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Abstract

Introduction: Wearing an inappropriate bra may result in damage to
the breasts, various breast diseases, or skin allergies. This study aimed
to change the fabric used in different components of the bra to reduce
tension and increase breast comfort during normal daily activities of
women.

Methods: Two types of commercial bra (a regular bra and a sponge
bra) were modified in the gore, sidebands, and the back band using two
different types of plain-knitted fabric including polyester-lycra and
viscose-lycra. To assess breast movement comfort, we measured tension
changes in the bra due to breast movements during normal activities
using metal-thread voltage sensors located in three parts: under the cup,
the bottom of the back band, and the bottom of the gore.

Results: The slope of the voltage-time diagram is considered as a
measure of the elongation changes in the bra during movement. The
slope values for the sponge bra with the sensor at the bottom of the cup
were 0.0039, 0.0057, and 0.0096 for the three common movements in
the experiment, and those for the regular bra were 0.0019, 0.0039, and
0.0059. Greater voltage changes in the sponge bra compared with the
regular bra indicates more tension on the breast and less ease of
movement under the cup for the consumer. Using polyester-knitted tape
on the sides and back of the regular bra significantly reduced tension (P
value <0.05) and increased comfort.

Conclusion: The results of the study indicate differences in breast
movement comfort in different bra designs. Therefore, the appropriate
use of different elastic fabrics in the design of bras for ordinary and
everyday use of women is an important consideration in the prevention
of breast diseases.
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Introduction
The bra, beyond a cover, has a significant

impact on the health and shape of the
breast. Prolonged wearing of a tight bra
puts pressure on the entire breast and leads
to radial scars. In addition, a tight bra can
disrupt lymph flow and lymphatic drainage
and trap toxic chemicals in the breasts (1).
The bra design may be one of the most
complex and challenging clothing designs
because of the three-dimensional and
complex shape of the breast (2, 3). One of
the most important factors to consider
when designing a bra pattern is the stretch
and recovery of the fabric (4). The comfort
factor in the bra, which is considered the
second skin, is also significant. The
mobility of the bra is critical as an
adhesive underlayment in the breast area.
The dress should prevent pressure from
concentrating on sensitive areas such as
veins and arteries. A proper bra should
hold the breasts in place, supporting and
fitting the breasts with a smooth covering
like a second skin during the day, and
leave no irritation or inflammation (5, 6).
We investigated the effect of different
fabrics for different bra components on bra
tension and breast movement comfort
during normal daily activities.

Materials & Methods

Six samples were prepared for the
experiment: a regular-cotton (purchased)
cotton bra (A1), a regular bra with side and
back strips sewn with polyester- lycra
fabric (A2), a regular viscose-lycra sewn
bra (B1), a regular viscose- lycra bra with
side and back strips sewn with polyester-
lycra fabric (B2), a purchased cotton
sponge bra (Cl), and a sponge bra with
middle triangle (gore) sewn with polyester-
lycra fabric (C2). A conductive metal
thread with a score of Ne 20 containing

28% steel and 80% polyester was used to
record tensile changes due to motion. The
three areas that put the most stress on the
breast were selected for the placement of
the metal thread: the lower part of the cup,
the lower middle triangle, and the lower
back strip. The metal thread in these three
parts of the bra was manually and
symmetrically sewn at a distance of 10 cm.
After preparation, the bra samples were
worn by a person with a size of 38 and a
body mass index of 20, and the alligator
clips related to the electrical circuit were
attached to the two ends of the conductive
threads sewn to the garment. Then, the
movement of the person’s hand and the
body was performed according to the
actions of the usual activities: two hands
are pulled upwards, one hand is stretched
from the side to the front, and two hands
are pulled backward.

The experiment was repeated for each
movement with two similar samples of
garment, and the necessary
information was recorded. An electrical

each

circuit including a computer, a sensor,
alligator clamps, a circuit board, and a
power supply was used to record the data.
The continuous quantity of yarn length
change was converted to the numerical
amount of resistance changes using a
constant to the numerical converter. The
test specimens were placed in an electrical
circuit, and the voltage changes due to the
increase in the length of the conducting
yarn were stored by performing the
movements and starting the tension. The
information about voltage changes was
sent to a computer connected to the
electrical board.

A qualitative test was also performed in
addition to the quantitative motor test. The
subject expressed her feeling of comfort
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while doing the moves wearing each bra as
very unpleasant, unpleasant, average,
good, or very good.

Results

Movement comfort for the bra samples
was measured by recording voltage
changes in three parts of the garment for 3
seconds for each movement separately.
Based on the voltage changes, the amount
of stress on the bra in metal thread sewing
can be quantitatively compared. By
applying kinetic force, the conducting
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sensor increases in length, and, as a result,
the voltage in the electrical circuit changes
as the resistance of the conducting thread
changes. The smaller the voltage variation
from the beginning to the end of the
diagram, the lower the slope of the chart
and, consequently, the more significant the
elongation. Increased clothing length
during movements will lead to greater
movement comfort for the consumer. The
average test results for each sample are
shown in Figure 1.
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Figure 1: Slope Values of the Voltage-Time Diagram (10000x) During Various Movements: A) Metal Thread at the
Bottom Of The Cup, B) Metal Thread at the Bottom of the Back Band, (C) Metal Thread At the Bottom of the Middle

Triangle

Discussion

Comparing the slope values of the voltage-
time diagram for the bra samples before
applying the fabric material changes
showed that, in everyday movements, the
sponge bra (C1) exerts more stress on the
body at the lower cup position compared
with the regular bras (A1, B1). The sponge
bra provided less ease of movement under
the cup for the consumer than the standard

bra. It seems that the presence of the pad
increases the volume of the cup, reducing
the fit of the bra and the ease of movement
in the cup area. Comparing the quantitative
results of the samples at the bottom of the
cup (Figure 1a) shows that in all samples
of A, B, and C, the slope of the voltage-
time diagram has increased with the
modifications made in the bras. The
addition of elastic polyester-lycra fabric in
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the side and back straps of the regular bra,
and the middle triangle of the sponge bra
(samples Al, Bl, and Cl1, respectively)
caused a difference in the type of fabric
that makes up the bra in the cup area and
these areas. In this case, the metal thread is
sewn under the cup, and the material on
top is different from the material of the
side straps or the middle triangle below it.
The difference in tensile and retraction
behavior of these two other fabrics in a
single bra reduced its ease of movement in
the area under the cup during everyday
activities. However, when the metal thread
is sewn under the back strap and the
middle triangle, the voltage changes during
movement indicate an improvement in the
bra comfort (Figures 1b and 1c).
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Conclusion

Proper bra design to reduce tension and
increase comfort plays a
significant role in optimally controlling the

movement

movement and movements of the breast
during daily activities. The results of the
present study showed that the sponge bra
offers less movement comfort under the
cup for the consumer than the standard
bras. In addition, using polyester-lycra tape
on the side and back of the regular bra
effectively reduces tension and increases
breast comfort. Given the importance of
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and elastic fabrics in the production of
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