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Abstract
Globally, there has been a change in the population pyramid with an accelerated aging process. This increase requires a 
greater challenge to maintain autonomy and independence. Currently, there are technologies developed with a focus on 
health. This is given by the development of wearables and their areas of applications. As a general context, this technol-
ogy is characterized by the research field in energy generation, the development of external devices for human control and 
monitoring, clothing, smart textiles, and electronics. The latter are classified into three areas of application: monitoring and 
safety; fabrics, perception, and physical activity; and rehabilitation. A literature review is conducted to identify the state-of-
the-art in these fields within the last years. The progress in monitoring systems and intelligent textiles is evidenced, being 
able to highlight remote feedback, materials, and wearability both at a commercial and user level. A discussion is included 
to address the main challenges and future trends in the application of wearables in elderly people.

Keywords Elderly · Health devices · Rehabilitation · Smart clothing · Smart textiles · Electronic textiles · Vibration · 
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1 Introduction

The World Health Organization (WHO) states that the 
elderly population is growing rapidly. Between 2000 and 
2050; the proportion of the world’s population over 60 years 
of age will double from 11 to 22% [1]. This constitutes a 
social challenge, where it is necessary to adapt and improve 
health, functional capacity, social participation, and safety. 
This change in the population requires further progress in 
maintaining autonomy and independence during aging. This 
requires adopting an anticipatory and preventive approach, 
in order to maintain the functionality of the older adult. Cur-
rently, the increasing elderly population presents an impor-
tant demand in the healthcare sector. Therefore, greater 
progress is required in maintaining autonomy, independ-
ence, and functionality through physical activity [2, 3]. In 
this process, there are problems of balance and motor tasks, 
generated by the loss of muscle mass and strength. This 

determines an increase in the risk of falls, which can lead 
to hospitalization and surgery. In adults over 65 years, falls 
are the second leading cause of death worldwide due to acci-
dental or unintentional injuries [4]. The incidence increases 
with age, and it varies according to lifestyle.

On the other hand, there is a prevalence of neurological 
diseases, which reach 15% worldwide [5]. These generate 
an important source of disability. Cerebrovascular disease, 
caused by the impaired blood supply to the brain, is one of 
the most prevalent in the elderly population and one of the 
leading causes of long-term disability worldwide [6, 7]. It is 
estimated that 55–75% have a long-term motor and sensory 
impairment, and more than 60% are unable to incorporate 
the affected hand in performing activities of daily living [8].

Parkinson’s disease is characterized as neurodegenerative 
and is strongly associated with aging. It is recognized as a 
progressive and highly disabling disorder. It presents motor 
slowing, resting tremor, muscle rigidity, postural problems, 
and postural instability. These can lead to falls and further 
compromise functionality. Worldwide, an estimated 4 mil-
lion people suffer from this condition reaching a prevalence 
of 1–2% in those over 65 years of age, increasing to 3–5% 
in those over 85 years of age [9, 10].
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These diseases cause motor, sensory, and/or cognitive 
alterations, significantly compromising the performance 
of activities of daily living and the social participation of 
people. For this reason, strategies have been developed to 
maintain and improve the functional conditions of older 
adults with disabilities. Given the characteristics of the 
motor limitations present in this population, there is a need 
for access to rehabilitation, technical and technological aids. 
Currently, the incorporation of assistive technology such as 
robotics, wearable devices, electrical stimulation, among 
others, specifically in the rehabilitation field [11], have been 
the focus of great scientific interest, since they have potential 
advantages, both for people with disabilities and for health 
professionals.

The use of wearable devices attached or incorporated into 
clothing offers monitoring, feedback, treatment, and reha-
bilitation functions. Also, they have the potential to improve 
cost-effectiveness by allowing continuous therapy while per-
forming activities of daily living, enhancing the effects of 
rehabilitation. This can provide more effective hours com-
pared to a traditional 30- to 60-min therapy session, consid-
erably increasing the number of weekly hours of interven-
tion and, therefore, its effects on patients’ functional ability 
in real life. According to the World Health Organization, 
most people in developing and underdeveloped countries 
have access to assistive technologies in only 5–15% [12]. 
The causes may be low availability, costs, and lack of health 
professionals or knowledge about the usefulness, benefits, 
and use possibilities [13, 14].

In this review, an analysis is established on the advance-
ment of assistive technologies for rehabilitation, where the 
development in wearables is described in section II as a gen-
eral context. Section III presents the search method, where 
the investigations related to the technology are found. From 
that point, three research areas are identified: (i) monitoring 
and safety; (ii) fabrics, perception, and physical activity; and 
(iii) rehabilitation, which are deeply described in section 
IV. Section V discusses the limitations of this review, and, 
finally, section VI finds the conclusions and future work.

2  Context

The development of wearables has a wide area of applica-
tion and uses. They are used in the commercial area, systems 
navigation, production processes, sports, prevention, and 
health. In this last area, it is found an advance in wearable 
technology, body technology, smart clothing technology, or 
textile electronics. Both the wearables and the electronic sys-
tem devices, present different features such as the fit on the 
skin, sustainability in the storage and generation of energy, 
portability, light-weighting, flexibility, elasticity, reliability, 
skin compliance, and sensitivity. Its application is presented 

mainly in the monitoring of human biosignals and the moni-
toring of people in health systems.

There is a huge potential in the area of human healthcare 
and monitoring control, where the emphasis is placed on its 
biomedical application to provide valuable information in 
the health and wellness field, e.g., heart rate, brain waves, 
and muscle biosignals. Currently, there is a new research 
trend on flexible and extensible physical sensors integrated 
into platforms for monitoring human activity in wearable 
devices where electrical signals generated by human activi-
ties can be measured and quantified. Among these devices, 
it is possible to mention temperature, pressure, and voltage 
sensors, flexible fluids, and extensible platforms integrated 
with sensors [15].

Another trend intended to achieve a potentially transform-
ative development in smart garments [16] is the electronic 
integration into textiles, which requires the fabrication of 
devices directly into the fabric itself using high-performance 
materials, allowing seamless incorporation into textiles. 
Woven electronics and optoelectronics, achieved by inter-
woven fibers with complementary functions using graphene 
fabricated directly on fabric fibers and obtained by weaving 
graphene electronic fibers into the fabric.

Regarding electronic and smart fabrics, flexible organic 
transistors are presented in [17], which are based on fabrics 
using graphene nanoparticle electrodes as electrically con-
ductive. Their application is mainly evidenced in portable 
electronics. It is highlighted the fabrication of multifunc-
tional textile composites by vacuum filtration and wet trans-
fer of graphene oxide films on a flexible polyethylene tereph-
thalate fabric in association with the inclusion of graphene 
nanoparticles to improve electrical conductivity, which can 
be applied to flexible clothing surfaces. Further, it included 
the development of a method to fabricate a thin, flexible-
emitting fabric [18] using organic light-emitting diodes and 
its subsequent fabrication.

A new trend regarding the fabrication of soft and reversi-
bly actuatable glass elastomer fibers [19] is highlighted. This 
method uses direct ink printing, which corresponds to a 3D 
printing technology used for fiber production. Another study 
incorporates smart fabrics to monitor vital signs [20] that 
uses a fiber Bragg network sensor embedded in it. Finally, in 
[21–23], some textile enhancements are found that will gen-
erate a breakthrough in the development of tangible products 
for the benefit of people.

Wearable sensors are also found in wearable ambulatory 
systems for monitoring physical activity and gait [24–26]. 
On the other hand, there are studies on automatic assess-
ment of physical workload risks through motion sensors 
integrated into work clothes [27].

In the textile field, there are electricity conducting fibers, 
which are used for the fabrication of fabric fiber by means of 
graphene nanocomposite yarns for incorporation into smart 
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clothing or disposable patch sensors [28, 29]. Within the 
textile energy storage in wearables, it is possible to highlight 
energy storage systems utilizing body movement [30, 31] 
and biomechanical energy storage fabrics based on nano-
generators that mechanically convert the energy into elec-
tricity [32].

Other technologies include methods to predict quickly 
and accurately the 3D positions of body joints [33]; the 
development of a wearable suit-type robot to promote mus-
cle strength support for users, both for elderly people or 
people with some difficulty of movement [34]; and finally, 
devices for personal cooling to control the temperature of 
an individual [35].

There is research associated with energy generation in 
terms of materials that can be applied to textiles, where body 
movement is a precursor for obtaining this energy [28]. It 
should be noted that disposable elements are considered, 
which can be incorporated into clothing.

Aspects of water vapor permeability and comfort for pro-
longed use are analyzed before the integration of nanocom-
posites with fabrics by laser scribing and heat press lamina-
tion, proving their ability to stretch, portability, and washing 
[29]. Besides, there are conductive fibers, based on thermo-
plastic polymers by melt spinning, which are converted into 
conductive fibers at low cost to be used in clothing, fabrics, 
and others [36].

Using displacement, some wearables transform energy 
into motion. In fact, a study conducted with self-charging 
power textile [37] based on flexible yarn supercapacitors 
and fabric nanogenerators presents an automatic charging 
system, which combines energy harvesting and storage tech-
nologies employing cells in the fabric.

It is important to emphasize that within the textile area, 
the creation of conductive materials incorporated into the 
fabric or textile fiber can achieve greater autonomy through 
the use of thermoelectric materials and techniques compiled 

to convert them into energy and subsequent uses. The devel-
opment in this area, through the creation of clothing, smart 
fabrics, and electronics for the benefit of health, presents an 
important technological advance. Figure 1 shows the tech-
nology evolution mainly for monitoring or treatment pur-
poses, in the areas of physical activity and rehabilitation. 
Its application has contributed significantly to the life of 
users, where portability presents a primary differentiation in 
the use of this type of technology. It contributes to a better 
evaluation of the functional capacity of real-life users.

The chronology of the technology in Fig. 1 comprises the 
area of sensors for monitoring human activity and personal 
healthcare, temperature sensors, pressure sensors, strain sen-
sors, and sensor-integrated platforms [15]. Smart clothes 
for rehabilitation are also distinguished. Smart textiles were 
introduced in the early 1990s. In this area, it is possible to 
find smart clothes for therapy as well as smart T-shirts with 
different (non-excluding) functions, such as the capability 
of heart and respiratory rate monitoring, activity recording, 
electrocardiography (ECG), respiration, electromyography 
(EMG), just to name the most representatives [38].

Portable technology is also recognized. It stands out for 
promoting preventive medical care. Devices are incorporated 
into clothing to recognize activities and behaviors in the 
user. It includes the acquisition and processing of data and 
the ability to communicate. They are identified in clothing 
with integrated sensors for health monitoring and electronic 
accessories used on the body. Smart garments improve 
rehabilitation processes, functional capacity in patients, 
and physiological data. The importance of integration in 
wearables and the creation of new technologies for smart 
and electronic textiles, smart clothing can be found to benefit 
the study of the functional capacity of users, considering 
data delivery. It is characterized by being a ready-made gar-
ment to which electronic textile is incorporated. It presents 
great support for people in the process of rehabilitation. The 

Fig. 1  Chronology of the 
technology
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electronic textile incorporates electronic components [38] 
with the purpose of obtaining information in the monitor-
ing of health and sports. The smart textile corresponds to 
a wide area of products that incorporate functionality and 
the use of common fabrics. They are made up of fibers, fila-
ments, yarns, and woven structures that interact with the 
user. The application of this type of system focused on the 
energy area specifically in the creation of intelligent devices 
incorporated into the textile, sensors for human control and 
monitoring, creation of conductive materials incorporated 
into the textile or textile fiber along with smart clothing and 
electronic textiles used in the field of rehabilitation, presents 
an advance of wearable technology and sensors [39].

This has been able to contribute to care in the elderly 
through indoor positioning, activity recognition, and vital 
sign monitoring [40, 41]. In addition, the development of 
clothing, smart textiles, and electronics [42], which can 
incorporate various functions, is highlighted. These present 
a focus in the area of rehabilitation, being able to generate 
wearable technologies [43] in electronic textiles through 
portability, and the increase in the field of research together 
with the market with exponential growth.

3  Search method

The research is performed based on wearables and their 
applications in the rehabilitation sector, from 2015 to 2020. 
The purpose is evidenced in the applications of wearables, 
on technologies for fabric development such as smart cloth-
ing, electronic and smart textiles, and vibration. Its focus is 
given to the elderly and sports in the rehabilitation field. It 
considers the design of (3.1) search strategy, (3.2) search 
terms, (3.3) database, (3.4) selection process, and (3.5) 
selection criteria.

3.1  Search strategy

A search is established in publications between 2015 and 
2020.

3.2  Search terms

Analyzing the search terms, it develops a search equation 
composed of (Clothing AND smart clothes AND elderly) 
OR (e-textile AND elderly AND vibration) OR (elderly 
AND smart textile) OR (sportswear AND smart clothes).

3.3  Database

It is provided by three electronic databases, IEEE 
Explore, Web of Science, and Scopus. The search terms 

are considered through the equation, identifying the title, 
abstract, and keywords of each of the studies and other arti-
cles found.

3.4  Selection process

According to the latter, 83 articles were selected as candi-
dates for the search. A total of 53 documents are identified, 
where articles, conferences, journals, and reviews are con-
sidered, according to the search process. Figure 2 describes 
the selection process.

3.5  Selection criteria

3.5.1  Inclusion

– Identify applied studies through the use of fabrics, gar-
ments that contain or incorporate vibration, sensors, or 
external devices that are attached to clothing concerning 
the elderly and sport in the rehabilitation area.

– Articles from 2015 to 2020.
– Category of journals, articles, reviews, and conferences.

3.5.2  Exclusion

– Research that evidence applications for other aims or 
purposes.

– Duplicate articles are deleted.

The selected research articles were analyzed and subse-
quently, the corresponding area to which they will be asso-
ciated is determined. These areas correspond to monitoring 
and safety; fabrics, perception, and physical activity; and 
rehabilitation. This is defined by the topic of each article 
to establish an order regarding the investigations found and 
to know in which disciplines there is a significant advance.

4  Wearable applications for the elderly 
in the rehabilitation

In the framework of this review, there are three research 
areas: monitoring and safety; fabrics, perception, physical 
activity; and rehabilitation, as shown in Fig. 3.

4.1  Monitoring and safety

The use of portable devices is considered an important tech-
nology to promote preventive medical care, data collection, 
functional capacity assessment, and detection of data used 
in monitoring. They can be found in garments with built-in 
sensors and in electronic accessories worn on the body. Sig-
nificant developments are found in the literature.
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A textronic shirt was developed for older adults [44] 
that incorporates a remote monitoring system and control 
of physiological data such as pulse, respiration rate, under-
wear temperature, and location within the environment. It 
manages to identify the health status of the person through 
textile clothing and data acquisition. If any of these param-
eters change in a way that threatens the life of the person, 
the personnel in charge will be notified. It is powered by a 
miniature battery. The sensory shirt features a modular sys-
tem with textile sensors used to measure biosignals. Also, 
it considers additional hardware infrastructure like a Wi-Fi 
network and RFID antennas. It contains a pulse sensor, 
located on the chest to maintain its quality, a flexible point 

sensor to measure the rate of respiration, an IPS system for 
real-time location, and a GPS system for user search. The 
whole system is managed by a web application embedded in 
the Synology DS1010 + server. Textile sensory elements and 
textile signal lines are implemented in the structure of gar-
ments, and it is the main innovation in this type of system. 
The relationship between textile, electronic, and computer 
engineering is highlighted. Multifunctional products are 
obtained, so the combination of the textile clothing inter-
face with specialized software for data acquisition and alarm 
signal generation provides a continuous overview of health.

A safety mechanism is created by a similar system of air-
bags through intelligent clothing [45] that are incorporated 

Fig. 2  Selection process

Fig. 3  Research areas
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into it. The system has multiple sensors that will be placed 
on the smart clothing used. The signals from the sensors 
are fed into the inflated bag control unit, which determines 
from them the angle of impact, gravity, or force of fall. All 
statistics are collected at the moment of impact by the smart 
airbag device system. They can be viewed on the smart 
bracelet, mobile devices, computers, or tablets. Its connec-
tion will be made through intelligent microsensors, and it 
will obtain information about a person who is at risk of fall-
ing. This system is applied for athletes’ and elderly people’s 
care. It has highlighted its ability to protect and measure 
the body against any damage by analyzing and delivering 
data via Bluetooth when the user falls. This information is 
analyzed by a professional health care specialist. The data 
obtained are relevant in case of an internal injury, and spe-
cific treatment can be applied to the patient. It highlights a 
breakthrough in the field of smart wearable electronics [46], 
where it is expected to mass-produce smart garments with 
data transmission lines and sensors.

An ECG monitoring system [47] with Bluetooth incor-
porated into a T-shirt allows the signals to be collected and 
transmitted to an application in a mobile phone and to ana-
lyze the ECG signal in real time. The app looks for possible 
heart problems. If it detects a critical problem, it can alert 
the user and medical professionals. The shirt is made of a 
polyester microfiber, a synthetic fabric that absorbs moisture 
and is used in sportswear. It contains three 5-cm square dry 
electrodes made of tissue silver. It does not require gel or 
adhesives. A strategy of placement and pressure of the elec-
trodes is presented to keep the T-shirt in permanent contact 
with the skin and avoid distortions in the signal. Waterproof 
cable connectors are used to connect the electrode cables to 
the box containing the electronic components. This allows 
the user to remove the electronic components to wash the 
garment. Using the dry electrodes, the noise was lowered 
when analyzing the signal. A low-cost product stands out 
but requires further testing for its verification and effective-
ness of results.

There is also a concern in caring for the elderly in the face 
of natural disasters. A location tracking system is designed 
in an emergency situation [48]. By means of low-power sen-
sors integrated into smart clothes of washable nature, it is 
possible to do this. Small rechargeable batteries are used 
for its operation. Through smart clothing, other elements 
can be integrated that allow location control in older adults 
in an emergency. To trace the evacuation route, a recurring 
neural forecasting algorithm is used that includes a base of 
environmental sensors. It is expected to improve evacuation 
management through transceivers integrated into washable 
smart clothing that are powered by small rechargeable bat-
teries housed in a waterproof housing.

A technology based on a fabric device that uses a portable 
hybrid triboelectric-piezoelectric nanogenerator is presented 

in [49]. It is fabricated by electrospinning silk fibroin and 
poly (vinylidene fluoride) (PVDF) electrospun on nanofib-
ers on conductive fabrics. Nanogenerator shows outstanding 
electrical performance, with a power density of 310 μW/
cm2. This new fiber has flexibility, air permeability, and is 
custom embedded in the clothing of any size. It identifies 
the movement of the body, and the energy obtained in it 
can be stored to function as a portable energy source. It 
allows detecting an emergency state such as the case of a fall 
and sending an alert message to ensure monitoring in real 
time via the Internet, cell phone, or other portable electronic 
devices.

An electronic system for the detection of urinary inconti-
nence through a fabric sensor with an embroidered conduc-
tive thread is presented in [50]. It examines the woven fabric 
interlayer of cloth diapers, with high-strength PET fibers 
as the warp yarns and water-absorbent cotton fibers as the 
weft yarns. To produce fabrics with sufficient conductivity to 
detect moisture, two parallel metallic fibers are also woven 
at a distance of 6 cm as the weft yarn. When the woven fab-
rics absorb water, the short circuit between the two metallic 
fibers signals the sensor to create an alarm. The alarm mes-
sage is transmitted to a central database server via a wire-
less sensor network. In addition, the caregiver monitors the 
wetness status of diapers via mobile phone, notebook, and 
personal computer. It is placed on a mat attached to the bed. 
It achieves impermeability, cleanliness, and reusability. This 
development allows recognizing the humidity and occupa-
tion of a person through the same sensor. It is considered a 
differentiating element, and it will allow tracking activity 
during the night with the aid of subsequent studies.

A bionic sensor for EMG, ECG, vibration, and tempera-
ture monitoring was developed for elderly care in [51]. The 
sensor is small and wireless, and it has prolonged use and 
good biosignal understanding. It is used for monitoring 
elderly people and in sports. The training device increases 
mobility by the given data of muscle activity (EMG). It uses 
clothing with conductive fiber and a mobile application to 
visualize the signal delivered via Bluetooth in real time. It 
is required to reduce the size of the system and increase the 
duration in the care of older adults in the long term.

The health status of a patient during hospitalization 
allows medical staff to know his or her vital conditions. A 
heart rate monitoring system and a prediction tool that meas-
ures a patient’s parameters are designed in [52]. Conduc-
tive foils that integrate the electronic circuit with clothing 
are incorporated. A conductive vest and chest belt are used, 
which continuously record physiological index parameters 
during hospitalization. The parameters are transmitted wire-
lessly and recorded on a physician’s computer. At the end 
of his hospitalization, the patient’s original and recorded 
physiological data are evaluated by the TIMI risk score. This 
indicator determines the patient’s prognosis. The system is 
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composed at the front end by a Bluetooth heart rate moni-
tor and smart textile. The middle end is an application for 
receiving data on a tablet or smartphone. The back end is 
the physician’s computer in MATLAB.

A system presented in [53] was designed for continuous 
long-term monitoring of cardiac health, in which a mobile 
application collects data from the garment with an accuracy 
of 96%. It achieves a better reception of the patient and early 
warning by using this type of technology. This is given by a 
fitted T-shirt, which contains four sensors to perform daily 
monitoring. The use of smart garments for elderly health-
care provides a new form of remote monitoring for elderly 
healthcare. Furthermore, the use of garments allows greater 
convenience of conventional medical devices [54].

The portable urine leak detection system presented in [55] 
is generated by using a capacitive fabric sensor of humid-
ity embroidered with conductive yarn in a cotton/polyester 
substrate. A microcontroller (MCU) with a wireless module 
for signal acquisition and a smartphone for monitoring com-
plete the overall system. The results show that the proposed 
system is able to detect urine leakage even when the patient 
wears a diaper. This system uses a smartphone to receive the 
information and provide evidence of the leakage. It shows an 
advance and concern in the elderly, considering the develop-
ment of a real-time monitoring system that can be used in 
medical centers or homes for the elderly population.

There is a concern in health care and prevention of diag-
nosis of people problems through monitoring [56], mainly 
in physiological control [57] as in the case of mobility and 
blood pressure measurement [58]. A thin multilayer textile 
is presented in [59] that detects the user’s pressure and posi-
tion as a form of monitoring in the event of an emergency in 
case an older adult faces a fall situation. A positive factor is 
the size and thickness of the system since it is not uncom-
fortable for the user. It is important to consider convenient, 
easy-to-use systems for remote monitoring of health status 
through sensors and modern portable, noninvasive, and low-
cost technologies [60].

The elderly healthcare in nursing homes allows achiev-
ing efficient support and safeguards to ensure efficient treat-
ment. In [61], some research is shown about the monitoring 
of physiological functions, activity management, falls, and 
emergencies in elderly people who live in this type of insti-
tution, through smart garments. There is a shirt that incor-
porates Bluetooth Low Energy (BLE) components and an 
indoor positioning algorithm. The data is obtained through 
the garment into a database linked in the cloud. During 
an emergency, the medical professional in charge is noti-
fied immediately. This system facilitates the identification 
of the health status of the elderly [62]. A folding blanket 
[63] woven by a weft pattern is developed to be used by 
the elderly. It has a dimension of 1  m2, is touch-sensitive, 
and can detect the position of the user’s body on floors or 

beds. This breakthrough allows this product to be applied in 
homes and hospitals at a later stage.

4.2  Fabrics, perception, and physical activity

Smart garments present a high impact in their applications, 
especially when they have fibers incorporated within the gar-
ment rather than sensors embedded in it [64]. In this con-
text, a flexible textile-based electroosmotic pump with water 
transport is presented in [65]. In the design of innovative 
wearable devices that can actively adjust permeability under 
a variety of conditions. This is applied to insoles and sports-
wear. The devices have the ability to transport moisture in 
the area of smart garments and medical protection.

An ergonomic and portable fabric cap is presented in 
[66] with four channels with dry electrodes supported by 
an ultra-soft gel backing to monitor electroencephalogram 
(EEG) signals and to identify emotions in elderly people. 
It is possible to consider in the future incorporating more 
channels to obtain more information, a power supply that 
allows better portability with the product as well as ergo-
nomics, aesthetics, and appearance considering the specific 
objective audience.

Wearable technology can become garments in a multi-
sensory experience [67], generating a bridge between visual, 
physical, and perceptual experience. Its application obeys in 
the field of sports, the elderly, military, and medical work. It 
is established in [68] that by the inkjet process, it is possible 
to achieve a feasible component for the creation of a wire-
type conductive stretchable material. This can be used in the 
field of sportswear, compression underwear, among others.

The development of an encapsulated system integrated 
into a sports shirt is presented in [69] that can be washed 
without disconnection. It contains three stretchable fabric 
electrodes and an electronic module connected via a flex-
ible printing plate design. It delivers information about the 
physical condition of the user in real-time, through a mobile 
application via Bluetooth. It should be noted that the use of 
thermoplastic polyurethane (TPU) is beneficial to protect 
the conductive thread in case of washing. Another material 
used is carbon nanotubes [70] due to their lightweight and 
conductivity. They are a breakthrough for wearable electron-
ics and smart fabrics in both sportswear and conventional 
clothing. Nowadays, sportswear allows monitoring physi-
cal conditions and player performance. The creation of bio-
sensors, nano transistors, and printing electronic circuits 
directly on elastic materials has enabled the development of 
new garments [71]. The development of snap-type electrical 
connectors was investigated in [72], in order to connect them 
with fragments of textile signal lines. These can be used in 
smart garments, analyzing their usefulness. It is evident that 
there is a high possibility that they can be used effectively as 
electrical connectors in signal transmission systems. In this 
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way, progress can be seen in the use of garments, materials, 
and implements that allow obtaining information about the 
health status of the elderly through physiological parameters 
such as a portable electrocardiogram [73], with low energy 
consumption incorporated into a textile garment.

In health and skincare, there is a wipe [74] that contains 
a pH indicator to identify skin damage caused by an allergic 
reaction in the self-care of an elderly adult during shower-
ing. Likewise, it is possible to test products on the wipe 
before use and verify it. This is also feasible in the case of 
wound dressings.

The water-transporting fabrics [75] are capable of trans-
porting body moisture immediately in sportswear. Whereby, 
the dry heat transfer in fabrics shows a better performance 
than in the case of wet cloth. This material is quite prom-
ising for the development of smart textiles in sportswear. 
Nowadays, the sports industry does not present garments for 
active older adults. The design and development of sports-
wear products that incorporate smart fabrics and electronic 
devices into a new active aging market are gaining relevance 
[76]. Also, it is worth noting the importance of smart sports-
wear for self-care for people with Down syndrome [77]. As 
society is aging, there is an increased concern in healthcare. 
A system based on smart clothing is designed [78], which 
does not interfere with the daily life activities of the wearer. 
The system delivers physiological parameter information, 
which is stored in a cloud. In case of an emergency, the 
caregivers are notified immediately. With this system, the 
frequency of accidents is expected to decrease.

Dementia and gait disorders are some of the problems 
that come with the possibility of a fall. It requires care assis-
tance. A fall detection system is realized in [79], which is 
powered by batteries printed on the garment. This is located 
in the lumbar area and covers up to 660  cm2 depending on 
size. The device is located and integrated into the waistband 
through the design of ergonomic trousers. This indicator 
presents favorable conditions of use and comfort since it is 
integrated into the garment.

A reminder system by using metallic fibers incorporated 
in eco-cloths is developed in [80] for better wearability. 
These allow obtaining conductivity in the fabric combined 
with a low-dimensional sensor. This design allows proving 
that it is possible to use electronics in textiles.

A pressure sock system is designed in [81] that incor-
porates woven sensors located in strategic areas of the foot 
to estimate the magnitude of cushioning of the midsole of 
the shoe interacting with different types of cushioning and 
barefoot in the evaluations. Through gait tests on the sub-
jects, it was able to identify the increased sensitivity of the 
device, thanks to different shoe cushioning and its external 
conditions, such as its degradation in quality because of its 
deterioration and environment. Its development is highly 
promising.

The perspiration level of a person indicates their physi-
cal, condition, health condition, and comfort in athletes, 
patients, and elderly people. A textile sensor composed of 
three conductive threads, where each one is linked to a cot-
ton cover is presented in [82]. These sensors measure the 
total amount of sweat in the fabric. It can be incorporated 
in different places of the garment. It presents the quality of 
being produced in scale and low cost. Globally, there is an 
increase in new technological solutions that help to make a 
better contribution to the quality of human life. This can be 
achieved through functionality and intelligence in garments 
and fabrics. The focus is on comfort, health care, and safety. 
It is expected that companies will develop functional and 
intelligent clothing products for the elderly population [83].

An intelligent shirt is highlighted in [21]. When it is used, 
it examines the performed physical activities. It identifies 
when the person presents low activity by the cardiovascular 
behavior. Therefore, by wearing this garment, an anticipa-
tory state can be obtained to enhance the daily activities 
proactively.

The garment qualities that older adults are looking for are 
due to wearability, safety, and thermal comfort [84]. This 
is beneficial for people with thermoregulation deficiency. 
With the use of embroidery on or incorporated into fab-
ric clothing, it is possible for a hybrid thread in its stitch-
ing design combined with an embroidered heating pad and 
connection with metal snaps and a conductive cable will 
generate greater comfort in the presence of cold weather as 
a form of garment warmer. On the other hand, it is impor-
tant to consider the development and the use of batteries 
that must be incorporated into the fabrics. Most of these 
are rigid and have low flexibility. In the literature, research 
based on textile batteries [85] of yarns and fabrics coated 
with metal or carbon is applied to develop energy in fabrics 
with embroidered patterns. The results establish that the 
metal-coated yarn as electrodes in combination with carbon 
yarns as electrolyte and iodine triiodide gel delivers a flex-
ible surface for use in fabrics. However, there is short-term 
durability throughout this type of application.

An electronic chest strap prototype [86] measures the 
performance, mobility, and fall detection of the wearer. The 
band is made of nylon thread for its elasticity capacity and 
sensors integrated by conductive wires. It is identified that 
the weight and thickness of the product are not suitable for 
sports use. However, its fields of application can be in the 
care assistance of the elderly and disabled people.

Three interactive blankets for the elderly manufactured by 
optical fiber shawl, color, and heat change are presented in 
[87]. Each garment contains an integrated microcontroller 
with a WiFi module and a lithium polymer battery sewn into 
a detachable patch. Besides, it has an integrated notification 
system. Its manufacture is given by industrial knitting with 
platform machines. It is taken into account the fragility when 
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optical fibers are incorporated into fabrics, which is why 
its manufacturing process was developed manually, mak-
ing the production process difficult. Moreover, in the case 
of the heating blanket, the choice of battery will involve 
the duration time and the thermal capacity of the garment, 
considering that it must be light.

4.3  Rehabilitation

It is relevant to obtain information regarding the patients 
and to be able to work with them with the objective to lessen 
their complications through health care. An intelligent glove 
was developed in [88]. It presents a system for monitor-
ing the movements of joints and fingers due to rheumatoid 
arthritis generated to a large extent by elderly people. The 
device is portable, low cost, and has low power consump-
tion; it allows achieving collaborative work with the medi-
cal professional remotely through remote reading through 
a smartphone using a dedicated app. The flex sensor on the 
index finger detects and estimated the motion; a BLE Nano 
is used for processing and wireless transmissions. The wear-
able smart glove uses a lithium-ion 3.3 V rechargeable 400 
mAh battery for consuming power. This Smart Glove also 
helps in monitoring the patient’s response to either medica-
tion and/or diverse recommended movements. The system 
uses two flex sensors and one force sensor. Finger motion is 
measured by a flex sensor, while the force sensor measures 
the applied pressure on each finger and transfers all these 
data to the microcontroller. The Arduino Lilypad processes 
the data and sends them to a physiotherapist by using a 
Bluetooth module. It frames a different and reliable way to 
achieve collaborative work without the need for attendance 
at a medical center.

To maintain a favorable autonomy, it is relevant to pro-
vide mobility to people due to possible locomotion disa-
bilities. Therefore, it is proposed a device called a “smart 
walker” [89] that is able to monitor and analyze the gait 
in real time. The measurement system includes a wireless 
data acquisition module, a heart rate sensor, four load cells, 
and software. The results show that the device is able to 
detect and classify steps on a standard four-legged walker. 
The device can estimate the balance and motor coordination, 
step length and azimuth, and lift of the walker frame. The 
medical professional can evaluate the physical condition and 
adjust the therapy according to the progress of the patient. 
This system can be integrated into any commercial walker, 
allowing wider use.

Hitoe [90] is a material applied in the collection of bio-
logical data in patients through the use of a textile gar-
ment. It is a conductive polymer that is implanted coating 
the surface of fibers with a conductive polymer, resulting 
in a very flexible, hydrophilic, and durable device. The 
material is electrically conductive and can be mixed with 

accelerometers. It allows establishing the heart rate and its 
changes for extended periods during 24 h. While wearing the 
T-shirt, all data collected is sent to a server by a smartphone 
to be reviewed by a medical expert later. This generates an 
increase in the quality of therapy in elderly adults, where 
it is expected to reduce the professional workload through 
home-based remote rehabilitation.

It is fundamental to maintain good posture when using a 
wheelchair for an extended period. A dangerous posture is 
known as sacral sitting. Elderly adults and people with dis-
abilities are predisposed to pressure ulcers, which should 
be avoided. A smart wheelchair is developed in [91], using 
electronic fabric pressure sensors (e-textile pressure sensor 
40  cm2) in the seat and backrest. A notification will deliver 
information for postural change of the user and decrease 
the workload of the caregiver. The pressure points should 
be decreased by at least three lines in order to reduce the 
cost of the product. This allows providing efficient results 
on posture.

Orthostatic hypotension [92] is common in the elderly 
population. The use of current compressive garments exerts 
varied pressures on the body. The incorporation of these 
products can be complex and even cause immobility during 
use.

Active knitted compression stockings are designed in 
[93]. They contain smart materials composed based on shape 
memory alloys with a knitted fabric in graduated compres-
sion with higher tension from the ankle and lower tension up 
the leg. Compression is activated when the applied tempera-
ture reaches 70 °C. This is achieved by Dynalloy’s Flexinol® 
yarn. This favors dynamic and controlled pressures to the 
body, being able to apply a specific therapeutic treatment. 
Therefore, there is interest in applying this material in the 
composition of the garment, and through the body tempera-
ture, it is possible to apply defined compression.

The literature review provides favorable progress regard-
ing the use and development of technologies applied to the 
elderly population, health control, and sports. It highlights 
several challenges such as the mechanical flexibility of mate-
rials, effectiveness of the product under washing conditions, 
and useful life of the garment or the incorporated system 
with energy supplies, development, uses, and commerciali-
zation. Furthermore, it is possible to apply the closeness to 
the human body and the possibility of discretion of smart 
fabrics in applications such as health, safety, and active liv-
ing. Establishing a relationship concerning the people’s 
needs in incorporating this type of technologies, with the 
purpose of not interrupting and improving their independ-
ence [94] in daily activities in an efficient form and including 
the assistance of their treatments remotely [95]. The quality 
of elderly life is related to health, physical limitations, and 
loneliness. Elderly adults must wear smart clothing to con-
tribute to improving this, achieving independence in their 
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activities. For this reason, elders need to be able to move 
freely in their daily life.

5  Discussion

In the three areas of this review, the publications found in 
this research correspond to the areas of engineering, materi-
als science, and computer science. Subsequently, the follow-
ing limitations are established and analyzed for each area 
mentioned in the review.

5.1  Monitoring and safety

Regarding the technological advances in monitoring sys-
tems, providing physiological data, and warning signals in 
the event of an emergency in the elderly, there is evidence 
only at a basic research level. However, further studies are 
required to reach the market.

Besides, the costs associated with the developments are 
high, which reduces replicability in the target audience and 
rather applies an approach for medical and clinical centers. 
Also, the conductive materials applied in the analyzed devel-
opments must provide safety, comfort, and cost considera-
tion by comparing materials with similar characteristics. In 
this way, an efficient balance will be achieved.

By incorporating sensors in the garment to collect user 
data, they must be removed before washing the garment, and 
on the other hand, they must be small so as not to cause any 
discomfort while wearing the smart garment.

Remote monitoring is beneficial for the elderly and 
healthcare professionals. However, the usability of garments 
for both is critical to consider in this process when design-
ing clothing, and electronic components are associated with 
it. Applying a universal language and an appropriate user 
manual is required for a positive experience.

5.2  Textiles, perception, and physical activity

The energy storage for the operation of the smart garment or 
sensors is complex to perform because conventional batter-
ies are characterized by having a greater volume, weight, and 
rigidity. At the moment that the garment is washed, it does 
not have a long-term duration, since the encapsulation does 
not achieve water repellency conditions. For that reason, the 
encapsulation must be removed before washing. This com-
plicates the actual operation of the garment by the wearer.

The fibers and conductor yarns incorporated in clothing 
or fabrics made from a mixture of textile fibers must ful-
fill the characteristics of permeability, flexibility, extension 
capacity in the case of compressive fabrics, and maintain 
the same resistance when it is washed, as well as in the case 
of nanotechnology. To provide security to the user through 

sewing, embroidery, woven, nonwoven, printed, laminated 
coating, nato-treated, among others, for optimal efficiency 
in combination with size and thickness.

Energy consumption and the material and manufacturing 
costs are essential for the development of smart garments 
used for both health and sports.

5.3  Rehabilitation

The technology associated with the rehabilitation area 
depends mostly on the use of smartphones. This gener-
ates dependence on the system in elderly people, therefore, 
reducing its use if they do not have this device.

In the literature review, there are no studies and applica-
tions related to electrostimulation or vibration as a form of 
therapy in patients or elderly people.

The application of heat in rehabilitation is due to inves-
tigate other types of conductive fibers and yarns with ther-
mal characteristics, considering body temperature in order 
to generate new developments and the application of the 
Peltier effect in fabrics.

6  Conclusion

This review has been presented an analysis of wearable tech-
nology and its three areas of application. It should be noted 
that health and sports are fundamental to the treatment and 
active life of the elderly population. It establishes an analysis 
on smart fabric and electronics composed of smart clothing 
for monitoring and rehabilitation purposes, electronic fab-
ric where the electronic components are applied to health 
and sport, and smart fabric used in products that present 
functionality through their fabrics (fibers, yarns, and woven 
structures). In the area of smart garments and textiles, there 
were three performance areas analyzed, which are composed 
mainly of the monitoring and safety, fabrics, perception and 
physical activity, and rehabilitation.

The monitoring and safety application is the most devel-
oped section in this research, presenting several advances 
in the development of physiological status control by rap-
idly obtaining data compared with the conventional method. 
Furthermore, they have the facility to maintain continuous 
tracking data. Thus, the medical professional will have con-
trol of the state in case of an emergency. The emerging area 
of smart fabrics is in the process of becoming a technologi-
cal reality. However, its main applications so far have been 
sportswear, which allows different body measurements to be 
taken during individual training and to enhance the physical 
activity of older people. It presents progress in monitoring 
physiological data, analyzing movement, and monitoring 
control in case of an unexpected accident. It is attempted 
to propose fabric-based smart garments for rehabilitation. 
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Electronic fabrics could be an integral part of this technol-
ogy that would provide innovative forms of sensory feed-
back that could potentially enhance body experiences, for 
example, the stimulus application such as vibration that is 
incorporated into the garment and applied in treatments as 
well.

Smart garments provide greater accessibility to reha-
bilitation services. They improve and optimize healthcare, 
reducing the need for medical appointments and allowing 
better conditions for patient rehabilitation interventions in 
the comfort of their homes, increasing patient diagnosis and 
intervention, and enhancing the quality of rehabilitation 
through a portable system.

The cost has become critical to achieving the affordabil-
ity of smart wearables. A way is to empower the intercon-
nectivity and interoperability that should be considered in 
the design of smart garments in patients who are receiving 
rehabilitation treatment. In other words, having the ability 
to connect other sensors or add hardware (garments, acces-
sories, or software components) to measure other data meas-
urements. In this way, combine and analyze all the collected 
values.

The future of portable electronic fabrics will be deter-
mined by the ability to manufacture products with integrated 
electronic components that are useful in satisfying everyday 
daily life needs.

The application of printing on fabrics and 3D printing 
incorporated into textiles is a developing field, which aims 
to achieve conductivity in its further applications. The pro-
duction standards will help to decrease the manufacturing 
time of electronic textiles and the final manufacturing costs 
as well. However, many of these technologies are still in 
the research phase, where requirements such as washabil-
ity, toxicity, and resistance to tensile forces have still to be 
addressed. Moreover, the development of new standardized 
tests to control sources of e-textile failures, such as cyclic 
loading and current flow, is crucial to ensure the endurance 
of e-textiles over time. Also, there is a necessity to imple-
ment improved strategies for component encapsulation and 
life extension of e-textiles. The development of e-textiles 
with energy storage functions and the use of batteries should 
not be implemented by rigid formats, however, through flex-
ible textile batteries with long-term duration. Furthermore, 
in this line, it is considered the use of Bluetooth and the 
comfort of the fit of the garment on the wearer. This is an 
important challenge to face. In this way, an opportunity will 
be achieved in order to insert these new developments in the 
market, as in the case of health and sports.

Finally, it is relevant to highlight that the development of 
smart fabrics requires a multidisciplinary approach, in which 
knowledge of circuit design, smart materials, microelectron-
ics, chemistry, design, and medicine are completely inte-
grated with a solid understanding of fabric manufacturing.
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