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A B S T R A C T

Purpose: To compare breast cancer detection and depiction between planar synthetic mammography (SM) and
rotating synthetic mammography (RM) generated from digital breast tomosynthesis (DBT).
Materials and methods: In a fully-crossed multi-reader multi-case (MRMC) study, three radiologists retro-
spectively reviewed 190 cases (27 malignant, 31 benign, 132 normal), once with SM alone and once with RM
alone, the DBT stack of slices was not reviewed. Lesions were scored using BI-RADS® and level of suspiciousness
(1–10). Sensitivity, specificity, and area under the receiver operating characteristic curve (AUC) were computed
using MRMC Analysis of Variance using the open-access software iMRMC. Additionally, readers were asked to
make a visual grading analysis (VGA) on visibility of calcifications and soft tissue lesions (1–5 scale with 5 =
Excellent visualization). The VGA scores were analyzed using the visual grading characteristics (VGC) method.
Results: On average, the AUC was similar between SM and RM (0.66 versus 0.67, P= 0.818). The sensitivity was
equivalent (0.62 versus 0.60, P= 0.794), while specificity was significantly lower in SM than in RM (0.66 versus
0.72, P= 0.028). Radiologists significantly (P < 0.05) preferred the display of all types of lesions in RM over
SM. The average reading time per case was higher for RM than for SM (30 s versus 23 s, P < 0.05).
Conclusion: Radiologists achieve similar cancer detection with RM as with SM. They prefer the 3D-like rotating
representation of soft tissue lesions and calcifications in comparison to the 2D visualization, which might im-
prove their specificity, but at the expense of longer reading time.

1. Introduction

Digital breast tomosynthesis (DBT) has been proven to achieve a
higher breast cancer detection than digital mammography (DM) [1–3].
As opposed to the two-dimensional (2D) nature of DM, DBT provides a
pseudo-3D image of the breast, which ameliorates the loss in sensitivity
and specificity of DM because of tissue overlap [4,5]. DBT uses a
modified DM system which acquires several low-dose 2D projections of
the compressed breast from different angles that are later reconstructed
into a pseudo-3D volume. Therefore, DBT shares many of the ad-
vantages of DM as a screening modality in terms of being a relatively
cheap, non-invasive, and fast procedure with a relatively low radiation

dose [6].
However, there are some concerns that need to be addressed before

DBT can replace DM for breast cancer screening. Radiologists rely
heavily on the comparisons of the current mammograms with prior
acquisitions and with contralateral exams. This becomes a tedious and
time-consuming task with DBT due to the lack of being able to achieve
an instant overview of the entire breast. Instead, it is needed to scroll
through the entire stack of slices. Another concern are the conflicting
results regarding the visibility of calcifications with DBT alone [7–12].
Some authors claim that the visibility is significantly inferior than with
DM, whereas others reported similar performance. A solution is to ac-
quire both DBT+DM, however, this results in at least double the
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radiation dose of DM alone, which, although may be un-founded [13] is
a major perceived concern for a population-based screening scenario.
Therefore, in recent years extensive effort has been made to provide an
alternative to the double acquisition, which might be found in synthetic
mammography (SM): planar DM-like images generated from the DBT
acquisition data.

Several studies have shown that SM has the potential to fully replace
DM views when used in conjunction with the DBT images, hence re-
ducing the radiation dose to the patient [14–20]. SM provides an in-
stant overview of the DBT volume, which allows for comparison with
previous DM exams and saves the dose from the DM acquisition. Re-
cently, one vendor proposed the rotating synthetic mammography (RM)
as an alternative to SM, that could also be used to replace DM. RM
consists of a set of SM-like images generated from a rotating point of
view, as if the breast were rotating on top of the detector. It is a well-
known phenomenon that the relative motion of features at different
depths, motion parallax, aids in depth perception [21]. RM aims to take
advantage of this effect to provide a pseudo-3D view of the compressed
breast [22,23]. Up to now, the only studies about RM studied its per-
formance within a combination protocol with DBT [22], and its stand-
alone performance for calcification detection in comparison to SM [23].
In our study, we further explored the stand-alone potential of RM for
breast cancer detection and depiction, in comparison to SM. Ad-
ditionally, the difference in detection performance between RM and DM
was also estimated.

2. Materials and methods

2.1. Study population

This retrospective study was approved by the regional ethics board
after summary review, with waiver of a full review and informed
consent. A list of all women recalled from the national DM-based
screening program to our institution for imaging workup between
January 2016 and April 2017 was obtained (n= 282). From these, a
total of 190 women (median age 56 years, range 50–81) were randomly
selected for the study.

Within the cohort, 58 women underwent biopsy for imaging find-
ings. Of these, 27 patients had malignant lesions and 31 had benign
lesions, verified by histopathology. The remaining 132 cases were di-
agnosed as normal or benign and verified by at least one-year follow-up
(Breast Imaging Reporting and Data System, BI-RADS® score of 1 or 2).
More details about the included patients and lesions are presented in
Table 1.

2.2. Image acquisition

The study involved one breast and one view per case (medio-lateral
oblique – MLO). The biopsied breast was included for the abnormal
cases, while one of the breasts was chosen at random for the normal
cases. All patients underwent a diagnostic breast exam using a
Mammomat Inspiration DBT system (Siemens, Forchheim, Germany).
During the DBT scan, this system acquires 25 low-dose projection
images over a range of approximately 50 degrees in about 21 s [4]. The
DBT slices as well as the SM and RM images are automatically gener-
ated from these projections.

The SM is a planar 2D mammography-like image, which is also
available from other DBT manufacturers [14,16,24]. The RM is a re-
construction from the DBT projections from multiple angles, thus
yielding a set of 2D mammogram-like images simulating the depiction
of the breast from 17 different, equally spaced, points of view around a
center of rotation located in detector plane (see Fig. 1). These 17 images
are depicting the rotation of the breast from -16 to +16 degrees, in 2-
degree increments. The zero-degree image of the RM can be considered
equivalent to the SM in terms of image quality, since the generation of
these two images is done with similar algorithms.

2.3. Reader study design

A retrospective fully-crossed multi-reader multi-case (MRMC) study
with two sessions was performed to compare RM to SM. The reading
was fully blinded to diagnostic reports and prior imaging, and sessions

Table 1
Characteristics of the patients and the lesions included in the observer study.

Case distribution Total= 190

Malignant 27 (14%)
17 IDC, 4 DCIS, 4 ILC, 2 IPC
23 with soft tissue lesions, 4 with
calcifications

Benign 31 (16%)
7 FA, 7 FC, 6 ADH, 5 cysts, 6 other
14 with soft tissue lesions, 17 with
calcifications

Normal 132 (70%)
Age distribution
Median age (y) 56 (range 50–81)
50-59 117 (62%)
60-69 46 (24%)
≥ 70 27 (14%)
BI-RADS Breast density
Almost entirely fatty 21 (11%)
Scattered fibroglandular densities 97 (51%)
Heterogeneously dense 52 (27%)
Extremely dense 20 (11%)

IDC= Invasive ductal carcinoma, DCIS=Ductal carcinoma in situ,
ILC= Invasive lobular carcinoma, IPC= Invasive papillary carcinoma.
FA=Fibroadenoma, FC= Fibrocystic changes, ADH=Atypical ductal hyper-
plasia, Others= 2 lobular carcinoma in situ, 2 sclerosing adenosis, 1 radial
scar, 1 intraductal papillomatosis.

Fig. 1. Schematic picture of the simulated 3D effect of the rotating synthetic
mammography reconstructed from the breast tomosynthesis projections.

Fig. 2. Average ROC curves across the three radiologists for synthetic mam-
mography (SM) and rotating synthetic mammography (RM), including the AUC
within parentheses.
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were separated by at least two weeks. During each session, the readers
alternately reviewed half of the cases with SM and half with RM. A
training set of 10 additional cases (not included in the final analysis)
was reviewed (with SM and RM) at the beginning of each session to
become familiar with the study and the workstation.

On a case basis, the reader was asked to give two scores based on the
most suspicious finding: a forced BI-RADS® score (1 – Normal, 2 –
Benign findings, 3 – Low probability of malignancy, 4 - Suspicious of
malignancy, 5 - Highly suspicious of malignancy), and a level of sus-
picion score (10-point scale, where 10 represents high suspiciousness of
malignancy). In addition, readers were asked to make a visual grading
analysis (VGA) assessment on two aspects: visibility of calcifications
and visibility of soft tissue lesions (when present, regardless of their
suspicion for malignancy). For each aspect, they provided a 5-point
scale quality score between 1 (Not optimal visualization) and 5
(Excellent visualization).

Three breast radiologists performed the study. They had 14, 18, and
36 years of experience reading mammography, and 3, 3, and 4 years of

experience reading DBT (including SM and RM). The study was per-
formed on an in-house developed workstation using dual 5-MP moni-
tors (CIRRUS Observer, Diagnostic Image Analysis Group, Nijmegen,
the Netherlands), which also automatically recorded reading times for
each case.

2.4. Comparison to DM using a virtual reader study

For reference comparison of the performance of SM and RM to DM,
an artificial intelligence (AI)-based computer system designed for breast
cancer detection in mammography (Transpara 1.4.0, ScreenPoint
Medical BV, Nijmegen, The Netherlands) was used as a virtual stand-
alone reader in DM. This baseline comparison was performed in a re-
duced sample, only for those cases which had DM available within the
same study under the same breast compression (n= 156, which in-
cluded all the 27 malignant cases; 34 normal cases were excluded from
the original sample). For each DM exam, the AI system yields a con-
tinuous score between 1–10 which indicates the level of suspicion of the
case (10 represents highly suspicious of malignancy).

2.5. Statistical analysis

Four different analyses were performed. A P-value lower than 0.05
indicated significant difference between SM and RM performance with
95% confidence.

First, receiver operating characteristic (ROC) curves and their area
under the curve (AUC) were computed using the level of suspiciousness
score (and not BI-RADS because a linear ordinal scale is needed for
correct ROC analysis [25]). A random-reader random-case mixed model
analysis of variance was performed following the methods by Gallas
et al. using the open-access iMRMC software (version 4.0.0, Division of
Imaging, Diagnostics, and Software Reliability, OSEL/CDRH/FDA,
Silver Spring, MD) [26,27]. iMRMC was also used to compare the
performance of the AI system in DM to that of radiologists in SM or RM
(Bonferroni correction was applied here, and significant differences
were assumed if P < 0.025). This software can handle arbitrary study
designs and can evaluate the performance of a single reader (the AI
system), if the data is formatted properly [28]. Reader-averaged ROC
curves were computed by averaging the reader-specific non-parametric
(trapezoidal) ROC curves along lines perpendicular to the chance line
[29]. Intra-reader AUC differences between modalities were compared
using the DeLong method [30].

Sensitivity and specificity for each modality were computed using
the BI-RADS® scores, considering a score ≥3 as a recall interpretation.
Data was combined into a binary format (recall / no recall), and then
input into the iMRMC software which computed and compared the
average radiologists operating point between SM and RM [26,27].

The VGA scores were analyzed using the visual grading character-
istics (VGC) method, implemented in open-access software (VGC ana-
lyzer, version 1.0.2) [31,32]. VGC is a non-parametric and rank-in-
variant method which compares two modalities by producing a VGC
curve, similar to how a ROC curve is generated from the scores on
normal and abnormal cases. The VGC curve plots the proportion of
ratings (given the image criteria score - ICS -) above a certain threshold
for SM against the same proportion for RM. The AUC of the VGC curve
measures the separation between the two rating distributions, with
AUC > 0.5 indicating in our case that RM was preferred over SM.

Finally, reading times, defined as the time spent detecting and
scoring the suspiciousness of the case (not the VGA part), were com-
pared between SM and RM using a generalized estimating equations
(GEE) model, using modality, readers, and their interaction as factors.
Wald statistics were used to build the model. Outliers were defined as
values extending beyond 2 times the standard deviations and were re-
moved, since the readers could have been interrupted at any time.

Table 2
Area under the receiver operating characteristic curves (AUC) for each reader
and on average computed for both modalities: synthetic mammography (SM)
and rotating synthetic mammography (RM). In parentheses the standard errors
(SE) of the AUC values are shown.

SM RM P-value

R1 0.71
(0.06)

0.69
(0.06)

0.675

R2 0.67
(0.06)

0.73
(0.06)

0.244

R3 0.62
(0.06)

0.61
(0.06)

0.927

Average 0.67
(0.05)

0.68
(0.06)

0.818
(AUC-RM – AUC-SM=0.01; SE=0.04; 95%
CI -0.097,0.080)

Fig. 3. Human-averaged ROC curves across the three radiologists for synthetic
mammography (SM) and rotating synthetic mammography (RM) in comparison
with the computer ROC curve in digital mammography (DM). The AUC is in-
cluded within parentheses. Differences with respect to Fig. 2 are due to the
slightly different populations.

Table 3
Average sensitivity and specificity (in %) across radiologists computed for both
modalities: synthetic mammography (SM) and rotating synthetic mammo-
graphy (RM). In parentheses the standard errors (SE) of the values are shown.

SM RM P-value

Sensitivity 62 (1) 58 (2) 0.598
Specificity 65 (1) 70 (1) 0.006
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3. Results

No difference was found between the ROC curves for SM and RM
(Fig. 2; Table 2). On average, the AUC was similar between SM and RM
(0.66 versus 0.67, P= 0.818), where it was slightly higher with SM for
two readers and higher with RM for the other (all differences not sig-
nificant, P > 0.244). Radiologists reading SM and RM had a lower
AUC in comparison with the AI system reading DM (AUC=0.81,
Fig. 3). This was significant for SM (AUC-DM - AUC-SM=0.14 (95% CI
= -0.244, -0.040), P= 0.011) and for RM (AUC-DM - AUC-RM=0.14
(95% CI = -0.250, -0.020), P= 0.022).

The sensitivity was equivalent for SM and RM (0.62 versus 0.58,
P=0.598), while specificity was significantly lower in SM than in RM
(0.65 versus 0.70, P=0.006) (Table 3). An example of a case where
radiologists improved specificity with RM over SM is shown in Fig. 4,
and an example of a case detected by the AI system in DM but not by
humans in SM or RM is shown in Fig. 5.

Radiologists significantly preferred the display of any type of lesions
in RM over SM (Fig. 6). The AUC of the VGC curve was 0.602 (95%

CI= 0.506, 0.710, P=0.006) for soft tissue lesions and 0.619 for
calcifications (95% CI=0.477, 0.733, P=0.024). An example case in
which all readers scored RM as having better calcification visualization
than SM is shown in Fig. 7.

The average reading time per case was higher for RM than for SM
(30 s versus 23 s, P < 0.05, Table 4), significant for two readers. A total
of 138 (12%) reading time outliers were identified among all readers.

4. Discussion

The results from our study show that although radiologists have a
similar breast cancer detection performance with rotating synthetic
mammography in comparison to the standard planar synthetic mam-
mography, they significantly prefer how RM depicts breast cancer le-
sions. The 3D-like volume simulated by the RM also enhances specifi-
city, without losing sensitivity.

One of the main hypotheses for RM is that it might help radiologists
detect and diagnose clusters of calcifications by providing a detailed 3D
map of their distribution. Our results support this and are in line with

Fig. 4. Example of a normal case that was in-
correctly recalled by most radiologists with SM
because of a soft tissue area with suspicious ap-
pearance (outlined) but not recalled by any
radiologist with RM, where the suspicious area
can be visualized as a mere overlap of normal
tissue. Only three (central and extreme) of the
17 images in the RM are shown here.

Fig. 5. Example of a cancer case (lesion outlined) that was not detected by any radiologist in SM or RM but was automatically scored by the AI system in DM with the
highest suspicion category.
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those obtained by Neubauer et al [23]. However, we also demonstrated
that readers prefer RM over SM for all types of lesions, not only calci-
fications.

The main pitfall of RM in our study was a longer reading time per
case. However, readers might be more used to evaluating 2D images,
such as DM or SM, rather than RM. As with any new imaging modality,
there could be a learning curve that might eventually shorten reading
times of RM and might increase detection performance with RM. Since
DBT already increases reading time in comparison to DM [33–35], it is
important that the adjunct synthetic image does not further delay the
reading, unless there is a performance improvement. However, how the
reading time of RM and SM would vary when used in conjunction with
the DBT stack could be different than under the conditions studied here,
since perhaps the radiologist would spend less time with the synthetic
mammograms before assessing the DBT stack. It should be noted that
Tani et al [22] showed no improvement in terms of AUC when adding
RM to DBT alone. However, in that study, priors were not included, and
it is especially for this type of overall breast tissue comparison that the
synthetic mammograms would have its greatest expected impact.

The potential use of synthetic mammography (either RM or SM) as a
replacement for DM in a combination protocol (e.g. as an adjunct to
DBT) for breast cancer screening partially depends on having at least a
DM-like stand-alone performance, which has already been shown for

other types of SM [24,36]. Our study suggests that SM and RM have
lower detection performance than DM, showing that these synthesized
images still have room for improvement. It should be noticed that this
difference was computed using an AI-based system for breast cancer
detection as virtual reader of DM and was performed on a slightly
different mammogram population, as not for all DBT examinations a
DM was available. Therefore, the actual difference for radiologists
might vary. However, in previous research we showed that the per-
formance of this system is similar to an average breast radiologist [37].
This novelty of using an AI-based system instead of breast radiologists
proved useful in our study. Not only resources were saved, but the
experiment could be performed in a significantly less amount of time. It
can be expected that in the future, more stand-alone AI systems could
be used as virtual readers, facilitating and speeding up research ob-
server performance studies.

Introducing AI-based methods into the generation of the synthetic
mammography is likely a solution that could boost the performance of
any type of synthetic mammography up to (or beyond) the level of DM
[38], and a new evaluation of these images would be required. In fact,
an ideal synthetic image should allow a reader performance like
reading the full DBT volume, since both are generated from the same set
of acquisition projections. This is likely only possible when using AI
algorithms to highlight suspicious lesions that are otherwise masked by
fibroglandular tissue. Some studies have assessed the stand-alone di-
agnostic value of different vendors’ current synthetic mammography
alone in comparisons with DBT, concluding that SM achieves sig-
nificantly inferior cancer detection performance than DBT [23,39].

Our study was limited by the sample size and number of readers. An
increase in (malignant) cases, readers, and a reading protocol and set-
ting similar to that of screening (bilateral and with priors) would allow
a more definite conclusion about the potential use of RM as an adjunct
to DBT. Nevertheless, before performing such studies, our results show
that new versions of RM/SM that allow a reading performance closer to
DM are desired.

In conclusion, radiologists achieve similar cancer detection with
rotating synthetic mammography as with planar synthetic mammo-
graphy. They prefer the 3D-like rotating representation of soft tissue
lesions and calcifications compared to 2D visualization, which might
improve their specificity, but at the expense of a slightly longer reading
time.
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Fig. 6. VGC curve which plots the proportion of ratings (given the image cri-
teria score - ICS -) above a certain threshold for synthetic mammography (SM)
against the same proportion for rotating mammography (RM). The AUC of the
VGC curve is shown within parentheses, which measures the separation be-
tween the two rating distributions, with AUC > 0.5 indicating that RM was
preferred over SM.

Fig. 7. Example of a case with malignant calcifications that was scored by all the radiologists as better visualized in RM than in SM. Only three (central and extreme)
of the 17 images in the RM are shown here.
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