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Investigation of the Performance of Digital Mammographic X-Ray Equipment:
Determination of Noise Equivalent Quanta (NEQ,c) and Detective Quantum
Efficiency (DQEqc) Compared with the Automated Analysis of CDOMAM Test
Images with CDCOM and CDIC Programs
Untersuchung zur Leistungsfahigkeit digitaler Mammografie-Einrichtungen: Bestimmung der

rauschaquivalenten Quantenzahl (NEQ,c) und der detektiven Quanteneffizienz (DQEqc) im Vergleich
zu automatisierten Auswertungen von CDMAM-Priifkérperaufnahmen mit den Programmen CDCOM
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Zusammenfassung

v

Ziel: Es sollte ermittelt werden, welche Werte fiir
die Rauschdquivalente Quantenzahl, die detektive
Quanteneffizienz, die Modulationsiibertragungs-
funktion, das Rauschleistungsspektrum und fiir
die KenngroRen der automatischen CDMAM Priif-
korperanalysen einzuhalten sind, damit eine aus-
reichende Qualitdt von digitalen Mammogram-
men erreicht werden kann.

Material und Methoden: Im Rahmen von Priifun-
gen nach PAS 1054 (8 CR- und 12 DR-Systeme)
wurden Aufnahmen mit einem Priifkdrpereinsatz
gemacht, der zwei Bleikanten in nahezu horizon-
taler und vertikaler Richtung enthdlt. Es wurden
nur Originaldaten mit einem an der FH-Ko6ln
entwickelten Programm verarbeitet. Alle Ein-
richtungen erfiillten die Anforderungen an die
visuelle Erkennbarkeit von Goldpldttchen. Die
CDMAM Aufnahmen wurden zudem mit dem
Programm CDIC (FH-K&In) und CDCOM (EUREF)
ausgewertet.

Ergebnisse: Die CDMAM Aufnahmen zeigen ver-
gleichbare Werte fiir die KenngréfSen Genauigkeit,
Sensitivitdt und Spezifitdt. Fiir vergleichbare Er-
gebnisse benotigen DR-Systeme etwa halb so viel
Dosis wie CR-Systeme. Die Werte der NEQ bei der
Dosis, mit der die CDOMAM-Aufnahmen angefertigt
wurden zeigen groflere Streubreiten. Die unter-
schiedlichen Systemtypen haben eine MUF, die
sich signifikant voneinander unterscheiden.
Schlussfolgerungen: Die visuelle Auswertung von
CDMAM Aufnahmen ldsst sich durch eine maschi-
nelle ersetzen. Grenzwerte fiir die einzelnen
Kenngroen wurden ermittelt. Die Bestimmung
der physikalischen KenngréfSe NEQq ist der auto-
matischen Auswertung von CDMAM Priifkérper-
aufnahmen vorzuziehen. Sie ist weit sensitiver
gegeniiber Rausch- und Scharfe-Einfliissen und
besitzt eine hohere Validitit als diagnostische
Verfahren. Priifungen werden durch eine automa-
tische Auswertung objektiviert.

Abstract

v

Purpose: The purpose of this study was to deter-
mine the values for noise equivalent quanta, de-
tective quantum efficiency, modulation transfer
function, noise power spectrum, and the values
for the parameters for automated CDMAM test
phantom analyses required to achieve satisfac-
tory quality of digital mammograms.

Materials and Methods: During the course of tests
according to PAS 1054 (8 CR and 12 DR systems),
test images were made with a test phantom inser-
tion plate containing two lead edges in nearly
horizontal and vertical directions. Only original
data were processed with a program that was de-
veloped at the Cologne University of Applied Sci-
ences (FH-Kdln). All equipment systems complied
with the requirements regarding visual recogni-
tion of gold-plated mammo detail test objects.
CDMAM test images were also evaluated using
the CDIC (CUAS) and CDCOM (EUREF) programs.
Results: CDMAM test images show comparable
values for the parameters, precision, sensitivity
and specificity. DR systems require about half the
dose used for CR systems for similar results. The
NEQ values achieved with the dose used for the
CDMAM test images show larger scatter ranges.
The MTF of the different equipment system types
differ significantly from each other.

Conclusion: Visual evaluation of CDMAM test
images can be replaced by automated evaluation.
Limiting values were determined for each param-
eter. Automated evaluation of CDMAM test phan-
tom images should be used to determine the
physical parameter NEQqc. This method is much
more sensitive to noise and sharpness influences
and has a higher validity than diagnostic meth-
ods. Automated evaluation objectivizes testing.
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Introduction

v

Up to now, automated methods may not be used to evaluate
mammographic test phantom images according to the regula-
tions for acceptance and constancy tests [1-4]. The MammoCon-
trol DIANA software developed by the Reference Center for Mam-
mography in Muenster for mammographic screening already
offers a platform for automated, centralized quality control [5,
6]. This software enables, in principle, both the transmission of
measurement values and test phantom images as well as auto-
mated evaluation. Various analysis algorithms can be implemen-
ted due to the modular structure of the software. The software
gives immediate feedback to the operator. Preparations for auto-
mated evaluation of test phantom images in mammography
screening are far advanced [7].

The constancy test for screening including a visual evaluation of
CDMAM test phantom images must be conducted on an annual
basis (in the field of curative mammography every two years).
This image quality test that is decisive in obtaining/extending ap-
proval to conduct patient examinations has the shortcoming that
the foreseen analysis by three viewers contradicts ICRU recom-
mendations [8] due to the lack of randomization and learning ef-
fects as well as the switching back and forth between recognizing
circular test objects and noise analysis. The test objects them-
selves can cause significant variations in the detection rate. There
is reasonable doubt whether this method offers adequate accu-
racy and whether it is suitable for this application. A significant
change in the detection rate can only be observed if the dose is
increased by a factor of 2 [9]. The CDCOM program [10] offered
by EUREF [11] does not meet the requirements for a diagnostic
method as it does not provide values for specificity and detection
accuracy nor has the detection process been clearly described. It
is a noise analysis-based method that enables further processing
of its primary detection rates in various ways. An alternative
method, the freely available CDIC [12], is a diagnostic method,
and its detection method has been clearly described [13]. No lim-
iting values that could be used for image quality testing are avail-
able for either of these methods. Nevertheless, the phantom was
used in other studies to compare image quality [14].

Therefore, comparative examinations must be made with equip-
ment systems that comply with the existing PAS 1054 and statu-
tory requirements (CDMAM) to determine and compare values in
order to extrapolate limiting values that were obtained with dif-
ferent methods. Physical methods provide values based on the
IEC Standard [15] for the modulation transfer function (MTF),
noise power spectrum (NPS), noise equivalent quanta (NEQ) and
detective quantum efficiency (DQE). Diagnostic methods provide
parameters such as sensitivity, specificity and accuracy [16, 17].

Materials and Methods

v

Additional test phantom images were made during the course of
the annual constancy tests of digital mammographic X-ray equip-
ment according to PAS 1054 (with 8 CR and 12 DR detector sys-
tems; the tests with the Slanted Edge insert started later. This re-
sulted in a weak data basis for the physical methods in respect to
the CDMAM analysis). The tests according to PAS 1054 and the
visual evaluation of the CDMAM test phantom images were con-
ducted by employees of the Priifstelle fiir Strahlenschutz (pfs) (a
private German Test Center for Radiation Protection). A test plate
for the PAS 1054 test phantom was developed for these addition-
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al exposures. It contains two lead edges that are imaged with a
slight tilt toward the detector matrix (ROI - Region of Interest,
of 10x30mm). The test phantom used is described in detail in
[9]. When the test phantom is correctly positioned, the angle to
the edge of the Bucky table on the chest wall side equals about
3°. To determine the characteristic curve, a series of exposures
was made with different tube loads [mAs] and the target-filter
combination normally used for patient exposures together with
a “manual exposure technique” with each of the tested digital
mammographic systems. The field that does not attenuate the
primary radiation was analyzed. The estimated detector dose
was used as the corresponding dose; the entrance surface air ker-
ma (ESAK; without backscattering) on the test phantom was cor-
rected by the extended distance to the detector as well as with a
Bucky factor of 2. Depending on the detector type, a curve was
fitted through the data points with a linear, logarithmic or poten-
tial function. Prior to further evaluation, all images were trans-
formed into a “dose image,” that is, linearized.

In addition to [18], a window function (Hanning Window [19]) was
applied to the central ROI (see below). The MTF-INDEX is deter-
mined as the average value of the frequency range from 0 Ip/mm
to the limiting frequency of the detector. The center of the test
plate, 6 cm away from the chest wall with the test phantom posi-
tioned in the middle of the Bucky table, is exposed by the central
X-ray beam. This area of 30x30 [mm] is used to determine the
NPSqc. A flat field correction (polynomial fit) is applied to the
NPSqc ROl while maintaining the average value. The 2-dimensional
noise spectrum is calculated according to [20]. To create a 1-di-
mensional display, the NPSyc values of the same frequency (with
the same radius in the 2-D spectrum, center=Frequency 0) are
averaged. The median of all NPSqc values was used for the NPS-IN-
DEX to dampen the influence of fixed pattern noise (FPN) that pri-
marily occurs in the lower frequency ranges.

The terms and definitions of IEC, like DQE, NPS, MTF and NEQ are
indexed with QC as “Quality Control” to stress on the one hand the
methodical closeness and on the other hand the existence of some
minor, experimentally based differences to establish these values.
Based on the DQE measurement, a modified formula according to
[20] was used to determine the detective quanta efficiency
[DQEqc]:

DQE,.= MTF -Index’ 7(#’"*5/\'/5,/3‘5%@@( 7
with the MTF-Index of the respective better MTF curve (usually
horizontal to the chest wall side), ESAKpya is the dose calculated
using the characteristic curve from the average pixel value in the
ROI to determine the NPS, and @, is the interpolated quanta flu-
ence (© Table1) and the NPS-Index is the median of the NPSyc
values across the frequency range under review.

In preparing the reference test image, the dose was measured
with a calibrated dosimeter at the position in the phantom
provided for this purpose.

The evaluation included only systems that provided access to ori-
ginal data (according to IEC Definition [15], or to DICOM images
“for processing” [21], or to raw data). In the case of some CR sys-
tems, DICOM images “for presentation” were saved in the con-
stancy testing mode (linear or related designations) without re-
cognizable image processing. Some of the tested CR units deliver
original data, but nevertheless they were processed in such a way
that establishing the characteristic curve was not possible (Crop-
ping) but the evaluation of the CDMAM images was. The require-
ments for visual recognition of gold-plated mammo detail test
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Table1 The values for the quanta flux, which are presented in the table, are calculated with an open accessible program of Siemens [25] based on the proce-
dure of |. M. Boone [23]. The used coefficients of interaction are sourced by NIST [24]. The calculations consider the tube filtering, 550 mm air in the course of
beam, T mm PMMA for the paddle, 46 mm PMMA for the test device, T mm for the carbon fiber laminate of the bucky table and T mm Al for the influence of the

grid on the beam quality.

Tab.1 DieinderTabelleangegebenen Werte fiir die Quantenfluenz am Detektoreingang wurden mit einem 6ffentlich zuganglichen Computerprogramm von
SIEMENS [25] berechnet, das auf dem Verfahren von |. M. Boone [23] beruht. Die verwendeten Wechselwirkungskoeffizienten stammen von NIST [24]. Die Be-
rechnungen berticksichtigen die Zusatzfilterung, 550 mm Luft im Strahlengang, 1 mm PMMA fiir das Paddel, 46 mm PMMA fiir den Priifkdrper, 1 mm CFK fiir
den Buckytisch (Auflageplatte) und 1 mm Al fiir den Einfluss auf die Strahlenqualitdt durch das Raster.

quanta fluence [1/(mm?2 'mGy)]

tube voltage [kV]

target filter filter [um] 26 28

Mo Mo 32 10,624,633 11,654,676
Mo Rh 25 11,700,324 12,240,600
Rh Rh 25 12,405,710 12,945,572
W Rh 50 12,440,765 12,846,260
w Ag 50 E 0

W Al 250 13,043,945 14,431,527
w Al 500 13,210,110 14,632,300

* incalculable by the used program, but required in the future
* mit dem verwendeten Programm nicht berechenbar, aber zukiinftig benétigt.

objects in the CDMAM test images had to be fulfilled, and the
responsible radiologist had to agree with the preparation of the
test images.

Automated Evaluation Methods

All test images were evaluated with the help of an internally de-
veloped batch processing program in which the three methods
were integrated: CDCOM (Version 1.5.2), CDIC (Version 3.10)
and SE (Slanted Edge). Certain tags from the DICOM File Meta In-
formation (header) had to be used during processing. The head-
ers of the individual test images were supplemented as needed
whenever tags had not been automatically filled in. The charac-
teristic curve, pixel value versus detector dose, was automatically
determined from the “mAs series.” The parameters of the linear
smoothing functions (linear or logarithmic equations and/or po-
tential function (y =a*xP)) were recorded in a database. These val-
ues are needed for the dose linearization of the original data.
The evaluation method described in [9] for the SE method was
modified. Instead of using the average glandular dose (AGD) to
replace the quanta fluence (®;,) in the detector surface, the quan-
ta fluence at the detector was estimated. Normally, ®;, is deter-
mined using a dose and an aluminum half value layer (Al HVL)
measurement at the detector. However, such measurements can-
not be made on site due to a lack of access, at least with DR sys-
tems. As a result, ®;, was estimated as follows: The entrance sur-
face air kerma (ESAK) was corrected by the extended distance to
the detector (inverse square law, specification of the focal spot-
detector distance in the manufacturer’s documentation, or, in
the case of a lack of access, a fixed value of 65 cm) and an attenua-
tion factor of two was assumed for the Bucky table (see [22]) and
grid attenuation. This factor represents an upper limit and most
mammographic X-ray equipment exhibits an effective value that
is very close to this value. The error or measurement uncertainty
that occurs due to a possibly overestimated attenuation or varia-
tion between different systems is probably only in the range of a
few percent and is small compared with the uncertainty of the
dose measurement. A pixel value is determined in the open area
of the PAS 1054 test phantom that is correlated with a detector

30 32 34 36

13,072,705 14,639,916 16,372,435 18,093,313
13,053,155 14,083,138 15,365,921 16,766,246
13,557,945 14,313,211 15,157,267 16,056,749
13,468,413 14,491,935 15,909,125 17,689,924
15,825,607 17,303,299 18,769,454 20,217,760
16,068,760 17,595,597 19,106,050 20,594,917

dose ESAKp,. According to Boone [23], the quanta fluence can be
calculated from the detector dose and the manufacturer’s specifi-
cations regarding target-filter combination and tube voltage. That
means that by determining the MTFq, the NPSqc and the @y, a val-
ue can be calculated that roughly approximates the DQE. The value
determined in this way is designated as system power (DQEqc) to
differentiate it from the DQE according to IEC [15]. All physical
parameters are marked with the index QC, for Quality Control, to
differentiate them from the IEC parameters: DQEqc, NEQqc etc. A
correction of the fixed pattern noise to compensate for low fre-
quency interference as required by IEC cannot be made due to the
limited number of images made and the corresponding area.

The system power at discrete frequencies (1, 2, 3, 4, 5, ... Ip/mm)
according to IEC [15] was also calculated.

Results

v

Diagnostic Methods

All important data are summarized in © Table2. As shown in
© Fig. 1a, the values for sensitivity, specificity and accuracy that
were determined with the CDIC program are all at about the same
level regardless of the equipment system used. DR systems exhibit
the trend that a higher dose leads to an increase in the 3 param-
eters. The average values for the three parameters cannot be statis-
tically separated between the DR and CR systems as the uncertain-
ty ranges overlap.It is striking that the standard deviation for the
sensitivity, the suitability of the method to detect circular-shaped
structures, is significantly greater than for the other two param-
eters: 13 to about 2 %. With about 10 analyzed CDMAM test ima-
ges, the uncertainty of the average value of the specificity and ac-
curacy parameters is so small that the plateau value is almost
reached. However, the uncertainty of the average value of the sen-
sitivity parameter remains at a high level regardless of the number
of averaged test images. The average values reduced by the stan-
dard deviation (with a confidence interval of 1g) may be used as
limiting values for acceptance tests. Based on the above, the follow-
ing values apply when using the CDIC program: sensitivity 24, spe-
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Fig. 1 a Comparison of the results of an automatic evaluation of CDMAM
test images of different DR and CR systems, which are yielded with the
program CDIC (CUAS), b Comparison of the results of an automatic evalu-
ation of CDMAM test images of different DR and CR systems, which are
yielded with the program CDCOM (EUREF).

cificity 93, and accuracy 66. These values can be achieved if the
dose used with CR systems is approximately double the dose used
with DR systems: ca. 6:12 and if the entrance surface air kerma
(ESAK) of DR systems amounts to at least 3 mGy.

In evaluations performed with the CDCOM program (¢ Table 2,
© Fig. 1b), DR systems do not exhibit a recognizable dose depen-
dence. The distribution around the average value equals ca. 6%. A
value of 70 should be used as the lower limiting value for sensi-
tivity Scpcom- There is no need to mathematically adjust the re-
sults to visual evaluation methods as such adjustments signifi-
cantly depend upon the visual evaluation method selected.

Physical Methods

Values for NEQqyc and DQEqc can be determined with the values
measured for MTF-INDEX, NPS-INDEX and dose as well as by using
the values for quanta fluence (© Table 1). The uncertainty in deter-
mining the MTF is very small (standard deviation of 6 test images of
about 1%), and the values determined are independent of dose, tar-
get-filter combination (TFC) and tube voltage (© Table3). Nearly
identical values are achieved for the respective detector types of
the different equipment systems (© Table 3). The idea of horizontal
and vertical edges that was originally developed for testing CR sys-
tems also proved effective in testing the Sectra System in which the
MTF characteristic curves differ significantly from one another
(© Fig.2). The uncertainty in determining the NPSqyc was estimated
using the standard deviation of the values of a potential fit function
over the upper half of the NPSyc spectrum. Depending on the sys-
tem, relative fluctuations of 2 - 5% of the polynomial fit can be ob-
served. The uncertainty of the value for NPS-INDEX can be reduced
to under 1% by using the quantity of up to one hundred interpola-
tion points. The greatest uncertainty in determining detective
quanta efficiency DQEq results from the dose measurement. The
uncertainty from the calibration and the determination of correc-
tive factors for different radiation qualities (TFC, Al HVL, X-ray tube
voltage U) dominate the overall uncertainty of the method. The es-
timation of input fluence is subject to slighter uncertainties but is
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Abb.1 a Vergleich der Ergebnisse einer automatischen Auswertung von
CDMAM Priifkérperaufnahmen mit dem Programm CDIC (FHK) von unter-
schiedlichen DR- und CR-Systemen, b Vergleich der Ergebnisse einer auto-
matischen Auswertung von CDMAM Priifkorperaufnahmen mit dem Pro-
gramm CDCOM (EUREF) von unterschiedlichen DR- und CR-Systemen.

Table3 Results of the determination of the MTF-Index with respect to
different tube loadings and voltages on the system: MammoDiagnostDR
(manufacturer: Philips Medical Systems).

Tab.3 Darstellung der Unabhingigkeit der Werte fiir den MUF,, -Index von
unterschiedlichen Spannungen und Ladungen am Beispiel des MammoDiag-
nostDR (Hersteller: Phillips Medical Systems).

Tube Tube ESAK MTFvert.-
loading Q voltage U Index
[mAs] [kvp] [mGy]
71 28 2.16 0.744
80 28 2.43 0.740
90 28 2.74 0.737
100 28 3.04 0.739
110 28 3.34 0.737
125 28 3.8 0.737
125 26 3.07 0.738
140 26 3.44 0.742
160 26 3.93 0.744
80 30 2.61 0.738
90 30 2.93 0.734
100 30 3.26 0.737
average 0.739
standard dev. 0.003
standard dev.% 0.41
uncertainty U 0.001
u% 0.12

primarily dominated by PMMA filtration. Once NEQ and dose are
linked linearly with each other, the sensitivity to changes in dose
or detector sensitivity lies in a range of just a few percentage points.
The values of the physical parameters of the CR systems exhibit
very similar values, especially the NEQqc value. The values of the
Agfa DM X System with “Needle Phosphor” technology are also
very close to the other CR results when one considers that the
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Fig.2 Vertical and horizontal MTF of the Sectra
System as an example for an asymmetric MTF of
a DR system.

Abb.2 Vertikale und horizontale MTF des Sectra

Systems als ein Beispiel fiir eine asymetrische MTF
eines DR Systems.

1
E 09 -
& s « MTE vertical
= 0, | slanted edge
B 0,7
= 06 " e MTF horizontal
[T ]
o slanted edge
€05 \’%.
15 [
= 04 | -
c [ ]
§ 03 ~
P | | “g
3 \‘ »
2 01 AE
0 1 ™ =
0 2 4 6

frequencyin line pairs [Ip/mm]

system has a significantly better DQE and is operated with
entrance doses that are used with “Powder Phosphor” systems.
The DR systems exhibit wider ranges; the Sectra System should
be retested due to the suspicion of image processing (see also
asymmetric MTF results); the GE Senographe 2000 seems to be
an example of an underexposed DR System.

The minimum limiting value for NEQqc that must be achieved is
approximately 370,000. This value is not an averaged value from
measured data, but rather it’s a preliminary fixed one under spe-
cial respect of the values of CR systems. Some DR systems showed
some irregularities which could not be explained without new
test series and a broader data base. If, in addition, the detector-
specific values for MTF-INDEX are achieved, one can be sure that
the equipment systems will produce diagnostic-level image qual-
ity regardless of the respective detector technology.

Discussion

v

Automated analysis of test phantom images must fulfill three
criteria: objectivity, reliability and validity. Automated analysis
provides objectivity for all physical methods. Reliability is also
ensured as uniform threshold values, algorithms, etc. are used.
Validity is achieved by determining the dose (in line with IEC
written as d), the MTFyc and the NPSqc as they are clearly linked
with the DQEqc and the NEQq:

_ MTF-Index?« ¢?
NEQyc NPS-Index 2

with d2 = Signal (mGy)

The first two criteria are fulfilled by diagnostic methods. The third
criteria can only be determined by comparison with physical
methods.

In performing automated evaluation, the tags in the DICOM header
should be used to accelerate the method. Missing or incorrect tags
significantly disrupt automated evaluation. We determined during
this study that one cannot assume that tags are complete and cor-
rect and that possible tag entries in certain fields according to DI-
COM do not always lead to a logically clear classification of the sys-

10

tems: e.g. tag 0008;0060 - Modality. In this case, one cannot
clearly determine whether a DR or a CR system is involved.

The manufacturers’ claim of “DICOM conformity” for all of the
equipment systems does not ensure that automated evaluation
is possible. We also determined at the same time that the term
“original images” definitely has different meanings. For instance,
operations such as histogram cropping are performed making
the plotting of a characteristic curve impossible and preventing
further physical analyses.

To enable testing of the physical quality of the detector, all man-
ufacturers must comply with the IEC requirements for original
images and the DICOM standard for header tags. The EUREF
Group will include the requirement in the new supplement (to
be published probably by year 2011) that the original images
must be made available.

Diagnostic Methods

Automated diagnostic methods exclude the influence of the
viewer and have high reproducibility. However, the values for
standard deviation in evaluating different images produced with
the same exposure parameters and slight shifts in phantom posi-
tion are finite: for sensitivity with CDIC about 10% and for accu-
racy about 1-2% and about 5 % with CDCOM. This requires that a
sufficiently large number of CDMAM test images must be made
to ensure that the uncertainty of the result remains at a reason-
able level: ca. 10 test images also for automated evaluation. All
three parameters, the dose measurement, the phantom and the
method influence the accuracy, that is, influence the cross-com-
parability of the results. It should be noted that there are no sys-
tematic studies about how diagnostic methods using different
detection methods react to interference (FPN and/or TN, MTF
changes, etc.), i.e., about the validity of these methods. See
© Fig. 3 for two sample results of CDIC in which the results of an
analysis are presented: gray shaded circles represent the true po-
sitions of gold discs (type 3.14). Colored dots - blue in the center
and red in corners - represent findings (TP and FP).

The EPQC method uses two different limiting values. The ratings
“acceptable” and “achievable” should be used with diagnostic
methods. “Achievable” should correspond with the average value
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and “acceptable” with the average value reduced by the standard
deviation.

LSS
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8

Fig.3 Results of CDIC, a Agfa CR 85 Planmed Sophie Nuance, b Siemens
Mammomat Novation DR.

Abb.3 Ergebnisse von CDIC, a Agfa CR 85 Planmed Sophie Nuance,
b Siemens Mammomat Novation DR.

Physical Methods

Characteristic curve: We determined that when using standard
exposure parameters for the CDMAM test image, the open area
in the aluminum step wedge region was frequently overexposed
and could not be used for the evaluation. Therefore, the exposure
parameters for the CDMAM test image should be used as maxi-
mum values, and subsequent test images be made with a lower
dose.

Determination of the MTFyc or the NPSyc does not dominate the
uncertainty of NEQ qc, but rather the uncertainty of the dose
measurement is the limiting factor. The value of NEQq is a re-
quired parameter to describe detector-related image quality, but
has to be completed by an additional value which gives informa-
tion regarding the imaged dynamic range of glandular tissue re-
spective to the contrast in the image. A specific test procedure is
under development.

Test equipment: The edge can be produced with an accuracy that
fulfills the IEC requirements (5 - 8 pum according to manufacturer's
data from PEHA med. Gerdte GmbH, Sulzbach). That means that
the edge testing device does not notably influence the test result.
This means in practice that as a rule, only a few test images that
can be used for the evaluation must be made and that they are
very dose-sensitive. As modern generators and dosimeters have
very high reproducibility, a deviation of just a few percentage
points in NEQqc can indicate that the ROI was not correctly posi-
tioned when evaluating the image. In such cases, additional test
images must be made to exclude incorrect measurements.

Cross-Comparability

Theoretically, one would expect that systems that fulfill the re-
quirements for image quality and dose would exhibit a close corre-
lation between the dose required to produce CDMAM test images
and the NEQqc calculated using the same dose. However, as the
CDMAM test is not particularly dose-sensitive, one can only expect
arough correlation between the dose required for a certain NEQqc
and the dose with which the CDMAM test images were made. This
expectation was confirmed (© Fig.4). One may assume that a mini-
mum NEQq value of 370,000 must be achieved.

Fig.4 Comparison of NEQq yielded with the dose
of CDMAM exposures with the results of diagnostic

82 methods (Sectra results included).
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