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Zusammenfassung
!

Ziel: Evaluation des Nutzen geometrischer Ver-
größerungsaufnahmen für die Charakterisierung
von Mikroverkalkungen in der digitalen Mammo-
grafie.
Material und Methode: Nach positivem Ethikvo-
tum selektierten wir retrospektiv anhand der
Befundberichte 100 Patientenmit suspektenMik-
roverkalkungen (35 maligne, 65 benigne), die
innerhalb von 3 Monaten eine Standardmammo-
grafie (MG) und eine Vergrößerungsaufnahme
(MAG) in der gleichen Ebene bekommen haben.
Alle Aufnahmen wurden an einem Volldetektor-
System (Senografe 2000D, GE Healthcare, Chal-
font St. Giles, UK) erstellt. Die Bilder wurden von
6 unabhängigen Radiologen analysiert. Die Malig-
nitätswahrscheinlichkeit der MG alleine und
dann folgend der MG plus MAG wurde bestimmt.
Die Ergebnisse wurden mittels ROC-Analyse ver-
glichen. Zusätzlich wurde die Sichtbarkeit der
Verkalkungen beurteilt.
Ergebnisse: Die Area under curve (AUC) betrug
für alle Reader kombiniert 0,664±0,052 für MG
und 0,813±0,042 für MG+MAG, einer signifi-
kante Verbesserung von 0,148±0,120 entspre-
chend. Jeder Reader erreichte eine höhere AUC für
MG+MAG als für MG, diese Verbesserung war bei
vier Readern signifikant. In 76,34% der Fälle zeigte
MG+MAG eine bessere Sichtbarkeit der Kalzifika-
tionen. Bei 33% waren gering mehr, bei 39% deut-
lich mehr Verkalkungen abgrenzbar.
Schlussfolgerung: Auch bei Einsatz der digitalen
Mammografie mit den Möglichkeiten der elektro-
nischen Vergrößerung bei Bildschirm-Befundung
kann nicht auf geometrische Vergrößerungsaufnah-
men verzichtet werden, da diese für die korrekte
Klassifizierung und Ausdehnungsbeurteilung von
Mikroverkalkungenweiterhin wichtig sind.

Abstract
!

Purpose: To evaluate the additional benefit of true
geometric (air-gap) magnification views for the
characterization of microcalcifications in digital
mammography.
Materials and Methods: After ethical approval,
we retrospectively reviewed patient records to
identify 100 patients with suspicious microcalci-
fications (35 malignant, 65 benign) who had a
standard digital mammography and an additional
digital magnification view in the same projection
within three months. All images were obtained
using an amorphous silicon-based full-field digital
system (Senographe 2000D, GE Healthcare, Chal-
font St. Giles, UK). Images were independently an-
alyzed by six board-certified radiologists. The
probability of malignancy was estimated using
first standard contact mammography alone (MG)
and then mammography in combination with the
magnification view (MG+MAG) using a modified
Breast Imaging Reporting and Data System (BI-
RADS) classification system and a percentage
scale. Results were compared using receiver oper-
ating characteristic (ROC) analysis. In addition,
readers assessed the subjective visibility of the
calcifications.
Results: For all six readers combined, the area un-
der the curve (AUC) was 0.664 ±0.052 for MG and
0.813 ±0.042 for MG+MAG, resulting in a statisti-
cally significant improvement of 0.148 ±0.120.
Each reader had a higher AUC for MG+MAG than
MG, with the improvement being statistically sig-
nificant in four of the six readers. In 76.34% of the
cases, MG+MAG resulted in better visibility of
calcifications compared with mammography
alone. In 33% slightly more and in 39% signifi-
cantly more calcifications were found.
Conclusion: Even in digital mammography with
the option of using electronic magnification
(zoom) at the viewing workstation, true geomet-
ric (air-gap) magnification views remain impor-
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Introduction
!

Microcalcifications are, along with the mass-like appearance of
breast lesions, the most important sign of malignancy and are
the key finding to detect in situ and early invasive cancers in
screening mammography [1]. Although some microcalcifications
may also be seen with modern high-resolution ultrasound [2],
many, especially smaller, areas of tiny microcalcifications are
only detected by mammography. Despite the nominally lower
spatial resolution of digital mammography compared to film-
screen mammography, it has been shown that digital mammo-
graphy screening improves the detection of ductal carcinoma in
situ (DCIS) associated with microcalcifications [3–7]. Whereas
the detection of microcalcifications on mammography is usually
straightforward and may be assisted by employing highly sensi-
tive systems for computer-aided diagnosis (CAD), distinguishing
between benign and malignant microcalcifications may be very
difficult and, in some situations, impossible without obtaining a
biopsy for histological workup [8]. Of microcalcification cases
sent to biopsy, usually only 30–50% of cases represent cancer
[9]. Several criteria such as number of individual calcifications in
a cluster, spatial distribution, morphology of individual calcifica-
tions, and change over time can help in estimating the probabil-
ity of malignancy for a given microcalcification cluster. In
film-screen mammography, air-gap magnification views have
traditionally been used to improve the characterization of micro-
calcifications by better visualizing the morphology of the indi-
vidual calcifications as well as by showing additional smaller cal-
cifications [10–14].
According to Fischer et al., air-gap magnification views may no
longer be necessary in digital mammography and can be replaced
by digitally zooming the images [15].
However, their initial study was limited by a small number of
cases and the fact that images were read on hard-copy, which
does not allow one to exploit the full potential of digital images
through interactive manipulation on a reading workstation. The
purpose of our study therefore was to test whether additional
air-gap magnification views may improve the characterization
of microcalcifications in digital mammography using soft-copy
reading and a larger number of cases.

Materials and Method
!

The institutional ethics committee approved this retrospective
study.
The inclusion criteria of the study were defined as follows:

▶ Complete diagnostic workup in our university hospital

▶ Digital standard mammography (MG) and digital magnifica-
tion views in the same plane and on the same system (GE Se-
nographe 2000D)

▶ Microcalcifications as dominant suspicious findings

▶ Magnification views within three months of MG

Study Population
From January 2000 through December 2007, 42,147 patients
underwent mammography at our department for the workup
of breast symptoms, follow-up after breast cancer, or early
detection of breast cancer.
A total of 14,914 of these patients had a digital mammography.
741 patients in whom two-view digital mammograms demon-
strated suspiciousmicrocalcifications underwent additional digi-
tal magnification views no more than three months after the ini-
tial examination and on the same digital mammographymachine
and in the same plane as the initial mammography.
35 of these 741 cases were diagnosed with breast cancer (in situ
or invasive) and fulfilled the inclusion criteria for our study (com-
plete diagnostic workup including biopsy as well as final surgery
performed at our hospital). To create a realistic sample covering
the full spectrum of abnormalities, these 35 malignant cases
were supplemented by 65 benign cases, which were randomly
selected from the original dataset of 741 cases with a valid com-
bination of digital mammography and digital magnification
views. Roughly half of the benign cases went to biopsy after the
magnification and were confirmed to be benign by histology
(n =33; 25 vacuum-assisted biopsies, 8 open surgical biopsies).
The other half of the benign cases, which after full assessment
did not go to biopsy, were confirmed to be benign by a follow-up
of at least 24 months (n =32).
The malignant cases were categorized by the World Health
Organization (WHO) classification of breast cancers. Based on the
classification published by Elston and Ellis, tumors were graded
as well (grade 1), moderately (grade 2), or poorly (grade 3) differ-
entiated [16].

Image Acquisition
All mammographies were acquired using an amorphous silicone-
based full-field digital system with a 19×24 cm detector and
100µm pixel size (Senographe 2000D, GE Healthcare, Chalfont
St. Giles, UK).
The magnification views were obtained with a magnification
factor of 1.75 with a standard round spot compression paddle
with a diameter of 7 cm. The resulting effective pixel size of the
magnification views was 0.057µm.

Reader Study
All images were analyzed using a dedicated digital mammogra-
phy workstation (MammaReport, Siemens Medical Solutions,
Erlangen, Germany) with two 5 megapixel thin film transistor
monitors (TFT monitors) and with all viewing features including
windowing and electronic zoom available to the readers.
Six radiologists specialized in breast imaging with an average ex-
perience in digital mammography of 8.6 years (SD: 6.2 years;
range: 1.5–19 years) participated in the reader study. The cases
were collected and prepared by an additional experienced breast
radiologist (U. B.). All six readers independently evaluated all 100
cases. Benign andmalignant cases were read in random order. All

tant for the visibility and correct classification of microcalcifica-
tions and for the assessment of their extent.
Citation Format:

▶ Fallenberg EM, Dimitrijevic L, Diekmann F et al. Impact of
Magnification Views on the Characterization of Microcalcifica-
tions in Digital Mammography. Fortschr Röntgenstr 2014;
186: 274–280
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images were anonymized prior to the reading, and readers were
blinded to patient age, clinical history, and histopathological out-
come. During the reader study, only the single contact mammo-
graphy view corresponding to the plane of the magnification
view and no prior films were available to the readers.
If more than one microcalcification area was present in the im-
age, the reader was asked to base the assessment on the most
suspicious microcalcification cluster in the image.
All readers first rated the digital contact mammography alone
(MG) and then in combination with the digital magnification
view (MG+MAG) using a modified 7-point BI-RADS® scale (1, 2,
3, 4a, 4b, 4c, 5) as well as a probability of malignancy scale from
0% to 100% [17].
In addition, they were asked to assess the presence of additional
subtle microcalcifications on the magnification views on a three-
point scale (none, slightly more without diagnostic relevance,
and considerably more with diagnostic relevance) and to com-
pare the subjective visibility of the microcalcifications (MG
much better with diagnostic relevance, MG better without diag-
nostic relevance, no difference, MAG better without diagnostic
relevance, MAG much better with diagnostic relevance).

Statistical Analysis
A receiver operating characteristic (ROC) analysis was performed
using the LABMRMC program provided by the University of Chi-
cago [18].
The area under the curve (AUC) was calculated for each reader in-
dividually and for all readers combined using the seven-point
modified BI-RADS scale and the probability of malignancy with
histology or two-year follow-up results as the reference standard.
The sensitivity and specificity were calculated using a four-fold
table. A threshold of a ranking BI-RADS 3 and BI-RADS 4a was
used for the BI-RADS scale. This statistical analysis was per-
formed using Microsoft Excel 2007 for Windows.
Power calculation estimated a minimum of six readers for the
100 cases to reach significance [19].

Results
!

The mean age of all study patients was 57.3 years (SD, 8.9 years)
with a range of 37 to 76 years.
The patients with malignant lesions had a mean age of 58.37
years (SD, 9.27years; range, 40–76 years). The subjects with his-
tologically verified benign lesions had a mean age of 58.7 years
(SD, 9.3 years; range, 42–76 years); the mean age of patients
with benign lesions confirmed by follow-up mammographic ex-
aminations was 55.3 years (SD 7.9, years; range, 37–72 years).
There were 12 invasive carcinomas and 23 DCIS.
The histology of the malignant lesions was as follows: 8 invasive
ductal carcinomas (3 of grade 2 and 2 of grade 1, 3 not further
specified), 1 invasive mucinous carcinoma (grade 2), 1 invasive
lobular carcinoma (grade 1), and 2 invasive carcinomas not
otherwise specified (NOS).
The preinvasive lesions included 11 high-grade, 6 intermediate-
grade, and 6 low-grade DCIS.
The histology of the benign lesions was nodular fibrosis in 11
cases, fibrocystic mastopathy in 16 cases, one radial scar, one dys-
plastic hyaline scar, papilloma in 3 cases, and fatty tissue in one
case.
The distribution of mammographic breast density categories
(ACR) is presented in●" Table 1.

There was no significant difference in the distribution of ACR
breast density categories between patients with benign breast le-
sions and those with breast malignancy (p=0 .262).
All six readers taken together judged the visibility of the micro-
calcifications in the magnification views to be superior (with
and without diagnostic relevance) to the zoomed images in 75%
of cases (see ●" Fig. 1). Furthermore, additional microcalcifica-
tions were detected on the magnification views in more than
two thirds of cases (●" Fig. 2).
Regarding the modified BI-RADS scale results of all six readers,
the AUC was 0.6643 (SD=0.0518) for MG and 0.8127 for
MG+MAG (SD=0.0416) with a 95% confidence interval for the
population mean difference of –0.2681 to –0.0285. Individually,
each of the six observers showed a higher diagnostic accuracy
(AUC) for the combination MG+MAG than MG, with the im-
provement being statistically significant in four of the six readers
(see●" Table 2,●" Fig. 3) and a tendency in favor of the magnifica-
tion views in one reader.
Regarding the modified probability of malignancy scale, the AUC
was 0.6916 (SD=0.0513) for MG and 0.7885 (SD=0.0473) for
MG+MAGwith a 95% confidence interval for the populationmean
difference of –0.1904 to –0.0033 for all six observers combined.
Five of the six readers revealed a higher diagnostic accuracy (AUC)
for MG+MAG than MG, with the improvement being statistically
significant in three readers (see●" Table 2,●" Fig. 4).
Analyzing the influence of the experience of the readers, the time
of experience in mammography did not influence the results, as
there have been “significant” and “not significant” results in
readers with comparable times of experience (see●" Table 2).

Table 1 Distribution of breast density categories.

Tab. 1 Verteilung der Brustdichte.

ACR1 [%] ACR2 [%] ACR3 [%] ACR4 [%]

benign 1.53 36.92 49.23 2.85

malignant 1.0 51.42 45.23 2.85

all 1.1 42 48 9

Fig. 1 Columns demonstrating the visibility of microcalcifications in the
magnification views compared to the zoomed images (“much better” is
defined as diagnostically relevant, “better” does not reach diagnostic rele-
vance). Summation does not exactly reach 100% due to rounding.

Abb.1 Das Säulendiagramm stellt die Sichtbarkeit der Mikroverkalkun-
gen in den Vergrößerungsaufnahmen im Vergleich zu den gezoomten
Aufnahmen dar. „Much better“ ist als diagnostisch relevant definiert, „bet-
ter“ ist nicht diagnostich relevant. In der Summe werden aufgrund von
Rundung nicht exact 100% erreicht.
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If the observers are divided into three experienced observes and
three less experienced observers, there are two “significant” re-
sults and one “not significant” result regarding BI-RADS scores
in each group.
The distribution of sensitivity, specificity, positive predictive val-
ue (PPV), and negative predictive value (NPV) for the cut-offs of
BI-RADS 3 and BI-RADS 4a is presented in●" Table 3.
There was an improvement of sensitivity independently of the
breast density from 69% in MG to 73.8% in Mag in ACR 1 and 2
dense breast as well as from 72.2% to 77.8 % in ACR 3 or 4 dense
breasts.

Discussion
!

Our data clearly confirm that digital air-gap magnification views
improve the visibility of microcalcifications, in terms of both
number of calcifications and morphology of the individual calci-
fications. The physical basis for this is mainly the higher spatial
resolution of the magnification views. However, other factors
such as improved local compression due to the smaller paddle

Table 2 AUC results of the six readers (significant differences are indicated by underlined bold italics).

Tab. 2 AUC-Ergebnisse der sechs Auswerter (signifikante Ergebnisse sind unterstrichen, kursiv und fett hervorgehoben).

BI-RADS probability of malignancy

reader experience

(years)

Mx Mx+Mag 95% confidence interval Mx Mx+Mag 95% confidence interval

1 8 0.6641 0.6742 –0.0788, 0.0586 0.6404 0.6235 –0.0666, 0.1004

2 5 0.7688 0.8370 –0.1400, 0.0036 0.8076 0.8551 –0.1044, 0.0096

3 1.5 0.6515 0.8564 –0.3149, –0.0950 0.6410 0.8175 –0.2530, –0.1000

4 4 0.6890 0.8223 –0.2366, –0.0300 0.7232 0.7743 –0.1146, 0.0124

5 19 0.5652 0.8981 –0.4409, –2250 0.6541 0.8663 –0.3030, –0.1215

6 8 0.6473 0.7879 –0.2400, –0.0421 0.6836 0.7943 –0.1972, –0.0241

all 8.6 0.6643 0.8127 –0.2681, –0.0285 0.6916 0.7885 –0.1904, –0.0033

Table showing the overall AUC values as well as the results for every individual reader regarding a modified BI-RADS scale as well as a probability of malignancy scale ranging from
0–100% chance of malignancy. In the second row every reader’s experience in years of reading digital mammography is indicated.
Die Tabelle zeigt die AUC-Kurven für alle Auswerter zusammen und für jeden einzelnen Auswerter für eine modifizierte BI-RADS-Skala und für die Malignitätswahrscheinlichkeit in
einer Skala von 0–100%. Die Erfahrung der einzelnen Auswerter in der Mammografie in Jahren ist in der zweiten Spalte dargestellt.

Fig. 3 AUC curves for the BI-RADS scale results of the 6 readers. Signifi-
cant differences are indicated by framing.

Abb.3 AUC-Kurve der Ergebnisse der BI-RADS-Skala der sechs Reader.
Signifikante Unterschiede sind durch einen Rahmen gekennzeichnet.

Fig. 4 AUC curves for probability of malignancy results of the 6 readers.
Significant results are indicated by framing.

Abb.4 AUC-Kurve der Ergebnisse der Malignitätswahrscheinlichkeits-
Skala der sechs Reader. Signifikante Unterschiede sind durch einen Rahmen
gekennzeichnet.

Fig. 2 Percentage of additional calcifications detected by magnification
view.

Abb.2 Prozentualer Anteil zusätzlicher, durch die Vergrößerungsauf-
nahme detektierter Verkalkungen.
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may also play a role. What is more important, however, is how
much this improved visibility of microcalcifications in magnifica-
tion views will turn out to be beneficial to patients ( see●" Fig. 5).
Patients would benefit, for example, if a more confident character-
ization of microcalcifications could spare patients unnecessary
biopsies or help for instance to avoid delays in cancer diagnosis.
In 2002, Fischer et al. did not find a significant benefit of additional
magnification views regarding the overall diagnostic accuracy of
digital mammography. Four readers (twowith more than 15 years,
one with one and one with three years experience) evaluated 55
patients with 57 microcalcification-associated lesions (21 malig-
nant, 36 benign) using the BI-RADS scale. They found overall better
results for the magnification views, but no statistically significant
differences and therefore concluded that most problems can be
solved with digital zooming and that omission of additional mag-
nification views has the potential to improve workflow, to lower
radiation exposure, and to reduce the recall rate in a digital mam-
mography-based screening program. [15] However, the major lim-
itation of this study is the use of hard copy reading alone.
Recently, Kim et al. found in an analysis of 120 clusters with three
readers (1, 2 and 10 years of experience, 6.3 years average) that
magnification mammograms were superior to contact mammo-
graphy when using a zoom factor of 1.8 [20]. Another recent

study published by Kim et al. compared a magnification factor of
1.8 and a zoom factor of 2.0 for the assessment of microcalcifica-
tions. They read 185 clusters with three radiologists (4, 5 and
12 years experience, 7 years average). As a major result, the au-
thors did not find any significant differences between zooming
and geometrical magnification regarding sensitivity, specificity,
and AUC analysis of a probability of malignancy score that was
comparable to a modified BI-RADS scale [21].
The most recent study was published by Moraux-Wallyn et al.,
who found geometrical magnification to be better than electronic
zooming in terms of sensitivity, specificity, PPV, and NPV, but the
difference was not statistically significant. This study included 88
clusters of microcalcifications analyzed by two readers [22].
These results are inline with ours showing an improvement of
sensitivity for all readers in magnification views.
In our study, we used themaximum geometrical magnification of
1.8 and a comparable zooming factor of 2.0 to identify a possible
benefit of true magnification views using soft-copy reading or to
show if there is an influence due to the possibility to use digital
zooming.
With these parameters, the diagnostic performance of geometri-
cal magnification was found to be superior to zooming. Further-
more, these results were statistically significant. Az values of

Table 3 Sensitivity, specificity,
PPV and NPV for different cutoffs
regarding the BI-RADS scale.

Tab. 3 Sensitivität, Spezifität,
PPV und NPV für unterschiedliche
Grenzwerte der BI-RADS-Eintei-
lung.

reader 1 2 3 4 5 6

cutoff > = BI-RADS 3

sensitivity Mx 100.0 % 94.3 % 65.7 % 71.4 % 88.6 % 71.4 %

specificity Mx 1.5 % 30.8 % 49.2 % 50.8 % 23.1 % 50.8 %

PPV 0.354 0.423 0.411 0.439 0.383 0.439

NPV 1.000 0.909 0.727 0.767 0.789 0.767

sensitivity Mag 100.0 % 100.0 % 97.1 % 94.3 % 100.0 % 97.1 %

specificity Mag 0.0 % 26.2 % 60.0 % 46.2 % 32.3 % 35.4 %

PPV 0.350 0.422 0.567 0.485 0.443 0.447

NPV 0.000 0.000 0.000 0.000 0.000 0.000

cutoff > = BI-RADS 4a

sensitivity Mx 68.6 % 71.4 % 54.3 % 51.4 % 51.4 % 57.1 %

specificity Mx 40.0 % 60.0 % 69.2 % 80.0 % 44.6 % 53.8 %

PPV 0.381 0.490 0.487 0.581 0.333 0.400

NPV 0.703 0.796 0.738 0.754 0.630 0.700

sensitivity Mag 80.0 % 100.0 % 74.3 % 71.4 % 97.1 % 85.7 %

specificity Mag 29.2 % 47.7 % 73.8 % 76.9 % 61.5 % 53.8 %

PPV 0.378 0.507 0.605 0.625 0.576 0.500

NPV 0.731 1.000 0.842 0.833 0.976 0.875

Fig. 5 Example of an invasive ductal carcinoma
showing better delineation of the microcalcifica-
tions and more prominent density in the magnifi-
cation view on the right compared to the normal
mammography view on the left.

Abb.5 Beispiel eines invasiv-duktalen Mamma-
karzinoms. In der Vergrößerungsaufnahme zeigen
sich im Vergleich zur normalen Mammografie die
Mikroverkalkungen deutlicher abgegrenzt und die
Verdichtung kommt deutlicher zur Darstellung.
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MAGwere at a higher level in all readers regarding BIRADS.Ours
is the first study showing a statistically significant difference for
all readers combined as well as for four individual readers with
experience of 1.5, 4, 8 and 19 years regarding a BI-RADS scale.
A possible explanation for the lack of statistical significance in
earlier studies is the smaller number of readers, resulting in a
lower statistical power for the ROC analysis. For two of the read-
ers in our study, one with 8 years of experience and one with 5
years of experience, the differencewas not statistically significant
as well, but there was a tendency in favor of true magnification in
the last one.
The statistical power analysis for our data collection of 100 cases
estimated a minimum number of readers necessary to reach sta-
tistical significance to be 6.
None of the previous studies reached such a combined number of
cases or readers.
Another major benefit of our study was the huge range of experi-
ence among the readers (1.5 years to 19 years) resulting in signif-
icant and not significant outcomes in experienced and less ex-
perienced examiners.
Regarding the distribution of reader experience in previously pub-
lished studies, they contain more inexperienced readers with less
than 5 years of experience than we included in our study.
Kimme-Smith et al. [23] could show that experience in interpret-
ing mammography positively influences the performance in jud-
ging microcalcifications in digitized enhanced and truly magni-
fied images in favor of the more experienced readers. This could
lead to the assumption that the experience time influenced the
results in our study as well.
If only readers with minimal experience would benefit from an
additional magnification view and the resulting additional radia-
tion dose would only equalize a lack of experience, it would be
unacceptable in a diagnostic and screening mammography set-
ting. Especially in the screening of potentially healthy woman,
the dose has to be as low as possible to avoid any harm for the
patient particularly if digital mammography offers the opportu-
nity to reduce the radiation dose [24, 25].
Nevertheless, a lack of experiencewas not the explanation for the
difference in significance, as the “not significant” results were
achieved by quite experienced readers with 5 and 8 years of ex-
perience. Even if we divide our readers into two groups, experi-
enced (11.7 years average) and less experienced (3.5 years aver-
age), two of three results were significant in each group.
There is amajor difference between our study and earlier reports.
We included histologically proven benign and malignant lesions
as well as benign cases verified by follow-up mammograms.
Thus, we covered the whole spectrum of microcalcifications that
may be encountered in the clinical setting. The only other studies
assessing the same range of microcalcification types included a
much smaller number of cases than our study [15, 20]. All other
studies only assessed microcalcifications classified as suspicious
enough to warrant biopsy.
But how did magnification views improve diagnostic perfor-
mance in our study?
The resulting decrease in pixel size improved the delineation of the
shape and contour of calcifications. This effect has been shown by
Ruschin et al. [26]. More very tiny calcificationswere visible, which
has an impact on the assessment of the extent of the affected re-
gion and therefore allows individual surgery planning to achieve
free margins resulting in the fewest possible surgeries. [26]
Another limitation on making things visible is the capability of
the human eye.

It is known from several studies that calcifications as small as
130µm are visible to the human eye [27, 28].
With the decrease in pixel size in magnifications and the less at-
tenuated dose (magnification views are obtained without a grid),
there is muchmore information/photons per pixel in more pixels
[29]. This results in a higher effective spatial resolution, which
may improve visibility by sharpening object delineation and fa-
cilitating the differentiation of calcifications from overlying
structures.
Spot views with focal compression reduce overlying structures.
With the use of a small spot compression plate and magnifica-
tion, we reduced the overlying tissue even more than with mag-
nification views alone. It has been shown that overlying tissue/
structures significantly reduce the detection rate of microcalcifi-
cations [29]. The magnification and reduction of overlying tissue
by compression may jointly have contributed to the better diag-
nostic performance in our study.

Limitations
!

One limitation of this study is that we only tested one detector.
Hence, our results may not be transferable to other digital mam-
mography systems using different pixel sizes, focal spot sizes, im-
age noise, and magnification factors.
Another limitation of the study is the fact that the readers knew
whether they were judging a normal mammography or a magni-
fication.
Finally, magnification views are obtained with a higher dose than
normal mammograms. Hence, it is not clear if the higher radia-
tion dose contributed to the improved visibility.

Conclusion
!

Even in digital mammographywith the option of using electronic
magnification (zoom) at the viewing workstation, true geometric
(air-gap) magnification views remain important for visibility and
correct classification and the assessment of the extent of micro-
calcifications.
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