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Abstract

Full-field digital mammography systems have been developed for overcoming the limitations of the screen-film
mammography. This work is focused on the system from GE Medical Systems (Senographe 2000) which has
been recently installed in our institution. The imager consists of a thin Ics:Tl scintillator which is in narrow
contact with an array of amorphous silicon detectors mounted in a single panel. The flat-panel detector is
integrated in a x-ray system with a high-frequency generator Senographe DM and dual track anode of Mo and Rh
with Mo and Rh filtration. The aim of this work is to analyse the defaults exposure factors set at the installation
of the x-ray unit. The image quality has been evaluated by using one of the two phantoms recommended in the
ACR Accreditation Program. Phantom images were obtained at each of the three available imaging modes:
contrast (CNT), standard (STD) and DOSE. While maintaining the defaults of kilovoltage and anode/filter
combination, phantom images were obtained at lower dose vales. The contrast noise ratio (CNR) was calculated
for each of the low contrast objects (masses) of the phantom images and the details visibility was also evaluated.
The results obtained for both parameters reveal that similar image quality can be obtained with significant
reductions of the average glandular dose.

1. Introduction

The development and application of digital technologies in mammographic x-ray systems has
been the subject of many investigations, which have addressed the capability of such systems
for overcoming the limitations of screen-film mammography. The first digital mammography
systems introduced were for the guidance of stereotactic biopsy procedures [1] but these
systems use small-format devices that are not directly applicable to full-breast mammography.
To overcome this limitation, four manufacturers have been working in development of
prototypes that accomplishes the requirements of full-field digital mammography. Now, the
system from GE is commercially available and we present in this work the results obtained in
a preliminary evaluation of the Senographe 2000D. This digital mammography system is
based on a multipulse high frequency generator (Senographre DMR, GE Medical Systems,
Milwaukee, USA). It is equipped with a dual track target (Mo and Rh) with selectable
filtration of Mo or Rh and a non-stationary grid. The full breast digital imager is composed of
a thallium-doped caesium iodide (CsLTl) scintillator in contact with a two dimensional
amorphous silicon photodiode array manufactured in a single module. The array is formed by
a matrix of 1800x2304 detector elements that are 100 urn in pitch. The electrical signals of
each pixel are individually read out and digitised to 16 bits digital values. The important
physical properties (dynamic range, presampling modulation transfer function (MTF), noise
power spectrum (NPS), detective quantum efficiency (DQE) and noise equivalent quanta
(NEQ)) of the flat panel detector were evaluated with a clinical prototype and the results were
recently published [2]. These results indicate that the DQE is improved with the flat panel
imager (mainly for the frequencies involved in the low-contrast lesions imaging) and the
spatial resolution is higher with screen-film systems. The lower spatial resolution can be
overcame by contrast enhancement of digital data as it is suggested in some studies [3].

709



IAEA-CN-85-246

3. Material and methods

The default exposure techniques established by the manufacturer during the installation of the
facility have been evaluated in terms of dose and image quality. Tube output at each kVp and
anode/filter combination were measured by using an ionisation chamber (4000 M Plus,
Victoreen hie, Cleveland, USA) calibrated and traceable to a secondary standard. The
chamber was positioned at 52 cm from the tube focus, and the compression paddle was in
place at 10 cm above the chamber. Entrance surface dose (ESD) was calculated from tube
output measurements and the current tube time product needed for obtain each phantom
image. Image quality was evaluated with the Nuclear Associates model 18-220 phantom
(Nuclear Associates, New York, USA) which is one of the two phantoms approved by the
ACR Mammography Accreditation Programme [4]. The 18-220 phantom is equivalent to
approximately 42 mm compressed average breast (50% adipose/50% glandular composition)
and was placed on the breast table with its chest-wall edge aligned with the chest-wall side of
the imager. Two phantom images were acquired at the three different automatic imaging
modes that are available in the mammographic system: contrast (CNT), standard (STD) and
dose (DOSE). The default exposure factors (kVp, mAs, anode/filter combination) together
with the ESD and the average glandular dose (DG) displayed at the acquisition workstation
monitor were recorded for each image. Subsequently, several images were acquired at the
manual mode by reducing to the half the mAs while maintaining the kVp and anode/filter
combination. The image quality was estimated in terms of contrast noise ratio (CNR) and
detail visibility for the processed phantom images. The CNR was evaluated for the low
contrast test objects included in the phantom simulating masses. This parameter was
calculated through the following expression [5]:

in +1/2(<T outl + <J outl)

where \x represents the mean and a the pixel to pixel standard deviation of a region of interest
(ROI). The subscript "in" refers data collected from the ROI within the low contrast objets
and "outl" and "out2" refers data collected from two ROI adjacent to the test objects. The
ROI area was 350 pixel side for the in and out ROIs. An experienced observer evaluated the
detail visibility over the processed images displayed in a high-resolution monitor. Window,
level and magnification settings were set to maximise visualisation of fibers, specks, and
masses. The number of each type of details visualised was compared with the acceptable
scores proposed in the Stereotactic Breast Biopsy Accreditation Program (ACR-SBBAP) [6]
introduced by the ACR for digital systems.

3. Results

The ESD values estimated from measurements with the ionisation chamber were
approximately 10% lower than the values calculated and displayed by the system. This
difference is of the same magnitude that the measurement errors.

3.1. Contrast noise ratio (CNR)

The CNR values of the masses calculated according to the above expression are represented in
Fig. 1. At Fig. l(a) each curve corresponds to the default exposure conditions displayed for
the three imaging modes (CNT, DOSE and STD). As it can be seen, similar CNR values were
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found for the CNT and STD modes while the DG value was 10% lower for the STD mode.
CNR values decreased for all the masses when DG values were progressively reduced to the
half, excepting in the CNT mode (Fig. 1 (b,c,d)). In this case, the highest CNR values
correspond to the lowest DG value.

3.2. Detail visibility

Table I show the scores given to the phantom images together with their corresponding DG
values. The images obtained at the default conditions (highest DG values) accomplished the
acceptable scores proposed by the ACR-SBBAP [6] (5 for fibers, 4 for specks and 3.5 for
masses) excepting the one obtained at the DOSE mode. With this imaging mode, the scores
are highest for the image with a half DG value of the default image. This result is in
agreement with CNR curves show in Fig. l(b). The results also demonstrate that images with
similar quality can be obtained at lower DG when the system is operating at the CNT mode.
At the STD mode, the scores given to the fibers do not meet the acceptable value. However,
similar image quality is also obtained with a DG vale half of the default one.
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Figure 1. Contrast noise relation (CNR) versus low contrast details (masses) inserted
inside the phantom, (a) Comparison of the CNR values obtained at the exposure
conditions set at each imaging mode; Effects of reducing the average glandular dose on
the CNR values at (b) DOSE mode (Mo/Rh, 31 kV); (c) Standard (STD) mode (Mo/Rh,
28 kV); (d) Contrast (CNT) mode (Mo/Rh, 26 kV)
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Correlation between CNR and detail visibility was analysed by considering the CNR values
calculated for the last mass detected in most of the phantom images (4th mass). Fig. 2 shows
that there exists a positive correlation between CNR and the total score obtained by adding the
particular scores given to each type of detail.
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Figure 2. Correlation between total score and contrast noise ratio (CNR)

4. Conclusions

From this initial evaluation could be concluded that enough image quality could be obtained
with a dramatic reduction of the DG values associated to the default exposure conditions. The
correlation between the total score and CNR show that the latest is a robust parameter for
evaluating the image quality in terms of a non-subjective magnitude.

It is also concluded that it is necessary a deeper analysis of the imager behaviour, since the
results for the CNT imaging mode are not in agreement with the linearity conditions found for
this system in previous studies [3]. Moreover, similar results were obtained with another
image quality phantom that are not here presented.

Table I. Effects of decreasing average glandular dose (DG) values (photon fluence) on
detail visibility for each imaging mode. The values in the shaded cells correspond to the
default exposure conditions.

DG
(mGy)
FIBERS
SPECKS
MASSES

CNT
Mo/Rh, 26 kVp

0.6

5
4
5

1.08

5
4
5

2.24

5.5
4
5

STD
Mo/Rh, 28kVp

0.12

3
2
4

0.25

3
2
4

0.5

4.5
3
4.5

1.01

4.5
4
4.5

2.02

4,75
4
5

DOSE
Mo/Rh, 31 kVp

0.5

4

3
4

0.95

5
4
4

1.9

4.75
3.5
4.75
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