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Abstract

Breast cancer is the second most common disease in the world and
is also the most common cancer in women. Mammography method is
considered the gold standard in detecting tumors in diagnosis and treat-
ment. In addition, tomosynthesis imaging method has been researched
that opens a new advance in breast cancer diagnosis. Therefore, mam-
mography equipment needs to achieve high accuracy in recording the
details are extremely small size. The main content of this report is the
application of simulation programs PENELOPE photon transmission via
any materials associated with the creation PENEASY in mammography
images can be applied in the design of the actual device.

Introduction

Breast cancer is the most common cancer in the world and the most popu-
lar cancer in women. There are approximately 1.67 milion new cases of cancer
which are diagnosed in 2012 (25% of all cases of cancer). This cancer is also pop-
ular in both developed regions (794,000 cases) and developing regions (883,000
cases). Breast cancer ranks as the fifth leading cause of death from cancer in
general (522,000 cases) and it is also the most common cause of death from
cancer in developing regions (324,000 cases). In the more developed regions,
this is the second cause of death (198,000 cases) after lung cancer [1].

In Vietnam, although it is not enough on medical conditions, however, Viet-
nam has a low proportion of breast cancer with around 23/100,000 inhabitants
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compared to approximately 120/100,000 population developed countries such
as Australia and the United States. In developed countries, this ratio was kept
stable or tends to decline. However, in Vietnam, this disease is growing to
become leading cancer [2].

Figure 1: The diagram shows the ratio of disease in Vietnam compared to other Southeast

Asian countries and Australia [2]

Therefore, early detection for timely treatment, reducing the risk of death
is necessary. There are several methods for the diagnosis of breast cancer
as ultrasound, magnetic resonance imaging, diagnostic cytology, sampling via
biopsy specimens and surgical, etc. In these ways, mammography is used for
the most common method that is considered to be the gold standard in the
diagnosis of breast cancer [3]. Besides, following with the advantages of science
and technology, tomosynthesis imaging has been studied in order to increase
efficiency in the diagnosis of breast cancer that mammography is typically
undetectable.

The study and evaluation need to be calculated carefully before applying
into real practice. PENELOPE is the simulating program based on Monte
Carlo method to simulate the transport of photons, electrons, and positrons
in arbitrary material systems [4], combined to PENEASY [5] is a subroutine
to simulate X-ray images. The results of this simulation could be used for the
manufacture of real equipment.

Breast cancer
Breasts are the part of the body’s chest or belly protruding nipple of mam-

mal, and specifically at the case of feminine as functional dairy to produce
milk for children. Breast is covered by skin and each breast has one nipple
surrounded by areola. Areola color from pink to dark brown, hairless, and has
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several sebaceous glands. A Larger mammary gland in breast milk secretion.
There are many lobes, each with 10-20 breast milk ducts to conduct milk from
lobes to a nipple and each separates vent pipe. The majority of a breast is
connective tissue, adipose tissue (fat) and Cooper’s ligaments.

Breast cancer is a malignant disease appeared in the cells of the breast
tissue. These cells often arise from the ducts or lobules in the breast, which
can then spread in the tissues or organs and other parts of the body.

Figure 2: The section of breast in women: 1. Ribs, 2. Large chest muscle, 3. Lobes, 4.

Nipple, 5. Areola, 6. Milk ducts (breast), 7. Adipose tissue, 8. Skin.

Most of the breast cancers are detected by the patient when they noticed a
change in the mammary gland. Most commonly it is a tumor or a hard spot on
the painless thickening in the breast, or it may be because doctor discovered
through a routine health care visits.

The following properties of malignant tumor suggestions:
• Hard
• Not getting hurt
• Heterogeneous, unknown shore
• Stick to skin on the breast or chest wall, hard cell.
• Stretched nipples
• Bleed

Mammography
Mammography is an X-ray technique especially for breast used to support
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Figure 3: Tumors in two directions: A. Medio-lateral oblique (MLO) and B. Cranio-caudal

(CC) [6].

the diagnosis of breast diseases in women. It is because this method is low
cost, low radiation dose and sensitivity in recognizing the early stage detection
of breast cancer, especially with the microcalcifications and structural defor-
mation of the breast. The differences in morphology between tissue and tumor
tissue generally require the application of a special X-ray equipment to opti-
mize detection of breast cancer. Besides, the recognition of small calcifications
in the breast is also important because small lime is one of the first cases of
breast cancer.

Figure 4: Microcalcifications

Mammography X-ray machine (figure 5) has similar parts of different kinds
of X-ray machines as the X-ray tube, filter, detector and compression paddle.
It usually has low power requirement under 40 kV. The target is used as anode
material in the X-ray tube is Molybdenum and Rhodium in a machine that
uses screen-film transducers. However, because of the development of digital
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detector, Wolfram is the optimum choice. The advantages of Wolfram is in-
creasing lamp efficiency, improving thermal damage caused by the problem of
high heat resistance. X-ray tube typically separates with a detector as 65 cm.
To achieve the effect, the angle of anode must be at least 24o for 24 x 30 cm field
of view. Tube port and tube filter also play an important role in shaping the
X-ray energy spectrum in mammography. They are made from Beryllium. The
number of aluminum atoms (Z = 4) of Beryllium and thinness of the window
(0.5 - 1 mm) to allow radiation energy transmitted efficiently. In addition, Mo
and Rh anode target create characteristic radiation peaks Kα, Kβ 17.5 keV and
19.6 keV (Mo) and 20.2 keV and 22.7 keV (Rh) while Wolfram target generates
radiation characteristic L 8 keV to 10 keV. X-ray energy spectrum of mammog-
raphy includes bremsstrahlung and characteristic radiation. For example, Mo
anode tube operates at 30 kV power will generate bremsstrahlung radiation
as well as features and 19.6 keV and 17.5 keV photon energy. Beryllium tube
port removes the highest energy reducing image contrast and the lowest energy
growing dose that not to contribute to the creation of X-ray image. The perfect
energy spectrum is from 15 keV to 25 keV depends on the composition and
thickness of the breast. Tube filter improves the spectral energy distribution of
output by selectively removing the lowest X-ray energy beam and the highest
X-ray energy to transfer most desire X-ray. With a Mo target, the filter is com-
monly used is Mo filter 0.03 mm or Rh filter 0.025 mm. With Rh target, filters
are used as Rh filter 0.025 mm. For Wolfram target, filters include Rh 0.05
mm, 0.05 mm Ag and 0.7 mm Al. Besides, compressor parts also play a role in
the examination of mammography, including screen-film transducer or digital
detector. This department aims to reduce duplication of anatomical details,
tissue thickness reduction and the movement of a breast. The compressor is a
compressed plate that has size corresponding to the size of image acquisition
unit (18 x 24 cm or 24 x 30 cm). Different compression corresponds to different
X-ray tube energy input.

Tomosynthesis imaging
Basically, Tomosynthesis equipment is not much different than mammog-

raphy equipment. This equipment holds the rotating part so only X-ray tube
and detector turn. This method reduces the total dose of radiation in a range
of shooting and shooting angles around the breast limits.

The breast tissue (glandular) is a network of carcinogen, so the index is
used as the average breast-dose (average dose glandular). Because breast tissue
receives various X-ray dose depending on the depth of tissue under the skin so
the index is used to calculate the dose needed to photograph optimal image.
The formula for calculating the dose for tomosynthesis scan is [8]:

DgNTOMO = DgMMAMMO

( σmax∑
σ=σmin

RGD(α)

Nα

)
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Figure 5: Mammography machine.

Table 1: Parameters between thickness and energy [7].

Figure 6: The directions of mammography: Cranio-caudal (CC), Medio-lateral obique

(MLO), Latero medial (LM) v Medio-lateral (ML).
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Figure 7: Tomosynthesis imaging technique [8].

with

RGD(α) =
DgN(α)
DgN(0o)

DgMTOMO is the average dose of tomosynthesis; DgNMAMMO is the av-
erage dose of mammography; DgN(α) is the dose corresponding to corner (a),
DgN(0) is the corresponding doses of 0 and corner Nα is the total number of
shooting angle.

Because of the different shooting angles, this method enhances the efficiency
in detecting tumors than conventional methods fail to detect. Figure 8 shows
tomosynthesis image is clearer than mammography image.

Figure 8: Digital Mammography (DM) image and Breast Tomosynthesis (BT) image [9].
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PENELOPE and PENEASY

PENELOPE (PENetration and Energy LOss of Positrons and Electrons)
is the simulating program based on Monte Carlo method that is programmed
by FORTRAN code. It simulates the transmission of photons, electrons, and
positrons in a material system artrarely defined by the user that is limited the
quadric surfaces. It delivers energy from 50 eV to1GeV (figure 9).

Figure 9: Quadric surfaces model.

PENEASY is a program with a common purpose with PENELOPE that
uses compatible with PENELOPE. The program supports user to create X-ray
image with a combination of quadric geometry and voxel geometry (figure 10).

Figure 10: PENEASY model.
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In this report, quadric surface geometry is configured from a mammogra-
phy phantom. A phantom is a tool for checking the relevant parameters and
evaluating image quality. Phantom parameters should be sensitive to change
in X-ray imaging techniques. A perfect phantom will have the following char-
acteristics:

• Features of tissue structures are almost realistic.
• Have equivalent actual size.
• Simulate the signs of breast cancer radiation.
• Easy to use.
Phantom is used as CIRS 010 (Computerized Imaging Reference Systems).

Phantom model is designed with different sizes [10]:

Table 2: Phantom CIRS

Figure 11: CIRS mammography phantom.

PENELOPE and PENEASY create mammography image that is performed
due to data from a tomosynthesis equipment [11] with 30 keV energy level. It
can be seen that some details are shown such as glandular 100%, 70%, 50%,
30% and 100% adipose. The circles (CaCO3) with different sizes are also shown
in figure 13.

Tomosynthesis is effective in detecting mammography details that are un-
detectable. In figure 14a, if it is taken from CC direction, circle and square
will overlap. Figure 14b and 14c form two angles taken at 65o and 115o, this
method helps to isolate two details for diagnosis easier.

From figure 15a, it is clear that image from 70-1100(step 20) gives smoother
image than other images. The image would be better to increase the angles
and steps taken.
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Figure 12: Structures of phantom.

Figure 13: Phantom CIRS by PENEASY.

Figure 14: a. Mammography image from CC direction, b. Tomosynthesis image at 65o, c.

Tomosynthesis image at 115o.
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Figure 15: Tomosyntheis image: a. 70-110o (step 20), b. 80-1000(step 20), c. 70-1100(step

40), d. 80-1000(step 40).

Conclusion

Breast cancer is a common disease among women and high risk of death if not
detected early. Therefore, the development of high technology for the early
detection and treatment is extremely important. The calculation device design
is a complex task requiring detailed calculations and complete. PENELOPE
program and PENEASY be used to assist in equipment design fundamentally.
However, normally the simulation results are for reference only certain, should
be compared with the results of other methods as well as the practical mea-
surement results because of the method of simulation and in practice there are
many different conditions and bias.
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