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Purpose:

Materials and
Methods:

Results:

Conclusion:

To develop an experimental method for measuring the
effective detective quantum efficiency (eDQE) of digital
radiographic imaging systems and evaluate its use in select
imaging systems.

A geometric phantom emulating the attenuation and scat-
ter properties of the adult human thorax was employed to
assess eight imaging systems in a total of nine configura-
tions. The noise power spectrum (NPS) was derived from
images of the phantom acquired at three exposure levels
spanning the operating range of the system. The modula-
tion transfer function (MTF) was measured by using an
edge device positioned at the anterior surface of the phan-
tom. Scatter measurements were made by using a beam-
stop technique. All measurements, including those of
phantom attenuation and estimates of x-ray flux, were
used to compute the eDQE.

The MTF results showed notable degradation owing to
focal spot blur. Scatter fractions ranged between 11% and
56%, depending on the system. The eDQE(0) results
ranged from 1%-17%, indicating a reduction of up to one
order of magnitude and different rank ordering and per-
formance among systems, compared with that implied in
reported conventional detective quantum efficiency results
from the same systems.

The eDQE method was easy to implement, yielded repro-
ducible results, and provided a meaningful reflection of
system performance by quantifying image quality in a clin-
ically relevant context. The difference in the magnitude of
the measured eDQE and the ideal eDQE of 100% provides
a great opportunity for improving the image quality of
radiographic and mammographic systems while reducing
patient dose.

© RSNA, 2008
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mage quality is an important at-

tribute of an imaging system, as it

can have a measurable effect on the
diagnostic utility and clinical usability of
a system. To ensure sufficient and con-
sistent performance, it is necessary to
be able to assess image quality quantita-
tively so that it can be optimized and
monitored to maintain a high level of
clinical care. In the past few years, the
most recognized and comprehensive
metric of image quality performance for
digital radiographic and mammographic
systems has been the detective quantum
efficiency (DQE), a measure of the effi-
ciency of a detector when using the in-
put signal-to-noise ratio (SNR) provided
by a limited number of x-ray photons to
form an image at a certain exposure or
dose level. With measurement methods
largely standardized (1-3), a number of
studies have reported the variations in
DQE performance of these imaging sys-
tems (6-9).

While the DQE provides a quantita-
tive measure of image quality per unit of
exposure to the detector, it does not
include some important attributes of the
total system that affect the quality of
images captured clinically. Clinical im-
ages are affected by the presence of
scattered radiation, the attenuation
properties of the commonly used anti-
scatter grids, and the blur caused by the
finite size of the focal spot (10,11). The
current measurement techniques for as-
sessing the DQE are devised to elimi-
nate or minimize those factors so that
the result will be reflective of the perfor-

Advances in Knowledge

B To develop an experimental
method for measuring the effec-
tive detective quantum efficiency
of digital radiographic imaging
systems that characterizes system
performance in a clinically realis-
tic context, reflecting the effect on
performance from x-ray scatter,
magnification, focal spot blurring,
and the use of an antiscatter grid.

B To evaluate the use of this experi-
mental method in a select group
of digital chest radiographic imag-
ing systems.

mance of the image detector alone. As
such, the DQE measure remains largely
an engineering or academic specifica-
tion for the detector, with limited clini-
cal applicability since it does not repre-
sent the performance of the system as a
whole. Some excellent work has already
been done to develop the theoretical
framework for an expanded concept of
DQE to include factors other than the
detector (12-17). However, as of yet,
no large-scale evaluation of commer-
cially available systems has been con-
ducted by using this method, to our
knowledge.

We recently developed an experi-
mental method to quantitatively assess
the performance, as it relates to image
quality, of a digital radiographic system
in the presence of scattered radiation,
an antiscatter grid, magnification, and
focal spot blur (18). This method in-
volved the measurement of the DQE in
the presence of these additional system
attributes to determine an effective
DQE (eDQE), which would be applica-
ble to the overall imaging system, as
opposed to the detector only. As such,
the eDQE provides a measure of actual
image quality (ie, image SNR) per unit
of incident exposure (and by inference,
dose level) to the patient. This study
involved an evaluation of the use of this
experimental method when applied to a
number of commercially available digi-
tal radiographic imaging systems.

Materials and Methods

For unrelated projects, one of the au-
thors (J.T.D.) has received research
funding from and has been an invited
speaker at scientific events sponsored
by GE Healthcare (Milwaukee, Wis)
and another (E.S.) has served as a con-
sultant for Siemens Medical Solutions
(Malvern, Pa). These relationships had
no bearing on the current study, the
study authors had full control of the data
and the information submitted for publi-
cation, and there was no review of the
manuscript by any commercial entity.

Phantom

The study employed a phantom de-
signed by the Food and Drug Adminis-

tration for use in the Nationwide Evalu-
ation of X-ray Trends program, which
monitors radiographic exposures at
clinical facilities across the United
States (19,20). The phantom, which
emulates the attenuation and scatter
conditions encountered in chest radiog-
raphy, is well established and has been
in use for many years. The adult version
of the phantom used in this study con-
sists of 25.4 X 25.4-cm slabs of acrylic
and aluminum, separated by an air gap
that emulates the thoracic cavity. It also
includes a stand for the placement of an
ionization chamber in the beam to pro-
vide consistent measurement of in-air
exposure during an image acquisition
and a supplemental insert for the mea-
surement of limiting resolution, which
was not used in this study. Figure 1
provides a side-view schematic of the
phantom that shows its geometry and
composition.

Imaging Systems

A total of seven digital radiographic im-
aging systems were evaluated in the
study. Table 1 summarizes the basic
specifications of the systems and the op-
erating modes and techniques under
which the systems were tested. The sys-
tems represented a wide range of detec-
tor technologies, including computed

Published online
10.1148/radiol.2492071734
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Abbreviations:

CCD = charged-coupled device
DQE = detective quantum efficiency
eDQE = effective DQE

MTF = modulation transfer function
NPS = noise power spectrum
NNPS = normalized NPS

SNR = signal-to-noise ratio
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radiographic, indirect flat-panel, direct
flat-panel, full-field charged-coupled de-
vice (CCD)-based, and slot-scan CCD-
based detectors.

All systems were tested under oper-

exposure (E), assuming a zero offset,
enabling a consistent representation of
image data across all systems. This
rescaling and linearization was per-
formed on the basis of the system re-

sponse function that defines the rela-
tionship between pixel values and inci-
dent exposure. This function was
measured for each system, following a
method similar to that reported previ-

ating conditions representative of those
used clinically. Those conditions included
the choice of grid, operating kilovolt peak
levels, and the size of the focal spot. As
such, some systems were tested in multi-
ple operating modes. Overall, the systems
were evaluated in a total of nine operating
modes (Table 1). All systems were cali-
brated according to the manufacturer’s
protocol and were in clinical use at the
time of evaluation.

Following image acquisition, de-
tailed below, the image data were trans-
ferred to a central computer for analy-
sis. All image data were analyzed in the
“for processing” format, with gain and
offset, bad pixel, and geometric distor-
tion calibrations applied (when applica-
ble) but otherwise without any addi-
tional postprocessing. For all systems,
this transformation yielded a general-
ized relationship between pixel values a b.
and exposure that was calculated with Figure1:  (a) Chest phantom. (b) Geometry and composition in side view. A/ = aluminum.
the equation Q" = 4000 X E, where the
image data (Q) were transformed to Q'
values that were linearly proportional to

Basic Specification of Imaging Systems Tested in the Study

Pixel Grid Type (In/cm)
Size (mm) and Ratio

Figure 1

0.953 cm acrylic 0.953 cm acrylic

e e -

«— 5.4 cm acrylic

A
v

19.0 cm air gap

—t- 4— 0.254 cm Al -b;§+—0,15? cm Al

Beam Nominal Focal ~ Source-to-lmage  Exposure Levels for E,/3.2,

System and Manufacturer Technology Quality (kV) Spot Size (mm) Distance (cm)  E,, and 3.2, (mR)*

Revolution xQ/i (GE Healthcare, aSi:Csl Indirect 0.2 Stationary, 78; 13:1 120 1.2 180 1.8 (15.7), 5.6 (48.8),
Milwaukee, Wis) flat-panel 18.4 (160.4)
Axiom Aristos (Siemens Medical Solutions, aSi:Csl Indirect 0.143 Stationary, 80; 15:1 121 (0.1 1.25,0.6 180 1.7 (14.8), 3.2 (27.9),
Forchheim, Germany) flat-panel mm Cu) 9.9 (86.3)
CXDI-40G (Canon Medical Systems, Lake  aSi:GOS 0.160 Stationary, 40; 10:1 120 1.0 180 2.1(18.3), 5.6 (48.8),
Success, NY) Indirect 16.2 (141.3)
Compact+ (Agfa, Leverkusen, Germany)  Computed 0.15 None used 81 1.0 157 1.7 (14.8), 5.3 (46.2),
radiography 16.1(140.4)
Moving, 70; 17:1 121 180 3.4 (29.6), 9.7 (84.6),
30.7 (267.7)
Xplorer 1500 (Imaging Dynamics, Calgary, Full-field CCD- 0.108 Stationary, 70; 13:1 121 1.2 180 3.0(26.2), 9.3 (81.1),
Canada) based 29.6 (258.1)
EPEX (Hologic, Bedford, Mass) aSe Direct 0.139 Stationary, 70; 10:1 122 1.2 180 3.1(27.0), 9.0 (78.5),
flat-panel 27.4 (238.9)
ThoraScan (Delft Imaging Systems, Slot-scan 0.155 None used 140 1.3 173 2.6 (22.7), 8.5 (74.1),
Veenendaal, the Netherlands) CCD-based 26.4 (230.2)

Note.—All systems were evaluated with the grid used in routine clinical chest examinations. aSe = amorphous selenium, aSi = amorphous silicon, Csl = cesium iodide, GOS = gadolinium oxysulfide.
*Values reflect free-in-air measurements inverse-square corrected to the detector surface. Values in parentheses are air kerma values, measured in micrograys.
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Grid Detector
Phantom .
X-ray P e 1|
Source N § R (/] [ R ——
i

MTF Edge device

a. b.
Beam-stop array Figure 2:  Side-view schematics of acquisition geometries for measure-
\ ments of (a) noise, (b) resolution, and (c) scatter fraction. MTF = modulation
2 transfer function.

[ ‘ \
(7
Table 2

Ideal SNRs, Measured Scattered Fractions, and Photon Transmission Fractions of the Systems Tested in the Study

System and Manufacturer

Grid Type, Line Density

(lines/cm), and Grid Ratio Beam Quality (kV) (mR~", mm~—2) Value (@) and Exposure (£)*

Relationship between Pixel

Scatter
Fraction (%)

Phantom Transmission
Fractions (%)"

Revolution xQ/i (GE Healthcare,
Milwaukee, Wis)

Axiom Aristos (Siemens Medical
Solutions, Malvern, Pa)

CXDI-40G (Canon Medical Systems,
Lake Success, NY)

Compact+ (Agfa, Leverkusen, Germany)

Xplorer 1500 (Imaging Dynamics,
Calgary, Canada)
EPEX (Hologic, Bedford, Mass)

ThoraScan (Delft Imaging Systems,
Veenendaal, the Netherlands)

Stationary, 78; 13:1
Stationary, 80; 15:1
Stationary, 40; 10:1
None used
Moving, 70;17:1
Stationary, 70; 13:1

Stationary, 70; 10:1

None used

q Value
120 255,100
121 (0.1mm Cu) 262, 885
120 255,100
81 235, 648
121 255,100
121 255,100
120 255,100
140 252, 205

Q= 845.2F + 11.3
(R = 1.000)

Q = —776.2E + 4083.3
(R = 1.000)

Q = 367.6 InE + 2710.3
(R = 1.000)

Q = 524.5 InE + 2626.4
(R = 1.000)

Q = 539.8 InE = 2757.9
(R = 1.000)

Q=5115E — 4.7
(R = 0.9999)

Q = 596.6 InE + 2038.2
(R = 0.9993)

Q = —430.7E + 4098.7
(R = 0.9995)

33.0

32.7

31.4

55.6

26.8

49.7

38.1

10.3 narrow 17.5 wide

12.6 narrow 22.0 wide

9.7 narrow 17.5 wide

6.6 narrow 12.0 wide

10.0 narrow 17.5 wide

9.6 narrow 17.5 wide

9.8 narrow 17.5 wide

10.7

* R is the square of the correlation coefficient; £ was measured in milliroentgens.

T Narrow-beam transmission values were used for eDQE computations. The wide-beam values, reported here as reference, were measured with the beam covering the full detector and the ionization
chamber placed 5 cm from exit surface of the phantom (emulating the typical air gap between detector and outer cover). For the ThoraScan system, only a single beam type was used with the
ionization probe placed at 9.3 cm from the exit surface of the phantom by using the slot-scan fan beam used in chemical imaging.
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Figure 3:
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(a—h) NNPS of systems in orthogonal directions at three evaluated exposure levels, where Ey is target operating exposure (Table 1). (i) Two-dimensional
NPS for eight configurations represented in a—h are also shown. (Fig 3 continues.)
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Figure 3 (continued)
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ously (2), but with the phantom placed
in proximity to the x-ray source in lieu
of the additional filtration required by
the International Electrotechnical Com-
mission standard (4).

Noise Measurements

The noise properties of the systems in
the nine operating modes of Table 1
were measured by using the image ac-
quisition set-up illustrated in Figure 2a.
The phantom was placed immediately
next to the detector cover plate. No ad-
ditional test device was placed in the
beam. Images of the phantom were ob-
tained at the applicable beam quality at
three exposure levels corresponding to
Ey/3.2, E, and 3.2E,, where E, is the
exposure at which a system is normally
operated. The choice of this range of
exposures was inspired by the concept
of a normal level of exposure, as defined
by the International Electrotechnical
Commission standard (4). The tube cur-
rent-time product (measured in milli-
ampere seconds) setting needed to es-
tablish the target E, value was deter-
mined (a) by using a photo-timed image
acquisition that used the phantom or (b)
from technique charts used in routine
clinical operation of the system. Expo-
sures were measured free in air by us-
ing a 10X3-6 calibrated ionization
chamber (MDH 1015 or 2025; Radcal,
Monrovia, Calif). At each exposure con-
dition, repeated images were captured
to obtain at least 4 000 000 independent
pixels within a central analysis area cor-
responding to 18 X 18 em.

The acquired linearized images were
processed to deduce the noise power
spectrum (NPS). The processing followed
established steps, including the division of
the central 18 X 18-cm area of each im-
age into sequential 128 X 128-pixel re-
gions of interest, detrending of the data,
the division of the data by their mean
value, the determination of the normal-
ized NPS (NNPS) for each region of inter-
est by using Fourier transformation, the
averaging of the NNPS values from the
regions of interest from all repeat images,
and deducing the directional NNPS by us-
ing band averaging. The details of these
steps are well described in the literature
(2,21).

1.0

0.9 1 :-
0.8
0.7
0.6

0.5

MTF

0.4

0.3

0.2

0.1

0.0 y v '
0.0 0.5 1.0 1.5

Spatial Frequency (mm-1)
Figure4: MTFresults in horizontal direction across different systems at comparable beam quality.

« xQi/ 120 kVp

— Aristos / 121 kVp

- Aristos / 121 kVp/ FS=0.6
40G /120 kVp

- Compact+ / 120 kVp
Compact+ / 81 kVp/no grid
Xplorer / 121 kVp
EPEX /122 kVp

= Thorascan / 140 kVp

: i

20 25 30 35 40

Resolution Measurements
The resolution of the systems in the nine
operating modes (Table 1) was also
measured. The image acquisition set-up
is illustrated in Figure 2b. The phantom
was placed immediately next to the de-
tector cover plate. An opaque edge test
device (TXS5; Scanditronix-Wellhoffer,
Schwarzenbruck, Germany) was placed
at the center of the beam, approxi-
mately 5-8 cm from the anterior sur-
face of the phantom. The edge was ori-
ented vertically. The location of the
edge test device enabled the measure-
ment of the system resolution in the
presence of focal spot blur penumbra,
magnification, scattered radiation, and
the antiscatter grid (when applicable).
Three images of the edge test device
were then captured at the applicable
beam quality at an exposure of 3E;,
The acquired images, once linear-
ized as previously described, were pro-
cessed to deduce the MTF. The process-
ing followed established steps, including
the extraction of the edge region of in-
terest, the determination of the edge
angle and location in the image, the de-
termination of the edge and line spread
functions, and the deduction of the MTF

by using Fourier transformation. The
MTFs from three repeat images were
averaged. The details of these steps are
well described in the literature (1,22).

Scatter Measurements

The scatter properties of the systems in
the nine operating modes (Table 1) were
measured by using a beam-stop array de-
vice (23,24) placed adjacent to the ante-
rior surface of the phantom (Figure 2c).
The phantom was centered in the field of
view and adjacent to the detector cover
plate. The beam-stop array device was
composed of a 14 X 16 array of 224
lead cylinders, each of which was 6
mm thick, 3 mm in diameter, spaced
25 mm apart, and embedded in a
6-mm-thick sheet of polystyrene.
Three images of the device were cap-
tured by using the applicable beam
quality at an exposure of 3E.

The acquired images were linearized
prior to deducing the scatter fraction. The
average scatter fraction was computed
across 20 beam stops at the center of the
image by using the measurement of mean
pixel values within a 10 X 10-pixel region
of interest positioned over each beam
stop, divided by the average of mean pixel

932
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values in regions of interest on either side
of the beam stop.

Estimation of the eDQE

Incorporating the influence of scatter,
magnification, grid, and focal spot blur,
the effective DQE for each system was
estimated by using the measured MTF
and NPS, the incident exposure, the ideal
squared SNR per unit of exposure (),
and narrow-beam phantom transmission

fraction, measured at the applicable
beam qualities (18). In this formulation,
the detector-grid-cover combination was
treated as a unit, penalizing the system
for grid and cover attenuation, but not for
phantom attenuation. The values for ¢,
tabulated in Table 2, were estimated for
an ideal counting detector and the appli-
cable x-ray spectrum transmitted through
the phantom (assuming only the primary
beam), by using a radiographic simulation

routine (21) (xSpect; Henry Ford Hospi-
tal, Detroit, Mich).

Overall, all systems that were tested
demonstrated excellent linearity. The
pixel values were linearly proportional
to exposure or to the logarithm of expo-
sure. The equations describing those re-
lationships are denoted in Table 2,

10.0
@3.2E,

EFFECTIVE DQE (%)
(4]
(=]

0.0

~%Qi/ 120 kVp

-~ Aristos / 121 kVp

- Aristos / 121 kVp/ FS=0.6
40G /120 kVp
Compact+ / 121 kVp
Compact+ / 81 kVp /no grid
Xplorer / 121 kVp
EPEX /122 kVp

- Thorascan / 140 kVp

xQi /120 kVp
Aristos / 121 kVp
Aristos / 121 kVp/ FS=0.6
40G /120 kVp
- Compact+/ 121 kVp

Compact+ / 81 kVp /no grid
Xplorer / 121 kVp
EPEX /122 kVp

- Thorascan / 140 kVp

20.0 4 15.0
~ xQi/ 120 kv
@E,/3.2 . » @K,
— Aristos / 121 kVp
A Aristos / 121 kVp/ FS=0.6
15.0 1| 40G / 120 kVp
g Compact+ / 121 kVp £ 100
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w lorer / 121 kV| w
Z 100 » . E
8 EPEX /122 kVp B
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H " Y os0
5.0 {
0.0 S s 2 00 \——
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 0.0 0.5
Spatial Frequency (mm)
a. b.

Figure 5:  eDQE of systems in each operating mode tested. Graphs show results in
horizontal direction at exposures corresponding to (a) Eo/3.2, (b) Eg, and (c) 3.2E,,
where E, is target operating exposure (Table 1).
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along with the square of the correlation
coefficient of the fits (R?). The R* values
ranged between 0.9993 and 1.0.

Noise

Figure 3 illustrates the results of the
NNPS measurements on the systems in
the horizontal and vertical directions at
the three exposure levels of E,/3.2, E,,
and 3.2E,. The results for the system
with the use of a small focal spot are not
reported here, as they were similar to
those obtained with the use of a larger
focal spot.

For most systems with a stationary
grid, the magnitude of the NNPS is
greater in the direction perpendicular,
rather than parallel, to the grid lines
(here, corresponding to the horizontal
and vertical directions, respectively), par-
ticularly at higher exposure levels. This
may be attributed to the grid structure
associated with the orientation of the grid
lines (18). As the exposure increases,
this structure constitutes a relatively
larger component of the total image
noise, reflected here in increased hor-
izontal NNPS. There are also artifacts
in the NNPS at specific frequencies
related to the grid line spacing (18).

The three exceptions to the above
finding are noted for the computed radio-
graphic, CCD-based, and direct flat-panel
systems. The computed radiography sys-
tem used a moving grid; thus, the grid
contribution to total noise was diminished
owing to spatial averaging of the spatially
stochastic grid noise. The magnitude of
the horizontal NNPS is also lower for this
system owing to the application of anti-
aliasing filters to overcome aliasing arti-
facts associated with data sampling in the
horizontal direction (21,25). The slot-
scan CCD system does not use a grid and
thus has no grid noise. The differences
between the horizontal and vertical NNPS
findings at low exposure may result from
image lag, enhancing the noise in the ver-
tical direction (26). At higher exposures,
the noise attributes are further affected by
structured nonuniformities in the horizon-
tal direction (26). Those nonuniformities
similarly contribute to the NNPS findings
from the full-field CCD-based system. For
the direct flat-panel system, the horizontal
and vertical NNPS findings are identical,
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Figure 6:  Reported conventional DQE values for selected detectors.
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demonstrating noise aliasing that is typical
of these devices. The noise properties of the
CCD-based and direct systems suggest an
effective removal of the noise structure as-
sociated with the grid.

Resolution

Figure 4 provides an overall comparison
of the MTFs of all the systems when using
approximately comparable large focal
spots and beam qualities. These different
systems, yielding different performances,
ranged from the full-field CCD-based sys-
tem to that of the direct flat-panel detec-
tor with its characteristic frequency alias-
ing (27). The MTFs are naturally reflec-
tive of both the limiting spatial resolution
performance of the detector, as well as
the blur caused by the focal spot magnifi-
cation. As such, the MTF results reflect
the actual resolution that might be ob-
tained when using these systems to per-
form chest examinations on patients in
the clinical setting. The higher the MTF
level, the better the performance of the
system in depicting fine image details.

Scatter

The scatter fraction results are tabulated
in Table 2. Scatter fractions ranged be-

tween 10.7% and 55.6%, depending on
the system. Systems with similar grids ex-
hibited similar scatter fraction results.
Grids with a higher line density and a
higher grid ratio yielded lower scatter
fractions. The only two exceptions were
the CXDI-40G (Canon Medical Systems;
line density, 40 lines/cm; grid ratio, 10:1;
scatter fraction comparable to other sys-
tems [ie, 31.4%]) and Xplorer 1500 (Im-
aging Dynamics; line density, grid ratio
comparable to majority of systems; un-
usually high scatter fraction [ie, 49.7%])
systems. These results are likely affected
by the unique geometry of these systems
(eg, variation in air gap, etc) (28,29), as
well as possible contributions from sys-
tem veiling glare to the measured scatter
values (1). The presence of a grid, the use
of a lower kilovolt peak level, and a slot-
scan acquisition were all associated with a
lower scatter fraction measurement, as
expected.

eDQE

The eDQE results for each of the nine-
system-operating mode combinations is
shown in Figure 5. These plots reflect the
performance in the horizontal direction
at the exposure levels corresponding to
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Ey/3.2, E,, and 3.2E,. Overall, the sys-
tems show a wide range of performance
reflective of the noise, resolution, and
scatter components shown earlier.
Higher MTFs translate to higher eDQE
results at higher spatial frequencies,
while peaks in the NPS lead to reduc-
tions in the eDQE. For each system, the
eDQE decreases with increasing expo-
sure. This is a result of increased influ-

Radiology: \/olume 249: Number 3—December 2008

C. d.

Figure 7:  Radiographic images of thoracic phantom acquired with (a, ¢) xQ/i (GE Healthcare) and (b, d)
ThoraScan systems at comparable entrance exposure. ThoraScan system offers improved image quality, with
notably lower DQE but higher eDQE than those from xQ/i, demonstrated by improved conspicuity of retrocar-
diac lesion in d. This shows that eDQE is better metric of system performance than DQE alone.

ence of structured noise, which be-
comes proportionately more influential
at higher exposure levels. However, the
level of this influence, and thus, the
amount of reduction in the eDQE, var-
ies among systems. Therefore, the rank
ordering between systems varies with
increased exposure.

The most remarkable finding is that
the eDQE is lower by an order of magni-

tude than that expected for an ideal sys-
tem (ie, 100%), even for systems that
employ high-DQE detectors; the eDQEs
at near-zero frequency ranged from
1%-17%. These results demonstrate
how significantly the effects of scatter,
magnification, focal spot blur, and grid
attenuation, as reflected by the eDQE,
can degrade the actual SNR that an im-
aging system can deliver at a given ex-
posure level in a clinical setting. The
ThoraScan (Delft Imaging Systems) sys-
tem is the exception and does not ap-
pear to be much affected by those fac-
tors owing to the use of a slot-scan im-
age formation method, which reduces
the scatter without the additional pri-
mary x-ray attenuation associated with
use of an antiscatter grid.

In radiography and mammography, a
main goal of image quality measure-
ments is to characterize the perfor-
mance of imaging systems. Over the
years, many techniques have been de-
veloped to make such measurements.
These techniques have enabled quanti-
tatively accurate and reproducible as-
sessment of the signal and noise proper-
ties of imaging detectors, embodied by
the universally accepted metric of DQE.
However, owing to metrologic con-
straints, such measurements have fo-
cused on the detector alone, ignoring
the five substantial attributes of imaging
systems that affect image quality: acqui-
sition geometry, scattered radiation,
antiscatter grid, magnification, and fo-
cal spot blur. If those elements remain
consistent, the detector DQE can be
used to compare systems. However,
those conditions are rarely consistent in
clinical implementations of different de-
tectors. Thus, the DQE falls short of
reflecting the actual performance of im-
aging systems in clinical settings where
the effects of those attributes are most
pronounced.

In this study, we experimentally as-
sessed the performance of radiographic
systems in the presence of those at-
tributes by using the eDQE metric (18).
The eDQEs of seven digital radiographic
imaging systems were measured. The
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systems reflected various makes and
models in use at different clinical facili-
ties. This metric was found to be easy to
measure, while providing a more mean-
ingful reflection of system performance
in a clinically relevant context. Our
work is the first application of an eDQE
to comparatively evaluate a series of
commercially available digital radio-
graphic imaging systems.

Our eDQE results indicate that the
actual SNR performance for the imaging
systems studied is different than that
implied by the conventional DQE of the
detector alone. A comparison with prior
reported DQE results for the detectors
might be particularly useful. Figure 6
represents conventional DQE results
for some of the tested detectors (7,26).
When compared, there is a multifold
difference between the DQE results (Fig
6) and the eDQE results (Fig 5), indicat-
ing different comparative performance
among systems when using DQE, than
those represented by the eDQE metric.
Most profoundly, the slot-scan system,
with a low scatter fraction and no anti-
scatter grid, shows a reverse rank or-
dering relative to full-field systems when
comparing the DQE and eDQE results
shown in Figures 5 and 6. These findings
are consistent with earlier theoretical
estimations of eDQE values for that sys-
tem, given the differences in the phan-
toms used (23). The relevance of eDQE
as a metric of image quality is further
demonstrated with the subjective exam-
ple provided in Figure 7, showing that
the ThoraScan system, with a higher
eDQE but lower DQE, offers improved
conspicuity of a simulated retrocardiac
lesion.

These observations suggest that the
prevalent comparisons of image quality
for digital radiography systems in terms
of the DQE alone may need to be revis-
ited. Furthermore, the relative differ-
ences in magnitude between the eDQE
and DQE, as well as the difference be-
tween measured eDQE and the ideal
eDQE of 100%, set forth a challenge as
well as a great opportunity: There is
significant room for improving the im-
age quality of radiographic imaging sys-
tems and for reducing patient dose. The
largest improvement can be achieved by

using slot-scan image acquisition meth-
ods to reduce scatter, and additional
improvements could also be achieved
with more deliberate use of air gaps.
For a fixed exposure time, image resolu-
tion can be improved by using air gaps;
however, the use of an air gap requires
an increased source-to-image distance,
an increased detector size, a reduced
focal spot size, and increased tube heat
loading capacity. The reduced focal spot
size by itself can also improve the eDQE
response at high spatial frequencies.
Improvements can also be achieved in
designing better antiscatter grids with
reduced primary x-ray attenuation
properties.

Notwithstanding the conclusions of
the study, certain limitations should be
acknowledged. This study employed
one geometric chest phantom, which,
while reflective of certain typical at-
tributes of digital radiographic imaging
of the thorax, is not representative of
the range of adult thorax sizes encoun-
tered clinically. Furthermore, each ra-
diographic imaging application (eg,
mammography, foot, hand, lumbar-
spine, etc) would require a different
representative phantom; the eDQE is
an application-specific metric and thus
the conclusions from eDQE results by
using a geometric chest phantom cannot
be readily extended to other applica-
tions. Finally, while a measured eDQE
provides a more clinically relevant re-
flection of the actual SNR performance
of an imaging system, it would be im-
portant to validate that conclusion by
using independent task-specific image
quality assessments that included im-
age-based observer studies. Other im-
aging applications and clinical observer
studies remain worthwhile objectives
for future studies.

In summary, this study involved a
multisystem field trial of eDQE, a metric
of image quality, reflecting the actual,
clinically relevant SNR performance of a
digital radiography system in the pres-
ence of x-ray scattering, magnification,
focal spot blur, and antiscattering grid.
Given our results from a thoracic phan-
tom, there is a multifold difference in
the magnitude of the eDQE in compari-
son with that obtained by using the con-

ventional (detector) DQE method. The
eDQE also yields a different relative
rank ordering and comparative perfor-
mance among systems, compared with
the conventional DQE. As such, the
eDQE metric provides a more meaning-
ful reflection of system performance as
it quantifies image quality in a more clin-
ically relevant context.
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