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Abstract: Smart textiles are considered to be a new niche for products with great potentials on the
textile and apparel market. Generally, smart textiles are referred as textile products with additional
value, i.e. they have the common properties of textiles, but insure additional functions, providing
attractive solutions for a wide range of application fields, such as healthcare, clothing for protection
and sports and technical textiles for automotive industry. However, manufacturing of smart textile
products demands a complex and innovative technological approach, combing conventional textile
manufacturing technologies as weaving, knitting and embroidery with technologies originating from
the electronic sphere, such as coating, lithography and ink-jet printing. Thus, functionalization of
textiles may be processed at different levels, i.e. from fibers till fabric or even ready-made clothing.
Understanding of drivers, state-of the-art and tendencies in smart textiles ensures further efficient
development technology and its interaction with manufactures and consumers. The paper explores and
systematically describes applications of smart textiles for healthcare with sensing and actuating
functions and introduces to the main principles of technology for textile sensor manufacturing.
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Introduction

Textile and apparel market represents one of the significant segments in the world trade and product
manufacturing. Traditionally the textile industry is referred to production of fibres, yarns, fabrics and
textile goods. Within technology development, growth of competition on the market and changes in
the society, new solutions are required and so that applications of textiles are increasingly expanding.
Keys for innovations in textiles are in the focus of the multidisciplinary research in engineering and
medicine due to such unique features of textiles as lightweight, flexibility, dimensional variability and
opportunities to achieve specific properties through structure and surface modification at different
levels. There are many examples of successful efforts in improvement of physical and chemical
properties of textiles and extension of their functionality. Moreover, in recent decades a significant
breakthrough has been achieved in exploring and enhancing capabilities of textiles to response for
environmental stimuli. Such textiles are identified as smart or intelligent, and vary in their nature,
technology solutions and applications. Smart textiles possess the properties of conventional textile
materials and carry additive functional values. Those are usually associated with sensing and
interaction performance. Sometimes such products are aligned with wearable electronics, which is
often an indispensable part of intelligent textiles (Van den Kirboom, Byluppala, 2011, Kirstein, 2013).

Smart textiles find applications and have outstanding outlooks almost in every sphere of human
activities. Many research projects are dedicated to exploring and developing smart textiles for
medicine and healthcare. Use of such smart textile materials vary from in-vitro applications to in-vivo
use as an asset in everyday activities and accomplishing such functions as philological monitoring and
communication with environment. Another field of smart textile application is technical textiles for
monitoring of structural health, automotive, civil, geotechnical and other engineering industries.
Besides high functionality, some smart and intelligent textiles have outstanding aesthetic values and
find applications in fashion and design.
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Figure 1. Examples of optical fibre applications in smart textiles for environmental
engineering (Dijcker, Van Der Wijk, 2011), (a), medicine (Rothmaier, Selm, 2008), (b)
and design (Image: Optical fibre..., 2013), (c)

Figure 1 demonstrates an example of optical fibre applications in engineering, medicine and design.
The first picture displays a sensor integrated into geotextiles for temperature and strain measurements
(a) (Dijcker, Van Der Wijk, 2011). The second one represents a woven sensor for pulse oximetry
assessment (Rothmaier, Selm, 2008). The last picture displays optical fibre use for decorative purposes
(Image: Optical fibre..., 2013). It has been proposed that smart textiles can be characterized by their
functionality, which often refers to the application field, and integration level of the ‘smart compound’
(Weber, Adler, 2009, Steffen, Adler, 2013, Catrysse, Pirotte, 2007, Textilien und textile..., 2012).
Solutions for manufacturing smart textiles are generally based on such textile production technologies
as weaving, knitting and embroidery, and involve textile materials and structures that respond to elec-
trical, mechanical, optical, chemical, thermal or magnetic stimuli (Cherenack, van Peterson, (2012).
Quite often those incorporate several technological methods and involve such processing techniques as
lithography, inkjet-printing and surface modification in order to achieve a high-performance product.
Such combined approach is referred as a joining technology. It offers a broader range of scenarios that
find applications in the development of efficient textile-based sensors and insurance of interconnect-
tions of electronic and textile compounds. Although overall smart textiles still are associated with the
research and development sphere, those are resolutely gain relevance in practical use, and experimen-
tal manufacturing technologies are being transferred to the industry. Above special and high-technolo-
gical applications of such textiles, there are already products available also for personal use. One of
the most common examples of smart textiles solutions on the market are textile electrodes for heart
rate measurements during sports activity.

Despite a variety of smart textiles applications, a significant role has the research that focuses on
intelligent systems for healthcare and medicine. The main drivers encouraging development of this
segment are socially-demographical situation in Europe and other developed countries, high
competition on the textile market and new scopes of available engineering, information and
communications technologies. Aging of the population, leads to increasing number of geriatric
patients and thereby demands more investments in nursing and medical sectors. On the other hand, the
textile and clothing sector is characterized by extreme competition and the micro-segment of smart
textiles is one of promising niches for business development in EU based on the R&D platform and
new technology transfer from research institutions to industry. This results in investigation and
production of wearable textile-based systems for healthcare and compounds for Ambient Assisted
Living (AAL) environment. The first attempts to manufacture biomonitoring clothing have already
started over a decade, and there are a great number of reports published on investigations of separate
compound and complex systems development.

Methodology

This study makes an introduction to the sphere of smart textiles for healthcare and further focuses on
biomedical applications that are based on the sensorial textiles compounds. Further, the paper
systematically describes the main types of such developments and most common technological
solutions.
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Results and Discussion

Applications of Smart Textiles for Healthcare

Smart textiles for healthcare include textile sensors, actuators and wearable electronics systems
embedded into textiles that enable registration and transmission of physiological data, and wireless
communication between the wearer and the ‘operator’, for example, patient and medical personal.
Such systems ensure patients’ mobility, thereby providing a higher level of psycho-physiological
comfort, especially when a long-term bio-monitoring is required (Kirstein, 2013, Catrysse, Pirotte,
2007; Textilien und textile..., 2012; Cherenack, van Peterson, 2012; Chan, Esteve, 2012; Alemdar,
Ersoy, 2010; Schwarz, van Langenhove, 2010).

Generally, applications of smart textiles for medicine and healthcare vary from the surgical
applications of single yarns to complex wearable and axillary systems for personalized healthcare.
There is no still classification smart textile for these applications, but initially those can be described
referring to commonly distinguished groups in conventional medical textiles. Of course, due to new
functions, several new categories must be highlighted. Those are textile drug-release systems, textiles
with biometric performance and active textiles for therapy and wellness. In the Table 1 are
summarized main applications fields of smart medical textiles (Rigby, Anand, 2000, Bartels, 2011,
Van Langenhove, 2007, Vargas, 2005).

Table 1
Applications of smart textiles for medicine and healthcare
Application In vitro In vivo
Bandages Sutures
Surgery Wound-care Soft-tissues

Orthopaedic implants
Cardiovascular implants

Uniform for medical personal

Hygiene Hospital textiles j
Drug-release Smart bandages and plasters -
systems

Cardiovascular and haemodynamic activity
Neural activity

Muscle activity and kinematics -
Respiratory activity
Thermoregulation

Bio-monitoring

Electrical stimulation therapy
Physiotherapy

Auxiliary systems

Active thermoregulation systems

Therapy and
wellness

Traditionally medical textiles find applications in surgery and hygiene.

(b) ©

Figure 2. Embroidered scaffold (Rotsch, Hanus, 2009) (a); wound dressing with pH sensor
(b) (Pasche, Schyrr, 2013); warming blanket for decubitus prophylaxis (Image: Warming
Blanket... , 2013) (c)
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Within new achievements in material science and textile related disciplines, new advanced products
referred to smart medical textiles are entering this sphere.Specifically for implantable surgical
materials, a real breakthrough has been gained in tissue engineering using textile technology that
ensures two- and three-dimensional structure development. Such implantable structures and
compounds encourage cell distribution and adhesion in the body. Moreover, those can possess
outstanding mechanical properties and ensure opportunity to create different geometrical structures.
Figure 2 (a) displays a sample of a scaffold developed by chemical embroidery in TITV Greiz
(Rotsch, Hanus, 2009).

Drug-loaded dressing
\ Released drug

(@) (b) (©

Figure 3. Medical textile with a lubricating drug-delivery dressing (Gerhardt, Lottenbach, 2013)
(a); Wearable Motherboard™ for vital signs monitoring (Image: Wearable Motherboard™
2013; Park, S., Jayaraman, 2001) (b); Philips phototherapy blanket for new-borns’ jaundice
treatment (Lorussi, Scillingo, 2005) (c)

Non-implantable or in vivo surgical smart textiles can be also characterized by a specific two- or three-
dimensional structure and/or additional functional compounds. Those could be miniature fibre-based

biosensors that monitor or improve the healing process. For instance, there are already several
scenarios are suggested to insure pH level monitoring for wound and burn management for assessment
of biochemical changes in the wound environment (Figure 2 (b)) (Pasche, Schyrr, 2013; Scharp,
2013).

A relatively new category of smart medical textiles is textile-based drug delivery systems (Figure 3
() (Van Langenhove, 2007; Gerhardt, Lottenbach, 2013). In some cases, transdermal drug delivery
can be a good alternative to traditional pills and medicaments in such situations when it is necessary to
reduce the effect on stomach and intestinal tract, or medicaments lose their activity. Moreover,
transdermal drug delivery is a solution when oral administration is not possible or difficult (Van
Langenhove, 2007). The fusion of textile and biotechnology with chemistry and pharmacy studies can
offer a variety of scenarios for drug delivery system development. At present there are different
delivery methods are developed. In those, textiles can have functions from a carrier or a forming layer,
e.g. transdermal patches, till advanced systems with controlled drug-release.

Above that, smart materials find applications in hospital textiles and clothing for medical personal.
Additional functionality of such textiles can be obtained by different approaches according to specific
applications. For this type of medical textiles though, most solutions are brought by functional textiles.
For hospital textiles, those commonly are textile materials with antimicrobial and antibacterial
properties or low friction coating. Clothing for medical personal is also made of functional textiles that
insure efficient moisture transport and biological protection. Nevertheless, conductive textile
materials are more often used in manufacturing of heating textiles that find applications in blankets for
operating rooms (Figure 2(c)) (Image: Warming Blanket... , 2013). Above that, conductive textile
materials can be an asset in improvement of distanced communication between medical personal and
patients through wearable technologies integrated into clothing. Smart textiles also offer solution for
decubitus prophylaxis and related health disorders that are a significant problem in the hospital
environment. At present, there are already a number of developments that assist in managing these
problems through innovative and smart textile solutions. Namely, those can be implemented by
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stimulating blood flow in sensitive areas via textile-based sensors and systems, optimizing and
controlling moisture management via textile sensors (Lenting, 2012).

First most known attempts in textile sensor development were reported over a decade ago within such
research projects as Wearable Motherboard™ by Georgia Tech, and such EU projects Wealthy and My
Heart (Fig.3 (b)) (Image: Wearable Motherboard™ |, 2013; Park, S., Jayaraman, 2001; Paradiso,
Loriga, 2005; Harris, Habetha, 2007). At present, there is a great variety of textile sensors and
complete systems for assessment of physiological and biochemical processes (Table 1).

Besides biomonitoring functions, smart sensors can assist in such prophylactic and therapeutic
arrangements as muscle electrical stimulation and posture monitoring (Gniotek, Frydrysiak, 2011;
Keller, Kuhn, 2008; Dunne, Walsh, 2006; Dunne, Walsh, 2007). For such applications as photo- and
photodynamic therapy, textiles can be carrier materials and textile manufacturing technology can be a
mean of a product manufacturing. There are a number of such developments for pain relief and
jaundice treatment that are based on light emitting diode (LED) and optical fibre technology (Figure
3(c)). For these applications, textiles ensure development of wearable and portable flexible systems
with friendly interface. Moreover, textile technology is an advantageous approach to manufacture
textile diffusers with different dimensions and structure. Electro-conductive materials are also used for
active thermoregulation system development. Those can be integrated into clothing or into garment
items to ensure external temperature regulation in clothing systems or be an asset in infra-red pain
management (Rantanen, Alfthan, 2000; Product catalog of TherMedic..., 2013).

Textile Sensors in Smart Textiles for Healthcare

As it has been mentioned above, textile sensors for physiological assessment and therapy purposes
vary in their functions and applications, materials and technology solutions, and integration level into
textiles. According to their general working principles, those can be physical, biochemical and optical
transducers. Further, those can be divided into several categories according to their integration level
into textile structure. This is mostly defined by the chosen technology approach. According to the
literature review, four general sensor structure categories were defined:

— fibre-based, when a sensor is a single yarn;

— textile-structured, when all compounds of a transducer are textile materials;

— textile-based, when textiles are a substrate or another non-sensitive, but inseparable compound

of a transducer;
— textile-integrated, when textiles carry the function of a carrier.

Above that, textile sensors can be characterized by their functions, measurement units and application.
Variations in solution implementation approach ensure application of the same technology for
different purposes. For example, optical fibre technology offers scenarios for such criteria assessment
as temperature, moisture, blood oxygenation and sweat pH level, respiration rate and movement. Thus,
in order to present an overview of available solutions for healthcare, those were described according to
their sensory functions. Often smart sensors require a complex implementation approach by joining
technology in order to achieve a better performance. Although textile sensors differ in their structure,
the main compounds, on which is based the working principle, are a substrate and, sensing or active
materials. Structures of sensors implemented by such technologies as coating, thin films, lithography
and inkjet-printing, can incorporate also such functional elements as a capping or encapsulation layer
that protect the sensitive compounds (Sibinski, Jakubowska, 2010).

Textile electrodes

Textile electrodes can be divided into passive and active ones [16]. In both cases, their operation
principle though is similar to conventional electrodes working principles. Passive electrodes can be
defined as textile sensors capable of electrical signal acquisition. They find most applications in
registration of cardiac and muscle activity through detecting electrical potentials generated by the
heart and muscles. They find applications for heartbeat estimation, heart rate variability (HRV)
analysis, electrocardiography (ECG) and electromyography recording. There are also investigations in
textile electrode development for assessment of electrical activity of the brain. These electrodes
measure voltage fluctuations that result from ionic current flows within the neurons and are an
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alternative solution for conventional electroencephalography electrodes. Above that, passive textile
electrodes can be used in assessment of galvanic skin response. Those change their conductivity
according to the electrolyte saturation in the sweat produced from the skin surface. Such electrodes
find applications in smart textiles and clothing for continuous wireless biomonitoring and biofeedback
wearable systems. Active textile electrodes for smart medical textiles can be referred to electrodes for
transcutaneous electrical stimulation. Such electrodes transduce the applied electrical current to a
tissue probe on a skin surface in order to activate the targeted nerve cells, skin receptors or other
sensory and motor units of the body or achieve pain relief through nerve electrical stimulation (Keller,
Kuhn, 2008; Li, Au, 2009).

The most common used materials for the sensor implementation are conductive textile materials that
can be yarns that ensure fabricating of textile electrodes via such conventional textile manufacturing
technologies as weaving, knitting and embroidery. Another approaches offer solutions implemented
via inkjet and screen printing, and such thin film technologies as sol-gel and sputtering methods (Xie,
Yang, 2013; Rattfalt, Bjorefors, 2013; Cho, Jeong, 2011). The textile electrodes fabricated by the
mentioned conventional techniques demonstrate though higher efficiency in performance and usage
(washing).

Temperature sensors

Another crucial parameter in health monitoring is body temperature. It results from the balance
between the heat production and heat loss and reflects the processes of the chemical and physical
thermoregulation cohered with activity of other organ systems, e.g. endocrine and neural systems. For
medical assessment, the most informative and significant parameter is core temperature, which is the
constant temperature in the deeper parts of the body and in the proximal extremity portions. Another
criterion is shell temperature, which is measured on the skin surface and at the hands and feet to
approach the room temperature of 19 ° C in a person standing in a cold room for hours (Li, Yang,
2012).

Temperature sensors based on smart textiles technology can provide evaluation of temperature
changes on skin surfaces and in the near-body environment. These data can be used for such
applications as physiological assessment, control and improvement of the patient’s comfort, and
monitoring of wound healing. Textile manufacturing and engineering technologies offer solutions for
fabrication fibre-based or single yarn, woven, knitted, embroidered and printed textile sensors for
temperature estimation (8) (9). By their operation principle the reported temperature sensors are
designed like thermocouples, resistive or strain, semiconductive and optical sensors.

Initially thermocouple can be referred as the simplest solution for temperature sensor implementation
due to its structure. Those consists of two dissimilar metal materials coupled in one point and a voltage
related to the temperature difference is produced the junction between the metals. The achieved data
can be further converted into an output temperature signal by the electronic circuit. Resistive or strain
temperature sensor works as the resistance temperature detector (RTD). The working principle of such
sensors is based on the changes of metal electrical resistance related to the temperature. Both types of
the mentioned temperature sensors are commonly fabricated from conductive yarns or with application
of metal monofilament wire. Semiconductive sensors are polymer- based and temperature signal is
achieved according to the spreading resistance analysis of semiconductors. Another type of a
temperature sensor is a fiber Bragg grating (FBG)-based sensor, which is a sensitive optical material
reflecting particular wavelength of light and transmitting the others. Fibre engineering and coating
technology inspire development of single yarn miniature sensors based on thermosensitive polymers
and carbon nanotubes and FBGs-based sensors.

Respiration rate sensors

In physiology, respiration is defined as the process of taking up oxygen and removing carbon dioxide
from cells in the body (Li, Yang, 2012). This is a two stage biochemical process resulting in gas
exchange and cellular respiration. Breathing is characterized by respiration rate (RR, breaths per
minute). Breathing that consists of inhalation and exhalation activity is a part of respiration and
coheres with abdominal and chest movements. Strain sensors ensure efficient estimation of this motion
activity and then the acquired data can be used for RR evaluation. Optical fibres are one of the most
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used materials for these purposes due to relative simplicity of the measurement approach and
processing of optical fibres with such technologies as weaving and embroidery (Park, Jayaraman,
2001; Narbonneau, De Jonckheere, 2010).

Although respiration rate has limited applications in respiratory dysfunction assessment, this
parameter is often crucial in telemetric monitoring during specific clinical assessment procedures,
sleep monitoring and a number of respiratory disorders. Textile sensors for RR estimation also find a
number of applications in protective and combat clothing, smart textiles for prevention of sudden
infant death syndrome (SIDS), and monitoring of vital signs for geriatric or disabled patients
(Cherenack, van Peterson, 2012, Chan, Esteve, 2012; Narbonneau, De Jonckheere, 2010; Witt,
Schukar, 2013). For these purposes, breathing is first of all an indicator of normal physical activity.
Above that, this parameter along with cardiovascular parameters can be also an important criterion in
sports physiology in order of planning an efficient training without risk for health.

Textile sensors for kinematic analysis

Besides registration of physiological parameters, textile materials can assist in kinematic analysis,
monitoring of body motion and positioning. These criteria are significant in rehabilitation and
assessment of skeletal system during therapy treatment and diagnostics with application of optical
fibres, piezoelectric materials and elastomers (Dunne, Walsh, 2006, Dunne, Walsh, 2007; De Rossi,
Bartalesi, 2006; Fereira, Rocha, 2013). Such approaches ensure wearable textile-integrated solutions
for long-lasting monitoring of gait, posture, particular body units and joints, and general positioning or
movement activity of a patient. Acquired data can be processed and used for real-time remote image
capturing without use of camera application or complicated inertial sensor systems. Besides wearable
sensors, there are sensors for motion capturing for such applications as Ambient Assisted Living
(AAS) and sleep monitoring (Lauterbach, Steinhage, 2013; Lauterbach, Steinhage, 2013). Solution for
such applications can be ensured by capacitive textile sensors and implemented according to a variety
of scenarios using conductive textiles and piezoelectric materials.

Humidity sensors

Humidity is a crucial criterion in many philological and biological processes, and can significantly
influence human’s health. Initially moisture can be referred as absolute humidity that indicates the
actual amount of vapour. Relative humidity (RH) implies the percentage of the vapour amount in the
air at prescribed temperature that is compared to the amount of vapour, which could hold in the air by
this temperature. Capacitive humidity sensors consist of two electrodes and a dielectric placed
between the electrodes. RH values are determined according to the capacitance changes of the
dielectric constant, which is the relative humidity and temperature of the dielectric. Thus, the main
requirement to the dielectric material is hydroscopicity, i.e. easy absorption of vapour in the
environment. The operation principle of resistive humidity sensors is based on measuring the changes
in electrical impedance in the hydroscopic medium. The hygroscopic material absorbs water and ionic
functional groups are dissociated, resulting in an increase in conductivity. Thus, as the humidity
increases, the resistance of the material decreases (Chen, Lu, 2005). Both described working
principles of conventional capacitive and resistive humidity sensors can be transferred to textiles via
different implementation scenarios. Efficient measurements of relative humidity usually require a
complex approach by joining such technologies as weaving, embroidery, fibre coating, inkjet-printing
and lithography (Pereira, Silva, 2011; Rumpf, 2008; Weremeczuk, Tarapata, 2012; Nocke, Schroeter,
2012). The choice of the most appropriate approach is determined by the chosen sensor structure,
materials and applications. Initially textiles can be successfully used as a vapour or moisture absorbing
substrate material due to their physical and chemical characteristics. Moreover, conductive textiles are
a good candidate for implementation of sensor electrodes.

At present, there are found several approaches of humidity sensor development via smart textile
technology for such healthcare applications as ulcer prevention, monitoring of sweat rate and moisture
in wounds. A research team from Spain offers a fully textile moisture sensor for bed-rest patients
developed with conductive yarns and metal monofilaments by weaving and pressing (Pereira, Silva,
2011). Researchers from the Warsaw University of Technology demonstrated another approach of
sensor development by joining inkjet-printing and coating technology. Sensor electrodes were inkjet-
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printed directly on textiles and then coated with a vapour sorption layer (Weremeczuk, Tarapata,
2012). Conolly et al. used also printing technology to develop a moisture monitoring system with
textile integrated sensors for wound healing assessment (Nocke, Schroeter, 2012). Another scenario
for textile humidity sensor was realized. in the frames of EU Biotex project. They have developed a
textile sandwich-structured capacitive sensor for sweat rate monitoring (Moriss, Coyle , 2009; Coyle,
Morris, 2012).

Sensors for pH level estimation

The pH level is one the important indicators in assessment of biochemical processes in physiology and
is regulated by acid-base homeostasis. The pH level is a crucial parameter in assessment of wound
healing processes and in sweat monitoring. Modern textile and engineering technologies offer several
scenarios to develop such a sensor that ensures continuous pH monitoring in real-time. Despite the
variety of developments, there are found several key scenarios for sensor implementation described in
the literature (Pasche, Schyrr, 2013; Moriss, Coyle , 2009; Coyle, Morris, 2012; Caldara, Colleoni,
2012; Vincenzini, Rossi, 2008; Van der Schueren, De Clerck, 2013).

One is based on application of such halochromic materials as pH-sensitive dyes and hydrogels and
further colorimetric analysis. Such approach to measure sweat pH based on a textile based platform
was described by Coyle et al. and Caldara et al. (Moriss, Coyle , 2009; Coyle, Morris, 2012; Caldara,
Colleoni, 2012).

The textiles function for sweat collection and storage. A pH-sensitive coating immobilised on the
fabric performed as a pH environment indicator and a biased LED performed a quantified sweat
analysis. Another solution is integration of optical fibres with pH-sensitive coating into wound
dressing (Pasche, Schyrr, 2013; Vincenzini, Rossi, 2008).

Another approach to assess pH range changes in wounds is based on impedance measurements. Nocke
et al. suggested a scenario for an impedimetric single yarn sensor (Nocke, Schroeter, 2012). The
sensor consists of a two monofimentary gold electrodes and a pH-sensitive layer. The inner electrode
was covered a pH-sensitive hydrogel and the outer electrode was enwinded around the inner one.

Pulse oximetry sensor

Pulse oximetry is a non-invasive technique for estimation of the arterial oxygen saturation (SpO,) in
the studied biological tissue. Pulse oximeters measure the light absorption of oxygenated and
deoxygenated haemoglobin at two different wavelengths in the near-infrared spectrum. Pulse oximetry
finds application in such clinical applications as emergency and recovery rooms, intensive care and
during anaesthesia (Rothmaier, Selm, 2008; Zysset, Nasseri, 2013; De Jockkheer, Jeanne, 2007; De
Jockkheer, Narbonneau, 2008).

Although smart textile technology has not been yet that much explored in comparison with
development of textile electrodes or other textile sensors, there are already offered solutions that are
initially based on two scenarios. Zysset et al. have demonstrated a scenario is based on application of
miniaturized electronics conventionally processed and integrated into textiles. Miniature LEDs and
photodiodes (PDs) were placed on flexible plastic stripes that were woven into a fabric with
conductive yarns, which ensure electrical interconnection between the incorporated compounds
(Zysset, Nasseri, 2013). Another approach with application of optical fibre technology has been
suggested in the research project Ofseth and a research team from Switzerland. In the frames of the
former investigations, blended optical fibres were used to measure blood oxygenation (Zysset,
Nasseri, 2013; De Jockkheer, Jeanne, 2007). Rothmaier et al. have offered three options to develop a
SpO, sensor with weaving and embroidery two techniques using poly(methyl methacrylate) plastic
optical fibres (PMMA POF) as sensing material and polyester fibres as the supporting material (De
Jockkheer, Narbonneau, 2008).

Conclusions

Smart textiles find variety of applications and possess sensing and actuating functions that can be
efficiently used in medicine, engineering and fashion. Smart textiles for the former use are one of the
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most important niches in the R&D sphere due to the socially-economic and technological drivers.
Such textiles offer advanced solutions for smart clothing and textiles for sensing and actuating,
protective wear, ambient assisted living, hospitals and surgery. Those have potentials to support
healing processes, improve safety, comfort and living of patients ensuring their mobility in a friendly
way.

There are already a great number of offered solutions and scenarios for manufacturing textile
biosensors, but mostly those are still at the prototyping stage. Some products are already accepted by
the industry and introduced to the market, but the process of development technology transfer to
manufacturing is burden due to such factors as initially high costs of fabrication, and commercial
introduction and use. The first step to overcome these technical, strategic and socially-economic
barriers is prototyping technology alteration to mass production. This solution would lead
consequently to the cost reduction and make the price of smart products more competitive and
attractive in comparison with their parent items.

Technology and material solutions incorporate fibre, textile and electronics manufacturing technology
with application of materials with electrical, chemical, mechanical, thermal and optical reaction. At
present from the whole variety of textile sensors and actuators for healthcare, textile electrodes are
those that are mostly commercially introduced due to the availability of the materials and well-
developed technological approach. Optics technology is also often addressed to ensure sensing and
actuating within textile products and interfaces.
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