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Abstract
Objectives To investigate the artefacts caused by different disinfection and protection methods that can be used for infection 
control of photostimulable phosphor (PSP) plates.
Methods The plates that were enveloped with single or double envelopes were sprayed with an alcohol-containing solution 
or wiped with an alcohol-containing tissue. Four PSP groups with two plates in each group were formed (A = wiping single 
envelope, B = wiping double envelopes, C = spraying onto single envelope, and D = spraying onto double envelopes). Any 
artefacts (1 = no artefact, 2 = presence of artefact less than 0.5 cm wide, and 3 = presence of artefact larger than 0.5 cm wide) 
on the 12 acquired images were evaluated.
Results Artefacts (score-3) occurred on the images of Group C-2 PSP plate after the 3rd exposure. According to the Kruskal–
Wallis test the difference between the artefact score of the four methods was found significant. Post-hoc comparisons showed 
the Group C artefact scores were higher than the others and the difference was significant. The total time of enveloping and 
disinfection processes for groups was; A = 6.30 min, B = 7.58 min, C = 5.48 min, and D = 7.14 min.
Conclusions Regardless of the number of envelopes, wiping with a tissue was less likely to cause artefacts, while spraying 
was reliable only when double envelopes were used. However, using a tissue and double envelopes, which are less risky in 
terms of artefact, causes time loss, difficulty in manipulation, environmental pollution and high cost.
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Introduction

Unlike conventional disposable film, the digital imaging 
systems (both charge-coupled device (CCD)/complementary 
metal-oxide semiconductor (CMOS) sensors and photostim-
ulable phosphor (PSP) plates) that allow exposing multiple 
patients, raise concerns in terms of infection control [18, 21]. 
PSP plates are used commonly in dental clinics for intraoral 
imaging because of their flexibility, absence of an electrical 
cord, wider exposure latitude, and less patient discomfort 
compared with others [8]. However, these plates cannot be 
heat sterilized, rubbed with disinfectants, or completely 

immersed in a high-level disinfectant [18, 34]. Therefore, 
it is important to use a plastic envelope as a barrier to avoid 
cross-contamination of the PSP plate with the patient’s oral 
fluids, such as saliva and blood or body fluids from handling, 
and exposure to an unwanted light source [21, 26].

At present, the COVID-19 pandemic is the most impor-
tant health problem effecting the whole world. SARS-CoV 2 
causing COVID-19, can persist on inanimate surfaces for 4 
h up to 7 days depending on the temperature, humidity, type 
of surface, and virus load and has been identified in both 
blood and saliva [27]. Dental radiology procedures, espe-
cially intraoral radiography, can be the source of COVID-
19 transmission for both staff and patients, due to the fact 
that infection spreads easily, especially from the oral region 
by saliva and/or blood [29]. Therefore, current infection 
control practices should be revised and stricter protocols 
should be developed for preventing the transmission dur-
ing the intraoral radiography procedures [20]. Hypochlorite 
(0.5% for blood and body fluids, 0.1% for environmental 
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disinfection), 70–90% ethanol and > 0.5% hydrogen perox-
ide are recommended disinfectants against COVID-19 [24].

Although envelopes are routinely used in infection con-
trol of PSP plates as a barrier, many studies have indicated 
that using envelopes alone is not sufficient for preventing 
potential leakage and thus contamination [11, 12, 15, 16, 
18, 21, 26]. Alternately, when the plate is removed from 
the envelope for scanning there is a contact possibility of 
the plate with the contaminated envelope and gloves [18]. 
If the plates are contaminated before the scanning process 
through the envelopes, it can cause a cross-contamination 
risk for the other plates, processing equipment, and finally 
other patients or clinic staff [11, 19]. Hence, additional 
methods, as using double barriers and/or disinfecting the 
barriers before removing the sensors, are recommended for 
effective infection control, especially during the COVID-19 
pandemic, when infection control is even more vital [5, 7, 
11, 14, 22, 32, 33]. Because, intraoral radiographs can trig-
ger the coughing, gagging, retching, or vomiting that pro-
duce aerosols that the SARS-CoV 2 can persist in for long 
periods of time.

Although PSP plates have many advantages, incorrect 
manipulations and technical errors both in the acquisition 
and processing of the images may cause distinctive radio-
graphic errors and artefacts [3]. During multiple usages, PSP 
plates are subjected to excessive mechanical forces, such as 
excessive bending, positioning device pressure, or bite force, 
various disinfecting chemicals, such as alcohol, and body 
fluids such as skin oil, saliva, or blood that can damage their 
active phosphor photostimulating luminescence layer [1, 3, 
4, 17, 28, 31, 34, 35]. This damage causes signal voids that 
manifests radiologically radiopaque artefacts which results 
in permanent degradation of all subsequent images recorded 
with the plate and effects the image quality or complete diag-
nosis and leads to a remake of the radiograph that is incon-
sistent with ALADA (as low as diagnostically acceptable) 
[1, 28, 35]. Artefacts caused by chemical solutions such as 
disinfections are seen in patch-form at the borders of the 
images, consistent with peeling [34]. Especially in a study 
investigating mechanical damage, above a load application 
of 20 or 50–100 g according to plate brand caused visible 
scratches and in an another study the artefacts were observed 
after a 40 n force loading [2, 6]. The cumulative damage 
caused by the continuous use influences their lifespan nega-
tively [3].

To the best of the authors’ knowledge, except for the 
microbiological studies, there is no study that has examined 
the image artefacts caused by wiping the enveloped PSP 
plate with disinfection tissue and spraying disinfection solu-
tion onto it. In addition, there is no study that has examined 
the effect of using a single or double envelope on artefact 
formation, either. The aim of this study was to investigate 
the damage-related artefacts that two different disinfection 

methods and two different enveloping methods would cause 
on PSP plate images.

Materials and methods

Eight new (unused) VistaScan Imaging Plate PLUS, size 2 
(Dürr Dental, Bietigheim–Bissingen, Germany) PSP plates 
to be used in the study were first cleared of any possible 
residual background effects by the powerful light source in 
the scanner. Thus, the plates were restored to their origi-
nal state, with empty memories. To compare the possible 
artefacts caused by the disinfection process-related damage, 
the test images were acquired as a reference. If no artefacts 
were detected by the three maxillofacial radiologists on the 
test images, the plates were included in the study. The test 
images, and the consecutive images after the disinfection 
process were acquired with an aluminum (Al) step wedge 
made of 99.5% pure Al with nine-step in increments of two 
millimeters. PSP plates were divided into four groups (A, 
B, C, D), two in each group, according to the two different 
disinfection and two enveloping methods to be applied. The 
groups were formed according to two variables: (a) envel-
oping the plates with single or double envelopes and (b) 
two different disinfection methods (spraying disinfection 
solution or wiping with disinfectant tissue) applied onto 
the enveloped plates. Each plate was used only in its own 
group during the study and possible artefacts were evalu-
ated based on its test image. The plates were enveloped by 
Soredex Opti Bags (PaloDex Group Oy, Tuusula, Finland) 
and sealed according to the manufacturer’s instructions. 
The disinfection process was carried out immediately to 
the enveloped plates after the X-ray exposures. The four 
enveloped plates, in groups A and B were wiped with an 
alcohol containing disinfectant tissue [34], and onto the four 
in groups C and D an alcohol containing disinfectant solu-
tion was sprayed [10]. The plates in A and C groups were 
enveloped with single envelope and in B and D groups were 
enveloped with double envelopes. Both disinfectants used 
in this study contained at least 70% alcohol, because this 
level is effective for COVID-19 and other oral pathogens. 
The disinfectant tissue used was Bioflex Professional (Olce 
Kozmetik, Istanbul, Turkey) containing 70% ethyl alco-
hol, and the disinfectant solution was ANIOSRUB 85NPC 
(ANIOS, Lille–Hellemmes, France) containing 70% etha-
nol. The disinfection process was applied to each enveloped 
plate in a series, where the number gradually increased in 
total (cumulatively): 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 
55 and 60 times. In groups A and B four enveloped plates 
were wiped with gentle finger pressure five times with a 
disinfectant tissue, each time for 10 s with 1-min intervals 
after the exposure, then the plate was removed and scanned 
immediately and the image was recorded. Thus, a total of 12 
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images of each plate were acquired by repeating the same 
processes for each plate in these groups, in the same way, 
each time. The same process was repeated for four plates in 
groups C and D by spraying a disinfectant solution onto the 
enveloped plates five times with 1-min intervals after the 
exposure, then the plate was removed and scanned immedi-
ately and the image was recorded. The disinfection solution 
was sprayed from a distance of 30 cm in accordance with the 
manufacturer’s instructions. Thus, in the groups, where the 
disinfectant solution was used directly, a total of 12 images 
of each plate were acquired by repeating the same processes 
for each plate, in the same way, each time.

To achieve standardization in radiographic image 
acquisition, a plexiglass appliance with dimensions of 
6.1 × 4.8 × 3.6 cm was used. This custom-made appliance 
had a slot in which the enveloped PSP plate could be exactly 
placed (Fig. 1). The construction of the appliance allowed 
a fixed distance with a perpendicular alignment repeatable 
geometry between the X-ray source and the PSP plate. The 
source-to-plate distance was set at 33.7 cm. The exposured 
surface of the appliance was prepared with a thickness of 
3.2 cm to imitate the buccal soft tissue [30]. The AI step 
wedge was fixed on the side of the appliance, where the sen-
sitive surface (exposed surface) of the plate was faced. For 
stabilization, the position indicating device and the appli-
ance that fixed to it were positioned in the same horizontal 
position during the study.

For radiographic imaging, a standard X-ray machine 
(CCX radiography unit, Trophy, Instrumentarium, Tuusula, 
Finland) with 1.5 mm Al equivalent total filtration, operat-
ing at 70 kV, 8 mA, 0.3 s exposure parameters was used. 
After the X-ray exposure, one of two disinfection proce-
dures was applied onto the enveloped PSP plate, depending 
on the group in which it belonged. The sealed edge of the 
envelope(s) was cut with a pair of clean scissors and the PSP 
plates were removed carefully by holding the edges with 
minimal contact and carried to a dark room in a paper cup, 
where they would be scanned. The operator removed the 

gloves that came into contact with the envelopes during the 
disinfection process and removed the plates with new gloves, 
in case they had disinfectant residue on them. All scanning 
procedures were performed with a VistaScan Combi (Dürr 
Dental GmbH & Co. KG, Bietigheim–Bissingen, Germany) 
scanner using the standard scanning mode allowing a pixel 
size of 50 μm and a theoretical spatial resolution of 10-lp/
mm. These procedures were repeated 12 consecutive times 
with new envelope(s) and the same PSP plate after each 
exposure to mimic the clinical conditions [34]. Including the 
eight test images a total of 104 digital radiographic images 
were recorded with their own group name that was pre-
determined (Fig. 2). All radiography exposures, disinfec-
tion and scanning procedures were performed by the same 
researcher.

The 12 images of each plate were evaluated in terms of 
the presence of artefact based on their own test image by 
three dentomaxillofacial radiologists (Obs-1, Obs-2, and 
Obs-3) two with at least 15 years, and one with at least 
3 years of experience. Before the study images were evalu-
ated, the observers were asked to evaluate the PSP plate 
images of the patients previously obtained in the clinic. 
When encountered with a controversial situation, three 
observers inspected the image together and came to a con-
sensus on the presence/absence of the artefact. This consen-
sus finding was defined to be the gold standard, and thus the 
observers were calibrated. The evaluation of the images was 
done on the same 24-inch medical monitor (Philips, Luchu 
Hsiang, Taiwan) with an ideal screen display (resolution: 
1920 × 1080 pixels) provided with an NVIDIA QUADRO 
FX 380 graphics card in a dimmed and quiet room from a 
distance of approximately 50 cm. The observers scored the 
12 images of each plate independently, in a system, where 
only the name of the groups was indicated and they were 
blind to all other variables. The score categories used to 
evaluate the artefacts of the image were; 1 = no artefact on 
the image, 2 = presence of artefact less than 0.5 cm wide on 
the image, and 3 = presence of artefact larger than 0.5 cm 
wide on the image [34]. A second scoring session was held 
2 weeks after the first evaluation to measure the observer’s 
repeatability. The obtained data were recorded in a form that 
was specially prepared for this study.

Ethical approval was not obtained, because this research 
study did not include human subjects, patient data, and 
human tissue.

Statistical analysis

In this study, depending on the distributional violations, non-
parametric statistical analysis was used. The comparisons 
were evaluated using Kruskal–Wallis and post-hoc tests. 
The reproducibility and repeatability of the measurements 
were evaluated using the Intraclass Correlation Coefficients 

Fig. 1  Photograph of the custom-made plexiglass appliance with a 
slot and AI step wedge
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(ICCs). The data obtained were analyzed using the SPSS 
version 23·0 (Armonk, New York). Less than 0.05 p value 
was accepted statistically significant.

Results

As a result of the 1st and 2nd evaluations at 2-week inter-
vals of Obs-1, Obs-2 and Obs-3, the same scores were 
determined for all images and are given in Table 1. Three 

observers in their two evaluations determined the same 
artefacts scores on the same images after the 3rd exposure 
in Group C-2 (score-3 artefact) (Fig. 3). Artefacts were in 
patch-form at the borders of the images as shown by the 
arrows in Fig. 3. As aforementioned, Group C-2 repre-
sented the plate that was enveloped with a single envelope 
and sprayed with alcohol-containing solution.

The ICC value was very high and considered as per-
fect correlation for intra-observer reliability (ICC = 1.00, 

Fig. 2  Flow-process diagram of study method

Table 1  Scores of 1st and 2nd 
artefact evaluations at 2-week 
intervals of Obs-1, Obs-2, 
and Obs-3 on the consecutive 
images of PSP plates following 
the disinfection procedure in 
four groups

Images Group A Group B Group C Group D

A-1 A-2 B-1 B-2 C-1 C-2 D-1 D-2

Test image 1 1 1 1 1 1 1 1
1st image 1 1 1 1 1 1 1 1
2nd image 1 1 1 1 1 1 1 1
3rd image 1 1 1 1 1 3 1 1
4th image 1 1 1 1 1 3 1 1
5th image 1 1 1 1 1 3 1 1
6th image 1 1 1 1 1 3 1 1
7th image 1 1 1 1 1 3 1 1
8th image 1 1 1 1 1 3 1 1
9th image 1 1 1 1 1 3 1 1
10th image 1 1 1 1 1 3 1 1
11th image 1 1 1 1 1 3 1 1
12th image 1 1 1 1 1 3 1 1
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p = 0.000). The inter-observer reliability was also consid-
ered perfectly correlated (ICC = 1.00, p = 0.000).

For comparing methods, the Kruskal–Wallis test was 
used. According to the test result, in terms of artefact score, 
the difference between the four methods was found statisti-
cally significant (p = 0.000 < 0.05). Post-hoc comparisons 
showed that the difference between the artefact scores of 
Group A (single envelope, wiped with disinfectant tissue), 
Group B (double envelopes, wiped with disinfectant tissue) 
and Group D (disinfectant sprayed onto double envelopes) 
was not statistically significant, and Group C (disinfectant 
sprayed onto single envelope) artefact scores was higher than 
the other three, and the difference was statistically signifi-
cant (p = 0.000 < 0.05).

Before starting the study, the total time of enveloping and 
disinfection process in each group was measured. The results 
were 6.30 min for Group A, 7.58 min for Group B, 5.48 min 
for Group C, and 7.14 min for Group D.

Discussion

The results may indicate that any disinfection method 
applied onto the enveloped plate does not cause artefacts on 
images if the PSP plate is enveloped with a sufficient bar-
rier, such as double envelopes. In another aspect, it could 
be claimed that spraying an alcohol containing disinfection 
solution directly onto the plate with single envelope also 
increases the likelihood of an artefact rather than wiping 
with alcohol-containing disinfection tissue.

There is no agreed protocol or standard procedure for 
effective infection control of PSP plates, which has increased 
in importance especially during the COVID-19 pandemic. 
Especially against COVID-19, a minimum of 1-min contact 
time with the disinfectant solution is advised [14]. Interme-
diate level disinfectants (70% ethyl alcohol, 70% isopropyl 
alcohol) can be used for disinfection of radiography items 

on a daily basis or when contaminated [14, 19, 25]. Recom-
mendations that emerged as results of studies on infection 
control of PSP plates were as follows; checking the integ-
rity of the barrier visually or by a leakage test, making the 
patient gargle with chlorhexidine, disinfecting the plate 
before placement into the envelope and after removing, 
using an additional barrier in high-risk situations, disinfect-
ing the enveloped plate [7, 10, 13, 18, 35]. All the processes 
must be under aseptic conditions and with minimal han-
dling [10]. Methods of disinfecting the enveloped plate or 
directly the plate were wiping with alcohol-containing or 
alcohol-impregnated tissue, the UV-light built into the scan-
ner and the ethylene oxide gas sterilization [15, 26, 33, 34]. 
Manufacturers have proposed different solutions for hygiene 
problems that may arise during the use of PSP plate sys-
tems. A manufacturer (Brighouse, UK; DB dental equip-
ment) has proposed the use of 2-propanol for cleaning the 
PSP plates [34]. The manufacturer of the Digora® Optime 
UV unit (Soredex, Orion Corporation, Helsinki, Finland) 
declared the product has internal UV-disinfection features in 
scanning procedure that minimize cross-contamination risk 
[34]. However, this type of UV-disinfection system is not 
available on all PSP plate scanners and subsequent installa-
tion in the system can create a high cost [26]. In this study, 
disinfection tissue and spray solution containing 70% alco-
hol which is effective against COVID-19 and the other oral 
pathogens were used.

Studies determined and classified the image errors and 
artefacts specific to PSP technology [4, 9, 23, 31]. Arte-
facts on PSP plate images basically have two main causative 
factors as damage and dirt on the photo-stimulating lumi-
nescence phosphor surface, especially due to multiple and 
repetitive uses [1, 3, 4, 17]. The damage occurs because 
of physical (mechanical) or chemical factors that the plate 
is subjected to. It was reported, when a force greater than 
40 n was applied to the enveloped plate the artefacts were 
observed on the images [6]. In another study, it was found 

Fig. 3  Consecutive 12 images after the exposures and disinfection processes, test image, and pre-exposure photograph of the Group C-2 PSP 
plate enveloped with a single envelope and sprayed with alcohol-containing solution
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that loading of 20 g or 50–100 g directly on the plate, 
depending on the plate brand, caused scratches on the sen-
sitive surface of the plate [2]. Wenzel et al. [34] tested the 
formation of possible image artefacts by wiping the plates 
directly with two different alcohol containing disinfection 
tissues. For eliminating the effect of mechanical effect of 
wiping, they wiped the PSP plates with a gentle pressure, 
and reported that ethanol caused more severe artefacts com-
pared to 2-propanol [34]. Since ethanol has been reported 
to cause more serious artefacts than 2-propanol, it can be 
concluded that the damage is caused by the chemical struc-
ture of the disinfectant used [34]. Therefore, in this study, 
light finger pressure was used to wipe the enveloped plates 
with alcohol-impregnated tissues. Thus, it was aimed only 
to investigate the artefacts that would occur due to chemical 
damage when the disinfectant reaches the sensitive surface 
of the plate. Removing the PSP plate from the envelope that 
was contaminated with oral fluids may cause a major prob-
lem for cross-contamination. The recommended methods 
of the disinfection of PSP plates are using double envelopes 
and spraying disinfectant on the enveloped plate or directly 
on the PSP plate (usually containing alcohol) or wiping with 
disinfectant impregnated tissue. There were microbiologi-
cal studies that measure the effectiveness of the disinfec-
tion of the “enveloped” plate with alcohol before removing 
the plate [21, 26, 33]. In this study, instead of applying the 
disinfectant directly to the plate, the enveloped plate disin-
fection method was also chosen. According to the results of 
this study, it can be said that these methods did not cause 
too much damage to the PSP plates and consequently image 
artefacts. In Group C, where an artefact was observed on 
only one of two plates images, the plate was enveloped with 
a single envelope and disinfected with spraying solution. 
The damage-related artefact formation can be the result of 
enveloping the plate with a single envelope rather than dou-
ble envelopes in one respect. In another aspect, it can also 
be interpreted as spraying the alcohol-containing disinfec-
tion directly rather than wiping. Therefore, it can be claimed 
spraying disinfection directly onto the enveloped plate with 
a single envelope increases the risk of artefact formation in 
routine clinical practice.

Hokett et al. [11] reported a perforation rate of 44–51% 
when using a single plastic barrier for direct digital sensors 
under clinical conditions and recommended the use of a latex 
finger cot to significantly reduce the perforation rate. Choi 
et al. [5] found this rate between 22 and 58%, and the perfo-
ration occurred less in the thick material group and more in 
the thin group. This high perforation rate of the plastic bar-
rier in direct digital sensors system brings the safety of the 
single-barrier technique into question for all intraoral digital 
receptors including PSP plates. Furthermore, the perforation 
rate may vary by material type or barrier thickness. Although 
the present study was planned as an in vitro study, the main 

aim was imitating as much as the possible routine clinical con-
ditions in which patients were being imaged with intraoral 
digital PSP plates. Therefore, the envelopes were used as they 
were taken out of their boxes, which the manufacturer checked 
and packed, and so no leakage test was applied. The leakage-
induced artefact that may occur because of using the envelopes 
without testing just like they are used in routine clinical condi-
tions was also one of the factors that was investigated in this 
study. This is in line with the authors’ findings that a damage-
related artefact is an increased possibility due to reduced pro-
tection when a single envelope is used and the disinfection is 
sprayed directly as solution.

A limitation of this study is that different brands of enve-
lopes and different disinfectants have not been tested. These 
variable conditions can be investigated in further studies. 
Another limitation is while we evaluated the effect of the dis-
infectant method on artefact formation, but not on image qual-
ity. This case also may be the subject of future studies, too.

Conclusion

When the total times of the enveloping and disinfection pro-
cess for each group separately were compared, it was observed 
enveloping with double envelopes took notably more time than 
one envelope and wiping with tissue took slightly longer than 
spraying. Although the other results showed artefacts were 
never observed when double envelopes and wiping with tis-
sue were used and these methods were superior in terms of 
disinfection-artefact formation, it can be said these will cause 
a significant loss of time in routine clinical practice. In addi-
tion, the researcher who performed the procedures emphasized 
that enveloping with double envelopes was very difficult in 
terms of manipulation. In addition, wiping with a tissue and 
enveloping with double envelopes have higher costs and cause 
environmental pollution because of using more consumables.
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