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The Subjective Image Quality of Conventional and Digital Panoramic Radiography

INTRODUCTION

Digital technology and use of personal computers are undeni-
ably interlaced with the progress of modern sciences. This
technological revolution has already influenced almost all

aspects of medical science. Over the last two decades efforts are
focused on exploring the potentials of the use of digital imaging in
dental radiography. The results are very promising and is expected
to become the standard of the 21st century as the technical develop-
ments are already numerous.

The evolution from analog film to digital systems using either
storage phosphor (PSP) or charged-coupled device (CCD) technolo-

gies is offering many perspectives. The up-to-date advantages are
the direct depiction and electronic processing of the digital image
and the avoidance of chemical processing, which is time-consuming
and sometimes, due to mistakes in the procedure, a reason for the
retake of the radiograph. Another reason for the retake of the radi-
ograph when using the analog film is the wrong choice of the expo-
sure parameters causing poor image quality, where in digital tech-
niques can be treated using different filters to produce an acceptable
image.1 Also, digitalization of the radiographic images, offers the
ability of storing and administrating the images in an electronic
patient file,2 as well as the possibility of a quick restoration and the
print of images on various hardcopy media and film.3

Nowadays, discussion is in process about the radiation doses
absorbed by the patients during radiographic procedures4-7, especial-
ly in vulnerable groups of patients such as children. The relating bib-
liography8,9 reports that although dose reduction in extraoral digital
radiography is not expected to be as effective as with intraoral sys-
tems, some papers report that it may be achieved by means of inten-
tional radiographic underexposure and later adjusted with the soft-
ware features.10-12

Although dental literature is rich in studies addressing digital
image quality for intraoral systems13-23 our literature search yielded
only a few studies testing image quality of digital panoramic sys-
tems.24-27

The aim of the present study was to compare the diagnostic qual-
ity of orthopantomographs made with the conventional unit
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Orthophos Siemens and the direct digital unit Planmeca 2000 cc
Proline among 6-10 year old children. This was based on the observ-
er’s ability to form a diagnosis upon investigating regions of inter-
est. Possible differences on image interpretation between oral radi-
ologists and pediatric dentists were also investigated.

MATERIAL AND METHODS
Two independent groups of panoramic images (50 in each group)

made with different panoramic modalities (digital, conventional)
were compared for diagnostic image quality. All images were made
by the same operator on pediatric patients for orthodontic assess-
ment. Images that demonstrated any dental anomalies, clefts, syn-
dromes and neoplastic diseases were excluded from the study.

Direct digital panoramic images were made with a Planmeca
2000 cc Proline (Planmeca Oy, Helsinki). Exposure parameters
were set at 60-64 KV, 4-6 mA and 15 sec. Digital panoramic images
were manipulated for optimal image quality using the Dimaxis soft-
ware (Planmeca Oy, Helsinki), based on the operator’s judgment. 

Conventional radiographs were made with Orthophos Plus CD
(Sirona Dental Systems GmbH, Bensheim, Germany) Exposure
parameters were set at 60 KV, 9-12 mA, and 14.1 sec in accordance
with patient size. Films were processed immediately after exposure
using the same automated processing unit. 

All images were evaluated under standardized conditions (same
room, dimmed indirect light): on a super VGA monitor (1024x768
and 256 gray levels) for the digital images and on the same masked
viewbox for the conventional ones.

Eight observers (four pediatric dentists and four oral radiologists)
evaluated all images for diagnostic quality using a 4-point rating
scale (Table 1-Lit.). To be more specific, each image was evaluated
in 12 pre-determined areas that included periapical bone sites, inter-

proximal sites and tooth
germs (Table 2).
There were two rating ses-
sions (one session for the dig-
ital panoramic images and
one for the conventional
panoramic radiographs) with
a one-month interval in
between. The order of the
images was randomized for
every observer. The data were
collected on data-sheets pro-
vided to the rater prior to each
evaluation sessions.
Repeated measures ANOVA
and paired t-tests were used
for the statistical analysis of
the data collected (p=0,05).

RESULTS
Table 3 reports means and SD of the scores of the two imaging

modalities per region of interest for all observers (oral radiologists
and pediatric dentists). Digital and conventional panoramic radiog-
raphy performed almost similarly as far as it concerns the specific
diagnostic tasks rated with the exception of the interproximal con-
tacts of mandibular molars where digital panoramic radiography
was scored significantly higher and the periapical region of anterior
mandible and anterior mandibular tooth germs where conventional
panoramic radiography was found to be significantly better.

When raw data were analyzed separately for the two groups of
specialists served as observers, no statistically significant differences
found between digital and conventional panoramic images for the
radiologists regardless of the diagnostic task. On the contrary, pedi-
atric dentists found the image quality of conventional panoramic
images in the anterior mandible to be significantly higher than that
of digital images. Tables (6) and (7) demonstrate that there were no
significantly statistical differences between oral radiologists and
pediatric dentists for neither digital nor conventional panoramic
images. In other words, both graded digital and conventional radi-
ographs similarly for a variety of diagnostic tasks.

DISCUSSION
The purpose of this study was to assess the subjective image qual-

ity of the two different panoramic modalities (direct digital and film-
based) and to investigate the performance of two different observer
groups (pediatric dentists and oral radiologists). The two different
groups were chosen in order to evaluate possible differences
between the “expert” and the “clinical” image interpretation. The
material of this study consisted of radiographs taken from pediatric
patients, as they are more vulnerable to absorbed radiation doses and
they require more frequently modifications of standard intra-oral
techniques.26

The results of this study show that the two different panoramic
techniques are at least equal and adequate for clinical use as the
results of the statistical analysis of scorings between the two groups
of images were not substantially different. These results are in accor-
dance to most previous similar studies that support this conclusion
although different hardware, material and methodology were
used24,26,28-30, whereas one study found that image quality of conven-
tional panoramic radiographs was superior to image quality of digi-
tal images.27

There was no statistical difference between the ratings of the two
different groups of observers. Other studies19 have demonstrated that
Radiologists performed significantly better than less experienced
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groups, but this is not supported from the results of our study. Both
groups scored the two systems consistently high (3-4) but the lack
of a gold standard cannot support the implying high validity of the
panoramic techniques for pediatric purposes. The use of a 4-point
rating scale was chosen in order to evaluate image quality, as it is a
simple, well-documented index that has been previously used in
similar studies.12,27,31 The lowest scorings were recorded at the peri-
apical bone region of the anterior mandible for the digital images
and at the interproximal region of the primary maxillary molars for
the conventional radiographs.

The main dilemma encountered was the presentation and manip-
ulation of direct digital images. Direct digital panoramic radiographs
were shown on a normal resolution monitor usually found in com-
mon clinical practice avoiding the potential influence of printer out-
put on image quality3,25, although this meant that observers were not
blinded. Direct digital images were manipulated by a skilled opera-
tor in order to take full advantage of the digital system, while the
observers were not allowed to manipulate or magnify the images, as
individual adjustments would be difficult to record. Previous studies
have shown that such adjustments do not seem to lead necessarily to
better image interpretation and diagnosis.11,26,27,32 Studies concerning
the processed images report that wrong adjustments of brightness
and contrast may either cause non-existent lesions to be produced or
present lesions to fade away10 and that an increased rate of true pos-
itive diagnosis can be neutralized by an increase in the false positive
rate.11 Therefore, users should carefully apply the appropriate filters
in order to avoid the possible misinterpretation of the processed
images. 

CONCLUSIONS
It can be concluded that diagnostic image quality obtained with

the digital orthopantomograph unit Planmeca 2000 cc Proline was
generally equal to image quality obtained with the conventional
orthopantomograph unit Orthophos Plus CD. Image interpretation
between oral radiologists and pediatric dentists was not substantial-
ly different.
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