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ABSTRACT

The purpose of this paper is to explore the application of intelligent technology in the industry of the disabled.
Through the systematic review of databases (Redib, Doaj, Redalyc, BMJ, BVS, Dialnet and PubMed), 11 articles were
obtained, describing the intelligent technology in ves-tiles devices, which are designed to help patients recover. In an
interdisciplinary field, especially in the field of social sciences, there is a new and underutilized phenomenon. This review
shows that further research is needed to expand this topic.
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1. Introduction to wear'!,

In addition, in this case, the focus of fashion
design is on functional issues, limiting needs and
expectations you will strictly follow the medical
model compared with most people. It is clear and not
overlooked that disability significantly affects
the body in several ways. Therefore, it is difficult to
wear different clothes when creating services for

But what happens when “dressing” happens in such a diverse group™.
the field of disability?

From the perspective of sociology, clothing
(clothing and accessories) is an inherent part of
people’s life and plays a role of protection and dis-
play in daily lifelY]. In addition, it uses psycho social
factors related to body image to solve the problem of
personal self realization!,

At the same time, disabled bodies cannot be
Division occurs. On the one hand, an industry considered synonymous with barriers and lack of

does not seem to know the needs, needs and expec- economic benefitst®l. People have interests, demands
tations of a social group (those with specific pref- ~ and rights to participate in the environment inde-
erences). On the other hand, “transparent” consum- pendent of their physical, physical and sensory
ers try to adapt in some way to the clothes and conditions®l. There, clothing and accessories play an
shopping baskets created for the “other”, and “dif- individual’s social performance function through

ferent” bodies encounter obstacles in choosing what ~ three analytical variables (functionality, usability
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and aesthetics)"],

In this way, technology appears in this social
problem and provides different solutions for those
who seek to dress/undress independently; help select
clothing and accessories; communication and inter-
action with the environment. As Mann® named
“visible computing” to understand functionality,
comfort, aesthetics, sitting opposite conditions,
mainly equal opportunities. In his article, the au-
thor defines “wearable” as an object that interacts
and moves with users, and covers clothes through
intelligent devices.

For Lobo et al.[¥l, this is a new design method,
which combines information from different types of
fields (engineering, biology, medicine, computer
science, etc.) With different needs and expectations
of users. The author describes three kinds of smart
clothing:

(1) Clothing and its adjustment function,
opening and closing;

(2) Portable apolipo protein i devices, such as
orthosis, exoskeleton, etc;

(3) Portable intelligent devices, including sen-
sors, nanotechnology, etc.

Especially in the medical field, Dittmar et al.l*"]
proposed the concept of healthy smart clothing,
which refers to clothing that provides the possibility
of using sensors to ensure that the treatment is non-
invasive. For example, hair bands, T-shirts,
socks, belts, shoes and other items made for reha-
bilitation purposes. In this case, it is important to
emphasize the size and comfort of these clothes, as
well as some related factors different from other
clothes. Smart clothing is full of elements of speed,
complexity, miniaturization, communication and
new materials, which make small devices become
active, low power, wireless or micro invasive de-
vices. Smart clothing or accessories combine flexi-
bility with functionality and use new fibers with
specific properties (mechanical, electrical and opti-
cal).
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In order to give full play to the relevance of
intelligent technology in clothing, design must be
user centered. Its goal is to identify real products and
services according to people’s needs, emphasizing
not only practicality, but also the subjectivity of
strippers*l. For pullin, the design should also con-
sider persons with disabilities and should focus on
social models to change the environment. For ex-
ample, glasses are for medical needs and have suc-
cessfully become fashion accessories.

In the field of clothing, intelligent technology
involves a mixture of electronic textiles, biometric
materials, sensors and nano systems to resolve dif-
ferent health problems, reauthorize and daily activi-
ties without neglecting the aesthetic value*?. The
so-called “Smart clothing” created for the purpose of
health monitoring, also use the intelligence system to
generate interaction between the individual and his
or her environment!*3l,

It is worth noting that the concept of intelligent
technology is broad, and its richness is related to its
application in medicine, engineering, psychology
and other sciences, which use supporting standards
according to the expected functions. It emphasizes
the integration of basic skills into a coherent, low
complexity and low cost system; guidelines for use
in design involving interdisciplinary knowledge™*,

Particularly, dealing with intelligent design in
clothing means moving towards a redefined system,
combining tradition with clothing innovation. There,
technology is positioned as a means of enhancing
product potential in social change!*®!,

In this sense, the purpose of this work is to
expand Argentina’s knowledge in the field of fashion
and social research on disability to a new theme.
Detailed research, extracting relevant information,
analyzing the quality of these studies and combining
the main findings are the means to highlight relevant
themes and trigger new directions in the psycho
social aspects of fashion/disability.
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2. Target

Within this field of analysis, the objective of
this article is to systematically review the research
that addresses the use of intelligent technology in
clothing and accessories for people with disabilities.

3. Method

The premise of this systematic review is that the
use of intelligent technology in the field of fashion
design has a positive impact on the activities of daily
life of persons with disabilities. To do this, research
has focused on scientific articles that discuss the
application of this technology in clothing and ac-
cessories designed to improve transparency, based
on the recommendations of the prism declaration.

In this way, the following were included: Title,
in which the publication was identified as a system-
atic review; (1) the structured summary; (2) the jus-
tification and objectives, where the knowledge of the
subject and the implicit questions guiding the study
were expressed (3 and 4); the method, with the eli-
gibility criteria, the sources of information, search,
selection, the data collection process and the varia-
bles for the data search (6 to 11); the results, with the
selection and characteristics of the studies (17 and
18); the discussion, which presents the summary of
the evidence, including the findings and the strength
of the evidence of each study, limitations, conclu-
sions, collaboration and financing (23 to 27). How-
ever, some items were excluded: protocol and reg-
istry; (5) the effects of assessing the risk of bias in
individual studies; (12) summary measures; (13) the
processes of synthesizing results, processing data,
and combining results; (14) the risks of bias between
studies (15 to 18 and 20 to 22); and the risk of bias in
studies (19).

The search date focuses on English publications
from January 2014 to July 2020. Considering that
this topic has only recently appeared in Argentina,
most publications are published in other countries,
mainly the united states and the United Kingdom([*¢,
Avrticles in Spanish and Portuguese also have Eng-
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lish abstracts. Therefore, the search is term centric:
Smart clothes; disability and smart clothing.

The first searches were carried out in the
following databases: REDIB-Red Iberoamericana de
Innovacidn y Conocimiento Cient fico,
DOAJ-Directorio de revistas de acceso abierto,
Redalyc Red de Revistas Cient ficas de Amé&ica
Latina y el Caribe, Espafa y Portugal, BMJ-open,
BVS-Biblioteca Virtual en Salud, Dialnet and
PubMed.

As a first search without specific filters and
according to the descriptor smart clothing, a total
of 763 articles were reached. Excluded were those in
the areas of technologies related to architecture,
education, accessibility, learning; in addition to
general studies and literature review articles, con-
gress and conference proceedings and those without
empirical results.

Subsequently, smart clothing and disability
reached 42 studies and the searches focused on the
databases: BMJ-open, BVS-Virtual Health Library,
PubMed. The justification is related to the objective
of this study to analyze the applications of smart
technology in clothing and accessories designed for
people with disabilities. Thus, the studies relevant to
this research are concentrated in these databases.
Through the articles investigated, another descriptor
used by the authors can be observed: Wearables in
the databases: BMJ-open, BVS-Virtual Health Li-
brary, PubMed. With the purpose of expanding the
amount of information, a third data exploration was
made, with the terms: Smart clothing and wearables
and disability. The search resulted in 14 investiga-
tions. Discarding duplicates and search restrictions,
a total of 11 articles were found. This review was
conducted between January 01, 2014 and July 24,
2020.

4. Results

The articles analyzed in this study prove the
relevance of technology in fashion design, which
aims to solve various problems related to disability
in people’s life, help nurses and increase independ-
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ent life. At the same time, these studies show that the
development and use of technology is still new and
is beginning to gain great significance in the field of
rehabilitation.

From the selected records, we analyzed 11 ar-
ticles, which determined that this work involves user
centered design, and intelligent technology is a tool
that can express sa in targeted clothing and accesso-
ries to actively supplement the health of patients.

The study describes the forms of portable
technology: Shoes, insoles and gloves. They are
adaptive and pony accessories that enable people to
carry out rehabilitation activities more autono-
mously and improve independence. Some studies
have revealed changes in the doctor patient rela-
tionship after the use of technology™. For example,
use smart shoes to capture the autonomous walking
parameters of patients with els (lumbar spinal ste-
nosis); after surgery, it not only helps to accurately
measure its functional level™, because it produces
economic and rapid effects in clinical information
analysis*. In addition, gloves can replicate move-
ment patterns and help restore weak hands?. In
addition, intelligent insole is very important for the
prevention of foot ulcer in diabetic patients. In this
context, technology has become a progressive tool to
prevent patients from dying in more severe disease
stages(?!l.

These studies explore the possibility of func-
tional and aesthetic design, as well as the possibility
of social design, in which advances in science and
technology can provide solutions through intelli-
gence to enable persons with disabilities to meet
their daily activities*),

Without leaving aside the concern with con-
sumption and how people observe the use of tech-
nology in their daily lives. The advantages and dis-
advantages, and to what extent it is a benefit for the
family in relation to the care of people with disabil-
ities, once technology generates independence and
quality of lifel??l, There are still many questions to be
answered.

o4

The methods used in the study describe: Qual-
itative and quantitative research with focus groups;
prospective research, design feasibility assessment,
experimental research and scope review, using
qualitative and quantitative methods.

Reviewing each article, you will find that Hall
et al.l?? in consumer behavior, they analyzed the
impact of using smart clothing from the perspective
of disabled caregivers and family members. Ac-
cording to the focus group interview, the results
obtained by the author show that the adoption of
technology in clothing involves various factors and
environment (in terms of the role, rules and limita-
tions of the technology system). It is essential
that both consumers and caregivers receive adequate
information. In addition, there is widespread concern
about the use of smart clothing in caregiver recipient
relationships, where personal interaction can be re-
placed by technology. However, the study did not
rule out the benefits of freedom and control because
it reduced some nursing tasks. On the other hand,
there are benefits when patients use relevant infor-
mation.

Ma et al.l?®! found that in recent years, research
on glove virtual experience development for hand
movement and strength has increased. In this sense,
this study proposes a hand rehabilitation learning
system, namely safety gloves, a device that can learn
the interesting movement of grasping and releasing
objects. The author collects information from the
data of people without such difficulties. The results
show that the prototype not only provides infor-
mation for learners, but also provides greater au-
tonomy for the disabled in grasping and releasing
objects.

Starting from the concept of wearable tech-
nology, Papi et al.*"! described the development of
small electronic devices and accessories for clinical
and rehabilitation purposes. They studied user cen-
tered design and the development of portable tech-
nology to monitor the functional status of knee joints
in patients with osteoarthritis. As a result, it was
found that many of the technologies developed did
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not consider the preferences of patients and health
professionals, thus hindering more active use.
However, few studies have explored this issue. At
the same time, through the interview, the results
show that all 21 participants believe that the product
must be small, have the least interference to daily life
activities, and be easy to use.

In order to gain a deeper understanding of the
phenomena studied, Papi et al.'¥ do a second in-
vestigation, in this case focusing on the preferences
of healthcare professionals, as a means of identifying
implementation strategies in the development of
wearable technology more realistic to patients’ needs,
according to progress, treatment assessment and
compliance monitoring. This is also a means to
generate information related to clinical decision
making. Through interviews with 4 clinicians, 4
physiotherapists and 5 orthopedic surgeons, the au-
thors arrive at findings that support the use of
wearable technologies to improve the current man-
agement of osteoarthritis, where efficacy is directly
linked to the development of products that combine
locomotion capability with ease of use and interface.
The study presents that the potential use of wearable
technology in the treatment of osteoarthritis is re-
lated to: The usefulness of the technology in clinical
practice; the provision of patient data, time man-
agement, patient compliance in use, information
properties, product specificity and the relationship of
the professional with the patient.

Biggar and Yaol® describe exoskeletons as one
of the ways to improve the mobility of people with
disabilities (stroke patients). In this case, the author
uses virtual reality theory, through a system, with the
development of patients at home, it has greater
practicability and lower operation cost and space; by
developing the intelligent prototype described in the
glove, individuals can exercise their fingers more
flexibly.

In order to quantify the functional level of
walking ability of esl patients, Li et al.?l inde-
pendently developed an intelligent calibration de-
sign based on two algorithms according to oswestry
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preoperative and postoperative disability index
scores. The collected results show that the use of
shoes with sensors is not only helpful for treatment
and nursing, but also helpful to obtain more effective
clinical information to understand the functional
level of patients in surgical treatment.

Biggar et al.[?! described the positive impact of
intel technology on health, mainly in the field of
persons with disabilities, where people face a series
of obstacles that hinder more social participation. In
order to change the health and environment, the
authors believe that it is necessary to quantify the
needs of end users, because they can determine
whether the prototype design is beyond its thera-
peutic purpose, functional, comfortable and aesthetic.
Based on these meanings, the study was based on a
questionnaire of the QFD-Quality Function De-
ployment method, based on the variables: Joint
movement, function, control, usability and a com-
bination of remaining aesthetic and practical char-
acteristics. From there, the objective was to collect
information from patients with the purpose of ar-
riving at a low-cost device that could be used at
home, as an assistive tool and as a therapeutic aid.
Also to generate information for therapeutic decision
making(?sl.

According to the background used in the study;,
Lee et al.[*® observers found that about 33% of pa-
tients with esl were not satisfied with the clinical
results after operation. This is due to pain and lack of
function at the bottom. Therefore, they studied the
use of technology in apparel design by evaluating a
pair of smart shoes with five insole pressure sensors
in preoperative ESL patients. The results indicate
that smart shoes are a noninvasive, easy-to-use, and
cost-effective treatment. In addition, it provides a
complete analysis of the walking tests, which makes
possible an evaluation with comparisons during the
postoperative period.

Esmail et al.[?8! described the use of clothing
technology for persons with disabilities based on a
comprehensive literature review and expert consul-
tation. They believe that the design of smart clothing
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includes not only social and cultural functions, but
also the need to collect enough information in the
field of rehabilitation, so as to find solutions or
methods to help these people live independently. The
authors emphasize that there is little literature, which
creates uncertainty and requires further research to
promote social inclusion and participation.

Hatton et al.l?" studied the use of textured in-
soles in patients with diabetic peripheral neuropathy
within 4 weeks to analyze walking performance and
possible balance disorders. In this study, the re-
searchers noted that the effect of traditional footwear
on balance function in patients with diabetic pe-
ripheral neuropathy has not been widely studied. In
this way, this work involves the development of
smart shoes to improve the sensory environment of
the foot as a viable option to help supplement the
treatment of balance and walking problems in pa-
tients with diabetes, Parkinson’s disease, multiple
sclerosis, etc. Different prospective studies were
conducted in a parallel group of 70 diabetic patients.
The subjects were randomly divided into texture
template group (intervention group) and smooth
template group (control group). The results show the
importance of the product to health and its rela-
tionship with user needs and key functions, such as
the comfort and beauty of the product.

The review concludes with the work of Ming et
al.?Y1' who describe smart technology as a preventive
tool. The objective was to evaluate temperature
controls and to be able to make timely and appro-
priate interventions for foot problems in people with
diabetes over a 2-year period. The authors adminis-
tered a control of slipper use with sensor insoles and
the Smart Prevent Diabetic Feet application in 300
participants. The results achieved contributed to
timely monitoring and intervention. It was also pos-
sible to build predictive models from the information
collected by the sensor.

5. Discussion

This systematic review highlights a new topic
in the field of disability and the social research of
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fashion design. It is worth noting that intelligent
technology has begun the first step of building ap-
plied knowledge, which combines different disci-
plines such as computer science, medicine, rehabil-
itation, psychology, marketing, sociology and
engineering to create thinking products that meet
different needs and expectations.

These 11 articles (Table 1) show that the com-
bination of clothing and technology goes beyond
print and accessories designed for daily social in-
teraction. With the increase of human needs and
demands, the main function of protecting the body is
open to other needs. Based on this view, most studies
emphasize the relevance of people’s participation in
research. In product and service development, user
centered design is an effective method of technology
configuration and collaborative training.

It is worth noting that the use of intelligent
technology still seems to be limited to the medical
field and different rehabilitation needs. This has
attracted people’s attention because it shows that in
all the progress of disability research, this phenom-
enon is bound by the medical model, ignoring peo-
ple’s strong demand beyond its limitations.

Faced with this, this systematic study questions
the application of technology in disability. He
pointed out that the analysis of the ways and pur-
poses (advantages and disadvantages) of using smart
clothing and accessories seems to be limited to one
area. Although the role of rehabilitation is very im-
portant to the daily life of this social group, the in-
crease of many technical equipment is crucial to the
quality of life. However, we cannot ignore the de-
mand for intelligent technology, which should not
only improve users’ skills, but also meet different
tasks and promote greater social participation.

In addition, considering the different needs of
persons with disabilities, it is difficult to understand
how actively involved the fashion design process is.
More systematic observation may be a more bene-
ficial option. Therefore, those who produce intelli-
gent objects should not be limited to the sensitivity
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ways of products and services for a more inde-

Table 1. 11 articles

pendent life.

Author/Year Method/Instrument Population Results Knowledge domain
32 participants (8 in each Wearable technology can be
of the four focus groups) .
Exploratory research based used to promote a healthier
teachers and graduate . : .
Hall et al. - on focus group method for relationship between care- Family and consumer
students, administrators - : o -
(2014) . data collection and focus givers and people with disa- science
and students of midwestern . - L
SO - group interview bilities, as well as surgery for
universities in the united AT
people with disabilities.
states.
The development of safety
gloves is a new way to un-
Ma et al. Experimental design. Twelve volunteers ageql 20 _derstand the learning system ) o
to 69 had normal function in the process of rehabilita- Electrical engineering
(2015) Safety Glove system S - - A
and no pain in their hands. tion. In addition, it allows
data to be collected for deci-
sion making.
Focus aroun study: data Patients’ views on the de-
group Y, 0d d velopment of intelligent ac-
Papi et al management was carrie . cessories technology are
' out through thematic 21 cases of osteoarthritis - Surgery and cancer
(2015) . : related to understanding the
analysis of patient re- .
Sponse fun, comfort and aesthetics of
P : rehabilitation treatment.
Transplantation technology
Papi et al Quasi static research usin improves the relationship
(2pOlG) inductive thematic anal sigs 13 health specialty with patients. Planned use Surgery and cancer
y helps manage time and deci-
sions.
Design a nursing facility with
strong adaptability and easy
management for patients, so
Yao ming Patients with cerebrovas- Design and development of  that they can carry out reha- Biomedical engi-
(2016) cular disease prototype bilitation activities at home, neering
reduce the workload of ther-
apists and increase their de-
pendence on nursing staff.
. AN automatic rhyth_mlc 29 cases (11 males and 18 Application of za pato intel- Physical mgdlc_:lne
Lietal. learning je was designed to - . - . and rehabilitation,
. A females) with LSS (lumbar ligent analyzer in surgical -
(2016) estimate oswestry’s disa- . . - - computer science and
S spinal stenosis). treatment of patients with esl
bility index. neurosurgery
The information collected Biomechanics
Biggar et al. _ _ _ _ 13 cases of orthopedic reha- from 'patlent |nf_ormat|on isa and bloer)glneermg in
Five-point questionnaire e o decisive factor in product orthopedics and car-
(2017) bilitation . - -
development, both function- diovascular rehabili-
ally and from comfortable. tation
Analys_ls of parameters . . The use of smart shoes can Computer science,
L according to the Oswestry ~ Twenty-nine males and eight - .
eeetal. S . accurately predict the surgical — neurosurgery and
Disability Index (ODI) and  females were treated with : ; -
(2017) - results of patients by opti- neuromotor rehabili-
the Visual Analog Scale ESL. mizing treatment strategies tation
(VAS). g gies.
12 experts (experts in the
fields of health, design,
industrial manufacturing,
heglth technology, rehabili- The research on intelligent
A - tation and psychology (6 . L ;
. The iterative analysis of fashion design information
Esmel, etin . - researchers, 3 representa- .
the literature was reviewed . L system is a means to create Psychology and
los angeles. . tives of the fashion industry - 2
and cooperated with the - knowledge and improve the reauthorization
(2018) (new technology, design,

expert advisory group.

enterprise development and
innovation), 2 postdoctors in
rehabilitation medicine and
1 patient with spinal cord

injury).

participation of the disabled
in society.
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Randomized controlled

Hatton et al. trial. prospective vo. sin- 70 cases of adult diabetic
(2019) » Prosp A convulsive neuropathy.
gle blind parallel grouping.
300 patients with diabetes
Ming et al. Open label, prospective, mellitus (type 1 or 2) and
(2019) alloy crimp, 24 months severe diabetic peripheral

The intelligent shoe device
manually operates the non
sensory internal environment
of the foot through the insole,
which is a choice to eliminate
the balance and gait problems
of nervous people.

Using portable and intelligent
devices to measure tempera-
ture is a good choice and
helps to provide appropriate

Health and rehabili-
tation science

Kidney disease and
hypertension, diabe-
tes and endocrine.

neuropathy interventions for health care
providers.
It must be clarified that this issue is not in- 160-173.

tended to cover the multidisciplinary work of the
submitted studies, because these studies serve as a
reference and provide product opportunities for the
rehabilitation, health maintenance, functional reha-
bilitation and improvement of the quality of life of
persons with disabilities. In addition, research has
shown that finding solutions from sensors, nano-
technology and new textiles can change the social,
psychological and environmental barriers of disa-
bility.

This systematic review has created a space for
scientific research on the use of disability, from
clothing to intelligent technology. Therefore, the
preciseness of methodology makes people realize
that this is not a simple way to ask for help. It is
necessary to understand new concepts, methods,
comparisons and cognitive limitations, so as to make
progress in the scientific field of the proposed phe-
nomenon.
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