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Introduction
Ionizing radiation is frequently used in order to visual-

ize anatomical and pathological structures in conjunction 
with clinical examinations of patients for routine dental 
applications.1,2 For decades, intraoral periapical radio-
graphs were the main dental imaging technique; howev-
er, the rapid technological innovations in X-ray systems 
combined with significant advances in computer systems 

enabled the adoption of digital imaging by the dental pro-
fession. The first direct digital imaging system, Radio-
VisioGraphy, was invented by Dr. Frances Mouyen and 
manufactured by Trophy Radiologie (Vincennes, France) 
in 1984. Since then, a spate of revolutionary digital re-
ceptors for intraoral dental radiography from different 
brands and companies has reached the dental market.3 
Although periapical radiography involves a relatively low 
level of exposure to individual patients, its contribution 
to the population dose is not negligible and the patient 
dose should be limited to the lowest amount of radiation 
needed to achieve a diagnostically acceptable image.4 
The doses associated with digital intraoral receptors were 
reported to be 50% and 80% lower than those associated 
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with analog techniques.5 In addition to dose minimization 
for both patients and health care providers, digital radi-
ography offers the possibility for computer-aided image 
interpretation and image enhancement, which result in a 
more favorable dose-information ratio while eliminating 
the disadvantages of chemical processing.6 Recent sur-
veys conducted regarding attitudes towards digital imag-
ing among dentists demonstrated an increased usage of 
digital radiography in several countries.7-10 Today, there 
are 2 modes of digital intraoral imaging: computed radi-
ography (CR), which uses photostimulable phosphor (PSP) 
plates, and direct digital radiography (DR), which uses 
solid-state detectors, including charge-coupled devices 

(CCDs) or complementary metal-oxide semiconductors 

(CMOS) systems.11 CR systems use storage phosphor 
image plates by using a separate image readout process, 
whereas DR is a way of converting X-rays into electri-
cal charges by means of a direct readout process.12 PSP 
detectors have a detection layer of photostimulable crys-
tals that contain europium doped barium fluorohalides.13 
During exposure, X-ray energy is absorbed and temporar-
ily stored by these crystals. When the detection layer is 
scanned by a high-energy laser beam, the stored energy is 
then set free as emitted light with a wavelength different 
from that of the laser beam. Finally, the image is convert-
ed into a digital format.12,13 CCD and CMOS detectors 
exploit the conversion of X-ray photon energy into light 
photons as an intermediary stage in the capture of an im-
age.14 A CMOS typically consist of chips in an integrated 
circuit and is built of silicon plates that undergo a scin-
tillation process when exposed to X-ray radiation. In this 
process, light emission causes the breakdown of cova-
lent bonds in silicon, resulting in the release of electrons, 
which create an electric charge. This charge is transferred 
to the transistor as a small voltage. The voltage in each 
transistor can be read separately and consequently appears 
as a gray value.15-17 CMOS technology is capable of on-
chip integration of analog-to-digital conversion circuitry 
and produces digital signals without external converters; 
thus, the radiographic images are available to view in a 
matter of seconds after the exposure. A disadvantage of 
CMOS detectors is their thickness, since they are bulky 
and rigid, which may cause discomfort and application 
issues.15 PSP detectors consist of imaging plates that have 
the same shape and dimensions of conventional films, but 
the imaging plates in these systems are more rigid than 
film. Furthermore, some phosphor plates are placed in a 
plastic envelope with sharp edges to prevent contamina-
tion and the operator is unable to bend their corners.15-18 

The digital receptors may therefore cause problems for 
the patient and the examiner during radiographic imaging. 
In clinical settings, patient discomfort and difficulties in 
tolerating the detector in the mouth may lead to position-
ing errors, which also influence the diagnostic quality of 
images and diagnostic accuracy.15 Several in vitro studies 
have been conducted regarding patient discomfort using 
bitewing and periapical radiographic examinations of spe-
cific locations.19-22 Earlier ex vivo studies compared the 
image quality23 and diagnostic quality of images among 
CCD and PSP systems for the detection of proximal car-
ies, location of the tip of a fine endodontic file, and artifi-
cially formed pathologies.24-26 The authors suggested that 
both CCD and PSP systems performed similarly in detect-
ing caries;24 however, CCD systems produced the most 
reliable images in identifying root canal working length25 
and detecting external root resorption.26

Hitherto, most studies conducted to compare different 
intraoral periapical detectors were designed and conducted 
in vitro. However, in the real clinical environment there are 
many variables that may influence the clinical applicability, 
versatility, and diagnostic performance of digital intraoral 
systems, including patient-related factors. The aim of this 
clinical study was therefore to compare the effectiveness 
of CMOS and PSP intraoral detectors in terms of time effi-
cacy, patient comfort, and subjective image quality assess-
ment in real clinical settings.

Materials and Methods
Ethical approval was obtained from the Ethics Com-

mittee of the Faculty of Dentistry, Ankara University 

(36290600/02). Potential patients were consecutively 
recruited from January 2017 to January 2018, and they 
all provided informed consent for participation. The par-
ticipants comprised 58 patients (25 women and 33 men) 
who were admitted to Department of Dentomaxillofacial 
Radiology with various dental complaints, including peri-
odontitis and active caries and with no more than 4 missing 
teeth requiring a full-mouth periapical radiographic ex-
amination. The mean age of the patients was 40.94 years 

(standard deviation [SD]: 8.91; age range: 20-74 years). All 
58 patients were referred for full-mouth radiological exam-
inations, including 1 bitewing radiograph (left and right) 
and 8 periapical radiographs for each side (left maxilla/
mandible and right maxilla/mandible). One dental X-ray 
imaging technician with more than 20 years of experience 
in periapical radiographic imaging performed imaging of 9 
different regions (1: maxillary anterior; 2: maxillary canine; 
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3: maxillary premolars; 4: maxillary molars; 5: mandibular 
anterior; 6: mandibular canine; 7: mandibular premolar; 
8: mandibular molar; 9: bitewing) using the 2 different 
detector types. A full mouth series, including 16 intra-oral 
periapical and 2 bitewing images, was obtained from each 
patient. For each patient, 1 side of the dental arch was ra-
diographed using a CMOS detector, whereas the other side 
was radiographed using a PSP detector, ensuring an equal 
number of left and right arches imaged using each detector. 
The incisors were radiographed twice using the PSP and 
CMOS detectors, respectively (Fig. 1). Digital intraoral 

periapical and bitewing radiographs were exposed using 
an X-ray machine (Gendex Digital Systems, Hatfield, PA, 
USA) operated at 65 kVp and 7 mA. Size 2 PSP detectors 

(GXPS-500 PSP, Gendex Digital Systems, Bensheim, Ger-
many) were utilized. The PSP plates were scanned with 
Gendex GXPS-500TM Digital X-ray Image Plate Scanner 
immediately after the exposure, using a standard scanning 
mode that allowed for a 64 μm (high resolution), 35 μm 

(super resolution) pixel size, and a 14.3-lp/mm theoretical 
spatial resolution. A size 2 direct digital intraoral CMOS 
sensor (Gendex Gxs-700 LP, PA, USA) was utilized for 

Fig. 1. A. A bitewing image ob-
tained with CMOS (the patient’s left 
side). B. A bitewing image obtained 
with a PSP plate (the patient’s right 
side). C. A periapical image of max-
illary incisors obtained with CMOS. 
D. A periapical image of maxillary 
incisors obtained with PSP. E. A 
periapical image of a mandibular 
canine obtained with CMOS. F. A 
periapical image of mandibular ca-
nine obtained with PSP. Due to the 
high noise ratio observed in images 
taken with PSP, trabeculations are 
observed more clearly in imag-
es taken with the CMOS sensor. 
CMOS: complementary metal-oxide 
semiconductor, PSP: photostimula-
ble phosphor.
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real-time imaging. The GXS-700 CMOS sensor offers 2.4 
million pixels, a pixel size of 19.5 μm×19.5 μm and a the-
oretical resolution of 25.6 lp/mm. In vivo imaging was per-
formed using standardized paralleling technique equipment 
with round collimation (Rinn Manufacturing Company, 
Elgin, IL, USA) with a focus-receptor distance of 20 cm 
and an image-exposure time ranging between 0.01 s and 
0.08 s, for both detectors depending on tooth-, bone-, and 
patient-related factors. The periapical and bitewing radio-
graphs were analyzed using SiSoft Medical software (Park 
Ridge, New Jersey, USA) on a 21.3-inch flat-panel monitor 

(NEC MultiSync, Munchen, Germany) with 2,048×2,560 
pixel resolution, in a dimly lit room. Pulpal root canal, den-
tin, and enamel visibility were used as indicators of optimal 
image quality, as determined by the consensus of research-
ers involved in the study. 

Clinical application time, comfort/pain analysis, and 
subjective image quality were assessed for each detector. 
The clinical application times from the beginning of the 
procedure to the end of the procedure for each method 
were measured using a stopwatch. The total time for im-
aging procedures was determined for all stages (1: detec-
tor positioning, 2: tube head and patient positioning, 3: 
exposure and image acquisition, and 4: total time for all 
procedures) and recorded by 1 researcher. The patients 
were also asked to rate their feelings (based on comfort 
and pain) from extreme discomfort and pain to absence of 
discomfort (between 1 and 5), gag reflex (score 0: none, 1: 
very slight, 2: slight) for each detector, and their respons-
es were recorded by the same researcher who also record-
ed the clinical application times. 

The visibility of the periodontal ligament, lamina dura, 

Fig. 2. A. A periapical image of the 
mandibular premolar-molar area 
obtained with a damaged (partial 
stripping and peeled surface) PSP. 
B. Final periapical image obtained 
with an undamaged PSP after re-
take. C. Motion artifact observed 
in an image obtained with CMOS. 
D. Mandibular incisor periapical 
radiography after a retake using 
CMOS. E. Cone-cut error that oc-
curred due to misalignment of the 
position-indicating device with the 
PSP plate. F. Final periapical image 
obtained by accurate alignment of 
the position-indicating device with 
the PSP plate without a cone-cut af-
ter retake. CMOS: complementary 
metal-oxide semiconductor, PSP: 
photostimulable phosphor.
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bone trabeculation, and anatomical landmarks was used 
as an indication of subjective image quality for all im-
ages. All images were evaluated at random in a dimly lit 
room. The monitor was adjusted for optimal settings of 
brightness and contrast, and the settings were not adjusted 
during viewing. No enhancing functions were used. Im-
ages were evaluated separately by 2 dentomaxillofacial 
radiologists twice at a 2-week interval. The subjective im-
age quality was recorded by using the following 5-point 
scale. The scoring criteria were as follows: 1: non-diag-
nostic; 2: poor diagnostic quality; 3: average diagnostic 
quality, acceptable with minor errors; 4: good diagnostic 
quality; and 5: very good diagnostic quality. No time re-
striction was placed on the observers. In addition, retakes 
due to inadequate image quality that made it impossible 
to assess the images caused by severe cone-cut (includ-
ing more than 1 tooth), motion and other artifacts that 
occurred during image acquisition were also recorded. 
Only the final accurate image obtained after retakes was 
included in the statistical analysis (Fig. 2).

Statistical analysis was performed on SPSS for Win-
dows version 23.0 (IBM Corp., Armonk, NY, USA). The 
normality of continuous variables was determined by the 
Shapiro-Wilk test. Continuous variables were summa-
rized as mean±SD. Categorical variables were presented 
as frequencies and percentages. The differences between 
detectors were evaluated by repeated-measures analysis 
of variance. Age, sex, and region were controlled in these 
analyses. The Wilcoxon test was used to compare detectors 
in terms of patient comfort, nausea reflex, and subjective 
image quality. The presence of artifacts was compared be-
tween sensors using the McNemar test. A P value less than 
0.05 was accepted as significant. Weighted kappa coeffi-
cients were calculated to assess the intra- and inter-observ-
er agreement in subjective image quality assessment for 
each detector. Kappa values were interpreted according to 
the following criteria: 0.00-0.20: no agreement, 0.21-0.40: 
poor agreement, 0.41-0.60: moderate agreement, 0.61-0.80: 
strong agreement, and 0.81-1.00: excellent agreement.27

Results
A total of 1,044 digital intraoral periapical and bite-

wing radiographs were evaluated. Table 1 shows a com-
parison of the mean (±SD) duration of each procedure 
and the mean (±SD) of total time required for all pro-
cedures using CMOS and PSP in seconds. The overall 

(all regions taken into consideration) mean time taken to 
generate 1 series of images including 9 intraoral radio-

graphs with CMOS and PSP detectors was 167.07±13.84 
s and 234.05±11.89 s, respectively. The mean value of 
the total time for all imaging procedures with the CMOS 
detector was significantly lower than the mean value of 
the total time for imaging procedures with the PSP de-
tector (P<0.05). This difference might be attributable to 
the statistically significant difference in the overall mean 
exposure and image acquisition time (P<0.05) between 
the CMOS (63.50±1.58 s) and PSP (127.02±2.82 s) de-
tectors. However, there were no statistically significant 
differences between the CMOS and PSP detectors for 
the overall (all regions taken into consideration) mean 
detector positioning time (P>0.05) and the overall (all 
regions taken into consideration) mean tube head and pa-
tient positioning time (P>0.05). Nonetheless, statistically 
significant differences were found in the mean tube head 
and patient positioning time between the CMOS and PSP 
detectors for the mandibular premolar (for CMOS: 2.98±
0.79 s; for PSP: 3.48±0.73 s, P<0.05) and mandibular 
molar (for CMOS: 3.04±0.52 s; for PSP: 3.77±2.31 s, 
P<0.05) regions.

The overall mean patient comfort scores for the CMOS 
and PSP detectors were 4.57 and 4.48, respectively, with-
out a statistically significant difference (P>0.05). The 
overall mean nausea reflex scores for CMOS and PSP re-
ceptors were 1.27 and 1.25, respectively, without a statis-
tically significant difference (P>0.05).

Considering subjective image quality, intra-rater observ-
er agreement ranged between 0.676 and 0.827 for CMOS 
and between 0.602 and 0.804 for PSP, suggesting strong 
and excellent agreement. Inter-rater agreement, calculated 
by the weighted kappa coefficient, for the average of the 
scores of the 2 observers with the CMOS and PSP detectors 
were 0.601 and 0.555, respectively. The intra- and inter-ob-
server agreement kappa coefficient values were found to be 
higher for the images acquired using the CMOS detector 

Table 1. Time for each step and total procedure (unit: seconds)

Procedures       CMOS       PSP

Detector positioning 73.50±13.14 76.55±11.66

Tube head and 
patient positioning

30.06±4.31 30.46±3.43

Exposure and 
image acquisition 

63.50±1.58 127.02±2.82*

Total procedure 167.07±13.84 234.05±11.89*

*: P<0.05 compared with CMOS, CMOS: complementary metal-oxide 
semiconduc tor, PSP: photostimulable phosphor
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than for those acquired using the PSP detector. 
For both observers, the scores obtained using the CMOS 

detector were higher than those obtained using the PSP 
plates in terms of subjective image quality assessment. The 
mean scores for both observers’ sets of 2 readings to assess 
the lamina dura, periodontal ligament, trabeculation, ana-
tomical landmarks, and general quality using the CMOS 
and PSP receptors for all regions are given in Table 2. The 
performance of both observers in subjectively assessing 
structures using CMOS images was significantly higher 
than when using PSP images for all regions (P<0.05). 

During the imaging procedures, 1 retake was necessary 
in 10 patients, 2 retakes in 16 patients, and 3 retakes in 5 
patients. Severe cone-cuts and detector and patient mo-
tion artifacts were the causes of retakes. The percentage 
of motion artifacts was 2.4% with the CMOS detector and 
1.5% using the PSP detector. The percentage of cone-cuts 
was 18.3% using the PSP detector and 13.4% using the 
CMOS detector (P<0.05).

Discussion
Intraoral imaging, whether using CMOS or PSP detec-

tors, continues to provide the best spatial resolution of 
any imaging method currently available in routine clinical 
dental practice. The clinical diagnostic capacity of intra-
oral radiography is influenced by a number of variables, 
including central X-ray beam angulation, exposure time, 

detector sensitivity, image acquisition, viewing condi-
tions, superimposition of dental and anatomic structures, 
and lesion location and characteristics. New technological 
specifications and settings include various real-time sol-
id-state and semi-direct phosphor plate detectors that can 
better address a variety of specific tasks and imaging that 
can be conducted with or without cables connected to the 
detectors. Considering the potential differences between 
available detectors in terms of clinical effectiveness, the 
present study compared 2 commonly used CMOS and 
PSP detectors produced by the same company in terms of 
clinical time efficacy, patent comfort, and subjective im-
age quality. 

Image quality assurance for digital intraoral X-ray im-
aging is essential for maintaining good diagnostic accu-
racy. The characteristic features used for the objective 
evaluation of image quality are pixel value, noise, unifor-
mity, low-contrast resolution, and spatial resolution. The 
physical performance measurements eliminate variations 
that may result from the observers or the samples.28,29 
Although this technique provides quantitative results, 
it is deficient in terms of measures of observer perfor-
mance.29 Therefore, in the present study, clinical patient- 
and observer-related scoring scales were used to obtain 
more realistic clinical results. The Faculty of General 
Dental Practice and Public Health England recommend-
ed a 2-point grading scale, where images are recorded as 
either diagnostically acceptable not acceptable in order 
to help improve personal practice or check if the required 
diagnostic quality was met.30 In the present study, by us-
ing a 5-point scale, the observers aimed at examining ra-
diographic images in more detail, thus providing a more 
comprehensive assessment of detector performance in 
terms of subjective quality. Apart from observer variabili-
ty, a number of confounding factors in the digital environ-
ment add further problems, such as the condition, quality, 
calibration, and settings of the viewing display; the qual-
ity of the graphics card used; and the ambient light level 
in the room.28 In the present study, the observers assessed 
images using the same display monitor. In order to mini-
mize the variances caused by these factors, the observers 
assessed 2 different detectors made by the same company 
under the same environmental conditions.

Farrier et al.31 compared the in vivo image quality of 
CCD and PSP plates by examining a total of 108 digital 
periapical intraoral images that were obtained from 6 re-
gions. The images were evaluated using a 3-point scale, 
and the subjective image quality of PSP plates was found 
to be higher than that of CCD.31 This result conflicts with 

Table 2. Mean scores of 2 observers’ readings to assess anatomi-
cal structures and general quality according to the detectors for all 
regions

Region (overall) CMOS PSP

Subjective image
quality

Observer 1 3.94±0.51 3.57±0.52*
Observer 2 4.05±0.42 3.67±0.66*

Periodontal
ligament

Observer 1 3.92±0.57 3.35±0.64*
Observer 2 4.06±0.50 3.52±0.75*

Trabeculation Observer 1 4.33±0.39 3.80±0.53*
Observer 2 4.31±0.40 3.85±0.58*

Lamina dura Observer 1 4.14±0.51 3.63±0.63*
Observer 2 4.09±0.46 3.53±0.72*

Anatomic
landmarks 

Observer 1 3.85±0.49 3.57±0.55*
Observer 2 3.85±0.39 3.49±0.61*

General quality Observer 1 4.04±0.43 3.58±0.50*
Observer 2 4.07±0.38 3.61±0.61*

*: P<0.05 compared with CMOS, CMOS: complementary metal-oxide 
semiconduc tor, PSP: photostimulable phosphor
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ours, and this discrepancy might be due to the quality of 
detectors used, the study sample and design, and observer 
performance variability. Furthermore, Farrier et al.31 re-
ported a higher number of retakes for CCD than for PSP, 
which might have been due to the thinner nature of PSP 
sensors, which enabled easier detector positioning. The 
authors of that study31 also reported 35 retakes due to low 
image quality in 206 periapical radiographs; however, the 
present study required only 57 retakes in 1,044 periapi-
cal radiographs. This might be due to the fact that retakes 
were only performed in cases of severe cone-cuts (includ-
ing more than 1 tooth region) and patient and detector 
motion artifacts. Furthermore, the radiology technician in 
the present study was highly experienced and had been 
taking intraoral periapical images since the beginning of 
the 2000s. The authors of an earlier study reported that 
higher image quality could be achieved over a much wid-
er exposure range with the PSP storage system than with 
either films or CCD sensors.23 In the present study, all 
intraoral regions were considered when evaluating the 
subjective image quality and the ability of detectors to 
demonstrate existing structures; however, the evaluations 
were not conducted in a specific exposure range. 

A recent study compared the image quality between 
PSP and CMOS systems and evaluated contrast resolution 
among 4 different exposure times, and reported higher 
contrast resolution for the PSP system and significantly 
higher values terms of pixel values for the PSP system 
than for the CMOS system (P<0.05). However, no sub-
jective image quality assessment was performed by the 
observers.32 Aziman et al. compared the subjective image 
quality of CCD detectors and CMOS detectors using bite-
wing radiographs and they found no statistically signif-
icant difference between both detectors.33 In the present 
study, a CR system using PSP plates and a direct DR sys-
tem were compared. Aziman et al.33 compared 2 different 
DR detectors. Their findings are in contrast with those of 
the present study, which might be explained by the fact 
that Aziman et al.33 only evaluated subjective image qual-
ity for bitewing radiography. In the present study, when 
only bitewing radiographs were taken into account, there 
was no statistically significant difference in subjective 
image quality between CMOS and PSP sensor, analogous 
to the findings of Aziman et al.33 However, unlike Aziman 
et al., CMOS was superior when all regions were taken 
into account in the results presented herein.

In the present study, the image quality scores for the 
CMOS sensor were in general significantly higher than 
those of the images produced with the PSP system. More-

over, the kappa coefficient values for intra- and inter-ob-
server agreement were higher for the images acquired 
using the CMOS system than for those acquired using the 
PSP system. These findings might be due to the fragility 
of PSP detectors during clinical use, which may be more 
pronounced during repeated exposures. Diagnostic tasks 
are dependent on observer performance and the evaluated 
structures. Damaged PSP plates have adverse clinical ef-
fects on radiographic interpretation. In a study by Thang 
et al.,34 an association was found between interpretative 
results and clinicians’ confidence. 

Ramamurthy et al.35 compared 2 PSP detectors in terms 
of time efficiency for making full-mouth intraoral X-ray 
surveys (FMSs) in vitro. DenOptixw (Kavo/Gendex, Des 
Plaines, IL, USA) and ScanXw (Air Techniques, Hicks-
ville, NY, USA) systems were compared and 21 FMSs 
of a DXTRRw Manikin (Dentsply, Des Plaines, IL) were 
made with each of the systems. The time for each proce-
dural step was measured using a stopwatch, similar to the 
present study. The steps studied were: 1) plate erasure; 2) 
packaging; 3) positioning/exposure; 4) unpacking, load-
ing processor, and scanning; and 5) image transfer to a 
virtual FMS mount. The mean procedure time for DenOp-
tixw was 31.2 minutes, whereas for ScanXw it was 27.1 
minutes. Although the mean time for FMS performance 
was slightly shorter on average with ScanXw than with 
DenOptixw, the difference did not show statistical sig-
nificance (P>0.05). The authors of the above-mentioned 
study compared the FMS image acquisition time using 
2 different PSP systems; however, they did not compare 
different detector types. Due to the different number of 
images taken in the present study, a comparison of the ap-
plication time between these studies would be inappropri-
ate. In addition, this study utilized contemporary digital 
detectors, which facilitated faster image acquisition. 

A previous study that evaluated discomfort in connec-
tion with bitewing examinations showed that there was 
no significant difference in the perception of discomfort 
between conventional films and an ergonomically shaped 
wired CMOS sensor (Snapshot Instrumentarium Den-
tal, Tuusula, Finland) with rounded corners.21 In another 
study,22 the authors reported that using a receptor hold-
er clearly reduced patient comfort. Without a receptor 
holder, sensors positioned and held in the mouth with the 
patients’ fingers showed that the phosphor plate was the 
most comfortable, followed by conventional films and 
CCD sensors, respectively.22 A conventional intraoral ra-
diographic film with a holder was found to be the least 
comfortable. There was a significant difference between 
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conventional intraoral radiographic films with a holder 
and conventional intraoral radiographic films positioned 
and held in the mouth with a finger (P<0.05). Significant 
differences were also found between the conventional in-
traoral radiographic films with a holder and other digital 
sensors held in the mouth with a finger in terms of patient 
comfort (P<0.05).22

In the present study, imaging was performed using stan-
dardized paralleling technique equipment with round col-
limation. The use of rectangular collimation and imaging 
without equipment could reveal different findings. In the 
present study, there was a statistically significant differ-
ence in the mean tube head positioning time and patient 
positioning time between the CMOS and PSP receptors 
for the mandibular premolar and mandibular molar re-
gions. These findings might have been due to difficulties 
in the preparation and placement of PSP detectors in the 
mandibular premolar and molar regions.

A study by Kamburoğlu et al.36 assessed the same teeth 
under both in vivo and in vitro conditions for the detec-
tion of occlusal caries by using a PSP system. Consider-
ing the general difficulties related to obtaining an image 
in the mandibular third molar region because of the posi-
tion and alignment of the third molars in the oral cavity, 
the authors gave useful information in terms of time ef-
ficiency and patient comfort. The median time required 
for image exposure (plate loading, envelope attachment, 
fixing patient position, and plate exposure) was found to 
be 1.04 minutes (minimum: 0.50 minutes, maximum: 2.38 
minutes), and the median total time required to complete 
the image acquisition procedure was 1.45 minutes (mini-
mum: 1.21 minutes, maximum: 3.24 minutes). Significant 
differences were found in both the image exposure time 
and the total image acquisition time between patients 
complaining of discomfort and those with no discomfort 

(P<0.001). The authors assessed 1 PSP image, unlike 
the present study, which assessed full-mouth series im-
ages. The findings of this research are consistent with the 
study by Kamburoğlu et al.,36 with similar mean patient 
comfort scores for CMOS and PSP suggesting similar 
patient satisfaction for both detectors. Patient discomfort 
during PSP placement and imaging could be attributable 
to detector edges, which might irritate the patient’s oral 
mucosae during intraoral detector placement and imag-
ing. Patient discomfort during CMOS placement could 
occur due to mucosal irritation, as with PSP, and the 
bulky structure of the CMOS sensor might also trigger 
the patient’s nausea reflex. This phenomenon may explain 
the higher number of retakes due to motion artifacts with 

CMOS detectors and higher number of retakes due to 
cone-cuts with PSP detectors. Cone-cuts may be caused 
by various reasons, the most common of which is a lack 
of alignment between the image receptor with the posi-
tion indicating device (PID)/radiographic cone. Improper 
assembly of the receptor holding device and motion of the 
PID can also cause cone-cuts. In the present study, there 
were significantly more cone-cuts with PSP detectors than 
with CMOS detectors. This difference might be due to the 
sharp edges of the PSP detector causing the patient’s head 
position to change.

Within the limitations of the present clinical study, it 
can be concluded that the intraoral CMOS and PSP de-
tectors used in this study were similar in terms of patient 
comfort; however, the CMOS detector was superior to 
the PSP detector in terms of time effectiveness and sub-
jective image quality in routine dental imaging practice. 
The present research suggests the active use of solid-state 
detectors in dental clinics and hospitals where numerous 
periapical radiographs are routinely taken. 
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