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Abstract

One of the most basic activities of daily living is dressing. As an
isolated activity, dressing is complex one, involving not only co-
ordination and dexterity but also balance and a full range of
motion in both upper and lower limbs. At times physical limitations
complicate self-dressing, which inevitably leads not only to fatigue,
but also to frustration. The purpose of this study is to develop the
most practical and comfortable brassiere for the females suffering
from hemiplegia. An interview schedule was developed to collect
the data regarding their body needs, problems faced by them and
their preference for functional features. The results are summarized
as follows. First, brassiere with easy dressing and undressing
function were required. Second, the location of the fasteners should
be given more design consideration for easy limb movement. Third,
soft and moisture management fabrics with the property of keeping
warm were preferred. Based on the results of the interview, two
designs were developed and attention was paid to the above three
requirements. Double-face knitted fabrics with hydrophobic inner
(polyester) and hydrophilic outer (cotton) layers were used to get
better thermal insulation and moisture transportation. Flexible
magnetic fasteners were used which made it possible for persons
with reduced strength, mobility and sensitivity in their hands to
manage fastening. Extended bra strap making it possible to handle
the closure with one hand. Tests were performed and statistical
tools were used to evaluate different designs, and results to reveal
that one of the proposed designs was preferred in all aspects.
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Introduction

Apoplexy is the old name for Stroke, derived from the ancient
Greek language meaning 'struck down violently’. According to the
2013 Global burden of disease study, stroke is the second largest
contributor to disability-adjusted life years (113 million disability
adjusted life years) in the world after ischemic heart disease, is a
major cause of disability, and is the second most common cause of
dementia, after Alzheimer disease. Stroke leads to a rapid loss of brain
function through a disturbance in the blood supply to the brain and
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usually causes hemiparesis. Hemiplegics are the persons suffering
from hemiplegia i.e. paralysis of one side of body. Paralysis is neuro
muscular disease, which causes loss or impairment of motor function
in a part of the body due to lesion of the neural or muscular chain
leading to complete dysfunction of the affected part. Left-hemispheric
ischemic strokes to appear to be more frequent and often have a
worse outcome than their right-hemispheric counterparts. If the
stroke affected the left side of the brain, the body right side will have
problems. Right-handed patients with the left hemiplegia performed
all subtests more slowly when using the involved hand, compared to
those with the right hemiplegia as right hand is the dominating hand.

After stroke, various dysfunctions frequently influence
independence in activities of daily living (ADLs). Motor function
impairments in particular have a greater effect than perceptual and
cognitive dysfunction on independence in ADLs [1].

Dressing is an ADL in which people with stroke have difficulties
achieving independence. According to previous studies, 41% of
people require assistance with dressing one month after a stroke,
and 36% continue to require assistance two years post stroke [2,3].
Previous studies have revealed that motor function of the affected
upper and lower limbs [4] and trunk function [5,6] are involved in
independence in dressing. However, few studies have examined the
relationship between dressing and motor dysfunction [7]. Many of
the disabled people live under the permanent stress of having no
choice but to acquire clothes from regular stores. Unlike the majority
of the population, the specific needs of disabled people vary according
to certain requirements that are triggered by a particular necessity.

Thus, clothing must provide additional comfort at functional and
sensory levels, as well as at a psychological one. The persons suffering
from hemiplegia have weak muscles, limited small and complex
motor movement, which affect the dressing ability and manipulation
of fasteners. Such handicapped females, particularly those suffering
from hemiplegia, often have difficulties in accessing and removing
undergarments, because of their muscular weakness, loss of finger
dexterity and/or eye/hand coordination, and limited ranges of motion

[4].

All of the researchers worked on outerwear’s or undergarments
like panties for handicapped people but no one paid attention on
upper body undergarments specially bra for such females. Efforts have
been made to identify the problems encountered by the hemiplegics
while dressing and undressing to design bra styled for ease of dressing/
undressing having easily manipulable fasteners.

On top of everything, these special textile products must have
special functions and be manufactured by using fabrics with special
properties, such as:

Certain tactile properties, especially when the product addresses
people with sensitive skin;

Thermal comfort, which becomes paramount for females suffering
from hemiplegia who spends a lot of time in bed [8,9].

Be able to remove humidity created through the process of
perspiration (one of the most widespread problems), which implies
optimal humidity absorption and air circulation [10].
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Comfort in fabrics is related to three main factors, namely
thermo-physiological, sensorial and physiological [11,12]. Thermo-
physiological comfort is a general expression of factors such as the
thermal properties, water vapour transmission, sweat absorption and
drying ability of fabrics [13,14]. The moisture transmission behaviour
of a clothing assembly plays a very important role in influencing its
efficiency with respect to both thermo-physiological and sensorial
body comfort [15,16]. Moisture management property is an important
aspect of any fabric meant for apparel, which decides the comfort level
of that fabric [17].

An interview schedule was developed to collect the data
regarding their body needs, problems faced by them, the preference
for functional features. The results are summarized as follows. First,
brassiere with easy dressing and undressing functions were required.
Second, the location of the fasteners should be given more design
consideration for easy limb movement. Third, fabrics with better
moisture management property for keeping them warm and dry were
preferred.

Based on the results of the interview, two designs as shown in
Figure 1 and Figure 2 were developed and attention was paid to the
above three requirements.

Magnetic center front fastener
Loop for donning and doffing with a finger

Magnetic fastener with extended loop

(b)

Frontside Back side
(C) * Silicon zdhesive

SR Flexible plastic stays at back

Figure 1: Ergonomically designed bra design A; (a) Front view, (b)
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Magnetic center front fastener

Loop for donning and doffing with a finger

®

Magnetic fastener with extended loop

Flexible plastic stays at back

Figure 2: Ergonomically designed bra design B (a) Front view, (b) Back
view.

Magnetic strip used as fasteners (c) Back view.

Double-face knitted fabrics with hydrophobic inner and
hydrophilic outer layers made of cotton and polyester was used to get
better thermal insulation and moisture transportation.

Flexible magnetic fasteners were used which made it possible for
persons with reduced strength, mobility and sensitivity in their hands
to manage fasting.

Extended bra strap with front opening making it possible to
handle the closure with one hand and without genuine grip function.

Plastic stay added at the backside in order to keep back in shape so
that it becomes easy to wear.

Methodology

Clothing for special needs represents a class of functional clothing
that is developed to improve the quality of life of disabled people
(and not only) whose body shape, size, mobility and dexterity are
significantly different from that of the so-called “normal people”.
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Reported studies have shown that these groups are very sensitive
to the clothing they wear and to their overall personal appearance.
The needs of these persons are distinctive and different and thus
there is a need for designing clothing specifically engineered to their
requirements. Schematic illustration of functional design process has
given in below Figure 3.

An interview schedule was developed to collect the data
regarding their body needs, problems faced by them, the preference
for functional features. The results are summarized as follows. First,
brassiere with easy dressing and undressing functions were required.
Second, the location of the fasteners should be given more design
consideration for easy limb movement. Third, fabrics with better
moisture management property for keeping them warm and dry were
preferred.

Based on the results of the interview, two designs as shown in
Figure 2 and Figure 3 were developed and attention was paid to the
above three requirements.

Double-face knitted fabrics with hydrophobic inner and
hydrophilic outer layers made of cotton and polyester was used to get
better thermal insulation and moisture transportation.

Flexible magnetic fasteners were used which made it possible for
persons with reduced strength, mobility and sensitivity in their hands
to manage fasting.

Extended bra strap with front opening making it possible to
handle the closure with one hand and without genuine grip function.

Plastic stay added at the backside in order to keep back in shape
so that it becomes easy to wear.
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Results and Discussion

In order to evaluate the design a survey was conducted, females
suffering from hemiplegia and a specific panel composed of students and
administrative staffs that mimic the handicap of the hemiplegic persons,
age ranging from 30 to 60 years participated in this survey. Based on this
specific study the results are shown. The survey allowed us to evaluate
that the functional features of the developed brassiere (Table 1).

These results illustrate that Design “A” is the prefered design as shown in
Figure 4. The main reasons for this preference is described below,

The design of the back and the use of more numbers of stays at
back which keep it straight while wearing,

The shape of the front extended loop as it provides more grip for
a person to fasten it with single hand.

The use of silicon adhesive at shoulder strap which avoid slippage
of shoulder strap while wearing

To evaluate the magnetic fasteners grip, i.e. that these have
enough strength to keep it stay fastened, we observe patients in
different body postures wearing bra. Normally the patients suffering
from hemiplegia not have much physical activity. In respiration, the
increase in circumference is up to 6 cm.

In addition, tensile strength was measured in order to find pull
away force of the magnetic fasteners. Tensile strength tester was used
in order to find magnetic pull away force of the magnetic strip used as
fasteners, at the velocity rate of 100 mm/s. 10 samples were tested and
results are shown below in Table 2.

We performed the test on 1/4™ part of the bra as shown in Figure
5 and graph above shows that it stayed fastened till 5 cm (50 mm)
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Figure 3: Schematic illustration of functional design process.
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Table 1: Survey form.

Characteristics of functional features

Not-highly
Satisfied Satisfied
0 10

Assessment of comfort

Easy to wear with single hand

Easy to fasten with single hand

Donning Easy to unfasten with single hand

and Easy to remove with single hand

Doffing Location of fasteners are in optimum grip area

Comfort Fasteners are easy to understand and identify

Fasteners stand body movements without opening

Fasteners have suitable dimensions for handling

Is it time and fatigue free?

Hand or feel of fabric

Sensory comfort - -
Pressure against skin

Aesthetic comfort Aesthetic value of bra

The format of the survey form is given in above table covering multipal aspects of comfort.
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Figure 4 : Comparison between design A and B.

Bra Designs Bra Designs

Figure 5: Testing of fasteners pull away force.

Table 2: Results of tensile test.

Sr.no Force maximum N ﬂ;ngation at which fasteners open
1 39 50.0
2 42 50.3
3 38 50.5
4 32 51.2
5 39 51.0
6 39 50.1
7 35 50.4
8 46 50.0
9 38 50.5
10 40 50.2
Mean 39 50.4
% COV 9.6 0.80

Force (N)
40 T

30+

0 10 20 io 40 50 a0 70 80

El i
ongation (mm ) Point at which fasteners open|

Figure 6: Graph between force and elongation.

elongation as shown in Figure 6. This means it can stay fastened even
if the extension is of 20 cm.

Conclusion

This study illuminated the undergarments specially brassiere
design problems that prevented females with mobility disabilities in
accessing and removing undergarments, because of their muscular
weakness, loss of finger dexterity and/or eye/hand coordination,
and limited ranges of motion. This research continues to support
the need for an innovative design approach to help eliminate the
clothing-related barriers and reduce the social stigma associated
with adaptive, functional clothing for people with disabilities and
impairments.
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