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Abstract

BACKGROUND AND AIM: Digital panoramic X-ray images can be captured using photostimulable phosphors or solid-
state detectors (i.e. charge-coupled devices and Flat-Panels). The first category is defined as computed radiography
(CR) or semi-direct radiography. The second technology that uses solid-state detectors is known as direct digital
radiography (DDR). Both of these technologies have their own advantages and disadvantages. One of the most
important fields in comparison of these systems is their resultant image quality. The purpose of this study was to
compare the subjective image quality of DDR and CR digital panoramic system, and to assess the overall density and
contrast of their images.

METHODS: 200 patients were randomly allocated to two digital systems: Promax [central control digital (CCD)] and XC
[photostimulable phosphor plates (PSP)]. Image quality was evaluated in six regions on a 3-point scale by three oral and
maxillofacial radiologists independently. In addition, observers assessed overall density and contrast of each image on a
3-point scale.

RESULTS: Using chi-square test, no statistically significant differences were found (P > 0.05) in subjective image quality
of anatomic structures between the two radiographic systems. But DDR system outperformed CR system in overall
density and contrast of the image. P values for both overall density and contrast of the images was less than 0.001.

CONCLUSION: The subjective image quality of CR and DDR panoramic systems in specified anatomic regions were
found statistically comparable in this study. In overall density and contrast of the radiographs, DDR system proved
better than CR system.
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ince the introduction of intra-oral
S digital systems in 1980s with the
commercial name of RVG (Radio-
Visio-Graphy), this technology has

adapting to digital systems.

The advantages of these systems are as the
following: the elimination of darkroom
processing stages, faster access to the

found its way in several dental X-ray images
from simple intraoral to more complex
extraoral and CBCT (Cone beam computed
tomography) images. Digital technology is
revolutionizing  different  branches  of
dentistry and at the forefront of this
evolution is the field of oral and maxillofacial
radiology. Radiology centers are increasingly

provided images, easier image processing
and maintenance, the ability to create
multiple copies of a single image and being
more eco-friendly.! Another advantage of this
system is more clinical convenience.

In DR systems the captured image can be
viewed instantly on the monitor. As a result,
errors on the image can be detected and

1- Assistant Professor, Department of Radiology, School of Dentistry, Tehran University of Medical Sciences, Tehran, Iran
2- Assistant Professor, Department of Radiology, School of Dentistry, Kerman University of Medical Sciences, Kerman, Iran
3- Resident, Department of Radiology, School of Dentistry, Tehran University of Medical Sciences, Tehran, Iran
Correspondence to: Reza Motaghi DDS, MSc
Email: reza.m85@gmail.com

70 JOHOE/Summer & Autumn 2013; Vol. 2, No. 2

http://johoe.kmu.ac.ir,

7 September



Quality comparison of DDR and CR panoramic radiography

corrected instantly. Furthermore these
systems give us the ability of image
manipulation wusing the software. This
manipulation is especially important in PSP
plates. PSP receptors have a wide dynamic
range. Thus by image manipulation, we can
produce clinically acceptable images from a
wide range of exposure conditions.2?

Since the early days of the introduction of
these systems, many studies were conducted
to compare this emerging technology with
conventional systems. Digital technology
used in receptors was developed in separate
branches. Mainstream technologies are:

Solid state: which is consisted of three sub
categories ie. CMOS (complementary-
symmetry metal-oxide-semiconductor), CCD
and flat panel PSP

These systems can also be divided into
two groups: CR and DDR. In CR or
computed radiography, image receptor is a
plate which is placed in a cassette. After
exposure this plate is transferred to a laser
scanner and the data is transmitted from the
scanner to the computer for processing
stages. Obviously in this method we have an
offline processing. That is why we call it a
“semi-direct system”. On the other hand we
have DDR or direct digital radiography in
which a sensor captures the image and sends
it directly to a computer. On computer the
operator can process the image.*

Methods

This study was performed on 200 panoramic
radiographs of which 100 panoramic
radiographs were obtained by the method of
direct digital radiography and 100
radiographs obtained by the method of
computed radiography. Inclusion criteria for
selected cases were: patients were between 18
to 44 years old and no limitation was exerted
about the gender.

118 of the patients were males and 92 of
them were females. Edentulous patients,
those with developmental problems or a
history of systemic disease, trauma and
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neoplasm were excluded from this study
because of possible deformation of oral and
dental structures.200 cases in this study went
under X-ray examination for usual dental
cares and were divided into two equal
groups randomly.

First group was exposed by Promax
(Planmeca, Finland) which is a CCD based
imaging system. This system is direct digital
radiography. Exposure parameters in this
system varied from 68 KVP to 72 KVP and 12
to 15 mA. Second group was exposed by XC
(Planmeca, Finland) and was scanned by
Agfa CR (Agfa, Belgium) equipment.
Exposure parameters in this system varied
from 68 KVP to 72 KVP and 12 to 12 mA.
Imaging in both groups was performed by a
single technician to keep the same exposure
values and patient positioning as much as
possible.

Images acquired from DDR system
(Planmeca, Finland) were processed with
Romexis software version 3.2 (Planmeca,
Finland) and images acquired through CR
systems were processed by NX software
(Agfa, Belgium). Processing stages of each
image included cropping the image and
primary adjustment of contrast and
brightness of the image within usual range
limits processing stage was also performed
by a single person to keep the same image
quality factors except for imaging method.
Processed images were stored in JPEG
format. Resultant images were cropped again
to hide the patient information and system
name by Photoshop Cs5 Mac edition
software. Then numbers were assigned to
image files randomly. 200 images were
evaluated by 3 oral and maxillofacial
radiologists on a single workstation
independently. The software used to view
these images was windows image viewer and
the monitor used for this purpose was
LG-E1752 S with the aspect ratio set to 3.4.
Radiographs were evaluated by 3 oral and
maxillofacial radiologists. Evaluated
structures included:
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Periodontal bone level

Trabecular bone

Inferior wall of maxillary sinus

Inferior alveolar nerve canal

Lamina dura around the teeth

Root canal space of single root teeth

Number 1 structure was selected from
alveolar bone structure and number 2, 3 and
4 structures were chosen from vital structures
and number 5 and 6 structures were selected
from dental structures in a panoramic image.

All of these structures in early images
were evaluated on the basis of a 3 units scale.

1- Not evaluable

2-  Uncertain evaluation

3- Completely obvious

Contrast is defined as the difference
between light and dark densities in a
radiograph. Density is described as the
overall darkening of a radiograph. These two
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quality of a radiograph.!

The overall contrast and density of
radiographs were also compared by the 3
radiologists in this study and were scored on
a 3 unit scale as follows:

1- Excellent

2- Appropriate

3- Acceptable

Results collected from 3 radiologists were
analyzed statistically by the SPSS software
version 16 and using Chi-Square statistical
analysis. Statistical significant level was
considered 0.05.

Results
DDR and CR technologies revealed no
significant difference in quality (P = 0.900)
(Table 1).
DR technology was better than CR
technology in density and contrast (P< 0.01)

characteristics have a great impact on overall (Table 2).

Table 1. Results of evaluation of the observers in relation to each study variable
Number in group

Sl Gl Not evaluable Uncertain evaluation Completely obvious

Crestal CR 0 2 98 1.000
bone

level DR 0 3 97 -
Trabecular CR 0 3 97 0.500
bone DR 1 5 94 -
Maxillary CR 9 12 79 0.080
sinus

wall DR 4 22 74 -
Inferior CR 23 41 36 0.740
alveolar

canal DR 26 43 31 -

. CR 18 70 12 0.390
Lamina dura DR 16 65 19 i
Root canal CR 3 43 54 0.900
space DR 2 43 55 -

CR: Computed radiography; DR: Digital radiography

Table 2. Results of evaluation of the observers in relation to the general characteristics of the images

Characteristic DR (% CR (% P

7 13 <0.001
Density Acceptable 78 43 -

9 50 -

6 25 <0.001
Contrast Acceptable 43 65 -

51 10 -

CR: Computed radiography; DR: Digital radiography
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Discussion

The results of this study were to some extent
different from the results of the only similar
study that we could find in this field. In the
study conducted by Benediktsdottir et al.5 the
quality of systems were found to be
significantly different.> The cause of this
difference can be due to the evaluated
structures. In Benediktsdottir et al. study only
periapical sites of 6 areas were evaluated
while in this study we evaluated a broader
range of structures, like inferior wall of the
sinus and inferior alveolar nerve canal.
Secondly, the imaging system manufacturers
were different and the mentioned study was
conducted in 2003 with somehow older
equipment. Due to high speed evolution of
imaging systems, the reason of this difference
between studies seems obvious.

In some similar studies dental structures
were evaluated and in some others
anatomical  structures® and pathologic
changes” were evaluated. In this study, the
objective was the evaluation of the quality of
at least one usual anatomic structure in each
of the following categories: 1-bone and
peripheral structures 2- alveolar bone
3-dental structure.! The criteria was selected
in this way:

1- Periodontal bone level, 2- trabecular
bone, 3- inferior wall of maxillary sinus,
4- inferior alveolar canal, 5- lamina dura
around the teeth, and 6- root canal space in
single root teeth.

Number 1 structure was selected from
alveolar bone structure and number 2,3 and 4
structures were selected from vital structures
and number 5 and 6 structures were selected
from dental structures in a panoramic image.8
Structures such as mental foramen were not
included in this study because of their high
variations and their dependence on the angle
of central beam.

http://johoe.kmu.ac.ir,
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Generally similar studies were conducted
in two ways:

1- Different samples were evaluated in
different imaging systems.5”

2- The same cases were evaluated in
various systems. They have captured images
from the same person by different methods.6?

The second method is more precise but,
because of moral considerations i.e. second
exposure of patients to X-radiation, we chose
the first approach. We tried to improve the
accuracy of reported results by increasing the
sample size and selection of 6 anatomical
landmarks. Variable structures such as
mental foramen seem more appropriate for
studies using the second method.

The results would be more precise if we
could compare two systems with the same
panoramic machine (e.g. both were Promax).
Using two different panoramic machines
means different projection geometries which
leads to different image qualities. Except for
Benediktsdottir et al. study other studies
compared conventional panoramic system
with digital systems.61013 For intraoral systems
unlike extraoral systems, many studies
compared the quality.}4!5 And the results were
not similar between these studies.

Conclusion
Two systems of CR and DR were equal in the
clarity of the assessed structures. But general
image characteristics i.e. density and contrast
in DR systems proved to be somehow
superior to CR systems.

Conflict of Interests
Authors have no conflict of interest.

Acknowledgments
This study was supported by Tehran
University of Medical Sciences.

JOHOE/Summer & Autumn 2013; Vol. 2, No. 2 73

7 September



Quality comparison of DDR and CR panoramic radiography Goodarzipour et al.

References

1.

2.

3.

10.

11.

12.

13.

14.

15.

74

White SC, Pharoah MJ. Oral Radiology: Principles and Interpretation. 6" ed. Philadelphia, PA: Elsevier Health
Sciences; 2008.

Schaetzing R. Computed Radiography Technology. Advances in Digital Radiography: RSNA Categorical Course in
Diagnostic Radiology Physics 2003; 7-22.

Yorkston J. Digital Radiographic Technology. Advances in Digital Radiography: RSNA Categorical Course in
Diagnostic Radiology Physics 2003; 23-36.

Blogtopsites. Digital radiography CR versus DR Time to reconsider the options, the definitions, and current capabilities
[Online]. 2007; Available from: URL.: http://www.blogtopsites.com/outpost/00d00b0b881bb5ac90dc3dd901b 78427/
Benediktsdottir IS, Hintze H, Petersen JK, Wenzel A. Image quality of two solid-state and three photostimulable
phosphor plate digital panoramic systems, and treatment planning of mandibular third molar removal. Dentomaxillofac
Radiol 2003; 32(1): 39-44.

Molander B, Grondahl HG, Ekestubbe A. Quality of film-based and digital panoramic radiography. Dentomaxillofac
Radiol 2004; 33(1): 32-6.

Peker I, Toraman AM, Usalan G, Altunkaynak B. The comparison of subjective image quality in conventional and
digital panoramic radiography. Indian J Dent Res 2009; 20(1): 21-5.

Pittayapat P, Galiti D, Huang Y, Dreesen K, Schreurs M, Souza PC, et al. An in vitro comparison of subjective image
quality of panoramic views acquired via 2D or 3D imaging. Clin Oral Investig 2013; 17(1): 293-300.

Gijbels F, Sanderink G, Bou SC, Pauwels H, Jacobs R. Organ doses and subjective image quality of indirect digital
panoramic radiography. Dentomaxillofac Radiol 2001; 30(6): 308-13.

Farman TT, Farman AG. Clinical trial of panoramic dental radiography using a CCD receptor. J Digit Imaging 1998;
11(3 Suppl 1): 169-71.

Parissis N, Angelopoulos C, Mantegari S, Karamanis S, Masood F, Tsirlis A. A comparison of panoramic image
quality between a digital radiography storage phosphor system and a film-based system. J Contemp Dent Pract 2010;
11(1): EO09-E016.

Ferrus-Torres E, Gargallo-Albiol J, Berini-Aytes L, Gay-Escoda C. Diagnostic predictability of digital versus
conventional panoramic radiographs in the presurgical evaluation of impacted mandibular third molars. Int J Oral
Maxillofac Surg 2009; 38(11): 1184-7.

Kaeppler G, Axmann-Krcmar D, Reuter I, Meyle J, Gomez-Roman G. A clinical evaluation of some factors affecting
image quality in panoramic radiography. Dentomaxillofac Radiol 2000; 29(2): 81-4.

Borg E, Attaelmanan A, Grondahl HG. Subjective image quality of solid-state and photostimulable phosphor systems
for digital intra-oral radiography. Dentomaxillofac Radiol 2000; 29(2): 70-5.

Kitagawa H, Scheetz JP, Farman AG. Comparison of complementary metal oxide semiconductor and charge-coupled
device intraoral X-ray detectors using subjective image quality. Dentomaxillofac Radiol 2003; 32(6): 408-11.

JOHOE/Summer & Autumn 2013; Vol. 2, No. 2

http://johoe.kmu.ac.ir, 7 September



