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Abstract. CDMAM phantom scoring is widely used to assess the detectability
performance of mammography systems. We propose to study the impact of
structured background on this performance assessment, using simulated CDMAM
phantom images with flat and textured backgrounds. Three dose levels have been
investigated, ranging from -50% to +50% around the reference dose computed by
the acquisition system. For textured backgrounds, the simulated projected breast
corresponds to a S0mm thick, 60% glandular breast, with a texture generated by a
power-law filtered noise model. Images have been scored by four image quality
experts. For the smaller insert sizes, Image Quality Factor (IQF) scores obtained
in textured backgrounds are lower than and well correlated with those obtained in
flat backgrounds. IQF values increased with dose. For the larger insert sizes,
detectability performance in textured background is even more degraded and is
not as dose dependent as it is in flat backgrounds.

1 Introduction

The CDMAM phantom is widely used to evaluate the detectability performance of
mammographic x-ray equipment. This contrast-detail phantom assesses the ability of
a system to distinguish objects with very small contrast and small diameter. The task
involved with scoring the CDMAM phantom consists of detecting disc-like inserts of
various thicknesses and diameters in flat noisy background. However, such a
detection task does not reflect the detection task done by radiologists in clinical
conditions. One of the main limitations is the use of flat noisy backgrounds that are
not representative of backgrounds associated with clinical breast imaging. The
structure of clinical backgrounds is due to overlapping projection of the normal breast
anatomical structures in 2D mammograms. In terms of detection performance, it has
been shown [1, 2] that radiographic abnormalities detection is limited by both imaging
system noise and anatomical noise. Observer experiments [3] demonstrated that the
breast structure is often the main limiting factor for lesion detection performance.
Bochud et al. [4] showed that for a small object, like microcalcifications, the observer
performance is limited by the system noise and eventually by anatomical fluctuations
depending on the amplitude of these fluctuations. For large objects, like a nodule, the
effect of anatomical fluctuations was found more dominant than system noise.
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Synthesizing images gives the opportunity to simulate CDMAM phantom images
with spatially varying backgrounds in order to simulate real mammographic back-
grounds for detection experiments. Moreover, in contrast with real phantoms, it
enables to generate images with textured backgrounds for various texture realiza-
tions. Such a simulation tool would enable the assessment of mammography systems
with different potential design options through textured CDMAM scoring, approach-
ing a more clinically relevant detection task than with standard CDMAM phantom
images.

The purpose of this work was to study the impact of structured background on the
detectability performance, function of intensity values, assessed by the CDMAM
phantom scoring.

2 Method

The CDMAM 3.4 phantom [5] consists of a matrix of 205 cells. Each cell contains
two identical gold disks of given thickness and diameter. One is placed in the center
and the other in a randomly chosen corner. The observer has to indicate the corner
where the eccentric disk is located. The phantom covers a range of object diameters
between 60um and 2mm, and thicknesses between 0.03 and 2um, including size and
contrast ranges for microcalcifications. We simulated images of this contrast-detail
phantom with flat and textured backgrounds (Figure 1) using the same acquisition
conditions (Mo/Mo, 28kVp and 3 intensity values equal to 50, 100 and 160mAs) for a
Senographe 2000D™ system. We already validated [6] the simulation of the digital
mammography system when applied to the simulation of standard CDMAM phantom
images. In this study, a power-law model [7, 8] of the projected breast structure has
been added [9] to the simulation tool in order to generate structured backgrounds. This
power-law model of projected breast structure is based on the average power
spectrum of real mammograms under an isotropic assumption. No phase information
about mammographic images is included in this model since it makes the assumption
of random phase. Nevertheless, detection experiments [11] showed that it can be used
to investigate perceptual laws in mammography, leading to similar contrast-detail
diagrams as in mammographic textured backgrounds.

For flat backgrounds, we simulated the image of the CDMAM phantom inserted
between 2 PMMA plates of 20mm thickness. For textured backgrounds, we
considered the projection of a breast with the same thickness than the CDMAM
phantom assembly and with a power-law exponent equal to 3. This simulated breast
was chosen 60% glandular in order to give the same grey level value than the
CDMAM phantom assembly when imaged under the standard technique used to
image the CDMAM phantom (Mo/Mo, 28kVp, 100mAs). Here the chosen glandula-
rity would correspond to the glandularity derived from the breast thickness and the
grey level measured in the most attenuating area of the breast by the automatic
exposure of the mammography system [10]. The grey level ratio between the greatest
and least attenuating areas of the breast was fixed based on typical grey level
distribution in real mammograms.
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(c)

Fig. 1. Simulated images of CDMAM cells with flat (left) and textured (right) backgrounds, at
Mo/Mo, 28kVp, 100 mAs. Each cell contains two identical inserts with a diameter of (a)
1.6mm, (b) 1mm, (c) 0.25mm, and a thickness of (a) 0.25um, (b) 0.36um, (c) 2um.

For each acquisition condition and each type of background, four image realiza-
tions have been generated and rated by four image quality experts using the mammo-
graphy-dedicated GE review workstation. The Image Quality Factor (IQF) was
calculated on both image sets:

IQF=—,
zDi ’Ti,min (1)

where T; i, is the lowest thickness perceived in column i corresponding to an insert
diameter D;. We also defined the IQFgmaiier insers and the IQFyeer insers as the IQF
of the eight smaller (£0.31mm), and eight larger (20.4mm) phantom insert
sizes:
IQF, ater insers = # and IQFlargerinsens = IGL'
zDi 'Ti,min zDi 'Ti,min (2)
i=1 i=9
These definitions give higher scores for better detection performance. The three
IQF values have then been normalized in order to have their variations in the same
range for comparison purpose:

8

YD, YD, $p,
=9

IQFN = 16#’ IQF N, smaller inserts = —= a.nd IQF N, larger inserts = 161— . (3)
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3 Results

The values of the IQFy, IQFN, smatier_inserts and IQFN 1arger inserts are shown for the four
human readers and the three dose levels in Figure 2.
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Fig. 2. IQFy, IQFN, smatier_inserts and IQFN, jarger_inserts Values derived from the scoring of the 4
readers in flat and textured backgrounds (average over the 4 image realizations), with exposure
conditions Mo/Mo, 28kVp and 3 intensity values (50, 100 and 160mAs)

Figure 3 and Figure 4 show contrast-detail curves obtained for the average
observer in flat and textured backgrounds for the various intensity mAs values. For
each given insert size, the curves indicate the minimal insert thickness needed to

reach the detection threshold.
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Fig. 3. Contrast-detail curves obtained for the average observer in flat and textured back-
grounds, with exposure conditions Mo/Mo, 28kVp, 100mAs
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Fig. 4. Contrast-detail curves obtained for the average observer in flat (left graph) and textured
(right graph) backgrounds, with exposure conditions Mo/Mo, 28k Vp, and intensity values equal
to 50, 100 and 160mAs

Figure 2 shows that the resulting IQFy values are higher in flat compared to
textured backgrounds whatever the considered insert size and the mAs intensity value.
The contrast-detail curves obtained in Figure 3 highlight that, for a given mAs
intensity value, the insert thickness needed to reach the detection threshold becomes
much higher in textured backgrounds than in flat backgrounds as the insert size
increases. Furthermore, IQFy values (Figure 2) increase with increasing mAs values
in both flat and textured backgrounds. This increasing variation trend is of the same
order of magnitude for flat and textured backgrounds when considering the smaller
inserts sizes (with a regression slope of IQFN, smatter inserts VErsus mAs equal to 0.006
and 0.003 respectively for flat and textured backgrounds). It is much higher for flat
than for textured background for the larger inserts sizes (slope of IQFy; jarger inserts
versus mAs equal to 0.065 and 0.008 respectively). Regression analysis restricted to
the smaller inserts indicates good correlation between IQFy smaler inserts Values obtained
in flat and textured backgrounds (R-squared=1 for the 3 points corresponding to the 3
intensity values), whereas IQFy jarger inserts are weakly correlated for the inserts larger
than 0.4mm (R-squared=0.85).

4 Discussion

As expected, we can determine that insert detection performance is degraded in
textured backgrounds compared to flat backgrounds. From Figure 3 we can see that
the larger the lesion, the higher the degradation. Moreover, detection performance in
textured backgrounds, function of the mAs intensity, is poorly correlated to the
detection performance in flat backgrounds for the larger insert sizes (Figure 2). For
such insert sizes, it is believed that structure noise becomes predominant compared to
noise sources induced by the image acquisition processes (quantum noise, scintillator



Impact of Textured Background on Scoring of Simulated CDMAM Phantom 465

point spread function, aliasing noise or detector noise) [4, 9, 11]. This can be
explained by inspection of power spectra frequency distributions of real mammo-
grams, up to frequencies of about lcycle/mm [7]. The contribution of the breast
structure relative to the other noise sources is more important in the low frequency
range. Therefore, as the insert size increases, the mammographic structures amplitude
becomes the limiting factor for detection. Taking into account structured backgrounds
improves the relevance of the CDMAM phantom scoring, especially for the larger
inserts sizes. However, the CDMAM phantom scoring in flat backgrounds remains
meaningful for the smaller insert sizes, since we found a good correlation between
results obtained in flat and in textured backgrounds. Thus, for comparison of system
performance using the CDMAM phantom, we would recommend to restrict the
scoring results analysis to the smaller inserts sizes of the phantom.

Furthermore, contrast-detail curves of Figure 4 show negative detection slopes in
both flat and textured backgrounds. Burgess showed [11] that in mammographic and
also power-law filtered noise backgrounds, for lesion sizes larger than about 1 mm, the
detection slope is positive, in opposite as intuitively expected. However, this result
depends on the shape of the considered signal. Whereas positives slopes were found
for shapes corresponding to projected spheres, slopes were negatives for flat-top disc
shapes [12]. Thus, the unrealistic disc-like form of the phantom inserts prevents, for
the larger insert sizes, from extrapolating the scoring results to clinical performance of
large size lesion detection. Furthermore, during the scoring process we noticed that
for inserts larger than about 1mm, human readers rely more on the insert edges than
on the insert contrast. The simulation of more clinically relevant inserts with smoother
edges and with a material composition closer to real microcalcifications would be an
additional interesting improvement. The generation of artificial mammographic
abnormalities has already been studied in the literature [13, 14]. In future work, it
would be interesting to use such inserts as the input to generate simulated CDMAM
phantom-like images with textured backgrounds and realistic inserts, in order to
provide a contrast-detail test closer to the clinical task.

Van Metter [15] and Young [16] refined the interpretation method for CDMAM
phantom scoring results. Indeed, the test suffers from several sources of variability,
one of the most significant being the inter- and intra-observer variability. In our study,
inter-observer variability and scoring reproducibility must be regarded carefully. The
CDMAM phantom scoring procedure [5] applies correction rules, which tend to
flatten the variations induced by the presence of texture. Even if the variability seems
to be of the same order of magnitude for flat and textured backgrounds, more false
positive and false negative detections were found for all the observers in textured
backgrounds.

Finally, the opportunity to reduce dose while keeping an acceptable image quality
has been described by some authors [4, 17, , 18, 19]. For inserts with contrast in the
clinically relevant range 3-30%, the CDMAM provided overlapped curves for dose
levels reduced within 40-50% from the reference [18]. These insert contrasts are
related to the smaller insert sizes of the CDMAM phantom for the dose levels
considered in the study. It has been shown that [19] decreasing dose significantly
degrades the detection of microcalcifications, whereas it has minimal effect on the
detection of masses. For optimization purposes, if the targeted clinical task consists of
detecting the smallest microcalcifications, better performance would be obtained with
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higher dose. Moreover, when considering an actual microcalcification, its contrast is
often linked to its size. Thus, for a given target size of the smallest microcalcification
to be detected, larger microcalcifications will be more easily detectable since they
usually lead to a higher contrast in the image. If the optimization task is restricted to
mass detection, the dose level could be decreased preserving detection performance
since breast structure impairs detection more than any other noise source.

5 Conclusion

CDMAM phantom scoring is very widely used to estimate the detectability
performance of mammography x-ray equipment. However, the detection task induced
by this contrast-detail phantom is not representative of the clinical task done by
radiologists, mainly due to its flat background. We evaluated in this study the impact
of structured background on the detectability performance assessed by the CDMAM
phantom scoring.

We developed a simulation tool generating quantitative images of CDMAM
phantom, depending on the exposure spectrum, and including a model of the
projected breast structure based on the average power spectrum of real mammograms.
We generated simulated CDMAM phantom images with flat and textured
backgrounds for the standard exposure technique of the CDMAM phantom (Mo/Mo,
28kVp) and for three mAs intensity levels (50, 100 and 160mAs). Images have then
been scored by four readers. Scoring results show that detection performance in
textured backgrounds is degraded compared to flat backgrounds. This degradation
increases with increasing insert size. We found that the IQF values obtained in
textured and flat backgrounds, function of the mAs intensity level, are well correlated
for the smaller insert sizes. This confirms the relevance of the scoring of the CDMAM
phantom in flat background for the smaller insert sizes. However, the correlation was
weak for the larger insert sizes, since breast structure becomes the limiting detection
factor compared to other noise sources for such insert sizes. As a result, for
comparison of system performance, the CDMAM phantom scoring analysis should be
restricted to the smaller insert sizes.

Furthermore, the simulation tool developed in this study offers the potential to
validate new design options with a more clinically relevant detection task than
standard CDMAM phantom images.
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