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The basic principle for dental radiographic exami-
nation is ALARA (As Low As Reasonably Achiev-

able) to the patient dose1. This indicates that patient
exposure should be kept as low as possible while pro-
ducing a radiograph of sufficient quality for diagnosis.
This is especially important in young people and ado-
lescents, as risks from x-ray radiation may be higher for
these patients2. Although radiation exposure has been
reduced through the use of rare-earth intensifying
screens3, different collimator shapes and digital imaging
systems4-7, this could be improved by adaptively expos-
ing tissues or organs that are of interest to the radiologist. 

Recently, a project named I-ImaS (Intelligent Imaging
Sensors) was funded by the European Commission under
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Objective: A prediction model was developed to simulate an underexposed radiograph to that
which is optimally exposed. The objective of the study was to evaluate if radiographic land-
marks were equally observed in lateral cephalometric radiographs processed with and without
the prediction model.
Methods: Using a digital imaging system (Orthopantomograph® OC-100D), test radiographs
of a human skull phantom covered with simulated soft tissue were obtained using different
exposure settings. The optimal radiograph was subsequently established. The under-exposed
raw data radiographs were then processed in two sets. In one set, the radiographs were first
simulated from the optimally exposed raw data radiograph using the prediction model and then
processed with the default settings of the proprietary software that was used to control the
imaging system used. In the second set, the radiographs were processed only with the default
settings of the proprietary software. Two monitors were employed to simultaneously display
the radiographs. Six observers subjectively compared the fourteen most frequently used
landmarks on both radiographs.
Results: Compared with the non-predicted radiographs, in the predicted radiographs
subjective impression of the radiographic landmarks was more frequently considered the same
or better than the optimal radiographs. The difference was statistically significant.
Conclusion: The subjective impression of the landmarks in the predicted radiographs is better
than that in the non-predicted radiographs.
Key words: cephalometry, dental radiography, digital dental radiography, image processing,
radiography
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the Sixth Framework Programme6. This project aims to
design and develop a new generation of intelligent imag-
ing sensor, which allows adaptive exposure of a radio-
graph so that the region of high information content
within a patient is investigated most closely, whilst the
remaining regions of low interest are recorded with the
minimum amount of radiation. The adaptive procedure
is accomplished by arrays of sensors that provide real-
time data analysis during radiograph acquisition, i.e.
reading data from the scout scan to give real-time feed-
back control to the x-ray source and the scanning system
for the second scan8-10, and thus allows optimisation of
the recorded information whilst minimising the radiation
dose or duration of examination.

To prove the principle of the I-ImaS project, dental
cephalography was selected as one of the medical appli-
cations. A prediction model was developed for real-time
adaptive exposure of cephalometric radiographs11. With
this model, an under-exposed radiograph can be simu-
lated from a radiograph that is exposed at an optimal
condition.

The aim of the present study was to evaluate the
effectiveness of the prediction model. This was done by
comparing subjectively the radiographic quality of the
landmarks shown in the cephalometric radiographs.

Material and Methods

Test radiographs

The test radiographs were exposed with a dry human
skull covered with simulated soft tissue. The x-ray unit
was an Orthopantomograph® OC-100D (Instrumen-
tarium Imaging, Tuusula, Finland), which has a nominal
spot size of 0.5 mm, an aluminium filter of 2.5 mm and
a CCD sensor with pixel size 90�90 μm. To follow the
principle of ALARA, radiographs were only exposed at
85 kVp. This was also because the x-ray unit only allowed
certain kV-mA-sec combinations. The exposure
alternatives are shown in Table 1. During the exposing
procedure, the skull phantom was kept at the same
position and four radiographs from each setting were

exposed randomly to obtain reliable radiographs. Subse-
quently, the radiographs were exported in raw format with
the proprietary software CliniView 5.1 (Instrumentarium
Imaging) that was used to control the imaging system.

A prerequisite for applying the prediction model is to
determine a radiograph that is optimally exposed so that
the underexposed radiographs could be simulated. In the
present study, the radiographs exposed at 85 kVp, 12 mA
and 20 sec were considered optimal. This was decided by
following the recommendations from the manufacturer,
considering the size of the human skull and the consen-
sus reached by a panel of dental radiologists. 

The radiographs obtained at the exposure settings
indicated in Table 1 as underexposed were then con-
sidered underexposed and predicted as a raw radiograph
with the prediction model. To display the radiograph in
the same way as it is displayed in practice, the predicted
radiographs were transferred back to the proprietary
software CliniView 5.1, and further processed with its
default settings. To study the effectiveness of the pre-
diction model, the underexposed radiographs processed
only with the default settings of the proprietary software
were also evaluated. This set of radiographs will be
referred to as non-predicted radiographs hereafter.
Example radiographs are shown in Fig 1.

The radiographs (predicted, non-predicted and opti-
mally exposed) were subsequently randomised and dis-
played simultaneously on two monitors in such a way that
when one predicted or non-predicted radiograph was dis-
played on one monitor, the optimal radiograph was dis-
played on the other. There was a one in two chance of
displaying the optimal and the predicted or non-predicted
radiographs on each monitor. To avoid possible effects
from different graphics cards, the two monitors were run
from one computer. Both monitors were 20-inch Philips
Brilliance 200P TFT monitors (Philips, Eindhoven, The
Netherlands) and were bought at the same time. The
resolution was 1600�1200 pixels.

Viewing

The viewing took place in a room with dimmed light. Six
dentists who were experienced in lateral cephalometric
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Radiographs kV mA Second

Under-exposed 85 3.2, 4.0, 5.0, 10.0 8.0
Under-exposed 85 12.0 8.0, 10.0, 12.5, 16.0
Optimal 85 12.0 20.0

Table 1  Exposure alternatives used to expose radiographs
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radiographs evaluated all radiographs by giving their
subjective opinion on the 14 landmarks shown in Fig 2.
The rating scale was to indicate whether each landmark
was more visible or the same on the right or left monitor.
Prior to viewing, brightness and contrast of both

monitors were calibrated by two of the investigators
using the SMPTE test pattern that is included in the
Emago® v.4.0 software (Oral Diagnostic System, Am-
sterdam, The Netherlands). Additional adjustment of
brightness and contrast by the observer was not allowed.
To display the radiographs, the software package
ACDSee v3.0 (ACD Systems International, British
Columbia, Canada) was used. Owing to the size of the
cephalometric radiographs (2988�2052 pixels), only
50% of each radiograph could be displayed at one time. 

To evaluate the effect of the prediction model on the
radiographic density, the Emago® v.4.0 software was
used to measure the mean density in each test radiograph. 

Statistical analysis

Multivariate analysis for discrete data was used for the
statistical analysis. The dependent variable was rating
scale and the independent variables were exposures.
Student t test was used to analyse both radiographic
density and the frequency of landmarks evaluated in the
predicted and non-predicted radiographs (P < 0.05 was
considered significant).

Results

Figure 3 shows the frequency of landmarks giving the
same or better radiographic appearance as those in
optimally exposed radiographs. There was a significant
difference between the predicted and the non-predicted
radiographs (P < 0.0001).
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Fig 2 The landmarks used in the study were sella (s), nasion (n),
anterior nasal spine (ANS), subspinale (A), supramentale (B),
incisor edge superior (is), incisor edge inferior (ii), pogonion
(pg), articulare (ar), soft tissue nose (no), upper lip (UI), lower lip
(LI), apex of the maxillary incisor (s-apex), apex of the
mandibular incisor (i-apex). 

Fig 1 Examples of predicted radiograph (a), non-predicted
radiograph (b) and optimal radiograph (c).

a

b

c
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The mean radiographic densities and the standard
deviations were 126.7 ± 6.5, 144.2 ± 12.3 and 121.6 ± 0.5
for the predicted, the non-predicted and the optimal
radiographs, respectively. There were significant differ-
ences between the predicted and the non-predicted
radiographs (P < 0.0001), between the predicted and the
optimal radiographs (P = 0.023), and between the non-
predicted and the optimal radiographs (P < 0.0001).

When studying the effect of exposure, significant dif-
ferences were found for all landmarks at all exposure
settings except for nasion (P = 0.2192) and pogonion
(P = 0.0520). This indicates that recording nasion and
pogonion with sensors may not be influenced by
exposure.

Discussion

To adaptively expose radiographs seems a promising
method to meet the requirement that the dose to the
patient is kept as low as possible while producing radio-
graphs with sufficient diagnostic information. Adaptive
exposure has been developed in a prototype I-ImaS
imaging sensor system. As described above, the new
sensor system needs real-time data analysis to provide
the exposure feedbacks. To perform this, a prediction
model was developed11. With this model, an under-
exposed radiograph could be simulated from the radio-
graph exposed at an optimal condition, and the exposure
parameters for the second scan were subsequently deter-
mined. Thus, the subjective image quality of the pre-
dicted radiograph should be convinced. 

It was previously reported that an extremely under-
exposed cephalometric radiograph could still provide
comparable diagnostic quality with respect to landmark
recognition, but the authors agreed that the radiograph

quality was poor and the observers had to spend more
time locating landmarks12. It was confirmed in the pres-
ent study that the subjective impression of the landmarks
is closely related to the exposure that was used for the
radiographs, except for the nasion and pogonion land-
marks. The subjective image quality of the nasion and the
pogonion was not influenced by the exposure, which
may be because they are characterised by cortical bone
and not superimposed by other anatomical structures.

The standard deviation of radiographic density was
smaller in the predicted than in the non-predicted radio-
graphs, but larger than that in the optimal radiographs. If
the standard deviation is considered a representation of
quantum noise in the radiograph, this implies that the
noise in the predicted radiographs was reduced, but was
not as low as that in the optimal radiograph. This may
explain why the radiographic landmarks were better
viewed in the predicted radiographs, but not as clear as
those in the optimal radiographs.

In the present study, only half of each radiograph was
displayed. This may have an effect on the spatial and
contrast resolution of the radiograph displayed. However,
this would not have affected the subjective judgment
when direct comparisons were made.

The present study shows that the overall subjective
impression of the radiographic landmarks is better in the
predicted than in the non-predicted radiographs. Over
60% of the evaluations in 11 out of 14 landmarks in the
predicted radiographs had the same image quality as in
the optimal radiographs, and only 7 landmarks were in
agreement with the non-predicted radiographs. Generally,
the portrayal of soft tissue, i.e. nose and lower and upper
lips, was considered better than the portrayal of the hard
tissue. This is logical because the soft tissue has low den-
sity and will not be affected as much by decreased expo-
sure. Regarding the hard tissue, over 80% of the evalu-
ations reported the imaging of the pogonion as optimal,
and only about 40% of the evaluations considered sella
and articulare to be optimal in the predicted radiographs.
For the non-predicted radiographs, the percentages for
these landmarks are even lower. This may be because the
sella and the articulare are points with a large degree of
superimposition from other structures.

Although the observers stated that they could recog-
nise all landmarks in the radiographs, in the present study
they were only required to indicate their subjective opin-
ions when the landmarks were compared, i.e. whether the
predicted or the non-predicted radiographs showed the
same image quality as the optimal radiographs. The
present study indicates that the subjective impression of
the landmarks is approaching the optimal quality more
in the predicted than in the non-predicted radiographs.
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Fig 3 The frequency considering landmarks optimally viewed
in the predicted and non-predicted radiographs.
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Conclusion

The subjective impression of the landmarks in the pre-
dicted radiographs is better than that in the non-predicted
radiographs.
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