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ABSTRACT

Introduction: The aim of this study was to select parameters from a combined analysis of breast
compression, breast morphometry and volumetric breast density, telling about the overall quality of breast
positioning, and to apply these investigations on a Moroccan population at the start of new breast cancer
screening activities. The study found that compression force in mammography varies greatly and has no
specific limit. The researchers attempted to find correlations between compression force and mammaographic
factors to establish a range of values for standardized compression in mammography.

Material and Methods: The study was carried out in a university hospital, a candidate screening center,
provided with new technology equipment, qualified staff and doctors of different specialties. Image
acquisition was procured on a FFDM Siemens Inspiration system for 250 patients in diagnostic
mammography and all patients’ information was collected. The data about dose, the compression force and
the thickness of the compressed breast were obtained directly from the DICOM header information, applying
Volpara Density software.

Results: The results show a correlation between compression force and breast density. The volume of breast
tissue compared to the total volume of the breast (VBD) decreased with increasing compressed breast
thickness (CBT) and age. The mean VBD was 9.3% + 6%, the compression force was 71+15 N and the CBT
was 53+11 mm.

Conclusion: The global analysis and comparison of mammographic parameters showed good similarity
between Moroccan and the previous studies population. The mammographic techniques can therefore be
used to Moroccan screening programs.
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Introduction

Mammography is an effective exam for the early
detection of breast cancer. As the glandular tissue in
the female breast is considered a radiosensitive organ,
the mammographic exam should be associated with
the lowest achievable dose to the patient, usually
expressed in terms of mean glandular dose (MGD)
which is considered to be the most important quantity
to estimate the risk of radiation-induced
carcinogenesis [1, 2].

The distribution of adipose and fibroglandular
breast tissue is variable and strongly correlated with
age: in older women, breast density generally tends to
decrease [3].

Breast density is a radiological entity representing
the amount of radiopaque or dense mammary

*Corresponding Author: Tel: +212623609312; Email: youssefOfsr@gmail.com

structures known as fibroglandular tissue, relative to
radiolucent tissue such as fatty tissue [4]. This has an
impact on the description of mammography's ability
to detect lesions: the denser the breast, the lower the
sensitivity of the mammogram. In addition, the high
density is responsible for a higher rate of interval
cancers and false positives [5].

Multiple studies that have investigated the
connection between breast density and breast cancer
have demonstrated that women with dense breasts
have a significantly higher risk of developing cancer.
In fact, mammography is less efficient for detecting
cancers in dense breasts. Dense breast shots are more
difficult to read and can also lead to additional exams
[6, 7]. High density is an appreciable predictor of the
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risk of missing cancer detection at mammography.
Density varies especially with age, but is also
influenced by hormonal treatment and is seen only on
mammograms. Quantitatively, volume breast density
(VBD) can be measured from digital images with a
proper algorithm.

The breast parenchyma structure depends
strongly on the proportion of its different tissue
components. It can be quite dense and can
consequently mask the presence of a tumor [8]. The
breast density, representing an important expression
of the amount of fibroglandular tissue, is related to
breast cancer risk [9]. Many studies have focused on
this topic, especially regarding the relationship
between density and breast cancer risk, which clearly
seem to be correlated. Already in 1976, Wolfe
investigated a relationship between mammographic
parenchyma (functional tissue of a glandular organ)
and the risk of breast cancer. The results showed four
classifications: N1, P1, P2 and DY with a gradual
progression of risk. N1 corresponds to a radiologically
transparent mammary parenchyma, very low density,
with the lowest risk and DY indicates a breast where
the parenchyma is represented by diffuse or nodular
densities and where the risk of cancer is the highest.
P1 and P2 refer to densities associated with
intermediate degrees of risk [10].

Later, N.F Boyd et al shown that mammographic
densities are an important indicator of breast cancer
risk [11]. They determined a quantitative
classification of densities indicating higher risk
gradients in general than other risk factors for breast
cancer, using radiological and computer-assisted
methods.

Giske Ursin et al [9] investigated the percent and
absolute mammographic density of patients aged 35-
64 years, from three different ethnic groups, using a
computer-assisted method. The breast cancer risk
increased with increasing percent mammographic
density, for the three ethnic groups without noting a
significant difference depending on the ethnicity. The
impact of percent density on risk was stronger for
older than for younger women.

Cancer risk prediction approaches, taking density
into account, improve the predictive risk level. This is
of great benefit for high-risk women as well as in
screening strategies and diagnostic procedures [12].

Proper radiographic technique, applied on
excellent technical performance of the x-ray device
are crucial to minimize the dose and optimally
visualize all the glandular tissue. Especially important
in this regard is breast compression [13].

In mammography, it is important to exert a
compression force on the breast in order to spread the
gland, reduce breast thickness and thus obtain a
better image of the inner breast inside [14]. This
compression permits to separate the superimposed
structures increasing the precision of the details [15].
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However, the compression force cannot be fixed to
a constant value. It is largely determined by the large
variability in the pain threshold of the patient and the
experience and training of the mammography
practitioners [16, 17].

Ioannis et al [13] mentioned that there are no
quantitative guidelines for the compressive force that
should be applied for an adequate mammogram.
Indeed, previous studies have concluded that there is
great variability in the compressive force depending
on screening centers and radiographers, and countries
[14]. Other studies have shown [15] that several
women complain of pain which may discourage them
from participating in screening. Whelehan P et al even
suggested reducing the compressive force in order to
encourage them to undergo mammographic exams
during screening companions [16].

An effective mammographic screening program is
the most effective way to detect breast cancer in its
early stages and has the potential to reduce the risk of
death from breast cancer [17].

Breast screening is well established thanks to
numerous measurement campaigns and global
investigations across the countries of the European
Union. Thus, in order to reduce the mortality rate due
to this disease, systematic early detection by
screening, effective diagnostic methods and optimal
treatment were necessary [18]. National standards
help to optimize the quality of screening programs
and develop coordination between national, regional
and European programs [18].

Special attention should therefore be devoted to a
complete investigation and a combined analysis of all
mammographic parameters to correctly apply the
results to the local population at the beginning of a
new screening program. Focused on this direction,
this study will contribute to developing the screening
methodology and will therefore increase its
effectiveness in our country.

Previous studies concluded that a program to
promote early detection of breast cancer needs to be
tailored to the particular circumstances of each
country, because of important differences between
and within different populations. For instance,
Shivaani Mariapun et al have pointed out a lower
precision on mammographic results [19] due to the
difficulty of visualizing mammographic details in the
Chinese small breasts. A study carried out on the
Lebanese population [20] showed that the
distribution of breast density is similar to that of
Western society and that a high breast density was
statistically linked to breast cancer, especially in
elderly and menopausal women.

This is why the first step of the study was to check
whether there is a resemblance between the
compression parameters evolution with the results of
previous work based on European standards to be
able to apply the same guidelines.
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In the second part, an analysis of the combined
compression parameters was proposed in order to
extract possible suggestions relative to the
compression range to adopt to guide practitioners
when taking a mammographic image. For this; an
attempt to identify possible relationships between
compression parameters and mammographic density
was suggested.

Materials and Methods

The present investigation was conducted in a
mammography unit of a Moroccan university hospital
where a full-field digital mammography system is used.
In Table 1 the main technical characteristics of the
system are summarized. The system was used in
Automatic Exposure Control mode (AEC).

The study considered DICOM data from 250
patients recorded during mammographic exposures. In
this study, the images were taken by several radiologists
(non-technicians). The main technical and compression
parameters were collected for each mammogram. For
each breast, the CC and the MLO images were analyzed.

The Relationship’s direction among the breast
parameters was expressed by the Spearman correlation
coefficient (Rs or p). All bivariate correlation analysis
expresses the strength of association between two
variables in a single value, which varies between -1 and
+1. The sign of the correlation coefficient (Rs) indicates
the direction of the correlation. A negative value of Rs
means that the variables have an inverse relationship.
The strength of the correlation increases as the value of
Rs moves closer to 1 or -1. A value of 0 indicates that
there is no correlation [21].

Table 1. Technical characteristics of the equipment

Detector type X-ray

System pixel and  Characteristics system
matrix size target/filter

. 24 x 30 cm

Siemens :

Mammomat SDL:rect Ray A~ 5ip =65 cm mg%ﬁ

gg‘i‘g?t'o” 85um WIRh
2816*3584

Results

In the first part of this study we focused on the different
mammographic factors, as thickness, glandularity and
density related to patient’s age.

Table 2. Overall statistics on patients of all age groups, breast
characteristics and compression parameters.

Parameters Mean + SD Median  Range
Age (y) 52+10 51 29-88
CBT(mm) 53.1+11.5 53 22-103
Breast volume (cm®) 851.3+406.7 804.4 103-2342
Absolute dense  66.6+38.7 55.7 12-286
Volumetric ~ breast 9.3+6 7.3 2.2-38.6
Glandularity (%) 17.8+11.4 145 43-736
Compression  force  70.7+14.8 73 28-128
Compression 7.9£35 71 2-25.8
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The average and median values of breast glandularity
were 17.8% and 21.8% respectively (Table 2). It was also
pointed out that the sample was composed of women in the
29-88 years age range (Figurel) candidate for diagnosis
examinations.

Age distribution of patients
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Figure 1. Age distribution of the patients’ database
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Figure 2. Comparison of glandularity’s evolution with Dance results
concerning two age groups
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Figure 3. Variation of VVolumetric Breast Density with age
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Breast Volume vs Age

Breast Volume (cm3)

Age (year)

Figure 4. Variation of Breast volume versus age

The variation of mean glandularity depending on breast
thickness for two groups of age (40-49y and 50-64y) is
shown in figure 2. Results were compared to those reported
by Dance et al [22]. The general trend is similar to that of
Dance, but with much smaller amplitudes.

Figure 3 displays the variation of the mean volumetric
breast density in two age groups. As expected, the density
is generally higher for the younger people: the VBD for the
40-49y age range and the 50-64y age range varies up to
12% and about 7% respectively.

Figure 4 shows that the values vary around an average
of 850 cm® and that they decrease from about 60 years. A
previous study [23] indicated that the average breast
volume increases with age and then decreases from a
certain age.

a: Compression Force vs Breast Density
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The sample taken into consideration in the present part
of study was 235 patients, of which the age was greater
than or equal to 50 years. The analysis of the latter data was
compared with those 250 patients from Leuven University
Hospital, taken during a screening campaign. Figure 5
giving the average of the volumetric breast density in
Morocco and Belgium, shows that the tendency of the two
curves is exactly the same with a slight increase in for
Belgian patients for small breast sizes. In addition, figure 6
shows that the values range of the compressive force is
higher for the Belgian data relatively to the breast density
and the breast volume respectively. It varies from 40 to
about 100N for Moroccan patients while began from about
100N for Belgian population and can reach 160N.
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Figure 5. Variation of volumetric breast density versus breast volume for
Moroccan and Belgian populations.
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Figure 6. a) Variation of compression force with breast density for Moroccan and Belgian populations. b) Variation of compression force with breast volume

for Moroccan and Belgian populations
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Exposure vs compression force

450
400
350
300
250
200
150
100

50

Exposure (mAs)

20 40 60

®31kV

® 26 kV

©27kV

® 28 kV

®29kV

®30kV

80 100 120 140

Compression force (N)

Figure 7. Variation of exposure versus compression force for different tube tension
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Figure 8. CBT vs compression force for left and right breast side.
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Figure 9. CBT vs compression force CC and MLO; a) left and b) right
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It is noted that the results are conform to those
established by Dance regarding the evolution of
glandularity versus the women age groups. In addition,
comparison with Belgian results where guidelines in the
domain are used, gives similar conclusion. These directives
can also be applied for our results, as in our country there
are no guidelines yet to assess the results of this study.

For all the kV values used, the compressive force is
generally between 25 and 80 N (figure 7). It is noted that
for 26, 27, and 28 kV, the exposure is relatively low and
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b: CBT vs Compression Force-Right
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less than 100 mAs permitting thus administered dose
reduction.

Several previous studies showed that breast density is
related to breast cancer incidence [10, 11], mainly because
of the possible difficulty to visualize the fine details in
mammogram. Precisely, when the breast is dense, it is
more difficult to visualize the small details if the
compressive force applied is not adequate in order to
properly flatten the breast and consequently visualize the
small details.
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Compression in mammography represents the force
exerted on the breast to flatten it by reducing its thickness.
Although it has no explicit limitations and this practice can
have a significant impact on the quality and visibility of the
image. The same compression force may have different
pain effects felt by the patient, depending on the size of the
breast.

The CBT variation vs compression force (figure 8), for
left and right breast sides are similar and the Rs factor
calculation indicates that relationship is poor between these
two parameters (Rs=-0,11 left value and Rs= 0,10 right
value). CC and MLO left and right.

Figure 9 shows that the point cloud is concentrated
between 20 and 80 N for the CC and the MLO projections
and for left and right breasts.

In this part, combined analysis of breast compression,
breast morphometry, and VBD were investigated to search
the relationship between these imaging parameters.

Figure 10 shows that compression force values used for
imaging are included between about 30 and 80N (81%)
varying around an average of 75 N (rarely exceeding 100
N). Compression force did not exceed 80 N for volumes
larger than 1500cm?.

Figure 10 points out that a broad range of compression
values is used for the same breast volume ranging from 30
up to 120N, but the large volumes are visualized with
compression forces less than 80 N.
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Figure 10. Variation of compression force versus breast volume
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Figure 11. Variation of VBD versus breast volume
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Figure 12. Variation of compression pressure versus breast volume
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Figure 13. Variation of —a) compression pressure —b) compression force versus contact area

Figures 11 and 12 show that the density decreases with
increasing volume and the lowest compression pressures
correspond to large volumes.

It is observed that larger breasts are imaged using lower
pressure (fig 12) and the small volumes correspond to
higher pressures. A negative moderate correlation was
observed between these parameters (Rs=-0,689). This trend
was also emphasized by Holland et al [13]. These authors
also suggest that additional research is needed to confirm
the potential effects of pressure on mammographic
performance and that greater attention should be
considered to achieve a significant standardization of
compression levels that could improve mammography in
the future. The statistical results did not permit to clearly
distinguish the relations between the pressure and the
density but the calculation showed that there is a fair
tolerable relationship between breast volume density and
compressive pressure (Rs = 0.46).

Our results pointed that the lower pressures
correspond to higher breast volumes and consequently to
the higher contact areas. Figure 13a represents the variation
of compression pressure versus the contact area, evince that
effectively higher pressures are needed to display small
breasts (small contact area). Figures 13a and 13b show that
the pressure is all the higher as the contact surface is small
and that for a given value of the contact surface several
values of this one are used. This once again confirms the
great variability of this parameter during mammographic
examinations. Figure 13 gives interesting indications since
it shows the implication of two compression parameters at
the same time, according to the volume of the breast.

Discussion

The variation of glandularity according to age and
breast size shows that it is higher for young patients and
for compressed breast thickness (CBT) less than about
45 mm. This agrees well with the results of the dance
(fig.2).

The direct comparison of the evolution of the
compression parameters between the Moroccan and
Belgian populations (fig.6), leads to a good similarity. It

Iran J Med Phys, Vol. 20, No. 3, May 2023

was also noted that the two populations had the same
range of breast size. Moreover, for the same volume of
breast, the density is lower in Moroccan patients
probably due to the greater proportion of adipose tissue
relative to fibrous one. This suggests that the guidelines
already established in European countries can be used to
carry out a mammography screening examination in our
country, while waiting to develop our own.

Among the objectives of this investigation was to try
to find correlations between compression parameters
and mammaographic and technical parameters, as there is
not yet quantified limit for compression force.

Results analysis considered hypothesis testing ie:
paired samples t-test to determine if compression vs left
and right was different. A poor negative correlation was
noted between CC and MLO (Rs=-0.11, Rs=-0,1) left,
and right respectively.

The study pointed also out that there is no
correlation between age and compression force
(Rs=0.006). It was noted that coefficient Rs= -0.208
indicated that there is a negative poor correlation
between age and compression pressure.

It was recorded that breasts with the same volume
are imaged using a wide range of compressions (from
about 30 up to 120 N), while for the large volumes
forces less than 80N were applied. This can be
explained by the fact that exerting a compressive force
on a breast means flattening it; this does not mean
changing its volume.

A strong negative correlation was found between the
compression pressure and breast volume (Rs = -0.689),
and a moderate negative correlation was found between
the volumetric breast density (BVD) and breast volume
(Rs =-0.57).

This trend was also observed by Moshina et al [24],
except for the large breasts that were visualized using
higher compression forces than used in this study.
Indeed, an earlier study demonstrated a significant
difference in the average compression used by different
practitioners. This factor was categorized into three
groups: low, medium, or high compression, and there
was no significant difference in the average compression
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applied in each group. The compression applied varied
significantly for a given volume and in general, higher
compression was applied to larger breast volumes by the
three groups of practitioners [25]. This study highlighted
the variation in compression application by practitioners
and emphasized the need for further research to provide
a new perspective on the analysis of compression
variables in mammography.

A wide spectrum of compression forces is generally
used, depending on radiological practices in the
mammography centers. This was noted in different
previous works pointing out the absence of indications
to follow for this parameter. According to European
recommendations [26] it's denoted that, to have good
image quality, the breast must be sufficiently
compressed but no more than necessary, without giving
a quantitative indication. Figure 10 showing the
variation of compression force with breast volume
indicates a similar trend between our results and those of
recent work [13].

The similarity of the mammary characteristic’s
evolution according to the age, the breast thickness, and
the compression parameters of the Moroccan population
and the Western population was clearly exhibited. This
was also exposed by a direct comparison of Moroccan
and Belgian patient data. The European guidelines can
then be extrapolated to the Moroccan population.

Furthermore, previous studies have shown that there
is still no quantified limitation of the application of the
compression force in mammography and that there is
great variability in the values used depending on the
collection centers of data [13, 14].

It was then necessary to study this parameter through
the data collected in our population and to try to find out
whether correlations are possible between the force used
and the mammaographic parameters. This is the subject
of the second part of this work.

The compression forces applied in present
investigation’s hospital are generally weak compared to
those described in previous works [24, 13]. It seems that
the range depends on strategies adopted by the
mammography service. Indeed, a comparative study
between Netherland and in the USA, employing the
same strategy, investigating the variation of
compression force versus contact surface [14] concluded
that the evolution trend of the two studies was similar
but the compression forces range used clinically by each
study was different; the values were lower for the US
population. They were concentrated between 50 and 150
N for the US and between 100 and 200 for the
Netherlands. Thus, the authors called for a need of
mechanical standardization for breast compression.

The results of our work lead to the same conclusions
but using the lowest compression forces, than those of
these studies, rarely exceeding 80 N.

Compression parameters are important factors in
breast examinations. Indeed, an adequate compression
makes it possible to visualize the small details on the
image and to help the radiologists to make a more
accurate diagnosis. Dense breasts generally require the
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application of a greater compressive force than adipose
breasts in order to facilitate image analysis and avoid
making false negatives.

A recent study [27] investigated the relationship
between volumetric density grade (VDG) and risk of
breast cancer in premenopausal and postmenopausal age
groups for Indian women. The authors suggested a
positive association between high VDG and cancer risk
in premenopausal and postmenopausal women. The
standardization of compression parameters is then
necessary. In a study conducted by Tien-Yu Chang et al
[28], the creation of specific breast models led to the
conclusion that a personalized and evidence-based
compression force recommendation can be given to
radiographers that takes into consideration the image
quality, patient comfort, and radiation dose.

A literature review was conducted by Elizabeth
Serwan et al [29] to explore existing breast compression
force and pressure standardization protocols in clinical
application. The authors propose that combining the
results of previous studies in the field may lead to the
adoption of a standardized compression pressure in
mammography as a personalized approach in clinical
practice. They also concluded that a compression
pressure of around 10 kPa is suggested as a
mammography guideline, as it leads to more consistent
image acquisition, reduces pain levels, and minimizes
variations in breast thickness, mean glandular dose, and
image quality.

Conclusion

The patients considered in this investigation were a
sample of Moroccan women, characterizing the
population presented to a diagnostic mammography
examination at a hospital that receives a large number of
women.

The similarity of the mammary characteristic’s
evolution according to the age, the breast thickness, and
the compression parameters was clearly exhibited. The
comparison of Moroccan and Belgian patient data and
Dance’s investigation was satisfying. The European
guidelines can then be extrapolated to the Moroccan
population.

In previous studies there is a significant variability in
the compression force use, noting an absence of range
limit values. In this work, we tried to figure out whether
there are correlations between the compression and the
technical and mammographic parameters. This was the
subject of the second part of the investigation.

A strong negative correlation was found between the
compression pressure and breast volume, and a
moderate negative correlation was found between the
volumetric breast density (BVD) and breast volume.
However, the study did not provide a specific range of
values that should be used during radiological exams.

After this preliminary study, it would be interesting
to include a larger number of establishments and
equipment, to have a more complete idea of the
exposure parameters used in Moroccan hospitals.

Iran J Med Phys, Vol. 20, No. 3, May 2023



Youssef Bouzekraoui, et al.

fpp

Combined Analysis of Breast Morphometry

Acknowledgment

The present work is part of the research project
(RASQUAM); "Radiology as a Steward for Quality in

Moroccan

HealthCare"; between The Flemish

Interuniversity Council (VLIR-UOS) and KU Leuven
University and Mohammed V University of Rabat. The
authors extend their sincere thanks to VLIR-UQOS for its
support, to Professor H. Bosmans and her research team
as well as Dr. Lesley Cockmartin for their scientific
endorsement, their collaboration and encouragement.

References

1.

10.

11.

12.

13.

Boyd Nf, Dite Gs, Stone J, Gunasekara A, English
Dr, McCredie Mr, et al. Heritability of
mammographic density, a risk factor for breast
cancer. New England Journal of Medicine. 2002 Sep
19;347(12):886-94.

Wolfe JN. Breast patterns as an index of risk for
developing breast cancer. American Journal of
Roentgenology. 1976 Jun 1;126(6):1130-7.

Kopans DB. The positive predictive value of
mammography. AJR. American journal of
roentgenology. 1992 Mar;158(3):521-6.

Lesur A, Tristant H. Pour en finir avec la densité
mammaire et le traitement hormonal substitutif de la
ménopause. Reproduction humaine et hormones.
2002;15(5):341-5.

Tardivon A. Densité mammaire et cancer du sein.
In30° Journées de la Société Francaise de Sénologie
et de Pathologie Mammaire (SFSPM), La Baule,
2008. Prévention du cancer du sein (mythe ou
réalité?). 2008 : 93-101.

Stinés J. La densité mammaire: un concept
radiologique. In26° Journées de la Société francaise
de sénologie et de pathologie mammaire (SFSPM),
Nancy, 2004. Seins, hormones et antihormones 2004
Nov 10 : 150-8.

Séradour B. Impact de la densité mammaire sur le

dépistage. In26° Journées de la Société francaise de

sénologie et de pathologie mammaire (SFSPM),
Nancy, 2004. Seins, hormones et antihormones 2004
Nov 10: 168-74.

Assi V, Warwick J, Cuzick J, Duffy SW. Clinical
and epidemiological issues in mammographic
density. Nature reviews Clinical oncology. 2012
Jan;9(1):33-40.

Ursin G, Ma H, Wu AH, Bernstein L, Salane M,
Parisky YR, et al. Mammographic density and breast
cancer in three ethnic groups. Cancer Epidemiology
Biomarkers & Prevention. 2003 Apr;12(4):332-8.
Wolfe JN. Risk for breast cancer development
determined by mammographic parenchymal pattern.
Cancer. 1976 May;37(5):2486-92.

Boyd NF, Guo H, Martin LJ, Sun L, Stone J, Fishell
E, et al. Mammographic density and the risk and
detection of breast cancer. New England journal of
medicine. 2007 Jan 18;356(3):227-36.

O'Leary D, Grant T, Rainford L. Image quality and
compression force: the forgotten link in optimisation
of digital mammography?. Breast Cancer Research.
2011 Dec;13:1-3.

Holland K, Sechopoulos I, Mann RM, Den Heeten
GJ, van Gils CH, Karssemeijer N. Influence of

Iran J Med Phys, Vol. 20, No. 3, May 2023

14.

15.

16.

17.

18.

19.

20.

21,

22.

23.

24,

25.

26.

27.

breast compression pressure on the performance of
population-based mammography screening. Breast
cancer research. 2017 Dec;19:1-8.

Branderhorst W, de Groot JE, Highnam R, Chan A,
Bohm-Vélez M, Broeders MJ, et al. Mammographic

compression—a need for mechanical standardization.

European journal of radiology. 2015 Apr
1;84(4):596-602.

Davey B. Pain during mammography: possible risk
factors and ways to alleviate pain. Radiography.
2007 Aug 1;13(3):229-34.

Whelehan P, Evans A, Wells M, MacGillivray S.
The effect of mammography pain on repeat
participation in breast cancer screening: a systematic
review. The Breast. 2013 Aug 1;22(4):389-94.
Wibker A. Explaining variations in breast cancer
screening across European countries. The European
Journal of Health Economics. 2014 Jun;15:497-514.
Perry N, Broeders M, de Wolf C, Térnberg S,
Holland R, von Karsa L. European guidelines for
quality assurance in breast cancer screening and
diagnosis. -summary document. Oncology in
Clinical Practice. 2008;4(2):74-86.

Karthik L, Kumar G, Keswani T, Bhattacharyya A,
Chandar SS, Bhaskara Rao KV. Protease inhibitors
from marine actinobacteria as a potential source for
antimalarial compound. PloS one. 2014 Mar
11;9(3):€90972.

Salem C, Atallah D, Safi J, Chahine G, Haddad A,
El Kassis N, et al. Breast density and breast cancer
incidence in the Lebanese population: results from a
retrospective multicenter study. BioMed Research
International. 2017 Jul 2;2017.

Akoglu H. User's guide to correlation coefficients.
Turkish journal of emergency medicine. 2018 Sep
1;18(3):91-3.

Dance DR, Skinner CL, Young KC, Beckett JR,
Kotre CJ. Additional factors for the estimation of
mean glandular breast dose using the UK
mammography dosimetry protocol. Physics in
medicine & biology. 2000 Nov 1;45(11):3225.
Alonzo-Proulx O, Jong RA, Yaffe MJ. Volumetric
breast density characteristics as determined from
digital mammograms. Physics in Medicine &
Biology. 2012 Oct 24;57(22):7443.

Moshina N, Roman M, Waade GG, Sebugdegard S,
Ursin G, Hofvind S. Breast compression parameters
and mammographic density in the Norwegian Breast
Cancer Screening Programme. European radiology.
2018 Apr;28:1662-72.

Mercer CE, Hogg P, Lawson R, Diffey J, Denton
ER. Practitioner compression force variability in
mammography: a preliminary study. The British
journal of radiology. 2013 Feb;86(1022):20110596.
Perry N, Broeders M, de Wolf C, Térnberg S,
Holland R, von Karsa L. European guidelines for
quality assurance in breast cancer screening and
diagnosis. -summary document. Oncology in
Clinical Practice. 2008;4(2):74-86.

Singh N, Joshi P, Gupta A, Marak JR, Singh DK.
Evaluation of volumetric breast density as a risk
factor for breast carcinoma in pre-and
postmenopausal women, its association with
hormone receptor status and breast carcinoma
subtypes defined by histology and tumor markers.
Egyptian Journal of Radiology and Nuclear
Medicine. 2022 Apr 5;53(1):84.

128



Combined Analysis of Breast Morphometry

fpp

Youssef Bouzekraoui, et al.

28.

29.

129

Chang TY, Wu J, Liu PY, Liu YL, Luzhbin D, Lin
HC. Using Breast Tissue Information and Subject-
Specific Finite-Element Models to Optimize Breast
Compression Parameters for Digital Mammography.
Electronics. 2022 Jun 4;11(11):1784.

Serwan E, Matthews D, Davies J, Chau M.
Mammographic compression practices of force-and
pressure-standardisation protocol: A scoping review.
Journal of Medical Radiation Sciences. 2020
Sep;67(3):233-42.

Iran J Med Phys, Vol. 20, No. 3, May 2023



