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ABSTRACT

International regulatory organizations for
quality control of X-ray systems, such as the
International Atomic Energy Agency (IAEA),
have implemented protocols for acceptance
testing of digital mammography and breast
tomosynthesis equipment, aiming to establish
quality standards in radiology services.
However, these guidelines are usually based on
tests with breast phantoms with standardized
thicknesses and compositions, often not
representative of the patient population profiles
at those services. In a prior study, we developed
a computational system  designed  to
automatically tracking and managing data
extracted from the image acquisition processes of
digital mammography and breast tomosynthesis,
stored on a DICOM SCP (Service Class Provider)
server. This approach enables obtaining
technical reports characterizing exposure
parameters and tests have shown that the
reference levels outlined in international
standards for breast composition and radiation
dose do not accurately reflect the characteristics
of the actual patient population. Thus this study
describes data collection and corresponding
analysis for the dose tracking process primarily
on three digital mammography systems of
different radiological services. Extensive image
datasets from these systems were obtained using
a new application described previously, with a
focus on dose profiles generated during
exposures. Graphical representations resulting
from the datasets are presented, along with
analysis of skin entrance and mean glandular
doses distributions, average kV and mAs applied
during the exams together with the target/filter
combinations, radiographic density distribution,
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as well as the age and breast thickness
characteristic of the respective population
submitted to exposures in each of those
mammography services. Additionally, the extent
of information and ease of acquisition provided
by the tool for performance evaluation of digital
mammography services is discussed.
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radiation  dose,  quality  assurance in
mammography.
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| INTRODUCTION

Breast cancer, according to World Health
Organization [1], accounts for an estimated 2.3
million new cases, as reported in 2020. The same
estimation indicates probably about 15.5 million
cases in 2030. The highest mortality rate due to
breast cancer in Brazil, for instance, is observed in
the Southeast region, with 16.14 deaths per
100,000 women. This highlights the importance
not only of self-examination but also of
undergoing examinations such as mammography.
Furthermore, it is crucial to adhere to quality and
safety standards when conducting such
examinations regarding the benefit of patients.

In order to ensure comprehensive breast imaging
while optimizing the number of images and
minimizing the radiation exposure to the patient,
two main projections are employed in
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mammography: mediolateral-oblique (MLO) and
craniocaudal (CC) [2]. This approach also reduces
the areas not exposed to the X-ray beam, which is
captured on the imaging plane.

Optimal generation of the X-ray beam is crucially
important, aligning with the chosen imaging
acquisition method, meaning that photons should
have energy within the optimal range. As the
selection of the anode/filter material of the X-ray
tube varies according to its performance for
certain breast thicknesses and density, the
material selection can be relevant to acquire the
best image quality with the lowest radiation dose
for the patient.

The application of diagnosis standards is decisive
to ensure the quality of radiological services, as
emphasized in the IEC 61223-1 standard [3]. This
standard not only covers the quality aspects of
mammography equipment but also covers
operational techniques and acceptance tests.
Furthermore, guidelines for digital mammo-
graphy quality have been developed, taking into
account test results, particularly those obtained
using phantoms defined in national and
international = standards. These guidelines
primarily focus on standard breast thicknesses
and glandular composition, although it is well
known that breast composition can vary among
different populations [4-6].

Consequently, determining the characteristic
features of each specific population is important
in order to establish reference levels for radiation
doses absorbed by breast tissue. In current digital
mammography procedures, all images are
recorded in accordance with the DICOM (Digital
Imaging and Communication in Medicine)
protocol [7], which includes essential information
about the examination and exposure conditions,
such as breast thickness and the dose received by
the breast during the procedure, among other
information. = Therefore, investigating this
technical data from the DICOM header can
contribute to enhancing the image acquisition
process.

By properly using anode/filter combination, in
addition to the electrical parameters of the

equipment, the Skin Entrance Dose (SED) and the
Mean Glandular Dose (MGD) can be minimized.
These values can be measured and associated with
patient images through the DICOM protocol.

Therefore, the development of a computational
tool that uses data extracted from these files to
provide information on dose profiles could
effectively manage the image acquisition process.
This tool, in conjunction with the characterization
of the population profile, could complement the
standard quality assurance tests in digital
mammography. By following the quality criteria

required by medical professionals and
international standards, this approach aims to
improve the overall quality of digital

mammography examinations.

Our team previously conducted a study [8] aiming
to extract relevant data from DICOM headers of a
collection of 2D digital mammography and digital
breast tomosynthesis images. Modifications to
this previous approach, developed in JAVA
language, resulted in software tested using a
database consisting of mammography cases from
patients exposed to a FFDM (Full Field Digital
Mammography) equipment at a public hospital in
Brazil [9]. In such a study [9], the responses of the
DICOM header from a set of images were
evaluated and compared with quality control tests
conducted in practice. The purpose was to
estimate the actual mean glandular dose (MGD)
using a calibrated dosimeter (Accu-Gold AGMS-M
+, Radcal, Monrovia, CA) based on the values of
kerma measured with PMMA and those calculated
for the breast tissue in a digital mammography
system. The calculation of MGD was based on
Dance’s method [10], which involved the product
of some parameters such as air kerma, standard
density, standard thickness, half-value layer
(HVL), and the target-filter combination.

Once validated the effectiveness of our software
(named ReadDICOM) through that investigation
[9], the current study focuses on the evaluation of
many correlations possible to extract from the
data contained in DICOM headers regarding the
mammography images from the exams performed
in FFDM equipment. Here not only aspects of
patient doses based on breast thickness or age are
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considered, but also the parameters of the X-ray
equipment used as well as aspects on radiographic
density. The purpose 1is to provide a
comprehensive temporal analysis of examination
procedures in a mammography service, focusing
on dosimetry aspects and their relationship with
the population characteristics of the patients
undergoing these examinations.

Il.  METHODS AND MATERIALS

The images used for analysis were obtained at 3
radiological facilities installed in public hospitals
in the state of Sao Paulo, Brazil. All of those
radiological services used GE FFDM (Senographe
DS or Senographe Essential) mammography
equipment at the time the examinations
corresponding to the present study were
conducted. From the “Radiological Unit 1”7, our
database stored information from mammography
examinations of 380 patients (exams between
November and December, 2013); from the “Unit
2” in turn, data was collected from examinations
of 63 patients (exams between October, 2013 and
February, 2015), while from “Unit 3” the total
recorded data referred to examinations conducted
on 1,025 patients (in this last case, about 5,000
exposures — images). However, this last dataset
was divided into smaller sets to facilitate the
analysis. Therefore, for this current description, a
set of 1,367 images, representing exams of almost
300 patients (performed between June 2016 and
June 2019) was taken into account for the main
statistics.

One of the essential tools for conducting the study
was the ReadDICOM software [9], developed in
JavaScript, which is responsible for extracting the
DICOM header data from each image file and
organizing this information into a spreadsheet
file. The user-friendly interface of the program
allowed for easy extraction of all the necessary
information for subsequent analyses in less than
one minute for each images set. Once the data
spreadsheet was complete, data pre-processing
was performed. Initially, patients with a high
number of missing data were excluded from the
study as they were deemed irrelevant.
Additionally, the acquisition date attribute and
patient age were standardized.

After completing the data pre-processing, the
following study profiles were defined for
correlation analysis, similar to [8]: (a) patient
identification, mammography machine, and
examination date; (b) type of breast projection;
(c) Voltage and, current-time parameter, and
anode/filter materials; (d) breast thickness and
compression force; (d) Skin Entrance Dose (SED)
and Mean Glandular Dose (MGD) values.

In the population profile, we evaluated general
patients aspects for the purpose of establishing
correlations with the mammographic exam. The
graphical analyses conducted are detailed below:

1. Distribution of cases based on patients breasts
thickness;

2. Distribution of patients based on their ages;

3. Distribution of average breast thickness
among patients according to their identified
age;

4. Distribution of cases by thickness — separated
by images projection: CC and MLO;

5. Histogram illustrating the distribution of
cases divided into breast thickness ranges.

These analyses allowed for mapping the most
relevant characteristics of the population served
by those radiological services. For the dosimetry
profile, which constitutes the primary focus of this
study, the objective was to conduct quantitative
and qualitative evaluations of the radiation doses
received by the patients. The following relations
were generated:

1. Histogram of Skin Entrance Dose (SED)
values based on breast thickness ranges — by
projection (CC and MLO) and overall;

2. Histogram of Mean Glandular Dose (MGD)
values based on breast thickness ranges — by
projection (CC and MLO) and overall;

3. Histogram illustrating the distribution of
MGD in terms of the total number of
exposures based on dose value ranges;

4. Average SED based on patient ages within the
dataset;

5. Average MGD based on patient ages within
the dataset;

6. Average SED and MGD received by patients;
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7. Percentage of cases above the mean and
standard deviation of SED and MGD per
breast thickness range;

8. Histogram of the number of images taken for
each target/filter combination;

9. Distribution of the number of patients per
average breast thickness range, considering all
images taken in a single examination.

These correlations provided fundamental insights
into the behavior of the mammography
equipment and its determination of radiation
doses in each exposure.

Lastly, for the creation of the operational profile,
operational parameter data (kVp and mAs)
recorded during the mammographic exposures, in
conjunction with the used target/filter
combinations, were considered. The following
graphical correlations were generated:

1. Average kVp and mAs values per breast
thickness range during the examinations for
the respective tube target/filter combinations:
(a) Rh/Rh; (b) Mo/Rh; (¢c) Mo/Mo;

2. Average kVp and mAs values
target/filter combinations;

3. Percentage of cases for the used target/filter
combinations.

for all

These correlations provided insights into the
operational aspects of the mammography
equipment, including the selection of target/filter
combinations and the associated parameter
values.

Furthermore, data were determined on the sizes
of breast areas relative to all the images as well as
their radiographic density. This was provided by
using the latest version of the LIBRA software
(Breast Imaging Group, UPenn) [11] on all image
sets obtained from the 3 digital mammography
units. As a result, this approach allowed
determining an outcome corresponding to the
profile of each set in terms of density variation
(within the BIRADS ranges).

. RESULTS

From the analysis of the image sets described in
the previous section, we have determined initially
the population profile of patients undergoing
examinations on those mammography units
during the respective time periods considered in
the beginning of section 2. The results are
graphically illustrated in Fig. 1, 2 and 3.
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Fig. 1: Population Histogram I: Distribution of Cases According to Patients' Breast Thickness (a) for

UNIT 1; (b) for UNIT 2 and (c) for UNIT 3
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Organizations such as EUREF (European
Reference Organization for Quality Assured
Breast Screening and Diagnostic Services) use
PMMA simulators with a thickness of 45mm [5],
which is considered the average breast thickness
in most quality control tests. The population
profile data are thus relevant as they suggest the
possibility of reformulating simulation objects to
better match the reality of local/regional patients.
They can also indicate the need for attention from
professionals regarding the radiation dose faced
by patients, as the compressed breast thickness is
an essential factor in determining the dose the
equipment should produce.

The evaluation of the population profiles from the
graphs in Fig. 1 and 2 shows the following results
for the average breast thickness and average age
considered the three datasets:

(©
Fig. 3- Histogram of Case Distribution by Thickness Separated by Breast Thickness Ranges. (a) for
UNIT 1; (b) for UNIT 2 and (c) for UNIT 3

e Unit 1: (a) average breast thickness: 48.8 (+
12.4) mm; (b) average age of patients in the
dataset: 59.2 (£ 13.1) years old;

e Unit 2: (a) average breast thickness: 55.9 (£
14.8) mm; (b) average age of patients in the
dataset: 57.6 (+ 13.2) years old;

e Unit 3: (a) average breast thickness: 62.6 (+
12.4) mm; (b) average age of patients in the
dataset: 52.8 (+ 12.8) years old.

London Journal of Medical & Health Research

(NOTE: exceptionally, these results for Unit 3
were determined for the whole set of patients —
slightly above 1,000 — undergoing examinations
in such a mammography service during the 3
years period considered. The results for the next
statistics, mainly relative to dose distributions and
corresponding profiles, were determined to the
smaller dataset initially described, comprising
about one third of the total images set).
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3.1 Determining the Profile of Exams Doses

The main result from this evaluation includes
study of the mammographic systems behavior

examination.
mammography services considered here these
profiles are illustrated in Fig. 4 to 6.

regarding the doses applied in each exposure and
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Fig. 4: Histogram of Skin Entrance Dose (SED) Values According to Breast Thickness Ranges, by
Projection (CC and MLO) and overall: (a) for UNIT 1; (b) for UNIT 2; and (c) for UNIT 3

Radiation Dose Tracking in Digital Mammography: Evaluation of Population Profiles through Automatic Data Extraction from the DICOM

n Volume 23 | Issue 11 | Compilation 1.0

Header

(© 2023 Great Britain Journals Press



MGD by thickness

MGD (overall)

ranges 2,500
F 2,000 _—
= 3,000 E150 @ — | — M
Lé @ 1,000 g — — — — — I
= e 8050 | — —
‘ﬂa 0}000 T T T T T T T 1
< 21-31-41-51-61-71- > mMLO <20 21- 31- 41- 51- 61- 71- >80
20 30 40 50 60 70 80 80 30 40 50 60 70 80
Thickness ranges (mm) Thickness ranges (mm)
@)
MGD by thickness MGD by thickness ranges
ranges (General)
4,000 3,000
Z 3,000 LE 2,000
£ f’ggg = 1,000 -
2 0,000 - =9 8 0,000 -
=]

21-31-41-51-61-71- > = (MLO)

30 40 50 60 70 B0 80

Thickness ranges (mm)

21- 31- 41- 51- 61- 71- >80
30 40 50 60 70 80

Thickness ranges (mm)

(b)
MGD by thickness MGD (general)
ranges

3,000

B

£ 2,000

3 1,000 - = (CO)

0,000 -

- 21-31-41-51-61-71- > " (MLO) 21- 31- 41- S51- 61- 71- >80
30 40 50 60 70 80 80 30 40 50 60 70 80
Thickness ranges (mm) Thickness ranges (mm)

(©)

Fig. 5: Histogram of Mean Glandular Dose (MGD) Values According to breast Thickness Ranges by

Projection (CC and MLO) and Overall: (a) for UNIT 1; (b) for UNIT 2 and (c) for UNIT 3
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Fig. 6: Histogram of Mean Glandular Dose (MGD) Distribution in Terms of Total Exposures, according
to dose Value Ranges. (a) for UNIT 1; (b) for UNIT 2 and (c) for UNIT 3

Also from the data obtained from all the DICOM average SED and MGD for each set of patients as
headers for the three mammography systems shown in Table 1:
under investigations here, we could determine the
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Table 1. Summary of the Average doses by Patient

Average Doses by Patient UNIT 1 UNIT 2 UNIT 3
Average SED (mGy) 7.82 + 1.4; 8.93+3.5 8.90 + 3.4
Average MGD (mGy) 2.01+ 0.3 1.82 £ 0.3 1.92 + 0.6
% of patients with SED greater than the o o o
average 57.1% 38.8% 42.6%
. . 31.4% 24.2% 30.4%
% of patient th SED ter th
° O patients wi gre.a e?r an 17.9% of the total of 9.0% of the total of 12.9% of the total of
[average + standard deviation] patients patients patients

In addition, we determined the behavior of the function of their age. The corresponding results
average dose received by patients, now as a areshown in Fig. 7 (SED) and 8 (MGD).
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Fig. 7: Graphical behavior of SED as a Function of the Patients age for the Respective dataset: (a) for
UNIT 1; (b) for UNIT 2 and (c) for UNIT 3
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Fig. 8: Graphical behavior of MGD as a Function of the Patients age for the Respective Dataset: (a) for
UNIT 1; (b) for UNIT 2 and (c) for UNIT 3

32 Determining the Mammography Systems

Operating Parameters

Among the data collected in the study, the
operating parameters recorded by the equipment

(kv and mAs) as well as the systems behavior in

terms of target-filter combinations used during
the exposures were also considered. The graphs
obtained from this evaluation are illustrated in
Fig. 9 and 10.
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Fig. 9. Average kVp and mAs values by breast thickness ranges during exams for the respective
target/filter combinations of the tube: (1) Mo/Mo; (2) Mo/Rh; (3) Rh/Rh. They are illustrated,
respectively, as follows: (a), (b) and (c) for UNIT 1; (d), (e) and (f) for UNIT 2; and (g), (h) and (i) for

UNIT 3
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Fig. 10: Percentage of Cases for the Target/filter Combinations used: (a) UNIT 1; (b) UNIT 2; (c) UNIT 3

33 Determining the Breast Areas and
Radiographic Density from the Mammography
Images

Additionally to the data shown in the previous
sections, we have determined both the sizes of the
breast areas relative to those images and the
radiographic density of each one by applying the

most current version of the LIBRA software
(Breast Imaging Group, UPenn) [11] on all image
datasets obtained from the 3 mammography
Units. Consequently, it was possible to determine
the profile of these 3 datasets in terms of

radiographic density variation (in BIRADS
categories, for example) and the size of breast
areas in patients from those centers. This section
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categories, for example) and the size of breast
areas in patients from those centers. This section
shows graphical representations illustrating these
profiles. The radiographic density profiles by
breast projection (CC and MLO) are illustrated in

Fig. 11 (a, b and c, respectively for Units 1, 2 and
3). And Fig. 12 illustrates the profile
corresponding to the percentage of patients by the
size ranges of breast areas — considering also the
two projections (CC and MLO).
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Fig. 11: Profile of Percentage of Images in the Set in each of the 4 BIRADS Radiographic Density
Intervals for both Images Projections (CC and MLO): (a) UNIT 1; (b) UNIT 2; (c) UNIT 3
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Fig. 12: Profile of Percentage of Patients in each dataset in 6 Ranges of Average breast area size,
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V. DISCUSSION

The dataset acquired in this study was quite
extensive, and the data acquisition process for
subsequent analysis was significantly facilitated
by the storage capabilities provided by the
ReadDICOM program [9]. Firstly we primarily
focus on the dose profile generated by the
systems, along with other statistically relevant
profiles of interest to radiology services
administration. Regarding the time required for
processing and obtaining the base spreadsheet, it
was found that the survey for the most extensive
image set (1,367 images) took less than 1 minute.

The following subsections will present many
comparisons between the 3 systems involved in
this investigation, based on the data extracted
from the DICOM files recorded and graphically
presented in the previous section.

4.1 Comparison of Population Profiles

The primary findings from the comparison of sets
of patients undergoing examinations in the three
investigated systems are as follows:

a) The average age of patients in the respective
groups is approximately 50-60 years, with
mean ages of 59, 57 and 52 years for
individuals undergoing exams in radiological
services of Units 1, 2 and 3, respectively;

b) The average breast thickness, as subjected to
examinations, notably exceeds the
conventional = recommendations typically
employed in quality control and phantoms
tests (which typically employ an average
thickness of 45mm for a breast with 50/50%
fibro glandular/adipose tissue): nearly 49mm
for Unit 1 group, 56mm for the Unit 2 group,
and remarkably, 62.5mm for patients
submitted to exams in Unit 3.

These data hold significant implications. They
suggest a potential need for healthcare
professionals responsible for these services to
reevaluate examination procedures and closely
observe radiation dose levels produced by the
equipment, as this factor is highly dependent on
breast thickness during exposure. Moreover, these
insights offer valuable directions for the
development of techniques and phantoms aimed

at quality assessment of the imaging systems. It is
also noteworthy that these findings characterize
the population profile served by these public
radiology services, encompassing both routine
and diagnostic examinations.

4.2 Dosimetry Profiles

The ability to swiftly and easily survey dosimetry
profiles for each set of equipment through this
application represents a significant advantage in
terms of a quality evaluation tool for system
performance. In a general overview based on the
various graphs for each set, the behavior of all
three systems aligned with expectations.

Since the most critical aspects of mammography
quality control are currently centered on Mean
Glandular Dose (MGD), we will not extensively
explore the results of Skin Entrance Dose (SED).
It is worth noting that, on average, SED records
lower values for the mammography Units 1 and 3
(often falling below 9.0 mGy, except for very thick
breasts exceeding 8omm, especially in the latter).
Conversely, for the Unit 2 equipment, SED
reaches 10 mGy or higher for breast thicknesses
above 6omm. Even so, data from all Units are
satisfactorily reporting average SED around
8.0-9.0%, as shown in Table 1. Still considering
the results summarized in that Table, only for
Unit 1 data show that worryingly more than 50%
of the patients in the group under study received
SED above the average value. For the other two
mammography services, these numbers were
between 38 and 42%. Even so, the proportion of
patients who received a SED exceeding the
average value plus the calculated standard
deviation, relative to the total number of patients,
remained below 13% for Units 2 and 3. In
contrast, for Unit 1, it was slightly higher,
approximately around 18%. These numbers may
be attributed to cases where multiple breast
exposures were required for clinical reasons.

Regarding the MGD profiles for the three units,
two comparisons are of interest: one relative to
the recorded values compared to the
recommendations outlined in norms and
guidelines; and the other comparing the values
recorded among the three units (since all
correspond to similar models from the same
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manufacturer). Therefore, from an initial analysis
of the graphs presented in Figure 5:

a) Mammography Unit 1 exhibited MGD levels
within the acceptable range according to
international standards. However, it is worth
noting that the lower thickness ranges exhibit
average MGD values approximately 50%
higher than both the acceptable and desirable
values, with values reaching the upper limits
for the next range (41-50 mm) and falling
below the "limits" for the larger thickness
ranges. It is important to note that, for this
equipment, the majority of patients had breast
thicknesses ranging from 43 to 60 mm (Figure
1), encompassing 435 images within this
interval, and their average MGD values align
with the standards. Furthermore, instances
where slightly elevated MGD is recorded in
the lower thickness ranges are associated with
low absolute values (around 1.5 mGy).

b) A similar pattern is observed in the analysis of
the graph presented for the mammography
Unit 2. Once again, the average MGD values
recorded for the lower thickness ranges (21-30
mm and 31-40 mm) were in close proximity to
their respective limits. When compared to the
"desirable" values, which are adopted by
Brazilian standards and are more restrictive, it
becomes evident that they are slightly higher
(approximately 20% higher in the lower
thickness range and up to 50% higher between
31-40 mm). For the other thickness ranges,
the MGD levels are comfortably below both
the acceptable and desirable limits as outlined
in the standards.

c¢) The mammography Unit 3 demonstrates a
more consistent alignment with international
standards in terms of average MGD values.
The only exception is the 31-40 mm thickness
range, where the recorded MGD reaches 2.0
mGy (compared to an "acceptable" value of 1.5
mGy and a "desirable" value of 1.0 mGy).
However, this particular observation, while
warranting some attention, does not appear to
be significantly concerning. This is due to the
fact that the majority of patients in the dataset
had breast thicknesses ranging from 50 to 74
mm, encompassing 930 images in the
evaluated group, with average MGD values

well below both the acceptable and desirable
limits.

d) It is noteworthy that the primary MGD
distribution ranges for each equipment are as
follows: for Unit 1, they range from 1.8 to 2.4
mGy; for the mammography Unit 2, they fall
between 1.0 and 2.0 mGy; and for Unit 3, they
extend from 1.2 to 1.8 mGy. Additionally,
there is a notable subset within the Unit 3
distribution that falls between 2.2 and 2.6
mGy, primarily attributable to the group with
the thickest breasts among all the analyzed.

e) In comparative terms, the MGD profiles for all
three Units exhibit remarkable similarity,
particularly between the Units 2 and 3, whose
overall MGD profiles closely resemble each
other despite differences in the number of
cases/patients included. The MGD profile for
Unit 1, on the other hand, displays a slight
divergence, characterized by an unexpected
decrease in dose values for thicker breasts.
Unfortunately, further comparisons with this
equipment are no longer feasible, as the
corresponding radiology service has replaced
it with a new different system capable of
performing breast tomosynthesis exams.

It is also of interest to note that the average values
of SED and MGD tend to decrease with the
patients age (according to Fig. 7 and 8). It is worth
highlighting that those profiles show that the
average MGD for all age groups within each set
remains consistently limited in the range of 1.0 to
2.5 mGy for Unit 2 set, with minor variations in
the lower limits for the other systems (1.5-2.5
mGy for Unit 1 and 1.2-2.5 mGy for Unit 3). This
confirms the primary results of average MGD by
patients shown earlier in Table 1.

4.3 X-ray Spectrum Profiles

The graphs presented in Figure 9 illustrate
operational = parameter profiles of the
mammography systems, specifically in relation to
the target/filter combinations used during
examinations. These profiles are depicted across
various breast thickness ranges exposed to the
systems. Notably, there are certain similarities
among the three systems:
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a) For the Mo/Mo target/filter combination, all
three systems exhibit nearly constant
behavior, maintaining an average energy level
of approximately 26 kVp across all breast
thickness ranges.

b) Similarly, for the Rh/Rh target/filter
combination, all three systems operate within
a range of 29 to 30 kVp across different
thickness ranges. However, it's worth
mentioning that the mammography Units 2
and 3 reach 30 kVp primarily for very thick
breast tissue (above 7omm).

c¢) In contrast, for the Mo/Rh target/filter
combination, there is a noticeable difference.
The Units 1 and 3 operate with energy levels
between 26 and 27 kVp. In contrast, Unit 2
exhibits a higher energy profile, operating
between 29 and 30 kVp. This variance may be
an adjustment to compensate for the fact that,
within this same combination, the Exposure
(mAs) value recorded by the Unit 2 system is
considerably lower compared to the other two.
Unit 2 records exposures between 64 and 72
mAs, while the other two systems show a
broader range, varying from 60 to 100 mAs
(Unit 1) and 50 to even 200 mAs, especially
for breast thickness ranges above 70mm, in
the case of Unit 3.

The operational parameter profiles also reveal
significant differences in the recorded values
across the three sets. Notably, for the Mo/Mo
combination, the Unit 3 set maintains a nearly
constant exposure level of around 200 mAs. In
contrast, the Unit 2 set does not exceed 100 mAs,
and the Unit 1 set records even lower values,
ranging from 40 to 80 mAs. These differences can
be attributed to the typical breast thicknesses and
densities registered in each set's patient
population, with the group corresponding to Unit
3 characterized by notably thicker breast tissue.

However, it is important to note that a more
comprehensive comparison can be made by
considering the most frequently used condition,
which is the Rh/Rh target/filter combination.
Remarkably, between 70% and 80% of all images
in the analyzed datasets were produced using the
Rh/Rh combination. This observation aligns with
expectations, especially in the case of the Unit 3

dataset, where higher average breast thicknesses
are registered.

In the comparison of profiles across the three
groups, one notable difference is the recorded
mAs values in the Unit 1 group. Interestingly, a
decline in mAs values is observed as breast
thickness increases, ranging from 120 mAs for
thicknesses in the 31-40mm range to
approximately 80 mAs for thicknesses above
7omm. In contrast, both the mammography units
2 and 3 exhibit a different pattern, which is
relatively consistent between them. These systems
show increasing mAs values as breast thickness
ranges increase, ranging from 60 to 140 mAs for
the former and from 50 to 170 mAs for the latter.
This behavior aligns with expectations for these
cases, where higher breast thickness typically
requires higher exposure settings to maintain
image quality.

This distinction in mAs behavior among the
groups may reflect variations in patient
populations, breast tissue characteristics, or
specific clinical practices at each radiology service,
featuring the importance of considering these
factors in dose optimization and quality control
efforts.

4.4 Radiographic Density Profiles

The analyses performed so far have been based on
the use of the software previously developed [9]
applied to the image datasets under
consideration. We complemented this analysis by
leveraging the LIBRA software (Breast Imaging
Group, UPenn) [11]. This freely accessible
software provides, in addition to the original and
segmented images and a histogram of the
analysis, three essential pieces of information: the
size (in cm?) of the total area of the cropped
breast, the size (also in cm?®) of the segmented
area, and the ratio (expressed as a percentage)
between them, which the program defines as the
radiographic density of the breast. These data,
along with other attributes related to each image
(such as whether it is a CC or MLO projection, left
or right, etc), are recorded within a spreadsheet.
The information derived from LIBRA led to
additional graphical representations documented
in Fig. 11 and 12, focusing on the relationships
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among the Average Radiographic Density per
patient, the percentage of cases within the four
classic density intervals defined by BIRADS, as
well as the average and maximum breast area
sizes, considering MLO and CC projections.

From these graphs, it is interesting to highlight an
observation: in all of them, according to LIBRA
results, the overwhelming majority of patients
undergoing examinations are in BIRADS category
A, i.e., breasts with radiographic densities lower
than 25% (almost 90% of cases for Units 1 and 2
sets, and almost 80% for Unit 3 set). The groups
corresponding to category B (densities between 25
and 50%) practically complete the sets,
representing about 10% of cases. Tests with an
older version of that program did not change this
result, which, however, is somewhat surprising
since it does not exactly reflect what is usually
observed in radiology routine (where there is a
greater distribution of cases between densities up
to 75%, at least) and therefore deserves further
investigation.

Regarding breast area profiles, it is interesting to
note that these data complement well the results
related to the average breast thicknesses of the
patients examined in each of those services. They
show that the majority of patients have breast
areas ranging from 100 to 200 cm? In more
detail: (a) from the Unit 1 set, just over 30%
correspond to areas of 100 to 150 cm?, another
30% have an area smaller than 100 ¢cm?, and 23%
are between 150 and 200 cm?; (b) from the Unit 2
set, 40% of breasts are in the range of 100 to 150
cm? (21% are smaller than 100 cm?, and 22% are
between 150 and 200 c¢cm?); and (¢) from the Unit
3 set, about 33% are between 100 and 150 cm?,
and another 28% are between 150 and 200 ¢cm?.

V. CONCLUSION

The DICOM header information included in the
images is a valuable asset for the study outlined in
this article. The extensive data stored within the
image files played an essential role in establishing
profiles with meaningful correlations and
outcomes regarding patient demographics,
radiation doses they were exposed to, and
parameters of the hospital's mammography

system. The use of the previously developed
ReadDICOM tool [9] significantly streamlined
this process.

It is important to note that, despite the extensive
number of exposures included in this study,
certain instances with smaller sample sizes (such
as extreme cases of age or breast thickness or less
commonly used target/filter combinations)
exhibited biased results. Consequently, for future
extensions of the study, increasing the number of
exposures would be useful to enable a more
comprehensive and representative analysis of the
patient population in a particular radiological

service.  Additionally, for supplementary
investigations, incorporating exposures from
different models of digital mammography

equipment could yield valuable insights into
radiation doses and operational parameters.

In our particular study, three important aspects
could be highlighted based on the analysis of
population profiles and dose records in the
investigated radiological services. The average
breast thickness ranged from approximately
somm to 62mm, depending on the radiology
service considered, indicating values above what
is typically used as a standard for conventional
quality assurance programs (e.g., in phantoms
used for tests). The average age of the patients
ranged from 52 to 60 years, indicating a
prevalence of non-elderly women in the evaluated
group. Despite this, the analysis of radiographic
density of the images showed a significant
presence of BIRADS A cases in the same group
(even for the mammographic Unit corresponding
to the population with the lowest average age).

Finally, all the equipment produced average
glandular dose profiles within the limits
recommended by international standards and
norms — although in some cases there were
occasional "deviations", almost always due to
thicker breasts. This is an important conclusion as
it demonstrates that the present work, through
the scan obtained by the ReadDICOM application,
rapidly and practically detected the dosimetry
profiles of each investigated mammography
equipment, enabling its use to optimize the
management process of their respective
radiological services.
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In conclusion, the significance of analyses like the
one conducted in this investigation cannot be
overstated. As previously emphasized,
mammography examinations play a primary role
in the early detection of breast cancer, and should
be conducted routinely throughout a woman's
adult life. Hence, comprehending the patient
population profiles and the radiation doses they
are exposed to during these examinations is
valuable — especially for the management of the
mammography service. In fact, having access to
information such as those presented in this study
makes it easier to implement progressively
substantial safety measures to the process.
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