
Introduction
The quality of intra-oral images has a direct effect on 
diagnosis, treatment planning, intra‐operative control, 
and outcome assessment (1). Incorrect interpretation can 
potentially lead to unnecessary treatment (2). Phosphor 
storage plates (PSPs) are still widely used in dentistry 
due to their lower radiation dose, less time-consuming 
nature, the ability to be processed, modification, saving 
and transfer of images, and elimination of developing 
procedures (3). 

The flexibility and size of PSPs were similar to those 
of conventional films. The low contrast detectability and 
exposure latitude of the photostimulable phosphor were 
superior to that of the film. Under different exposure 
times, clinically acceptable image quality was achieved 
with PSPs in comparison to the film, charge-coupled 

device, and complementary metal-oxide semiconductor 
sensors (4). Increased exposure latitude can compensate 
for both low and high exposures. Radiation dose is also 
reduced by low exposure compensation and depends on 
the PSP system (5).

The electrons trapped in F centers after exposure 
represent latent images but are metastable. The 
spontaneous emission of electrons has detrimental 
effects on the latent image and is proportional to the 
temperature, intensity, and duration of ambient light, 
which significantly reduces the signal and image quality 
(6). In busy clinics, scanning PSPs is not easy or possible 
immediately after exposure, and delay in processing can 
lead to the loss of important image information (7).

Image quality assessment is performed by examining 
the image quality for diagnostic purposes, and objective 
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Abstract
Background: Delay in the processing of photostimulable phosphor storage plates (PSP) is a common 
occurrence in crowded clinics. Accordingly, the effects of processing delays in different coverages on the 
image quality of photostimulable PSPs were investigated with Acteon and Digora scanners.
Methods: Three Acteon (group A) and three Digora (group B) PSPs were used in this in vitro study. 
Each group had three subgroups according to three coverages, including protective box (A1, B1), semi-
transparent (A2, B2), and original dark case plates (A3, B3). An aluminum step wedge was subjected to 
constant exposure conditions. The exposed plates were immediately processed with their corresponding 
scanner device (the golden standard), 5, 10, 20, 30, 40, and 60 minutes after exposure. The average gray 
level information of the 2nd, 5th, and 8th steps of the Al wedge was considered as the mean gray values 
(MGVs) of each wedge. The difference between the gray values of the 8th and 2nd steps was measured as 
image contrast.
Results: There was a significant difference between the contrast and MGVs of Acteon and Digora PSPs at 
all processing delay times (P < 0.05). In general, there was no significant difference in the image MGVs 
and contrast between subgroups in any of the scanners (total P > 0.05). In each subgroup, MGVs increased, 
while contrast decreased by increasing the processing delay time; the difference was significant except for 
the MGVs in the first 5 minutes of A1 (P = 0.12) and A3 (P = 0.06). 
Conclusions: Thus, the type of scanner was effective on image quality; the type of PSP coating in the first 
few minutes could affect the rate of image quality loss. However, the scan time had a greater effect on the 
amount of image loss. 
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evaluation of the image is possible by calculating the mean 
gray values (MGVs) (8) and contrast.

Several studies have evaluated different waiting times in 
scanning PSP and achieved various results in this regard; 
density losses varied from 5 minutes up to 6 hours in 
different systems (9-13). However, the type of coatings 
and scanners or delay scanning times were different 
between these studies. Therefore, the current study sought 
to evaluate the effect of processing delays in different 
coverages on MGVs and the contrast of PSPs using Acteon 
and Digora scanners.

Materials and Methods 
First, 3 PSP Digora and 3 Acteon PSP size 2 (30 × 40 mm) 
were used for this purpose. A 9-step aluminum (Al) step 
wedge with a purity of 99.5% and an incremental distance 
of 2 mm was also employed for the determination of the 
gray value and contrast measurements (Figure 1). Then, 
the effect of processing delays on MGVs and image 
contrast was evaluated under three types of coverage.

PSPs were exposed to the X-ray machine (Mindray, 
Helsinki, Finland) with 2.5 mm thick Al filtration at 60 
kVp, 10 mA, for 0.4 seconds, and source image distance 
(SID) of 32 cm. Next, they were exposed to step wedges 
each time under constant conditions.

The study had two main groups. The plates were 
scanned with the Acteon (Sopro, Ciotat Cedex, France) 
and Digora Optime (Soredex, PaloDex, Finland) systems 
in groups A and B, respectively (Figure 2). 

Each group had three subgroups. The plates of groups A1 
and B1 were kept in a light-protected box until processing, 
and those of groups A2 and B2 were placed in semi-
transparent cases. In addition, the plates of groups A3 and 
B3 were placed in the original dark case provided by the 
respective manufacturer (Figure 3). The exposed plates 

were processed immediately with the appropriate scanner 
(the gold standard) 5, 10, 20, 30, 40, and 60 minutes after 
exposure, resulting in seven scan times for each subgroup 
and a total of 42 images.

The gray level information of the 2nd, 5th, and 8th 
steps of the Al wedge steps of all images was sampled by 
a maxillofacial radiologist with 14 years of experience by 
selecting a square whose dimensions were equal to the 
width of each step (ROI).

Black and white were assigned 0 and 255 by MGVs, 
respectively. Therefore, the difference between the gray 
values of 8th and 2nd steps was considered as image 
contrast.

Data were analyzed with SPSS (version 23) using 
ANOVA. One-way covariance analysis and t test were used 
for comparing groups and subgroups. The differences in 
contrast and MGVs of both groups in processing delay 
time and type of coverages were compared using the 
repeated measures statistical test, and the significance 
level was set at 0.05%.

Results
The MGVs of the plates were in the range of 110.71-125.05 
and 106.74-122.78 for Groups A and B, respectively. The 
MGVs and mean contrast of the plates in groups A and 
B, according to delay in scanning time, are presented 
in Tables 1 and 2, respectively. There was a significant 
difference between the contrast and MGVs of Acteon and 
Digora PSPs at all processing delay times (P < 0.05). 

In each subgroup, MGVs increased, while contrast 
decreased with increasing scanning delay time. According 
to data in Tables 1 and 2, this difference was significant 
except for MGVs in the first 5 minutes (T1) of the 
protective box (A1, P = 0.12) and the original dark case (A3, 
P = 0.06) of the Acteon. 

In general, no significant difference was observed in the 
image MGVs and contrast between subgroups in any of 
the scanners (total P > 0.05, Table 1). 
 
Discussion
Today, digital radiology is widely used in dentistry due 
to its technological advancement (14). Considering the 
benefits of digital imaging, the replacement of conventional 
radiography with the digital imaging system even with 
a diagnostic accuracy similar to that of conventional 

Figure 1. (A) Aluminum Step Wedge With an Incremental Distance of 2 mm 
and (B) A Radiograph of the Step Wedge

Figure 2. (A) Acteon and (B) Digora Scanners Used in the Two Main Groups 
of the Study

Figure 3. (A) Light Protected Box and (B) Industry Supplier’s Semi-transparent 
Case and Original Dark Case
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radiography seems logical; the mentioned benefits 
include reducing the dose rate by 50%-90% compared to 
the conventional film, the possibility of processing and 
storing images, lack of a need for the image processing 
system, and faster preparation of images. Many studies 
evaluated the diagnostic quality and clinical performance 
of this system (14, 15).

In this study, there was a significant difference between 
the image quality of both scanners in all processing delay 
times (P < 0.05); Digora images had higher contrast and 
lower MGVs in all delay times. However, the speed of the 
image loss was slower in Acteon images. In each subgroup, 
MGVs increased, while contrast decreased significantly by 
increasing the scanning delay time (P < 0.05), except for 
the MGVs in the T1 of A1 (P = 0.12) and A3 (P = 0.06).

Aktan et al studied the effect of the coating type 
and processing delay time in Dürr Dental and Digora 
Optime systems PSP plates were inserted and sealed in 
manufacturers’ original cases, black case, and white case. 
The MGVs of the processed images in Digora plates were 
not significantly different under the three coverages. A 
significant difference was found between the two scanners 

(5), which is in agreement with the result of the present 
study. However, the difference in MGV from the initial 
MGV of Digora plates in a 10-minute delay time was not 
significant. This disagreement can be due to differences in 
SID, initial exposure conditions, and ambient light in the 
two studies.

The results of the study by Akdeniz and Gröndahl (16) 
are in line with those of the present study in that MGV 
increased by increasing the processing time. The Digora 

plates were stored in a protective coverage that was placed 
in an opaque case on a dark shelf. The difference in storage 
conditions can explain the significant differences in MGVs 
at processing delays of more than one hour compared to 
images processed without a delay.

In their study, Akdeniz et al examined the effects of the 
processing delay under different storage conditions (the 
vicinity of light and light shield box) and different initial 
radiation doses on the quality of Digora plates (9). In line 
with the results of the present study, the MGVs of the 
images increased by increasing the processing delay time, 
and the only difference was that the increase in MGVs was 
significant at processing times longer than 10 minutes. 
This is perhaps because 10 minutes was the first delay time 
for measuring MGV in the mentioned study. 

In another study by Eskandarloo et al, radiographic 
density did not significantly differ from baseline images 
after 10 minutes in Digora plates (17). The difference in 
the results can be due to the difference in the step wedge 
material and density measurement methods of the two 
studies.

The findings of Bramante et al contradict our findings 
in that processing after 120 minutes reduced image quality 
in Digora plates (6). The reason for this discrepancy is the 
difference in the method of image quality assessment and 
the object used for imaging. In the above-mentioned study, 
the quality of the dry human mandible image was visually 
graded by three observers, but the contrast ratio and MGV 
of the Al wedge image were numerically calculated in the 
present study.

Accordingly, image quality is reduced if the processing 

Table 1. Mean and Standard Deviation of MGV According to Protection Storage Conditions and Delaying Scanning Time

A B

A1 P Value A2 P-value A3 P Value B1 P Value B2 P Value B3 P Value

Tgold 110.71 ± 61.7 110.71 ± 61.70 110.71 ± 61.70 106.74 ± 57.79 106.74 ± 57.79 106.74 ± 57.79

T1 110.90 ± 61.83 0.12 111.80 ± 61.76 0.004 110.94 ± 61.73 0.06 107.90 ± 57.93  < 0.001 107.64 ± 58.26 0.002 107.97 ± 57.79  < 0.001

T2 112.07 ± 61.41  < 0.001 112.44 ± 61.41  < 0.001 112.20 ± 61.38  < 0.001 108.73 ± 58.03  < 0.001 109.27 ± 57.53  < 0.001 108.88 ± 57.20  < 0.001

T3 114.48 ± 62.36  < 0.001 114.36 ± 61.25  < 0.001 114.39 ± 61.81  < 0.001 110.75 ± 57.83  < 0.001 111.34 ± 57.49  < 0.001 112.13 ± 58.25  < 0.001

T4 114.60 ± 62.31  < 0.001 116.88 ± 62.03  < 0.001 115.37 ± 62.21  < 0.001 113.92 ± 57.59  < 0.001 115.83 ± 58.23  < 0.001 113.62 ± 57.61  < 0.001

T5 116.18 ± 62.17  < 0.001 118.94 ± 62.30  < 0.001 116.74 ± 62.30  < 0.001 115.18 ± 57.73  < 0.001 116.09 ± 5 8.73  < 0.001 116.75 ± 57.60  < 0.001

T6 121.41 ± 62.86  < 0.001 125.05 ± 62.44  < 0.001 122.32 ± 62.69  < 0.001 120.40 ± 57.54  < 0.001 122.78 ± 56.94  < 0.001 121.94 ± 56.94  < 0.001

Note. MGV: Mean gray value.

Table 2. Mean and Standard Deviation of Contrast According to Protection Storage Conditions and Delaying Scanning Time

A B

A1 A2 A3 B1 B2 B3

Tgold 17.03 ± 3.5 17.03 ± 3.50 17.03 ± 3.50 27.68 ± 9.51 27.68 ± 9.51 27.68 ± 9.51

T1 16.19 ± 3.58  < 0.001 15.98 ± 3.42  < 0.001 16.13 ± 3.34  < 0.001 26.82 ± 9.53  < 0.001 26.62 ± 9.52  < 0.001 26.83 ± 9.46  < 0.001

T2 15.16 ± 3.49  < 0.001 14.93 ± 3.56  < 0.001 15.30 ± 3.54  < 0.001 25.81 ± 9.48  < 0.001 25.74 ± 9.47  < 0.001 25.55 ± 9.01  < 0.001

T3 13.56 ± 3.07  < 0.001 13.39 ± 3.07  < 0.001 13.63 ± 2.94  < 0.001 23.80 ± 9.45  < 0.001 23.53 ± 9.64  < 0.001 23.84 ± 9.41  < 0.001

T4 13.52 ± 3.05  < 0.001 10.40 ± 3.03  < 0.001 12.40 ± 2.68  < 0.001 21.25 ± 9.03  < 0.001 19.74 ± 9.46  < 0.001 21.00 ± 8.94  < 0.001

T5 11.45 ± 2.96  < 0.001 8.63 ± 3.06  < 0.001 11.09 ± 2.64  < 0.001 19.34 ± 9.20  < 0.001 18.81 ± 9.14  < 0.001 19.19 ± 9.05  < 0.001

T6 6.12 ± 2.24  < 0.001 3.32 ± 2.07  < 0.001 5.81 ± 1.95  < 0.001 14.78 ± 8.80  < 0.001 15.83 ± 11.46  < 0.001 14.31 ± 8.82  < 0.001
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is delayed, and detection accuracy is reduced in cases such 
as caries detection where high image contrast is important 
(18). Finally, the effect of the processing time on image 
quality was more important than the type of applied 
coating.

Conclusions
In general, Digora images had better quality in all delay 
scanning times, but the speed of image loss was slower in 
Acteon; the type of PSP coverage in the first few minutes 
could affect the MGVs of the images; however, the scan 
time had a greater effect on the amount of image loss.
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