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ABSTRACT

The mammary gland is an organ that has an internal structure formed by lobules, ducts and ligaments that
perform both physiological and mechanical functions. This structure aesthetically defines the body and has the
additional function of producing milk in mammals to support offspring. Currently, structures and shapes are
being studied to imitate the nature of the mammary gland for medical applications such as prostheses, systems
and models for surgeries, the most used technique for this is biomimetics. There are no models or devices that
contemplate the internal structure of the mammary gland, so in this work different structures that imitate the
lobular adjustment found in a real mammary gland are proposed, these structures were subjected to different load
states to numerically evaluate and optimize the proposed structures. It was found that the triangular or lobular
structures have better behavior in the distribution of deformations and stresses being excellent candidates to be
part of biomedical applications.
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understand how life functions on different levels,
imitating the structures and organisms found in
nature with the aim of creating new structures, new
materials, and new products-based mainly
on nature [2-3].
In the literature there are various scientific
and technological advances that provide

computational models focused on simulating the

I. INTRODUCTION

There are different structures in the breast
that provides support and help maintenance the form
in the mammary gland. The principal structure is
composed for 15 to 20 sections called lobes, this
structure contains the lobes, lobules, and the bulbs,
there are all connected by thin ducts, which connect

in the nipple, fat fills the spaces between the lobules
and the ducts, A main structure is the glandular
tissue, in which bundles of small bodies known as
lobes are found [1]. There is currently great interest
in mimicking the mammary gland for medical
applications such as prostheses or models for use in
surgery. There is currently great interest in
mimicking the mammary gland for medical
applications such as prostheses or models for use in
surgery. One technique that can be used to mimic the
nature of a mammary gland is biomimetics. The
Biomimetic is the science that mimics the structures
and materials found in nature to produce new
structures and better materials that resemble those
found in nature, the Biomimetic endeavors to
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mammary gland for diagnosis and planning surgeries
and medical procedures [4] or analyze biomaterials
used for implants in reconstruction [5-6] However,
anybody considers the internal anatomy of the breast
in computational model’s (biomimetic).

Therefore, this work proposes the analysis
of 3 structures that mimic the lobular adjustment that
exists in a real mammary gland so that the
mechanical behavior is similar to the real one, in the
first part of the work, they are proposed: a triangular
structure, a rectangular structure and another similar,
but with rounding in the corners, in addition the 3
structures were adjusted to a spherical region
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proposed to delimit and distribute loads in the
lobular zone.

In the second part of the work, different
load states that a mammary gland experiences during
the day are proposed. Subsequently, they are
analyzed with finite element to evaluate the stress
and deformation experienced by the structures after
applying the load states.

Il. MATERIALS AND METHODS

One of the main contributions of this work is to
determine the best geometric shapes to mimic or
biomimicry the internal structure of a real breast or
mammary gland for applications in biomedical
devices such as breast prostheses, systems, and
models for surgeries. Biomimetics tries to
understand how life works at different levels,
biomimetics mimics the structures and organisms
present in the nature to create new structures, new
materials and products based mainly on nature [7].
In the breast there are different structures to support
the mammary gland. The main structure is identified
as the glandular tissue structure in which small
bodies known as lobules are grouped. Therefore,
three structures will be proposed that will try to
imitate the set of lobules found in a real breast. The
proposal of this type of structures aims to use simple
shapes that mimic the lobular fit of the breast, in
order to facilitate their design and fabrication.

The lobe distribution was placed within a circular
setting to take advantage of the qualities of this
setting with respect to deformation fields and stress
distribution, it is well known to be used when it is
required to obtain a uniform distribution of loads or
stresses in components [8]. The lobular cavities
gradually increase in size as they approach the
backside. The arrangement also has an element of
connectivity with the nipple, as in the real lobular
arrangement following the pattern of the petals of a
daisy.

The first proposed structure is a triangular or lobular
shape that will be compared with various rectangular
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structures in order to verify how it behaves in the
load cases designed for the study. The proposed
structures are shown in Figure 1.
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Figure 1. Internal structures proposed for analysis
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For each structure different distributions and
sizes of the geometric figures were proposed. A
setting of 3, 4 and 5 bottom elements was proposed,
and so their distribution gradually increasing in size
as they approach the back, just as in the real lobular
arrangement following the pattern of the petals of a
daisy by the circumferential contour. Figure 2 shows
the proposed distributions.
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Figure 2. Proposed internal structures for
analysis within circumferential fit.

For the numerical simulation with finite element, a
plane 182 element of the triangular type was used
since it is a geometry with irregular shapes and small
areas, the most suitable element to simulate and
allow the fastest coupling between these sections.
This element allows to simulate plasticity, hyper-
elasticity tensile stiffness large deflection and large
deformation capacity [9].
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For the material, fibro-glandular fabric properties
were used with the following properties: density
1020 kg/m3, Young's modulus: 1875 KPa and
Poisson's Coefficient 0.49 [10]. In addition to
geometric structures, load state cases were also
proposed to evaluate the behavior of structures in
terms of stresses and deformations. A good behavior
of a structure will be equivalent to a behavior closer
or more natural to that of a real breast. These load
states are shown in the following Figure 3, the force
applied was 5N [11].

Gravity effect Force on the upper face

Figure 3. Load states to evaluate the proposed
structures.

I1l. RESULTS
3.1 Static analysis in proposed 2D structures.

Case 1: Load state- gravity effect.

For the first case of load states, the proposed
structures of the internal part were subjected only to
the gravity effect. The gravity effect is the
predominant state in any structure, in figure 4 the
behavior of these structures is observed and the
following can be observed: a) the loads are not
distributed along the geometry they are concentrated
in the corners this will cause the material to be
damaged much faster in these areas, and b) it is
observed that by adding roundings to the geometry it
is possible to distribute the stresses a little more along
the geometry but they are still concentrated in these
areas. In Figure 4c) the same gravity effect load was
applied to the triangular geometry (lobular) and it is
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observed that in this structure the stresses are
distributed along the geometry and the stress
concentration is minimal.

Figure 4. a,b) Rectangular and rectangular structures
with rounded edges and c)Triangular structure
(Lobular) subjected to gravity effect.

Case 2: Load state - horizontal force (sensitivity).

The second loading state considered was the
application of a horizontal force to the different
structures. In Figure 5 a) the rectangular structure
without roundings concentrates the forces to a large
extent in the direction in which the force is applied,
this effect is not desirable for the structure and in the
case of Figure 5b) the rectangular structure with
roundings shows a similar effect, the forces,
although they have decreased in magnitude, continue
to be concentrated in the direction in which the force
is applied. Figure 5c) shows the same horizontal
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force loading state now applied to the triangular
(lobular) geometry. In this structure the forces are
not concentrated and a greater distribution in the
structure is achieved. In smaller magnitudes this is a
desirable effect for the design since this way the
wear on the prosthesis will be lower.

with rounded edges and c) Triangular structure
(Lobular) subjected to horizontal force (sensitivity).

Case 3: Load state - force on upper face
(sensitivity).

A third proposal for the load state considered was
the application of a force on the upper face exerted
to the different structures; as can be observed its
behavior is similar to case 2 as shown in Figure 6. In
Figure 6 a) the rectangular structure without
rounding concentrates the efforts in the same way as
the previous case in the direction in which the force
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is applied. In Figure 6 b) the rectangular structure
with roundings shows a similar result since the
stresses decrease in magnitude but are still
concentrated. In Figure 6 the state of force load on
the upper face applied to the triangular geometry
(lobular) is better distributed than in the other types
of structures.

Figure 6. a) Rectangular structures, b) rectangular
with rounded edges and c) triangular structure
(Lobular) subjected to force on the upper face
(sensitivity).

Case 4: Loading state - gravity effect and
horizontal force.

The fourth load state considered was a combined
load state of gravity and horizontal force; this load
state is another of the predominant and main load
states in any structure. The behavior of the structures
in this case is shown in Figure 7 a) and b)
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corresponding to the rectangular and rectangular
structures with roundings; it can be observed that
they continue with similar behaviors to the previous
cases where the loads are still concentrated in
considerable and unfavorable measures for the
design proposed in this work. Figure 7 shows the
behavior of the triangular geometry (lobular) in the
combined load state, in this structure the stresses are
distributed along the entire geometry without
presenting considerable concentrations due to the
loads.

Figure 7. a) Rectangular structures, b) rectangular
with rounded edges and c) triangular structure
(Lobular) subjected to combined horizontal force
and gravity loads.

Case 5: Loading state- effect of gravity and force
on upper fase
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In the fifth load state, the stress concentration in the
rectangular and rectangular  structures  with
roundings is still present in considerable measures
along the structure; this combination of load states of
force on the upper face and gravity causes the
stresses to appear in different places from the
previous cases, which is important for the design;
the results obtained for these structures are shown in
Figure 8 a) and b). Figure 8 shows the results
obtained by applying this combination of loads in
the triangular structure (lobular). In comparison with
the other structures, this structure is the optimum for
the design since it manages to distribute the forces
over a larger area and with smaller magnitudes than
in the other structures, which guarantees that it will
last longer, and the solid materials will not collapse
due to the loads.

Figure 8. a) Rectangular structures, b) rectangular
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with rounded edges and c) triangular structure
(Lobular) subjected to combined loads force on top
face and gravity.

IV. DISCUSSION

As part of the parameterization process, 3
arrangements  with  different dimensions and
distributions were proposed. These arrangements
were subjected to the same load case where the force
is placed at the center of the circumferential fit.

For the case of the geometries with 5 elements
(Figure 9), the deformation when the load is applied
affects considerably the rectangular structure since
the deformation reached is 0.02 mm 2.2 e-6 although
it is much lower than the other geometries that reach
deformations of 6.5 e-6 and 2.85e-5 respectively, but
said deformation in the first two cases is
concentrated and in the case of the triangular
structure the deformation is distributed over the
whole geometry and not only in the first element.

Figure 9. Structures with 5 lower elements:
Rectangular structures, rectangular with rounded
edges and triangular structure (Lobular) subjected to
combined loads force on top face and gravity.

Figure 10 shows the structures with 4 lower
elements the deformation in this element is 3.86e-6.
and 5.57e-6 m respectively. In the first two cases the
image shows how the deformation occurs at the edge
of the first element and in the case of the triangular
geometry although the elements of the first 2 rows
are displaced 6.74e-6 m maintain their shape
distributing the displacements without concentrating.
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Figure 10. Structures with 4 lower elements:
Rectangular structures, rectangular with rounded
edges and triangular structure (Lobular) subjected to
combined loads force on top face and gravity.

The last Figure 11 with 3 lower elements shows for
the rectangular geometries a deformation is 2.08 e-6
m and 1.2 e -5 m in the first element, in the case of
the triangular geometry the displacement is greater
with a dimension of 1.52 e-5 m in the first two rows
of elements are displaced together maintaining their
original shape in greater proportion than the
previous structures so at no time is the geometry or
its structural stability compromised. After analyzing
the effect of the point load in all cases, the triangular
structure maintains its shape, absorbing most of the
applied force and distributing it among a greater
number of elements.

Figure 11. Structures with 3 lower elements:
Rectangular structures, rectangular with rounded
edges and triangular structure (Lobular) subjected to
combined loads force on top face and gravity.
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V. CONCLUSION

The conclusions resulting from this work are the
following:

- The proposed geometries, being simple shapes easy
to manufacture, present acceptable results since they
all present results in a range of 138 KPa and 600
KPa which are well below the elastic limits of the
material in this case glandular tissue which is 1875
KPa [10].

- The proposed sizes of 26 lobular elements and
those of 10 elements mimicking the lobular setting is
an optimal size that can be easily adapted to the
internal part of the breast.

- The proposed load states showed that the case
where the geometry suffers higher stress in the point
load on the nipple where the geometry could be
considered at risk, although the deformation values
are well below the yield limit of the material with
values from 138 KPa to 210 KPa is a load case to be
considered in order to avoid it.

- Regarding the comparison of the proposed models
(Rectangular, rectangular with rounded corners and
triangular) it is verified that the geometries that do
not have stress concentration (corners).  The
triangular structure distributes over a larger area.

- The triangular geometry turned out to be the
geometry that adapts better to the proposed sphere
since with this type of geometry the space is
considerably optimized covering a larger area,
besides being the structure that distributes the efforts
mostly over its entire extension, it turned out to be
the best option for the final proposal.
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