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Abstract — The definition of reference dose levels has to be linked with the definition of image quality. Unfortunately, there is
still no general agreement on the definition of image quality in mammography, and most of the protocols used are based on the
detectability of objects having various shapes and contrasts. To facilitate the task of assessing image quality, scoring methods
are often used to produce a single number representative of the imaging chain performance. The goal of this study is to present
a comparison between different ways of assessing image quality commonly used in Europe. A set of five mammograms, having
different image quality levels, has been obtained with several test objects and compared. The results show large sensitivity
variations among the different methods. Concerted work between radiologists and physicists is still required to define the radiologi-
cal tasks and develop objective ways to measure image quality in mammography.

INTRODUCTION

The efficient use of ionising radiation in radio-
diagnosis involves three factors: radiographic technique,
patient dose and image quality. A good radiograph
should produce an image containing all the information
essential for diagnosis and should result in the minimum
possible dose to the patient(1,2). To achieve such
requirements, careful training and quality assurance pro-
grammes need to be organised. In the case of mammo-
graphy a stricter optimisation scheme needs to be
applied since it is one of the most technically
demanding procedures, and since mass screening cam-
paigns are now becoming common practice. The quality
of radiographic technique relies mainly on radio-
graphers’ training. At the present time each country has
its own education scheme, but from the growing number
of seminars or refresher courses dedicated to this matter,
one can expect a continuous improvement of the present
situation in the next few years. Concerning patient dose,
despite the fact that it can be assessed by means of
several quantities, it is always possible to compare dif-
ferent situations. Definition and calibration procedures
exist which make conversion tasks possible. The only
major problem which remains unsolved is the conver-
sion of the breast dose to the associated risk(3). Never-
theless as shown by Law(4), more and more epidemiol-
ogical data can be used to improve the present situation.

Image quality is a well defined subject in imaging
sciences. The basic quantities include the Modulation
Transfer Function (MTF), the Wiener spectrum, the
dynamic range and the contrast. These parameters can
be measured separately, but their interplay on the visual-
isation task of objects is not yet fully understood. This
last point is crucial since the efficiency of radiology
depends directly upon visualisation tasks, and it is well
known that the human brain allows, to a certain extent,
the compensation of one image quality parameter by

another one. To complicate the situation, visualisation
is also observer dependent.

The goal of this study is to present a comparison
between different ways of scoring image quality. Thus,
images with various image quality levels, were prepared
with the common test objects used in Europe, and sent
to centres familiar with the test object under study for
image quality assessment. The sensitivity of the differ-
ent scoring methodologies is reported.

MATERIAL AND METHOD

All the test objects involved in the study were imaged
under five different imaging conditions in order to
obtain a wide range of image qualities varying, as much
as possible, each parameter individually (e.g. contrast,
resolution and noise).

All the films were obtained using a Siemens
Mammomat II unit, which complied with the CEC
recommendations(5). The two different screen–film sys-
tems used in the study were the Fuji Fine/Fuji UMMA,
and the Kodak MinR/Kodak MinRH system. The stan-
dard exposures were made at 28 kV, using an antiscatter
grid, a tungsten anode, a molybdenum filter and the Fuji
system (Ref. film). Film net optical densities were in
the range of 1.1 to 1.4. Film processing was performed
in a Typon chemistry (Typon, Switzerland) using a
Kodak M35 daylight processor (140 s, 34°C) or an auto-
matic Kodak M8 processor (90 s, 35.5°C).

In order to get a wide range of image qualities, the
following imaging conditions were used to expose each
test object. Film C− (film with a lower contrast than
Ref. film) was obtained with the reference system but
at 35 kV, whereas film C+ (films with a higher contrast
than Ref. film) was obtained with the reference system
but at 25 kV. Film R− (film with a lower resolution and
a lower noise level than film Ref.) was obtained with
the reference system but with a transparent foil (0.1 mm
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thick) sandwiched between the screen and the film, and
film N+ (film with a higher noise level than film Ref.)
was obtained with the Kodak system and a processing
time of 90 s in an inappropriate chemistry.

The different test objects involved in the study and
the scoring methods used are briefly described in
Figure 1. Two methodologies (IQI and NIJ evaluations)
used a fully objective assessment of image quality (i.e.
no observer involvement).

A set of five films, obtained in the imaging conditions
just described, was prepared with each test object. The
participants then received the films of their test objects,
and were asked to score the different films. The image
quality was assessed by at least four different observers
in each centre.

To characterise objectively the image quality of the
films, three parameters (i.e. contrast, resolution, and
noise) were measured using the items available in the

Figure 1. Test objects and scoring methods used in the survey.

IQI test object(6,7). The films were digitised with an
ACS 100 Agfa scanner having a nominal resolution of
2400 dpi (dots per inch) and a dynamic range of 12 bits.
The results obtained for the reference film are summar-
ised in Table 1 where C is the contrast between a 0.2
mm thick aluminium foil imbedded in 44.8 mm of
PMMA and 45 mm of PMMA (measured in optical den-

Table 1. Objective characterisation of the films.

Film ref. C (o.d.) G2 (mm) R (mm−1)

Ref. 0.30± 0.01 2.9± 0.2 4.2± 0.1
C+ +10% = =
C− −30% = =
R− = −40% −48%
N+ = +158% =
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sity unit), G2 is the Selwyn coefficient, proportional to
the zero spatial frequency value of the Wiener noise
spectrum, and R is the integral under the MTF curve
from 0 to 10 cycles.mm−1 (equivalent passband).

RESULTS AND DISCUSSION

To reduce inter-observer variation, the average
scores, within centres, of the five films are summarised
in Table 2. The first two columns give the results pro-
duced by the fully objective methods employed in this
study. Several centres did not calculate a score, but gave
the results of several parameters available from the test
objects. In these cases (i.e. for NRT and TMAX test
objects) the scores were calculated by means of the
methodology used in a particular centre (see Figure 1).
The last line of the table gives an indication of the range
of the acceptable scores (when available). The relative
differences between the scores of the reference film and
the ones produced by the other films have been calcu-
lated for each test object. The results have been then
categorised in four classes: A sign ‘+’ was given when
the relative difference in scores was below 10%; a sign
‘++’ was given when the relative difference in scores
was within 11 to 20%; a sign ‘+++’ was given when
the relative difference in scores was within 21 to 50%,
and a sign ‘++++’ was given when the difference in
scores was higher than 51%. These results are reported
in Table 3.

A wide range of sensitivities (i.e. relative difference
in scores) appears when using the test objects and scor-
ing methods described in Figure 1. Among the two fully

Table 2. Results of the scores produced by the different test object.

Film ref. Objective methods Pseudo-objective methods

IQI(6,7) NIJ(8) CD-M(8) FER(9) NRT(10) TMAX (11) TMAM (11) MTM (12) NEWC(13) ACR(14)

C+ 0.172 0.741 2.70 11.5 7.40 32.13 78.30 32 38.50 29.5
Ref. 0.179 0.766 2.90 9 6.40 29.23 68.15 40 38.75 27.0
C− 0.209 0.659 3.85 6 4.20 26.00 48.90 13 30.50 12.0
R− 0.207 0.702 2.97 8 4.27 28.56 70.00 22 33.75 23.0
N+ 0.214 0.746 3.71 4 5.27 26.88 43.30 13 31.75 10.3
acceptable ,0.195 .*? #3.50 $ 8 .*? .*? $70.0 $28 .*? $21.0

*? no limit established

Table 3. Relative variations of the scores for the different test object and scoring methods.

Films Parameters IQI NIJ CD-M FER NRT TMAX TMAM MTM NEWC ACR

Ref./C− Contrast ++ ++ +++ +++ +++ + +++ ++++ +++ ++++
Ref./R− Resolution ++ + + ++ +++ + + +++ ++ ++

Noise
Ref./N+− Noise ++ + +++ ++++ ++ ++ +++ ++++ ++ ++++

objective methods, the IQI is the most sensitive method.
However, its sensitivity is relatively low in comparison
with other common scoring methods involving
observers. The most sensitive methodologies are the
ones which used the MTM and ACR methods (i.e. test
objects and scoring procedure). However, it should be
pointed out that the ACR procedure would have
accepted film R−, since its score is above the limit value
of 21, in spite of the fact of its lack of resolution. The
most surprising results have been obtained with the
TMAX test object, which produced large variations in
results when considering individual parameters (see
Table 4), but which had no sensitivity when applying
the scoring methodology. This result shows clearly that
the scoring method used here for the TMAX test object
was inappropriate.

Table 4. Results produced by the TMAX test object.

Film ref. Contrast Resolution Low contrast Score
index limit sensitivity

(1.6 mm
detail)

Ref. 1.26 12.5 1.2% 29.23
C− 0.96 11.1 1.6% 26.00
R− 1.24 6.3 0.83% 28.56
N+ 1.45 11.1 2.0% 26.88
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CONCLUSION

Definition of reference doses has to be associated
with image quality. In mammography several test
objects allow image quality to be quantified by giving
a single number. To adopt such a procedure, the assess-
ment of the sensitivity of the methodology is of prime
necessity. Several pseudo-objective methods have dem-
onstrated a high level of sensitivity, but unfortunately
these methods are observer dependent. One fully objec-
tive method (i.e. IQI) produced acceptable results; how-
ever, some improvements are still needed to increase
its sensitivity.
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of Malmö; Dr B. Axelsson and Dr B. Hansson from the
Karolinsky Hospital of Stockholm; Ms A. T. Klang
from the Sahlgrenska University Hospital of Gothen-
burg; Dr N. Baadegaard from the National Board of
Health of Copenhagen; Dr M. Princivalli from the Mes-
tre Hospital (I); Dr R. Gallini from the Unita` socio sanit-
aria locale 41 of Brescia; Prof. Di Maggio and Dr Gam-
baccini from the University of Ferrara; Dr G. Zonca
from the Istituto Nazionale per lo Studio e la Cura dei
Tumori of Milan; and Dr A. Flioni-Vyza from St Savas
Hospital of Athens.


