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OBJECTIVE. The objective of our study was to compare the detection and distinguishabil-
ity of microcalcifications on mammograms obtained with a digital direct flat-panel detector
versus an analog system using an anthropomorphic breast phantom.

MATERIALS AND METHODS. Studies were performed with a digital mammography
system (Selenia) and an analog mammography system (Mammomat 3). Sixty-five transparent
films were used as test specimens. Randomly distributed round and heterogeneous silicate par-
ticles (diameter, 100–1,400 µm) and an anthropomorphic scatter body were applied to the
films. All radiographs were taken at identical settings and exposures. Six radiologists rated the
films and monitor-displayed images independently of each other in random order on a stan-
dardized electronic questionnaire.

RESULTS. Interpretations based on monitor reading produced superior results over those
based on digital image reading and analog film reading. In 41.1% (95% CI, 38.7–43.5%) of all
the monitor readings, 20.2% (18.2–22.2%) of all digital images, and 19.6% (17.6–21.6%) of all
analog films, the number of detectable microcalcifications agreed with the gold standard method.
The diameter of visible microcalcifications was interpreted correctly in 35.6% (33.2–38.0%) of
monitor readings, 19.0% (17.1–21.0%) of digital images, and 21.0% (18.9–23.0%) of analog
films; and microcalcification shape was interpreted correctly in 53.8% (51.4–56.3%) of monitor
readings, 28.2% (26.0–30.4%) of digital images, and 28.3% (26.0–30.5%) of analog films. Mi-
crocalcification number and size were underestimated more frequently than overestimated. Re-
gardless of display medium, accuracy increased proportionately with the diameter of the simu-
lated microcalcifications for all evaluation variables.

CONCLUSION. Digital flat-panel mammography is superior to the analog screen-film
method for the detection and morphologic characterization of microcalcifications larger than
200 µm in diameter when the display medium is a monitor.

he technologic demands placed on
mammographic imaging systems
are particularly great. First, a higher
local image resolution is required to

detect and morphologically characterize micro-
calcifications in the breast than in other organs.
Second, the dynamic range must be broad to en-
able simultaneous visualization of structures
with strong X-ray absorption, such as calcifica-
tions, and structures with poor absorption, such
as fatty tissue. Over time, various digital imag-
ing systems have been developed: The most im-
portant of the currently available commercial
technologies include computed radiography
systems using photostimulable phosphor plates,
digital flat-panel detector radiography with indi-
rect conversion, digital flat-panel radiography
with direct conversion, and linear quantum-
counting digital X-ray detectors [1–8].

Digital flat-panel detector radiography
with indirect conversion takes place in two
steps. In the first step, a scintillator layer
made of gadolinium oxysulfide or cesium io-
dide captures X-ray quanta and converts them
to light. In the second step, the light is con-
verted to electrical charges in photodiodes
made of amorphous silicon. In digital flat-
panel radiography using direct conversion,
X-ray quanta are converted directly to electri-
cal charges in a layer of amorphous selenium.
Direct flat-panel detectors represent one of
the more recent technologic approaches and,
compared with the other methods, offer the
advantages of a higher quantum efficiency be-
cause X-ray conversion takes place in just one
step and, thanks to the chemical properties of
amorphous selenium, larger-area imaging
systems are possible.
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The results of more recent experimental
studies on digital mammography using
stored-image and indirect flat-panel tech-
niques have shown that advances in develop-
ment have allowed the aforementioned tech-
nologies to be regarded as at least equivalent
to analog screen-film mammography in terms
of image quality and diagnostic accuracy
[9–14]. A previous phantom study performed
using direct flat-panel mammography sug-
gested that direct flat-panel mammography
was superior to the analog screen-film
method, to digital stored-image radiography,
and to indirect flat-panel detector radiogra-
phy in detecting fibrous structures, although
all methods detected microcalcifications and
round densities equally well based on a com-
parably low number of interindividual obser-
vations [8]. For the study detailed in this
article, we aimed to go beyond this by deter-
mining, on a larger sample and using an an-
thropomorphic model, the following: first,
whether the detection rate and morphologic
characterization of varyingly configured mi-
crocalcifications achievable with direct digi-
tal flat-panel mammography (test method)
are comparable with the diagnostic profile of
the analog screen-film technique (reference
method); second, whether monitor interpreta-
tion is diagnostically equivalent or superior to
film interpretation; and, third, whether within
an interobserver comparison results are af-
fected by the previous experience and exper-
tise that the interpreting radiologists have in
digital imaging techniques.

Materials and Methods
Imaging Systems

All equipment and machines were serviced be-
fore commencement of the study. The full-field
digital mammography system (Selenia, Lorad/Ho-
logic) had a double-focus molybdenum anode with
a 25-µm filter made of molybdenum used for the
test runs, or “takes”; a nominal focal spot size of 0.3
mm for survey images; and a honeycomblike grid.
Thanks to its polygonal structure and because the
interseptum material is air, the grid absorbs scatter
radiation as usable radiation more intensely in all
transverse directions. The focus–film distance was
65 cm. The flat-panel detector consisted of a semi-
conductor layer of amorphous selenium that was
placed under a direct current before X-ray expo-
sure. The absorption of X rays caused local charge
equalization; the charges were captured in an array
of electrodes, storage capacitors, and transistors lo-
cated behind the selenium layer and were converted
to electronic signals. After electronic enhancement
and analog-to-digital signal conversion, the digital

image data were sent to the imaging computer. The
active field of view of the flat-panel detector was
24 × 29 cm, the matrix had an array of
3,328 × 4,096 pixels, and the pixel edge length was
70 × 70 µm, which is equivalent to a nominal local
resolution of 7.2 lp/mm. Data were acquired in an
18 × 24 cm format, and 2,560 × 3,328 pixels of the
active field of view were used for imaging. Before
study initiation, the factory-set image processing
variables were optimized by systematic variation
and then were not changed during the studies.

The analog mammography unit (Mammomat 3,
Siemens Medical Solutions) was equipped with a
double-focus molybdenum–tungsten bimetal an-
ode. The nominal focal spot size for survey images
was 0.3 mm. The takes were done using a molyb-
denum filter (up to 40 kV, 0.03 mm). The fo-
cus–film distance was 60 cm. Min-R 2190 screens
(Eastman Kodak) and single-coated MIN-R 2000
mammography films (Eastman Kodak) with a blue
base support were used. The films had a format of
18 × 24 cm, equivalent to a nominal local resolu-
tion of 12 lp/mm, and were developed on a daylight
load system (Miniloader 2 Plus, Eastman Kodak).

Phantom and Simulated Microcalcifications
On 65 transparent universal laser printer films

with a format of 21 × 30 cm (type A P/N
003R96019, Xerox), a circle of 10 cm in diameter
was drawn and the circle was divided into four quad-
rants (I–IV). Each universal laser printer film was
then labeled for radiologic visualization by gluing a
wire to the film (Fig. 1). After this step, round or het-
erogeneous silicate particles (composition: SiO2

[65.0%], Al2O3 [0.5–2.0%], Fe2O2 [0.15%], MgO
[2.5%], CaO [8.0%], Na2O [14.0%]; diameter
classes: 1, 100–199 µm; 2, 200–399 µm; 3, 400–599
µm; 4, 600–800 µm) were scattered within the quad-
rants by random distribution and were fixed with ad-
hesive tape (Fig. 2). Single quadrants were left out of
this particle assignment. The shape and size of the
particles on the films were recorded for each quad-
rant. The number of simulated microcalcifications
located in each quadrant was counted under a surgi-
cal microscope (Wild M680, Leica) (Tables 1 and 2).

The 65 films (phantoms) with four quadrants
each (phantom quadrants) were imaged with a
digital mammography system (Selenia) and an an-
alog mammography system (Mammomat 3). A
1.5-cm-thick piece of acrylic plastic sheet (Plexi-
glas, Degussa) made of polymethylmethacrylate
(PMMA) and a similarly thick layer of ground
meat placed on the film before X-ray exposures
were taken served as scattering bodies. Because
the two X-ray systems were located in one spatial
unit, the digital and analog images could be pro-
duced in direct succession without having to
change the scatter-body configuration.

Imaging Technique
All images were obtained in the craniocaudal

plane. The same compression setting was used for
both methods. Preliminary tests for defining the op-
timal exposure settings were conducted in which
the kilovoltage settings were systematically
changed between 20 and 32 kV using the automatic
exposure control and a molybdenum filter on the
analog mammography system. After these tests, all
analog and digital scans were taken at a tube volt-
age of 29 kV and an exposure tube current of 18
mAs. The half-value layer (HVL), entrance skin ex-
posure, and average glandular dose were 0.40,
1.925 mGy, and 0.593 mGy for the digital system;
and 0.41, 1.875 mGy, and 0.588 mGy for the analog
system, respectively. The entrance skin exposure
was 1.875 mGy for the Mammomat 3 system and
1.925 mGy for the Selenia system, and the average
glandular dose was 0.588 mGy for the Mammomat
3 system and 0.593 mGy for the Selenia system.
The doses were measured with a calibrated dosim-
eter (Solidose 300, RTI Electronics AB). The man-
ufacturer states that the measuring error of the do-
simeter is ± 5%. This test proved that any minor
differences observed between the analog and digi-
tal methods with regard to the exposure doses are
within the range of error. Thus, the two machines
are comparable in terms of overall exposure levels.

Image Display
The digital imaging data sets were printed on a

dry laser printer (DryView 8610, Eastman Kodak)
that operates according to the direct thermography
principle. The geometric print resolution was 655
dots per inch (DPI), the effective pixel edge length
was 36 × 39 µm in a 5,025 × 6,200 pixel matrix, and
the contrast resolution had a 12-bit gray-scale depth
(4,096 gray levels). An infrared-sensitive photo-
thermographic film with a blue film base coating on
one side was used in a 18 × 24 cm format (DryView
laser imaging film, Eastman Kodak).

The digital system was connected to a viewing
workstation (Selenia Softcopy Workstation, Lo-
rad/Hologic) that was equipped with soft-copy read-
ing software (MeVis BreastCare, MeVis Bremen).
The graphics controllers (BarcoMed 5MP1H, Barco
NV) operated with an internal 12-bit gray-scale
depth equivalent to 4,096 levels of gray and a 10-bit
digital-to-analog converter (DAC) that converts the
signal for a display depth equivalent to 1,024 levels
of gray. The two monitors (Barco, Barco NV) had an
image field size of 30 × 40 cm in diameter with a
line resolution of 2,048 × 2,560 pixels (effective
pixel edge length, 147 × 156 µm). Whenever a scan
with a format of 18 × 24 cm was completely dis-
played on the monitor, a reduction in the geometric
resolution of approximately a factor of 0.8 resulted,
which is equivalent to 7 lp/mm. For a 1:1 reproduc-
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tion of the digital image data set, the image was cut
off slightly on one edge, producing an effective dis-
play resolution of approximately 8 lp/mm. Through
bicubic interpolation, the optical magnifying glass
option allowed factor-2 zooming of the digital im-
age data set.

Image Evaluation
A team of six board-certified radiologists rated the

analog films, digital scans, and monitor-displayed
digital images in randomized order and independently
of each other. Each observer specializes in diagnostic
radiology and at the time of the study had 3–15 years’

experience in interpreting routine diagnostic analog
mammograms and 1.5 years’ experience interpreting
digital mammograms. Observers 1 and 2 each had
completed many years of scientific research in digital
radiography. Observers 1 and 3 had the most experi-
ence with routine diagnostic mammography.

A B

C

Fig. 1—Radiographic study of universal laser printer film. Four quadrants were 
labelled by wire fixed to film for better radiologic visualization. Quadrant I contains 
round (class of number, 3; class of size, 3), quadrant II contains round (class of 
number, 3; class of size, 3), and quadrant IV contains round (class of number, 3; class 
of size, 2) particles; quadrant III contains no silicate particles. Number of 
microcalcifications was characterized as follows: class 0, no microcalcifications; 
1, 1–4 microcalcifications; 2, 5–9 microcalcifications; 3, 10–19 microcalcifications; 
4, 20–39 microcalcifications; or 5, > 39 microcalcifications. Diameter classes were 
class 1, 100–199 µm; 2, 200–399 µm; 3, 400–599 µm; and 4, 600–800 µm.
A, Digital image of film taken without scatter body for demonstration purposes.
B, Analog film image.
C, Digital film image.
(Fig. 1 continues on next page)
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The observers’ notations were entered on
structured questionnaires. The observers were re-
quired to rank the number of simulated microcal-
cifications visible as follows: class 0, no micro-
calcifications; 1, 1–4 microcalcifications; 2, 5–9
microcalcifications; 3, 10–19 microcalcifications;
4, 20–39 microcalcifications; or 5, > 39 microcal-
cifications. Size was ranked according to class as
follows: 0, not applicable (i.e., no microcalcifica-

tions in the phantom quadrant); 1, 100–199 µm;
2, 200–399 µm; 3, 400–599 µm; or 4, ≥ 600 µm.
The size rankings were based on the maximum
size of simulated microcalcifications observed
for each cluster. Shape was defined as round, het-
erogeneous, or not applicable (NA) if no micro-
calcifications were visible in the phantom quad-
rant. Data regarding diameter and shape were
related to the respectively largest silicate parti-

cle visible in one quadrant. For orientation, each
observer was given templates produced by the
analog and digital techniques and showing a per-
fect depiction of all shapes and sizes without the
scatter layer of ground meat (Fig. 2). The images
were evaluated in darkened rooms. While re-
viewing images on viewboxes, the observers
were allowed to use illumination lamps and
magnifying glasses.

D E

F

Fig. 1 (continued)—Radiographic study of universal laser printer film. Four 
quadrants were labelled by wire fixed to film for better radiologic visualization. 
Quadrant I contains round (class of number, 3; class of size, 3), quadrant II contains 
round (class of number, 3; class of size, 3), and quadrant IV contains round (class of 
number, 3; class of size, 2) particles; quadrant III contains no silicate particles. 
Number of microcalcifications was characterized as follows: class 0, no 
microcalcifications; 1, 1–4 microcalcifications; 2, 5–9 microcalcifications; 3, 10–19 
microcalcifications; 4, 20–39 microcalcifications; or 5, > 39 microcalcifications. 
Diameter classes were class 1, 100–199 µm; 2, 200–399 µm; 3, 400–599 µm; and 
4, 600–800 µm.
D, Magnified cutout of quadrant IV shown in A.
E, Magnified cutout of quadrant IV shown in B.
F, Magnified cutout of quadrant IV shown in C.
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Statistical Analysis
The notations made by the six observers for the

ranked variables’ number and size and for the qualita-
tive variable shape of detected microcalcifications,
separated according to the three display media, were
compared with the experimentally predefined constel-
lation in the phantom quadrants. In a first step, the cor-
rect interpretations of the six observers were cross-
tabulated in tables to summarize the results. Kappa
statistics were used to indicate the degree of agree-
ment between the gold standard and the ratings. Sec-
ond, the differences between the ranks of the observ-
ers’ interpretations and those of the predefined
experimental constellations of microcalcifications
were used to describe the direction and magnitude of

the error (deviation from reference) for each quadrant
for the first two variables. Assuming that each of the
four quadrants of a film counted as an independent rat-
ing, each observer produced 4 × 65 interpretations, or
a total of 260 interpretations, per display medium that
were available for deviation analysis. With regard to
the variables’ number and size, the sign of the error al-
lowed us to distinguish between observers’ underesti-
mations (negative sign) and overestimations (positive
sign) with regard to the predefined phantom constel-
lation on the scale of the respective rating entity.

For better graphic illustration of interobserver
variability, the deviation distributions were presented
in box plots (number and size) or contingency tables
(shape) separated according to observers and display

Fig. 2—Digital image 
shows all heterogeneous 
(top row) and round 
(bottom row) silicate 
particles ranging from 
size class 1 (left) to 
4 (right), respectively, 
without scatter body. 
Diameter classes were 
class 1, 100–199 µm; 
2, 200–399 µm; 3, 400–599 
µm; and 4, 600–800 µm.

TABLE 1: Number of Round Simulated Microcalcifications as a Function of Size

No. of Round Simulated 
Microcalcifications

Maximum Diameter (µm)

Total100–199 200–399 400–599 ≥ 600

1–4 1 3 1 0 5

5–9 2 8 16 5 31

10–19 9 11 16 2 38

20–39 8 2 2 0 12

≥ 40 20 1 0 0 21

Total 40 25 35 7 107

Note—Gold standard = total coverage in all 260 quadrants, 53 of which were not covered with silicate particles.

TABLE 2: Number of Heterogeneous Simulated Microcalcifications as a 
Function of Size

No. of Heterogeneous
Simulated Microcalcifications

Maximum Diameter (µm)

Total100–199 200–399 400–599 ≥ 600

1–4 0 0 1 1 2

5–9 1 1 9 9 20

10–19 3 13 18 15 49

20–39 5 6 4 0 15

≥ 40 11 2 1 0 14

Total 20 22 33 25 100

Note—Gold standard = total coverage in all 260 quadrants, 53 of which were not covered with silicate particles.

medium and independently of the simulated micro-
calcification size. To describe the effect that simu-
lated microcalcification size had on the quality and
accuracy of microcalcification detectability, the anal-
yses of the variables’ number and shape were divided
into classes for size of the actual experimentally pre-
defined constellations and were then repeated.

Using global comparisons of all three display
media (Kruskal-Wallis test), the distribution of the
differences in the observers’ notations from the ex-
perimentally predefined actual constellation (gold
standard) with respect to the display medium were
analyzed on the basis of the aforementioned errors
in direction and size and were supplemented by ex-
plorative paired comparisons between the different
types of scans (Mann-Whitney tests). The p values
were not corrected for multiple test scenarios.
Therefore, the interpretation of any differences ob-
served was only of an explorative nature.

Results
Monitor interpretation proved superior to

both the interpretation of digital images and the
review of analog films (Table 3 and Figs. 1 and
2). In this respect, the number of microcalcifi-
cations counted irrespective of their size was in
agreement with the gold standard count in
41.1% (95% CI, 38.7–43.5%) of all quadrants
when rated on monitor interpretation, in 20.2%
(18.2–22.2%) when rated on digital images,
and in 19.6% (17.6–21.6%) when rated on an-
alog films. As measured by the kappa value (κ),
the difference between perfect agreement and
agreement expected by chance for monitor in-
terpretation ratings was approximately 25.3%
and has been accounted for in the agreement
between observers’ interpretations and the gold
standard; for digital images and analog films,
kappa was less than 1%. When all observers
and quadrants were considered, the diameter of
the microcalcifications was correctly identified
in 35.6% (33.2–38.0%) using monitor interpre-
tation (κ = 0.193), in 19.0% (17.1–21.0%) on
digital images (κ = –0.010), and in 21.0%
(18.9–23.0%) on analog films (κ = 0.013)
(Table 4). Microcalcification shape was classi-
fied correctly using monitor interpretation in
53.8% (51.4–56.3%), digital images in 28.2%
(26.0–30.4%), and analog films in 28.3%
(26.0–30.5%); the measurement of agreement
calculated to kappa values of 0.338, –0.028,
and –0.014, respectively.

Figures 3A and 3B present the absolute
magnitudes of the observer classification devi-
ations (error) from the gold standard. Observ-
ers 1 and 2, the two radiologists most experi-
enced in digital techniques, produced better
results for monitor interpretations and digital
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TABLE 3: Correct Classifications as a Function of the Number of 
Silicate Particles

Gold Standard: 
No. of Silicate 

Particles (Class)

No. (%) of Correct Classifications No. (%) of 
Quadrants 
Evaluated

Monitor 
Interpretation Digital Images Analog Films

0 234 (73.6) 128 (40.3) 142 (44.7) 318 (100.0)

1–4 12 (28.6) 3 (7.1) 5 (11.9) 42 (100.0)

5–9 148 (48.4) 66 (21.6) 62 (20.3) 306 (100.0)

10–19 207 (39.7) 113 (21.6) 91 (17.4) 522 (100.0)

20–39 21 (13.0) 4 (2.5) 5 (3.1) 162 (100.0)

≥ 40 16 (7.8) 0 (0) 0 (0) 204 (100.0)

Total 638 (41.1) 314 (20.2) 305 (19.6) 1,554a (100.0)

κ 0.253 –0.002 –0.007

p < 0.0001 0.844 0.550

Note—Correct readings of the six observers summarized for all quadrants of the 65 laser printer films, with 1,560 
observations per display medium.

aOne quadrant was not assessable for all six observers. 

TABLE 4: Correct Classifications as a Function of Size 

Gold Standard 
Diameter of Silicate 

Particles (µm)

No. (%) of Correct Classifications No. (%) of 
Quadrants 
Evaluated

Monitor 
Interpretation Digital Images Analog Films

No particles 234 (73.6) 128 (40.3) 142 (44.7) 318 (100.0)

100–199 77 (21.4) 62 (17.2) 40 (11.1) 360 (100.0)

200–399 59 (20.9) 72 (25.5) 77 (27.3) 282 (100.0)

400–599 73 (17.9) 33 (8.1) 33 (8.1) 408 (100.0)

≥ 600 112 (58.3) 3 (1.6) 35 (18.2) 192 (100.0)

Total 555 (35.6) 298 (19.1) 327 (21.0) 1,560 (100.0)

κ 0.193 –0.010 0.013

p < 0.0001 0.395 0.258

Note—Correct readings of the six observers summarized for all quadrants of the 65 laser-printer films, with 1,560 
observations per display medium.

image interpretations than the other four ob-
servers. The number of microcalcifications
was underestimated more frequently than
overestimated—a finding that particularly ap-
plied to the comparatively inexperienced ob-
servers 4–6. Regardless of the display medium,
less experienced observers tended to underes-
timate microcalcification size, whereas the
more experienced observers 1, 2, and 3 tended
to overestimate microcalcification size.

The accuracy of classifications increased in
correlation with the diameter of the silicate
particles. Figures 4A and 4B present the re-
sults separately for the variables’ number
(Fig. 4A) and size (Fig. 4B) according to size
classes 1–4 of the gold standard as summarized
across all quadrants and observers. Although
errors in the diagnostic classification of micro-
calcifications with a diameter of 100–199 µm
(class 1) deviated the greatest from the pre-

defined phantom constellation, the classifica-
tions mainly agreed with the gold standard for
microcalcifications of size class 4 (diameter, ≥
600 µm). An advantage of monitor interpreta-
tion was observed for the variable number of
detectable microcalcifications starting from a
real diameter of 200 µm and for the variable
size starting from a real diameter 400 µm.

An explorative analysis of observer classifi-
cation error with respect to the number of vis-
ible microcalcifications showed a global dif-
ference among the three display media pooled
across all observers for both the variable num-
ber (Table 5) and the variable size (Table 6) of
detectable microcalcifications (Kruskal-Wallis
test, p < 0.05). When pooled across all observ-
ers, the Mann-Whitney tests produced a differ-
ence (p < 0.05) only for the paired compari-
sons analog films versus monitor interpretation
and digital images versus monitor interpreta-

tion, which in most cases was likewise con-
firmed in the analyses conducted separately for
the individual observers.

Discussion
Experimental studies are able to give only

a simplified, more or less one-sided repro-
duction of a complex medical situation.
They cannot make predictions about how a
diagnostic test method will perform in rou-
tine clinical practice that will account for all
technologic, biologic, physiologic, and med-
ical factors and influences. Experimental de-
signs, however, do allow an estimation of the
diagnostic accuracy to be expected of a test
method when it is used in clinical routine. In
this context, it is not to be expected that ev-
ery lesion visible on a phantom image will
also be detectable under clinical conditions
when superimposing anatomic structures are
present. Conversely, an object that could not
be visualized under the ideal circumstances
of an experimental study will presumably
not be detectable under clinical conditions
either. This statement is particularly true for
microcalcifications that proved to have a
minimum detectable diameter of 130–200
µm in experimental setups [15, 16].

The quality of a mammography method is
determined by the capability of the imaging
system to convert the attenuation of the X-ray
beam in the breast as dimensionally accu-
rately as possible into a perceivable image.
The most important variables affecting image
quality are sharpness, contrast, and noise. Lo-
cal resolution and contrast resolution of an
imaging system are interdependent: An im-
provement in local resolution causes the
lower number of X-ray quanta received per
pixel to lead to a poorer contrast-to-noise ra-
tio and thus to poorer contrast resolution and
vice versa. The mutual dependency of these
two factors is expressed in terms of digital
quantum efficiency (DQE). The DQE, which
is 50–80% for digital mammography sys-
tems, indicates how many photons hitting the
detection plane are used for imaging and is
determined by comparing the local dose mea-
sured behind different filters with the expo-
sure dose and includes every step in the pro-
cess—from radiation exposure to when the
detection system receives the radiation pat-
tern. What are not accounted for are process
steps downline from the signal acquisition,
such as the analog-to-digital conversion of the
signals, technical noise, image processing,
and the performance of the image reproduc-
tion system (film, monitor).
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A B

C

Fig. 3—Mean absolute deviation in ranks. Predefined phantom constellations for 
each four-quadrant phantom image (n = 65) calculated from interpretations of 
individual quadrants are presented in box plots for variables of number and size of 
microcalcifications, separated according to six observers. Outliers are indicated by 
dots (•). Global analysis of all 65 films showed that monitor reading produced more 
realistic estimation of number, size, and shape of any microcalcifications present 
than when digital film documentations or analog films were interpreted. Data for 
each display medium are shown as follows: dark gray bars = analog films, striped 
bars = digital films, and light gray bars = monitor-displayed images.
A, Criterion is number of detectable microcalcifications.
B, Criterion is size of detectable microcalcifications.
C, Criterion is shape of detectable microcalcifications. Bar diagrams clearly illustrate 
rate of deviations from predefined phantom constellations for shape.
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Digital mammography must be measured
against the gold standard of analog screen-film
mammography, which has proved its merits in
clinical routine over decades. Its advantages
include low investment and operating costs, a
high local resolution of up to 20 lp/mm for
high-contrast objects, and simple presentation
options offered by the viewbox [2, 17]. Disad-
vantages involve the fact that a trade-off has to

be made between image contrast and radiation
exposure. As a result of the sigmoidal grada-
tion curve, under- or overexposure can produce
inadequate image contrast. The DQE of
screen-film systems is comparably low, be-
tween 20% and 40%, as a result of the low ab-
sorption of the X rays on intensifier films [2].

Experimental studies offer a feasible
method of estimating the diagnostic accuracy

of digital mammography, given that method-
ologically high-quality clinical studies on the
qualitative and quantitative detection of micro-
calcifications are difficult to perform owing to
the problems associated with the gold standard
and, not least, for reasons of radiation safety.

The present study showed that direct flat-
panel mammography (film interpretation) is
equivalent to analog screen-film mammogra-
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phy in the detection and morphologic charac-
terization of microcalcifications, thus confirm-
ing the results of more recent phantom studies
on digital storage-plate and indirect flat-panel
mammography [9–14, 16, 17]. In addition to
this finding, the following were shown for di-
rect flat-panel mammography: First, monitor
interpretation of digital image data sets was di-
agnostically superior to the analog and digital
film interpretations for microcalcifications
greater than 200 µm in diameter. Second, not
only was the number of simulated microcalcifi-
cations as accurately estimated as with analog
and digital methods of film interpretation, but
the description of their shape and size was also
comparably reliable. Third, a positive correla-
tion existed between the diagnostic accuracy of
imaging systems and size of simulated micro-
calcifications. Finally, methodologic expertise
in digital radiography was more crucial for the
correct perception of microcalcifications than
experience in routine clinical diagnostics. The
latter unquestionably plays a role in differential
diagnostics with regard to the interpretation of
once-detected microcalcifications.

Given the technologic characteristics dis-
cussed earlier in this article, the superiority of
monitor interpretation versus analog film inter-
pretation and digital film interpretation of large

microcalcifications might be attributable to the
type of digital image data processing and the
light intensity of the monitors. The decline in
accuracy of monitor-viewed interpretations
when microcalcifications smaller than 200 µm
in diameter were involved can be explained by
the pixel size of the monitors, an observation
also described by Rong et al. [16] in their exper-
imental study of simulated microcalcifications
with diameters between 112 and 160 µm im-
aged with digital screen-film, charge-coupled
device (CCD), and indirect flat-panel systems.
The superior diagnostic results for microcalci-
fications with a diameter greater than 200 µm
achieved by monitor interpretation are clini-
cally relevant insofar as this finding proves that
radiologic malignancy criteria—that is, group-
ing trends and polymorphisms—can be inter-
preted more reliably when interpretations are
performed using a high-resolution monitor
rather than analog or digital films.

The power of the present study is partially
limited by the lack of data on detector dose,
considering that image quality and radiation
dose are interdependent [18]. Even if the
same anode filter combination is used, the
same tube voltage and same milliampere-
seconds (mAs) settings will not yield a
matching detector dose, particularly given

the difference in focus–film distance of 5
cm, the different construction of the tubes,
and the different grids.

The present research investigated the diag-
nostic performance profiles of only mam-
mography systems used in the high-contrast
range. A similarly designed study on the low-
contrast range is currently in progress. More
recently, standardized test phantoms have be-
come available for digital mammography that
allow quantification of the interplay of the
characteristic physical variables of contrast,
sharpness, and noise in a single test sequence.
Test specimens, such as the Mammo-152
phantom (Wellhöfer) or the PAS1054 phan-
tom (Artimis), provide robust tools for the
testing and medicophysical expert evaluation
of digital mammography systems. Neverthe-
less, they appear unsuitable for interobserver
comparisons by virtue of the uniformity of
their investigative items.

In conclusion, an anthropomorphic model
showed that the detection rate and morpho-
logic characterization of microcalcifications
achieved with direct digital flat-panel mam-
mography are comparably as effective as the
diagnostic profile of the analog screen-film
technique, that monitor interpretation is di-
agnostically superior to film interpretation

A B

Fig. 4—Box plots of deviations in six observers’ classifications from actual value of gold standard as function of presence and size of artificial microcalcifications applied to 
individual quadrants on 65 films. Outliers are indicated by dots (•). NA = not applicable (i.e., no microcalcifications in phantom quadrant). Data for each display medium are 
shown as follows: dark gray bars = analog films, striped bars = digital films, and light gray bars = monitor-displayed images.
A, Criterion is number of detectable microcalcifications as function of their presented number.
B, Criterion is size of detectable microcalcifications as function of their presented size.

Magnitude (Presented)

D
ev

ia
ti

o
n

 (
R

at
ed

−P
re

se
n

te
d

) 
(C

o
u

n
t)

–5

–4

–3

–2

–1

0

1

2

3

4

5

NA 400–599200–399100–199 ≥ 600
Magnitude (Presented)

D
ev

ia
ti

o
n

 (
R

at
ed

−P
re

se
n

te
d

) 
(M

ag
n

it
u

d
e)

–5

–4

–3

–2

–1

0

1

2

3

4

5

NA 400–599200–399100–199 ≥ 600

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 Z

en
tr

al
bi

bl
io

th
ek

 f
ur

 M
ed

iz
in

 o
n 

05
/2

2/
14

 f
ro

m
 I

P 
ad

dr
es

s 
13

4.
95

.3
3.

91
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



Digital Mammography Versus Screen-Film Mammography

AJR:188, February 2007 407

for detecting large microcalcifications, and
that the evaluating radiologists’ experience
with digital radiography affects diagnostic
accuracy. Consequently, digital mammogra-
phy in conjunction with monitor interpreta-
tion should be the preferred method for clin-
ical diagnostics and breast cancer screening
in the future.
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