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An analysis of the relationship between image quality and incident air kerma has been carried out for a dynamic flat detector
X-ray system used for interventional radiology. A phantom of polymethyl methacrylate (PMMA) to simulate patients and
two different image test objects, Leeds TOR 18FG and NEMA XR 21, were used to evaluate the quality of the obtained
images. Measurements were made simulating clinical configuration with different PMMA thicknesses (16, 20, 24 and 28 cm),
available fields of view of 22, 31, 42 and 48 cm (diagonal dimension), in the three default fluoroscopy modes and in one of the
most used digital subtraction angiography image acquisition modes. The obtained results are being used to help in the optim-
isation of clinical procedures.

INTRODUCTION

New interventional X-ray systems offer to the users
many configuration settings and operation modes.
Sometimes, during the acceptance tests and the com-
missioning process, it is not possible to evaluate all
the available modes of operation and to select the
most appropriate initial settings. A compromise is
typically adopted by the manufacturers, offering the
settings already tested in other hospitals. In any
case, clinicians should know the radiation dose
required for the different imaging modes, to properly
use the X-ray systems and to suggest some improve-
ments, if necessary, in the initial settings. There still
is not much experience with this process for dynamic
flat detectors used in the new systems for interven-
tional radiology(1). This paper offers some experi-
mental results obtained with a Philips Allura Xper
FD20(2).

There are several test objects allowing the evalu-
ation of image quality for fluoroscopy systems. The
Leeds TOR 18FG test object is one of the most
popular in Europe(3,4). The NEMA XR 21(5,6) test
object has been promoted in USA for similar image
quality evaluations.

There are other more sophisticated numerical
methods to evaluate image quality, but they are
quite difficult to use in the routine work at the
hospitals(7 – 9).

MATERIAL AND METHODS

An interventional Philips Integris Allura flat detec-
tor X-ray system Xper FD20(2) was employed for
the measurements. A solid-state-detector, UNFORS

Xi(10) was used to measure the dose at the entrance
of the simulated patient without backscatter, the
incident air kerma (IAK)(11). The Unfors Xi system
can simultaneously measure kVp, dose, dose rate,
HVL, pulse, pulse rate, dose/pulse, time, waveform
and filtration. It was placed inside the radiation
beam, but not in the automatic exposure control
(AEC) area. The system Xper FD20 permits to visu-
alise and change this AEC area if necessary. It
allows recording both digital subtraction angiogra-
phy (DSA) images and fluoroscopy runs in DICOM
format. This feature allows the numerical analysis of
the fluoroscopy images.

Entrance air kerma to the detector was measured
during the acceptance tests of the X-ray system. The
technical specifications include these values with
20 cm of polymethyl methacrylate (PMMA) and the
antiscatter grid on the beam, with 1195 mm focal
spot to image receptor distance and 660 mm
between the focal spot and the interventional refer-
ence point (Table 1).

The detector was placed on top of the table,
without the mattress, at the entrance of the X-ray
beam to a variable amount of PMMA phantom. An
image object test was placed in the middle of the
PMMA and at the isocentre of the X-ray system (to
simulate clinical conditions). The flat detector (FD)
was maintained at a distance of 5 cm from the upper
part of the PMMA plates. This system configuration
simulates a typical patient thickness for the X-ray
system loading in routine clinical practice.

Measurements were made for 16, 20, 24 and
28 cm of PMMA for the different fields of view
(FOV): 22, 31, 42 and 48 cm (diagonal dimensions)
in the three available fluoroscopy modes (high,
normal, low) and in DSA acquisition mode. The
pixel size of the flat panel detector is 154 � 154 mm
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and the detective quantum efficiency is bigger than
65% at low spatial frequencies(2). The selected
default acquisition protocol was ‘abdomen 2D’ with
a ‘standard patient’ (supposed to be 70 kg and
170 cm height). A special acquisition protocol was
prepared by the Philips engineer, without post pro-
cessing of the image (mainly edge enhancement and
contrast harmonisation).

Two test objects were employed: Leeds TOR
18FG(4) (Figure 1) and NEMA XR 21(6) (Figure 2).
The test object in the X-ray beam raises IAK and
changes slightly the characteristics of the beam. This
increase has been assessed for each test object
separately.

Leeds TOR 18FG arranges 18 low-contrast
circles, each one with different metal thickness, with
an exponential decrease between them. NEMA XR
21 has four sets of holes of different diameters filled
with different concentrations of iodine embedded in
epoxy, with a linear decrease on them. Both phan-
toms include in the centre a standard bar metal
pattern to analyse the high-contrast spatial resol-
ution, with 16 series of bars in which the resolution
goes from 0.5 to 5 line-pairs/mm.

Image quality was numerically analysed with the
signal–noise ratio (SNR) in the higher-contrast
circles of both test objects (in the case of NEMA,
also in the biggest one). A region of interest (ROI)
was drawn inside the analysed circle and another
one on the surrounding area, on the background
(BG) of the test object, near the circle (Figure 3).
Different software can produce values of mean and
standard deviation of pixels on an ROI. Osiris
4.19(12) was employed for this.

In the context of the signal detection theory, the
SNR is proportional to a ratio of the magnitude of
the difference between the mean values of some
quantity under two conditions that are to be distin-
guished, to a measure of the magnitude of statistical
variation in that difference(13).

SNR ¼ ðBG� CIRÞð1
2
ðSCIR2 þ SBG2ÞÞ�

1
2

Figure 1. Leeds TOR 18FG. 20 cm PMMA, 42 cm FOV,
DSA.

Table 1. Reference air kerma rate for different FOV and
different fluoroscopy modes. (technical specifications).

FOV
(cm)

Low
(mGy/s)

Normal
(mGy/s)

High
(mGy/s)

22 0.19 0.46 0.57
31 0.13 0.33 0.42
42 0.1 0.27 0.34
48 0.08 0.23 0.27

Figure 2. NEMA XR 21. 20 cm PMMA, 42 cm FOV,
DSA.

Figure 3. Example of ROIs considered for the calculations
(CIR and BG).

R. SIMON ETAL.

262

 at U
niversidad de T

arapac? on A
ugust 21, 2011

rpd.oxfordjournals.org
D

ow
nloaded from

 

http://rpd.oxfordjournals.org/


† BG is the mean value of the pixel content in a
selected ROI near the circle of study (test
object’s background)

† CIR is the mean value of the pixel content in a
selected ROI inside the circle of study

† S is the standard deviation for the pixel content
in the selected ROI of study

Several images of each series were selected, discard-
ing the first ones, allowing the system being comple-
tely adjusted. The main source of error was not the
ROI selection. The variability between the different
images selected (after discarding the first ones) was
more important. The average and the standard devi-
ations of the SNRs were obtained. It was assumed
that they fit a normal distribution and presented the
confidence interval of 95%.

RESULTS

Inserting either test object increases the dose differ-
ently because the AEC does not adjust the X-ray
system in the same way. We noticed not much differ-
ence in IAK when using the two test objects. The
NEMA test object yields an increase in IAK, with
respect to the Leeds one, of less than 15%.

Doing similar measurements with an ionisation
chamber instead of a solid-state detector, the
entrance surface air kerma (ESAK) including back-
scatter resulted in an increase of approximately 30%
(ratio between ESAK and IAK in our experimental
conditions is approximately 1.3).

When going from low to normal or high fluoro-
scopy mode (Table 2), IAK is increased by a factor
of 1.6 and 2.7 with the Leeds test, and 1.5 and 2.4
with the NEMA test. SNR is increased by a factor
of 1.3 and 1.9 with the Leeds test and 1.7 and 2.1
with the NEMA test, maintaining other conditions
constant.

When magnification is applied in normal fluoro-
scopy mode, and FOV is changed from 48 cm to 42,
31 or 22 cm (Table 3), IAK is multiplied by factors
of 1.7, 1.8 and 2.4 when the Leeds test was used and
1.3, 1.8, 2.1 when the NEMA one was used, never-
theless no big changes in SNR are seen. When the simulated patient goes from 16 to 28 cm

of PMMA (Table 4), IAK is raised quickly, and in
addition SNR values decrease significantly.

For the most common DSA acquisition mode
(Table 5), it shows that when magnification is
applied, moving from an FOV of 48 to 42, 31 and
22 cm, IAK increases by a factor of 3.7 with both
tests and SNR remains almost constant.

DISCUSSION

Additional analysis of the images (e.g. spatial resol-
ution) will be done in a more extended paper.
Measurements with the NEMA test object had

Table 2. Variation of IAK and SNR in the different
fluoroscopy modes with different test objects for 20 cm of

PMMA and a 22 cm FOV.

Fluoroscopy
mode

LEEDS TOR 18FG NEMA XR 21

IAK
(mGy/fr)

SNR IAK
(mGy/fr)

SNR

Low 14.7 1.76+0.16 16.7 0.93+0.09
Normal 23.2 2.29+0.10 25.0 1.59+0.22
High 39.2 3.3+0.4 40.5 1.96+0.06

Table 4. Variation of IAK and SNR with the amount of
PMMA for different test objects in normal fluoroscopy

mode and a 31 cm FOV.

PMMA
(cm)

LEEDS TOR 18 FG NEMA XR21

IAK
(mGy/fr)

SNR IAK
(mGy/fr)

SNR

16 6.8 5.15+0.14 9.9 2.41+0.29
20 14.0 2.62+0.24 19.1 1.54+0.24
24 28.2 1.8+0.3 33.8 1.47+0.19
28 45.4 1.18+0.18 52.6 0.26+0.05

Table 5. Variation of IAK and SNR with FOV for different
test objects in DSA and 20 cm of PMMA.

FOV
(cm)

LEEDS TOR 18 FG NEMA XR21

IAK
(mGy/fr)

SNR IAK
(mGy/fr)

SNR

22 3.40 10.4+0.3 4.0 6.3+0.6
31 1.68 8.7+0.5 2.6 6.9+0.3
42 1.17 8.9+0.5 1.5 5.5+0.6
48 0.90 8.9+0.5 1.1 5.8+0.4

Table 3. Variation of IAK and SNR for different FOV with
different test objects, 20 cm of PMMA and in normal

fluoroscopy mode.

FOV
(cm)

LEEDS TOR 18FG NEMA XR 21

IAK
(mGy/fr)

SNR IAK
(mGy/fr)

SNR

22 23.2 2.29+0.10 25.0 1.59+0.22
31 14.0 2.62+0.24 19.1 1.54+0.24
42 13.2 2.61+0.21 13.6 1.5+0.5
48 9.8 2.61+0.22 11.9 1.45+0.23
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bigger errors, due to the characteristics of the circles
(they are smaller and have less contrast). Furthermore,
in the most adverse conditions, with 28 cm of PMMA
or in the low fluoroscopy mode, it is difficult to dis-
tinguish any low-contrast detail using this test object.

These results can help to optimise the clinical pro-
tocols, especially in the selection of the operation
modes and in the use of magnification. Clinicians
should know IAK increase factors when moving
from low to normal or high fluoroscopy modes
(increases of 1.5 or 2.5 for the evaluated system).
Magnification improves the high-contrast spatial reso-
lution, but the low contrast sensitivity stays practi-
cally constant. The increases in IAK in the
evaluated system when moving from 48 to 42, 31
and 22 cm FOV have been factors of 1.5, 1.8 and
2.3, respectively, but the SNR remains practically
constant. This is a consequence of the manufacturer
settings criteria; to maintain SNR constant when
decreasing the number of pixels during magnifi-
cation, more photons per pixel are needed. Also, the
possibility of recording images in fluoroscopy modes
can help to substantially reduce patient doses.
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