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Contrast-detail evaluation and dose
assessment of eight digital chest radiography
systems in clinical practice

Abstract The purpose of this study
was to assess contrast-detail perfor-
mance and effective dose of eight
different digital chest radiography
systems. Digital chest radiography
systems from different manufacturers
were included: one storage phosphor
system, one selenium-coated drum
system, and six direct readout systems
including four thin-film transistor
(TFT) systems and two charge-
coupled device (CCD) systems. For
measuring image quality, a contrast-
detail test object was used in combi-
nation with a phantom that simulates
the primary and scatter transmission
through lung fields (LucAl). Six ob-
servers judged phantom images of
each modality by soft-copy reading in
a four-alternative-forced-choice ex-
periment. The entrance dose was also
measured, and the effective dose was
calculated for an average patient.

Contrast-detail curves were con-
structed from the observer data. The
blocked two-way ANOVA test was
used for statistical analysis. Signifi-
cant difference in contrast-detail per-
formance was found between the
systems. Best contrast-detail perfor-
mance was shown by a CCD system
with slot-scan technology, and the
selenium-coated drum system was
compared to the other six systems
(p values ≤0.003). Calculated effec-
tive dose varied between 0.010 mSv
and 0.032 mSv. Significant differ-
ences in contrast-detail performance
and effective dose levels were found
between different digital chest radi-
ography systems in clinical practice.

Keywords Digital radiography . Flat-
panel detector . Chest radiography

Introduction

In the last decade, several digital chest radiography technol-
ogies have been developed. Various systems have become
commercially available and are now used in clinical prac-
tice. A major difference between these systems concerns
the methods used to capture the X-ray image, i.e., differ-
ences in detector technology. These technical differences
may have their influence on image quality, such as con-
trast-detail performance.

With computed radiography (CR), the cassette contain-
ing a photostimulable storage phosphor plate with the
captured X-ray exposure pattern is placed in a reader after
exposure. The latent image is read using laser-stimulated

light emission of electrons trapped in the phosphor valence
bands during X-ray exposure. Signals are digitized and
stored in a computer [1].

Another system used for digital chest imaging uses a
selenium-coated drum as detector and microelectrometers
for readout [2, 3]. For scatter reduction, an air gap instead
of an antiscatter grid is used in the system.

Digital direct readout radiography (DR) systems can be
grouped into systems with direct conversion detectors and
systems with indirect conversion detectors. With direct
conversion detectors, amorphous selenium (Se) is used as
the semiconductor material to convert the X-ray photons
into electric charge immediately. Before exposure, an
electric field is applied across the amorphous Se layer
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through a bias electrode on the top surface of the Se layer.
As X-rays are absorbed in the detector, electric charges are
freed and drawn to collecting electrodes. The collected
charges are read out by thin-film transistors (TFTs) and
then converted into a digital image. This is the case in the
Se flat-panel detectors (Se-FPD). With indirect conversion
detectors, a scintillator is used to convert the X-rays into
visible light. Gadolinium oxide sulfide (GOS) or cesium
iodide (CsI) layers are used as scintillators to capture the X-
ray energy for chest radiography. The visible light is then
converted into charge by a matrix of silicium photodiodes
(scintillator FPD systems) or by charge-coupled devices
(CCDs). The signals are read out by TFTs and converted to
a digital image.

Essential technical differences exist among the various
digital chest systems currently on the market. However,
little is known about how these differences may reflect in
terms of image quality. Contrast-detail studies provide key
information of image quality [4]. The purpose of this study
was to assess the contrast-detail performance and effective

dose of eight different digital radiography systems that are
presently in use for routine clinical chest radiography.

Materials and methods

The following systems were included in the study: two
indirect conversion CsI-FPDs, two indirect conversion
CCD systems (one lens coupled and one slot scan), one
indirect conversion GOS-FPD, one direct conversion Se-
FPD, one CR system, and one Se-coated drum system.
System information and technical characteristics are given
in Table 1 [1]. The eight systems were located in six
separate hospitals in the Netherlands.

Contrast-detail object

The contrast-detail test object (CDRAD; University Med-
ical Center Nijmegen, Nijmegen, The Netherlands) was

Table 1 Technical data for each chest system

System type
(detector)

CsI-FPD-1 CsI-FPD-2 Lens-
coupled
CCD

Slot-scan
CCD

GOS-FPD Se-FPD CR Se-drum

Company Siemens Philips Swissray Delft
Imaging
Systems

Canon Tromp
Medical
Engenering

Fuji Philips

Product name Thorax FD Digital
Diagnost

ddR
Combi-
System

Thorascan CXDI 40G DR 1000C Fuji storage
phosphora

Thoravision

Detector material Scintillator Scintillator Scintillator Scintillator Scintillator Photoconductor Storage
phosphor

Photoconductor

System type
(chest stand
or general
purpose)

Chest/skeletal General General Chest General Chest Chest/
skeletal

Chest

Pixel size/
detector
elements (µm)

143 143 167 162 160 139 200 200

Focus to image
plane distance
(cm)

180 200 200 183 202 180 200 200

Scatter reduction
(slit or grid)

Grid Grid Grid Slit Grid Grid Grid Airgap

Detector material Cesium
iodine

Cesium
iodine

Cesium
iodine

Cesium
iodine

GOS
(Gd2O2S)

Selenium Barium
fluoride

Selenium

Conversion to
electrical charge

Photodiode Photodiode CCD CCD Photodiode Photoconductor Photomulti-
plier

Scanning
microelectro-
meters

aMultix Bucky system (Siemens) with FCR 5000 R reader (Fuji) and image plate ST-Vn
CsI-FDP cesium iodine flat-panel detector, CCD charge-coupled device, GOS-FPD gadolinium oxide sulfide flat-panel detector, Se-FPD
selenium flat-panel detector, CR computed radiography, Se-drum selenium-coated drum system
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applied to investigate contrast-detail performance. This ob-
ject is a polymethyl methacrylate (PMMA) plate with a
thickness of 1 cm and an area of 26.5×26.5 cm. A matrix on
the plate of 15×15 squared cells contains holes of varying
size and depth. In the first three rows of the matrix, each
cell contains one central hole [5]. The remaining cells in the
matrix contain one central hole and one hole in one of the
four corners. Hole diameter varies in horizontal direction
(logarithmically from 0.3 to 8 mm) whereas hole depth
varies in vertical direction (logarithmically from 0.3 to
8 mm). Figure 1 gives radiographic representations of the
phantom using two different digital chest radiography
systems.

Image acquisition

The CDRAD object was placed in a LucAl phantom [6].
This phantom simulates lung transmission characteristics
and is constructed from slabs of polymethylmethacrylate
(PMMA) and aluminum. It includes a 19 cm air gap. The
CDRAD object was placed halfway in the air gap. Six
images were acquired with the described configuration with
each digital chest system in the corresponding hospital,
resulting in 48 images. Acquiring six images at each system
reduces the influence of the accidental quantum noise

distribution over the image and hence its effect on the
contrast-detail performance.

The clinical protocols of the systems assessed in this
study were established by recommendations of the manu-
facturers and customized by physicists and radiologists.
This reflects good clinical practice. The same tube voltage
(kV) as in clinical practice was used. The tube charge (mAs)
was determined by automatic exposure control (AEC)
(Table 2). Standard postprocessing as usual in clinical
practice was applied to the images for each system, as is
usual in clinical practice. For optimizing the image quality
for each individual digital radiography system, the follow-
ing method was used: for each individual system, the
window level was taken equal to the mean pixel value in the
CDRAD images. The window width was determined for
each individual system by histogram analysis of images of
an anthropomorphic chest phantom representing a standard-
sized adult patient (Model PBU-S-3, Kaguka Company,
Kyoto, Japan). The histogram was determined in a pre-
defined squared region containing the lung and mediastinal
area of the phantombut no image background. The outer 1%
sides of the histogram were excluded. The window width
was taken equal to the remaining 98% histogram width. For
detecting the holes, it would have been advantageous to
choose a very small window width since the image back-
ground is uniform. However, using such a small window
width is not clinically relevant.

Fig. 1 a Radiographic repre-
sentation of the contrast-detail
test object (CDRAD) using the
slot-scan charge-coupled device
(CCD) system (left image) and
the computed radiography (CR)
system (right image). Window
width and window level were
adjusted to obtain comparable
presentation of the images with
respect to object contrast and
background intensity. Note the
differences in image homoge-
neity between the systems.
b Two fragments of the CDRAD
object containing dots of 0.6 and
0.5 mm are shown. The dots
appear clearer in the left image
that corresponds to the slot-scan
CCD system. The right image
corresponds to the CR system
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Image reading

Soft-copy image reading was done from one and the same
Dome C3 1,536×2,048 pixel grey scale flat panel (Dome
Imaging Systems, Inc. Waltham, MA, USA). The monitor
complied with the requirements of the American Associ-
ation of Physicists in Medicine (AAPM) [7]. The monitor
had a maximum luminance of 690 Cd/m2.

Only slightly better contrast-detail performance was
reported with 2 K than with 1 K monitors in full-screen
display mode [8]. For this comparative study, the pixel
matrix size of the monitor used is not expected to be a
limiting factor. Moreover, in this study, the images were
presented larger than full-screen mode.

Six observers performed image reading: three physicists,
one quality assurance technician, one radiologist, and one
physics student. Each observer scored two images per
system. The order in which the different imaging systems
were scored was randomized to exclude the influence of a
learning effect.

The images were displayed using eFilm (eFilm Medical
Inc., Toronto, Canada) and magnified by a factor 1.5 to
limit the influence of pixel matrix size, as explained above.
This factor was a compromise, as applying a larger mag-
nification would increase the need for roaming and thereby
the scoring time. The images were made anonymous in
such way that the radiography system could not be rec-
ognized on the image. Roaming was used to evaluate the
entire CDRAD image. It was not allowed to use other soft-
copy tools (such as window width and window level). The
observers were free to choose their viewing distance. Care
was taken to ensure standard and optimal environmental
light conditions.

The first three rows of the CDRAD matrix images, with
cells containing only a central dot, were not included in the
evaluation. With respect to the remaining cells, a four-
alternative-forced-choice detectability (4-AFC) experiment
was performed: the observers were asked to indicate the

dot-containing corner in each cell. Even when dots could
not be detected, the observers were instructed to make a
decision. A paper template and a pencil were used to in-
dicate the dot’s location. Observers were free to define
their time schedule for scoring the eight systems, but
they were instructed to interrupt a session after scoring
two systems.

Radiation exposure

During image acquisition of the CDRAD object, entrance
surface dose was measured on the LucAL phantom using
a Wellhöfer dosimeter WD10 (Wellhöfer Dosimetrie,
Schwarzenbruck, Germany). The mean entrance skin dose
was determined from the six exposures for each system.
PCXMC software was used for calculating the effective
dose for an average adult patient (height 174 cm; weight
71.1 kg) [9]. This computer program is based on Monte
Carlo simulation and it allows a free choice of projection
geometry, X-ray spectrum, and patient size.

Data analysis

A reference template was used for evaluation of the an-
notated template papers. An interpolation method was used
to determine the detection probability for each cell [10].
This was derived from the scoring results of the six ob-
servers. For each hole diameter, a hole depth detection
threshold was calculated that corresponds with 62.5 %
correct responses. This is just in the middle of the detection
probability range that runs from 25% to 100%. A second-
order polynomial fit was used to finally fit a contrast-detail
curve through the threshold hole depth values.

Statistical analysis of contrast-detail results was done
using blocked two-way ANOVA with S-PLUS software
(Insightful Corporation, Seattle, WA, USA). The two in-

Table 2 Calculated patient dose for posteroanterior chest images and corresponding parameter settings

Modality Tube voltage
(kV)

Total filtration
(mm Al eq.+mm Cu)

Tube charge
(mAs)

Entrance surface dose
(μGy)a

Effective dose
(mSv)b

CsI-FPD-1 125 0.1 Cu 1.0 33 0.010
CsI-FPD-2 150 1.0 Al+0.1 Cu 0.8 35 0.011
Lens-coupled CCD 125 2.5 Al+0.1 Cu 1.7 58 0.017
Slot-scan CCD 133 3.0 Al+0.3 Cu 61.3 54 0.020
GOS-FPD 141 0.9 Al+0.3 Al 1.6 91 0.021
Se-FPD 125 2.5 Al+0.1 Cu 2 80 0.024
CR 125 3.0 Al –c 109 0.028
Se-drum 150 1.0 Al+0.2 Cu 2.5 98 0.032
aEntrance skin dose (excluding backscatter) was measured on the LucAl phantom
bEffective doses are calculated for an average patient
cFor the CR system, the mAs value was not indicated by the system
CsI-FDP cesium iodine flat-panel detector, CCD charge-coupled device, GOS-FPD gadolinium oxide sulfide flat-panel detector, Se-FPD
selenium flat-panel detector, CR computed radiography, Se-drum selenium-coated drum system

336



dependent variables were machine type and hole diameter,
and the dependent variable was threshold hole depth. First,
the null hypothesis that threshold depth values of the
different systems come from populations with the same
means was tested. Since this null hypothesis could be
rejected, multiple comparisons of all 28 possible pairs of
different systems were made. For critical-point calculation,
the Bonferroni method was used.

Results

The 4-AFC-experiment detection curves that were fitted
through the threshold hole depth values are shown in Fig. 2.
Blocked two-way ANOVA indicated a strong statistically
significant difference in contrast-detail performance be-
tween the eight digital radiography systems (p value=1.1·
10−12; F=20.8; degrees of freedom=7).

The multiple comparison contrast-detail results for all
systems are given in Table 3. No statistical difference was
found in the contrast-detail threshold values between the
slot-scan CCD system and the Se-coated drum system. The
threshold values and the fitted curves of the two systems
were statistically significantly lower than those of the other
six systems, with consequently better contrast-detail per-
formance (p values all <=0.003). No significant differences
were found between the six remaining systems, except for
slightly worse contrast-detail performance that was found
with the CR system as compared with the lens-coupled
CCD system.

Radiation exposure

In Table 2, the entrance dose levels and calculated ef-
fective dose levels are given. A large variation was found

Fig. 2 Contrast-detail curves of the eight different digital radiography
systems. The curves are fitted through 62.5% threshold values for
contrast-detail observations. Each curve represents data for all six
observers. Curves of cesium iodine flat-panel detector (CsI-FPD)-1
and CsI-FPD-2 (a), gadolinium oxide sulfide flat-panel detector

(GOS-FPD) (b), selenium flat-panel detector (Se-FPD) (c), and slot-
scan charge-coupled device (CCD) and lens-coupled CCD (d) are
shown. Curves of computed radiography (CR) and selenium-coated
drum system (Se-drum) are shown in each figure as a reference
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in entrance dose and thereby in effective dose levels
between the systems. The Se-coated drum system was
related to the highest effective dose level in this study.
Effective dose of the slot-scan CCD took a middle posi-
tion in the spectrum. The effective dose levels for the two
CsI-FPD systems were roughly a factor 2 lower as com-
pared with the other systems. Figure 3 shows the image
quality for each system together with the calculated ef-
fective dose for each system. Between the systems, no
direct relationship was found between image quality and
calculated effective dose.

Discussion

In a short period, various digital radiography chest systems
have been implemented in clinical practice. We have

investigated the image quality—expressed as contrast-detail
performance—of different digital radiography systems in
the range of digital chest systems that are nowadays avail-
able: CR, Se-coated drum, FPDs, and CCD-based systems.
The starting point of the study was that the acquisitions for
each system used were the same as for imaging patients in
usual clinical practice. As a consequence, good clinical
imaging quality for each system was assumed. This study
shows significant differences in contrast-detail performance
between various digital imaging systems implemented in
clinical practice. In addition, the calculated effective doses
varied between these systems. The overall difference found
in image quality between the various systems was not
directly related to the variation in dose between the systems.
Hence, system dose alone cannot sufficiently explain the
differences in image quality. An additional explanation
should lie in other parts of the digital radiography chain,

Table 3 Systems are compared pair-wise based on the detection threshold depth values for each

Estimatea Lower bounda Upper bounda P valuea

Slot-scan CCD-CsI-FPD-1 −0.15000 −0.22900 −0.0703 0.000
Slot-scan CCD–CR −0.21300 −0.29200 −0.1330 0.000
Slot-scan CCD–lens-coupled CCD −0.12100 −0.20000 −0.0415 0.003
Slot-scan CCD–GOS-FPD −0.13500 −0.21400 −0.0553 0.001
Slot-scan CCD–Se-FPD −0.15800 −0.23700 −0.0784 0.000
Slot-scan CCD–Se-drum 0.00925 −0.07020 0.0887 0.819
Slot-scan CCD–CsI-FPD-2 −0.13800 −0.21700 −0.0585 0.001
CsI-FPD-1–CR −0.06280 −0.14200 0.0167 0.121
CsI-FPD-1–lens-coupled CCD 0.02890 −0.05060 0.1080 0.475
CsI-FPD-1–GOS-FPD 0.01510 −0.06440 0.0945 0.710
CsI-FPD-1–Se-FPD −0.00807 −0.08750 0.0714 0.842
CsI-FPD-1–Se-drum 0.15900 0.07960 0.2390 0.000
CsI-FPD-1–CsI-FPD-2 0.01190 −0.06760 0.0914 0.769
CR–lens-coupled CCD 0.09170 0.01220 0.1710 0.024
CR–GOS-FPD 0.07780 −0.00163 0.1570 0.055
CR–Se-FPD 0.05470 −0.02480 0.1340 0.177
CR–Se-drum 0.22200 0.14200 0.3010 0.000
CR–CsI-FPD-2 0.07470 −0.00481 0.1540 0.065
Lens-coupled CCD–GOS-FPD −0.01380 −0.09330 0.0657 0.734
Lens-coupled CCD–Se-FPD −0.03690 −0.11600 0.0425 0.361
Lens-coupled CCD–Se-drum 0.13000 0.05070 0.2100 0.001
Lens-coupled CCD–CsI-FPD-2 −0.01700 −0.09650 0.0625 0.675
GOS-FPD–Se-FPD −0.02310 −0.10300 0.0563 0.570
GOS-FPD–Se-drum 0.14400 0.06450 0.2230 0.000
GOS-FPD–CsI-FPD-2 −0.00318 −0.08260 0.0763 0.937
Se-FPD–Se-drum 0.16700 0.08770 0.2470 0.000
Se-FPD–CsI-FPD-2 0.02000 −0.05950 0.0994 0.622
Se-drum–CsI-FPD-2 −0.14700 −0.22700 −0.0677 0.000
aEstimates, p values and 95% confidence intervals (lower bound, upper bound) of the blocked two-way ANOVA test are given. To
adjust for multiple comparisons, critical point calculation was based on the Bonferroni method. A negative estimate indicates
a lower (better) contrast-detail curve for the first system in each comparison. Confidence intervals excluding zero indicate significant
difference between systems (p<0.05). The standard error was 0.0241 for all comparisons
CCD charge-coupled device, CsI cesium iodine; FDP flat-panel detector, CR computed radiography, GOS gadolinium oxide sulfide,
Se selenium, Se-drum selenium-coated drum system
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such as the method for scatter reduction and detector system
design.

There were two digital systems with superior contrast-
detail performance compared with the other digital systems.
These were the recently introduced slot-scan CCD system
and the older, well-known, Se-coated drum system. A
notable similarity between these systems is that no grid is
used for imaging. In general, scatter radiation reaching the
detector increases quantum noise in the image without
adding useful signal, which deteriorates the SNR relative to
the patient dose. Using a grid eliminates most of the scatter
but also absorbs part of the primary radiation. When a slot-
scan method is used instead of a grid, more of the primary
transmitted signal reaches the detector,with comparable low
scatter fraction and an improved SNR quality [11, 12]. For

the slot-scan CCD system with CsI detector, better image
quality has been shown as compared with conventional
screen-film chest radiography [13, 14]. In a recent compar-
ison between eight different digital chest radiography
systems, highest detectability of simulated lesions was
found with slot-scan CCD [15]. An evaluation of the
fundamental imaging characteristics of the slot-scan CCD
system showed low scatter fractions and related high image
quality [11].

With the Se-coated drum system, an air gap is used
instead of a grid; subtle pulmonary lesions are better de-
tected with an air gap than with a grid at the same exposure
level [16]. Accordingly, the difference we found in image
quality between the Se-FPD system and Se-drum system
(both contain a 0.5mmSe layer [17, 18])might be explained
by the advantage of the air gap used with the Se-drum
system as compared with the grid used in the Se-FPD
system. In addition, the dose found with the Se-FPD system
was slightly lower (about two thirds) than with the Se-drum
system. This may have contributed as a limiting factor for
contrast-detail performance in the Se-FPD system as well.

Several studies have shown equal or better imaging
quality for Se-FPDs compared with storage phosphor sys-
tems [19, 20]. In addition, studies have shown superior
image quality for the Se-coated drum system comparedwith
storage phosphor systems [17, 21, 22]. The predominantly
better image quality for Selenium-based systems is at-
tributed to the relative low detector noise and very high
spatial resolution compared with CR [17, 18]. Also, in the
current study, the Se-based system’s contrast-detail curves
were under the curve of the CR system although the dif-
ference between Se-FPD and CR was not significant under
these clinical conditions. Studies that use physical param-
eters to investigate image quality as a function of spatial
frequency find better performance at low spatial frequencies
for CsI-FPD systems than for Se-FPD systems. This is
explained by the high atomic number and high density of
CsI. On the contrary, the Se-based systems show better
performance at the higher spatial frequencies since these
systems are superior in spatial resolution [18, 23]. Hence, a
univocal difference in contrast-detail performance between
CsI-FPD and Se-FPD is not expected. Accordingly, no
significant difference was found this study. Here, it must be
noted that the effective dose with the Se-FPD system was
roughly two times higher than the dose with the CsI-FPD
systems.

For indirect conversion detectors, CsI has proved the
superior scintillator material. In addition to the high atomic
number and high density of CsI, the needle-like structure of
CsI strongly reduces the spreading of light in the scintillator
that allows the use of a thicker layer with higher efficiency
compared with unstructured scintillators [1, 23–25]. Due to
the high efficiency of CsI, lower dose levels are recom-
mended with CsI-FPD systems than with screen-film
systems [26]. Both the slot-scan CCD system and the lens-
coupledCCD systems useCsI as scintillator. The doses used

Fig. 3 a Effective dose for a cesium iodine flat-panel detector (CsI-
FPD-1), b CsI-FPD-2, c lens-coupled charge-coupled device (CCD),
d slot-scan CCD, e , gadolinium oxide sulfide flat-panel detector
(GOS-FPD), f selenium flat-panel detector (Se-FPD), g computed
radiography (CR) and h selenium-coated drum system (Se-drum) is
shown. b Image quality expressed as the fraction correctly detected
dots for each system with respect to all 180 observed cells in the
contrast-detail test object (CDRAD) averaged over all observations.
Note that there is no general trend in relative contrast-detail
performance and effective dose level
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with these systems were comparable, but a significant
difference in contrast-detail performance was found in favor
of the slot-scan CCD system. This can be explained by the
demagnification process that results in low optical coupling
efficiency for the lens-coupledCCDsystem,with a resulting
lower imaging quality [1, 2, 27]. Furthermore, the lens-
coupled CCD system uses a grid, which is not needed in the
slot-scan CCD system, as has been discussed.

Although better results were found with the CsI slot-scan
CCD system, we found no differences in contrast-detail
results for the CsI-FPDs as compared with the other
scintillator-based GOS and storage-phosphor systems.
GOS is an unstructured granular material. Visible light
emitted in such material may spread to adjacent pixels,
thereby reducing spatial resolution and image quality [1]. In
CR, image quality is deteriorated by internally generated
noise in these systems, i.e., luminescence and granularity
noise [1, 2]. Superior image quality for CsI-FPD systems
comparedwithGOS-FPD andCRcould have been expected
and has been reported in a number of studies [24, 28–30].
However, in the present study, the effective dose found for
the CsI-FPD systems was at least a factor 2 lower than with
the other systems. This lower dose may have been in-
sufficient for optimal contrast-detail performance in theCsI-
FPD systems.

Study limitations

In the present study, differences in contrast-detail perfor-
mance found between the digital radiography systems have
been primarily explained by their system design, as dose
alone could not clarify the differences found. Nevertheless,
postprocessing methods may also comprise substantial in-

fluence on system performance [31, 32]. We tried to limit
these effects by optimizing the window-width and window-
level settings for each system and by not allowing postpro-
cessing handlings (other than roaming) by the observers
during image reading. Yet, possible specific postprocessing
methods (such as MUSICA or other typical system post-
processing techniques developed by the manufacturers)
were not manipulated nor evaluated in the present study.

Contrast-detail studies provide important information of
image quality. However, a CDRAD object provides a
limited representation of clinical images because of lack of
anatomical noise in these images. Quantum noise and thus
dose level may play a more central role in contrast-detail
studies than in clinical studies with patients or anthro-
pomorphic phantoms [33]. More data are needed to
precisely determine the effect of difference in contrast-
detail performance between various digital radiography
systems for imaging patients in clinical practice.

The eight different digital radiography systems were not
compared with identical systems settings (e.g., mAs and
kV), as the starting point of the study was evaluating these
systems as used in clinical practice. Furthermore, the
systems have been optimized in different institutions. As a
result, the contrast-detail performance may have been af-
fected by suboptimal system settings although it should be
noted that strategies for optimal parameter settings for
digital systems have not been determined yet. Possible
influences of parameter settings for the individual systems
used were therefore beyond the scope of the present study.

Acknowledgements The authors gratefully acknowledge the par-
ticipation of the following persons in the panel of observers: J.P. van
Delft, V. Schembri MSc, and D. Zweers BSc (Leiden University
Medical Center, Department of Radiology).

References

1. Kotter E, Langer M (2002) Digital
radiography with large-area flat-panel
detectors. Eur Radiol 12:2562–2570

2. Schaefer-Prokop C, Uffmann M,
Eisenhuber E, Prokop M (2003) Digital
radiography of the chest: detector
techniques and performance param-
eters. J Thorac Imaging 18:124–137

3. Huda W, Slone R. Review of radiologic
physics 1995 Lippincott Wiliams &
Wilkins, USA

4. International Commission on Radiation
Units and Measurements (1996) Med-
ical imaging—the assessment of image
quality. ICRU Report no. 54 Bethesda,
Md: International Commission on Ra-
diation Units and Measurements, p. 54

5. Thijssen MA, Thijssen HO, Merx JL,
van Woensel MP (1988) Quality anal-
ysis of DSA equipment. Neuroradiolo-
gy 30:561–568

6. Conway BJ, Butler PF, Duff JE et al
(1984) Beam quality independent at-
tenuation phantom for estimating pa-
tient exposure from x-ray automatic
exposure controlled chest examina-
tions. Med Phys 11:827–832

7. AAPM Report No. 73, American As-
sociation of Physicists in Medicine,
Quality Control in Diagnostic Radiol-
ogy (2002) Diagnostic X-ray Imaging
Committee Task Group No. 12, July
2002

8. Peer S, Giacomuzzi SM, Peer R,
Gassner E, Steingruber I, Jaschke W
(2003) Resolution requirements for
monitor viewing of digital flat-panel
detector radiographs: a contrast detail
analysis. Eur Radiol 13:413–417

9. Servomaa A, Tapoivaara M (1998)
Organ dose calculation in medical x-ray
examinations by the program PCXMC.
Radiat Prot Dosim 80:213–219

10. Veldkamp WJ, Thijssen MA,
Karssemeijer N (2003) The value of
scatter removal by a grid in full field
digital mammography. Med Phys 30:
1712–1718

11. Samei E, Saunders RS, Lo JY, Dobbins
JT III, Jesneck JL, Floyd CE, Ravin CE
(2004) Fundamental imaging charac-
teristics of a slot-scan digital chest
radiographic system. Med Phys 31:
1298–2687

12. Diekmann F, Diekmann S, Richter K,
Bick U, Fischer T, Lawaczeck R, Press
WR, Schon K, Weinmann HJ, Arkadiev
V, Bjeoumikhov A, Langhoff N, Rabe
J, Roth P, Tilgner J, Wedell R, Krumrey
M, Linke U, Ulm G, Hamm B (2004)
Near monochromatic X-rays for digital
slot-scan mammography: initial find-
ings. Eur Radiol 14:1641–1646

340



13. Veldkamp WJ, Kroft LJ, Mertens BJ,
Geleijns J (2005) Comparison of image
quality between a digital slot-scan CCD
chest radiography system and AMBER
and Bucky screen-film radiography
chest systems. Radiology 235:857–866

14. Kroft LJ, Geleijns J, Mertens BJ,
Veldkamp WJ, Zonderland HM,
de Roos A (2004) Digital slot-scan
charged coupled device chest radiog-
raphy versus AMBER and Bucky
screen-film radiography: detection of
simulated chest nodules and interstitial
disease using a chest phantom. Radi-
ology 231:156–163

15. Kroft LJ, Veldkamp WJ, Mertens BJ,
Boot MV, Geleijns J. Comparison of
eight digital chest radiography systems:
variation in detection of simulated chest
disease. Am J Roengenol 185:339–346

16. Bernhardt TM, Rapp-Bernhardt U,
Hausmann T, Reichel G, Krause UW,
Doehring W (2000) Digital selenium
radiography: anti-scatter grid for chest
radiography in a clinical study.
Br J Radiol 73:963–968

17. Neitzel U, Maack I, Gunther-Kohfahl S
(1994) Image quality of a digital chest
radiography system based on a seleni-
um detector. Med Phys 21:509–516

18. Samei E, Flynn MJ (2003) An experi-
mental comparison of detector perfor-
mance for direct and indirect digital
radiography systems. Med Phys
30:608–622

19. Awai K, Komi M, Hori S (2001)
Selenium-based digital radiography
versus high-resolution storage phos-
phor radiography in the detection of
solitary pulmonary nodules without
calcification: receiver operating char-
acteristic curve analysis. Am J Roent-
genol 177:1141–1144

20. Goo JM, Im J-G, Kim JH, et al (2000)
Digital chest radiography with seleni-
um-based flat-panel detector versus a
storage phosphor system: comparison
of soft-copy images. Am J Roentgenol
175:1013–1018

21. Mansson LG, Kheddache S, Lanhede
B, Tylen U (1999) Image quality for
five modern chest radiography
techniques: a modified FROC study
with an anthropomorphic chest
phantom. Eur Radiol 9:1826–1834

22. Beute GH, Flynn MJ, Eyler WR, Samei
E, Spizarny DL, Zylak CJ (1998) Chest
radiographic image quality: comparison
of asymmetric screen-film, digital stor-
age phosphor, and digital selenium
drum systems—preliminary study.
Radiographics 18:745–754

23. Borasi G, Nitrosi A, Ferrari P, Tassoni
D (2003) On site evaluation of three flat
panel detectors for digital radiography.
Med Phys 30:1719–1731

24. Samei E (2003) Image quality in two
phosphor-based flat panel digital ra-
diographic detectors. Med Phys 30:
1747–1757

25. Granfors PR, Aufrichtig R (2000)
Performance of a 41×41-cm2 amor-
phous silicon flat panel x-ray detector
for radiographic imaging applications.
Med Phys 27:1324–1331

26. Volk M, Hamer OW, Feuerbach S,
Strotzer M (2004) Dose reduction in
skeletal and chest radiography using a
large-area flat-panel detector based on
amorphous silicon and thallium-doped
cesium iodide: technical background,
basic image quality parameters, and
review of the literature. Eur Radiol
14:827–834

27. Bath M, Sund P, Mansson LG (2002)
Evaluation of the imaging properties of
two generations of a CCD-based
system for digital chest radiography.
Med Phys 29:2286–2297

28. Herrmann KA, Bonél H, Stäbler A et al
(2002) Chest imaging with flat-panel
detector at low and standard doses:
comparison with storage phosphor
technology in normal patients. Eur
Radiol 12:385–390

29. Bacher K, Smeets P, Bonnarens K,
De Hauwere A, Verstraete K, Thierens
H (2003) Dose reduction in patients
undergoing chest imaging: digital
amorphous silicon flat-panel detector
radiography versus conventional film-
screen radiography and phosphor-based
computed radiography. Am J Roent-
genol 181:923–929

30. Goo JM, Im J-G, Lee HJ et al (2002)
Detection of simulated chest lesions by
using soft-copy reading: comparison of
an amorphous silicon flat-panel detec-
tor system and a storage-phosphor
system. Radiology 224:242–246

31. Aufrichtig R (1999) Comparison of low
contrast detectability between a digital
amorphous silicon and a screen-film
based imaging system for thoracic
radiography. Med Phys 26:1349–1358

32. Sund P, Bath M, Kheddache S,
Mansson LG (2004) Comparison of
visual grading analysis and determina-
tion of detective quantum efficiency for
evaluating system performance in dig-
ital chest radiography. Eur Radiol
14:48–58

33. Burgess AE, Jacobson FL, Judy PF
(2001) Human observer detection
experiments with mammograms and
power-law noise. Med Phys 28:419–
437

341


	Contrast-detail evaluation and dose assessment of eight digital chest radiography systems in clinical practice
	Abstract
	Introduction
	Materials and methods
	Contrast-detail object
	Image acquisition
	Image reading
	Radiation exposure
	Data analysis

	Results
	Radiation exposure

	Discussion
	Study limitations

	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SPSFont4Medium
    /SpsFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


