 133.80 164 133.07 13346 137 F=3.053 0.038% 1<3 0.050%
6. Step 145.68 14594 125 146.64 146.98 128 14720 14757 130 14711 14735 109 F=4.131 0.012* :z 2'3135:
1<2 0.033*
7. Step 157.45 15759 100 15831 15875 092 15865 15890 112 15890 159.07 0.83 F=5.710 0.002* 1<3 0.012%
1<4 0.003*
8. Step 16758 167.88 093 16840 168.67 117 16858 16888 135 169.64 169.40  0.95 F=3.873 0.015% 1<4 0.010%
9. Step 176.58  176.70  0.64 17745 17742  0.62 177.42  177.44 101 177.68  177.66  0.51 F=4.085 0.012% 1<4 0.012%
1<2 0.015%
Plate MGV 113.11 113.30 0.93 11411 1446 091 114.57 114.65 1.04 114.57 114.60  0.63 F=6.234 0.001%* 1<3 0.003%
1</ 0.005*

*p<0.05 F: Analysis of variance (ANOVA) Test Statistic X?: Kruskal-Wiallis Test Statistic

scanning protocols. It was determined that the difference in plate

MGV at 0.40 s was due to the 10 lp/mm scanning protocol and was

lower than the other groups. 2.
As a result, while determining the scanner resolution in PSP

systems, appropriate scanning protocols should be created accord-

ing to the cases, considering the factors such as the busyness of

the clinics, processor capacity, and storage space. More objective 3.

and subjective studies with more clinical and laboratory studies are

needed to evaluate the effect of spatial resolution alone on image

quality.

Acknowledgements

The authors wish to express their sincere thanks to Ph.D. Student

Aylin GOGOGLU, Dokuz Eyliil University Faculty of Educational Sci-
ences, izmir, Turkey for helping with the statistical analyses, and
Assistant Professor Umut PAMUKCU, Department of Oral and Max- 6
illofacial Radiology, Gazi University Faculty of Dentistry, Ankara,
Turkey, contribution in the study.

Author Contributions

Study Idea / Hypothesis: HT. CG.T. CO.U, Study Design: HT. CGT.,

Data Collection: HT. CG.T., Literature Review: H.T. CG.T. , Analysis 8
and/or Interpretation of Results: H.T. CG.T. CO.U. , Article Writing:
H.T.CG.T., Critical Review: C.O.U.

Conflict of Interest 9
The authors deny any conflicts of interest related to this study.
Authors’ ORCID(s)
HT. 0000-0002-3880-849X 10.
CGT. 0000-0001-7401-418X
COU. 0000-0003-4904-0591
11.
12.

References

1. Farman AG, Farman TT. A comparison of 18 different
x-ray detectors currently used in dentistry. Oral Surg

Oral Med Oral Pathol Oral Radiol Endod. 2005;99(4):485—9.
doi:10.1016/j.tripleo.2004.04.002.

Vandenberghe B, Jacobs R, Bosmans H. Modern dental imag-
ing: a review of the current technology and clinical appli-
cations in dental practice. Eur Radiol. 2010;20(11):2637—55.
doi:10.1007/s00330-010-1836-1.

Akarslan Z. Dijital Intraoral Radyografinin Dis Hekimligi
Uygulamalarindaki Yeri: Dental Patolojilerde Teshis Etkinligi,
Avantaj ve Dezavantajlari, Tercih Edilme Durumu. Turkiye
Klinikleri J Oral Maxillofac Radiol-Special Topics. 2016;2(2):29—
34.

. Abubekir H. Agiz Dis ve Cene Radyolojisi. 2nd ed. istanbul:

Nobel Tip Kitabevleri; 2014.

. Korner M, Weber CH, Wirth S, Pfeifer K], Reiser MF, Tre-

itl M. Advances in digital radiography: physical principles
and system overview. Radiographics. 2007;27(3):675—86.
doi:10.1148/rg.273065075.

. Kurt H, Nalcac1 R. Intraoral dijital goruntuleme sistemleri: Di-

rekt sistemler, CCD, CMOS, duz panel dedektorler, indirekt
sistemler, yar1 direkt dijital goruntuleme, fosfor plak tara-
malari. Turkiye Klinikleri J Oral Maxillofac Radiol-Special Top-
ics. 2016;2(2):4—9.

. Parks ET. Digital radiographic imaging: is the dental

practice ready? J Am Dent Assoc. 2008;139(4):477—81.
doi:10.14219/jada.archive.2008.0191.

. Borg E, Grondahl HG. On the dynamic range of different X-

ray photon detectors in intra-oral radiography. A comparison
of image quality in film, charge-coupled device and storage
phosphor systems. Dentomaxillofac Radiol. 1996;25(2):82—8.
doi:10.1259/dmfr.25.2.9446978.

. Haiter-Neto F, dos Anjos Pontual A, Frydenberg M, Wenzel

A. Detection of non-cavitated approximal caries lesions in
digital images from seven solid-state receptors with partic-
ular focus on task-specific enhancement filters. An ex vivo
study in human teeth. Clin Oral Investig. 2008;12(3):217—23.
doi:10.1007/s00784-007-0173-5.

Wenzel A, Moystad A. Work flow with digital intraoral radiogra-
phy: a systematic review. Acta Odontol Scand. 2010;68(2):106—
14. doi:10.3109/00016350903514426.

Parks ET, Williamson GF. Digital radiography: an overview. J
Contemp Dent Pract. 2002;3(4):23—39.

Sogur E, Baksi BG. Intraoral dijital gériintiileme sistem-
leri. Atatiirk Universitesi Dis Hekimligi Fakiiltesi Dergisi.
2011;2011(3):249—54.


https://orcid.org/0000-0002-3880-849X
https://orcid.org/0000-0001-7401-418X
https://orcid.org/0000-0003-4904-0591
http://dx.doi.org/10.1016/j.tripleo.2004.04.002
http://dx.doi.org/10.1007/s00330-010-1836-1
http://dx.doi.org/10.1148/rg.273065075
http://dx.doi.org/10.14219/jada.archive.2008.0191
http://dx.doi.org/10.1259/dmfr.25.2.9446978
http://dx.doi.org/10.1007/s00784-007-0173-5
http://dx.doi.org/10.3109/00016350903514426

13.

14.

15.

16.

17.

18.

19.

34 | Tetiketal

Ferreira LM, Queiroz PM, Santaella GM, Wenzel A, Groppo FC,
Haiter-Neto F. The influence of different scan resolutions on
the detection of proximal caries lesions. Imaging Sci Dent.
2019;49(2):97—102. doi:10.5624/isd.2019.49.2.97.
Vandenberghe B, Bud M, Sutanto A, Jacobs R. The use of high-
resolution digital imaging technology for small diameter K-
file length determination in endodontics. Clin Oral Investig.
2010;14(2):223—-31. d0i:10.1007/s00784-009-0285-1.

Stuart C, White MJP. Oral Radiology: Principle and Interpreta-
tion. 7th ed. St. Louis, MO: Mosby. Elsevier; 2014.

Wenzel A, Haiter-Neto F, Gotfredsen E. Influence of spatial
resolution and bit depth on detection of small caries lesions with
digital receptors. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2007;103(3):418—22. d0i:10.1016/].triple0.2006.05.016.
Lacerda MF, Junqueira RB, Lima TM, Lima CO, Girelli CF, Verner
FS. Radiographic Diagnosis of Simulated External Root Resorp-
tion in Multi-Rooted Teeth: The Influence of Spatial Resolution.
Acta Odontol Latinoam. 2020;33(1):14—21.

de Moura G, Vizzotto MB, Tiecher P, Arus NA, Silveira H.
Benefits of using a photostimulable phosphor plate protec-
tive device. Dentomaxillofac Radiol. 2021;50(6):20200339.
doi:10.1259/dmfr.20200339.

Li G, Berkhout WE, Sanderink GC, Martins M, van der Stelt PF.

20.

21.

22.

23.

Detection of in vitro proximal caries in storage phosphor plate
radiographs scanned with different resolutions. Dentomaxillo-
fac Radiol. 2008;37(6):325—9. doi:10.1259/dmfr/62591340.
Wenzel A, Kirkevang LL. High resolution charge-coupled
device sensor vs. medium resolution photostimulable phos-
phor plate digital receptors for detection of root fractures in
vitro. Dent Traumatol. 2005;21(1):32—6. doi:10.1111/j.1600-
9657.2004.00258.X.

Berkhout WE, Verheij JG, Syriopoulos K, Li G, Sanderink
GC, van der Stelt PF. Detection of proximal caries with
high-resolution and standard resolution digital radiographic
systems. Dentomaxillofac Radiol. 2007;36(4):204—10.
doi:10.1259/dmfr/99904877.

Nikneshan S, Abbas FM, Sabbagh S. Detection of proximal
caries using digital radiographic systems with different reso-
lutions. Indian J Dent Res. 2015;26(1):5—10. doi:10.4103/0970-
9290.156787.

de Oliveira ML, Pinto GC, Ambrosano GM, Tosoni GM.
Effect of combined digital imaging parameters on en-
dodontic file measurements. ] Endod. 2012;38(10):1404—7.
doi:10.1016/j.joen.2012.06.006.


http://dx.doi.org/10.5624/isd.2019.49.2.97
http://dx.doi.org/10.1007/s00784-009-0285-1
http://dx.doi.org/10.1016/j.tripleo.2006.05.016
http://dx.doi.org/10.1259/dmfr.20200339
http://dx.doi.org/10.1259/dmfr/62591340
http://dx.doi.org/10.1111/j.1600-9657.2004.00258.x
http://dx.doi.org/10.1111/j.1600-9657.2004.00258.x
http://dx.doi.org/10.1259/dmfr/99904877
http://dx.doi.org/10.4103/0970-9290.156787
http://dx.doi.org/10.4103/0970-9290.156787
http://dx.doi.org/10.1016/j.joen.2012.06.006

	Introduction
	Material and Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	Author Contributions
	Conflict of Interest
	Authors' ORCID(s)

