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DESIGN OF NEUROMUSCULAR ELECTRICAL STIMULATION DEVICE
BASED ON SILITEX TAPE INTEGRATION

SUMMARY
Nowadays, electrical stimulation devices continue their development with different
designs and technologies. This type of wearable devices provide extra movement to
muscles by the effect of electrical force, while supporting muscle formation, cure
occured pain due to continuous stagnation of muscles are expected. The aim of this
study is to design a suitable neuromuscular electrical stimulation device for muscle
supporting by integrating Silitex fabric included special silver conductive material
onto the commercial knitted fabric. The device should be evaluated for ease of

movement, easy portability and convenience.

Smart garments are widely used in medical and sport industry to heal people in need
of treatment or strengthen muscles of people engaged in sports. The electrically
conductive tapes (Silitex) are added to wearable products to stimulate the muscles.
Thus, extra force is given to the muscles to provide more movement, therefore, more
stimulated muscle begins to strengthen more than non-stimulated during the same
period. The muscle strengthening and healing technique with electrical force was
first used in medical fields such as spinal cord treatment, injuries of fractures in the

body, and rehabilitation.

The effect of electrical force transmitted by Silitex tapes integrated onto the fabric on
muscle performance was investigated in this study. For this purpose, Silitex tapes
with conductive properties were prepared and integrated with the help of heat on the
fabric. It was applied on the muscle and the changes between the muscle activation

before and after the application of Silitex tapes were measured.

Neuromuscular electro stimulation devices are generally used in medical and sports
industries. In medical fields, devices are used in two broad categories: therapeutic
and functional. When muscles are not in use, strength of them weakened over time.
In the therapeutic methods, strength is given to muscle with the help of electrical
force. Functional electrical stimulation may change destroyed nerve pathways by

electrical stimulation for helping to functional movement. So, NMES devices are

XiX



generally preferred when protecting of muscles from potential injuries or to increase

muscle strength.

The aim of this study is to design and develop a portable product that can be applied
easily to every region of the body, increase muscle strength and durability, massage
the areas with a feeling of pain, provide physiological relaxation, and conduct

electrical energy on the muscle with conductive tape integration.
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SiLITEX BANT ENTEGRASYONUNA DAYALI NOROMUSKULER
ELEKTRIKSEL STIMULASYON CiHAZI TASARIMI

OZET
Gliniimiizde elektriksel stimiilasyon cihazlari, farkli tasarim ve teknolojilerle
gelisimini siirdiirmektedir. Bu tip giyilebilir cihazlarin elektrik kuvveti etkisiyle
kaslara ekstra hareket saglamasi, kas olusumunu desteklemekle birlikte, kasin siirekli
durgun olmasindan dolay1 meydana gelebilecek agr1 ve acilar1 da tedavi edici olmas1
beklenmektedir. Bu ¢alismanin amaci, elektriksel iletkenligi olan giimiis icerikli 6zel
Silitex kumas yapisini 6rme kumasa entegre ederek her kullaniciya uygun bir kas
destekleyici ndromuskiiler elektriksel stimiilasyon cihazi tasarlamaktir. Hareket

kolayligi, kolay tasinabilirlik ve rahatlik agisindan cihaz degerlendirilmelidir.

Akillr giysiler, medikal ve spor endiistrisinde, tedaviye ihtiyact olan insanlar
tarafindan iyilesmek veya spor yapan kisiler tarafindan kaslar1 giiglendirmek igin
yaygm olarak kullanilmaktadir. Elektriksel olarak iletken bantlar (Silitex), kaslar1
uyarmak icin giyilebilir {iriinlere eklenir. Boylece, daha fazla hareket saglamak icin
kaslara ekstra gii¢ verilir, bu nedenle, daha wuyarimis kas, aym siirecte
uyarilmayandan daha fazla giiclenmeye baslar. Elektrik kuvveti ile kas gliclendirme
ve iyilestirme teknigi ilk olarak omurilik tedavisi, viicuttaki kiriklar ve rehabilitasyon

gibi tibbi alanlarda kullanilmistir.

Bu calismada, Silitex bantlarmm kumasa entegre ettigi elektrik kuvvetinin kas
performansi tlizerindeki etkisi bu calismada incelenmistir. Bu amagcla, iletken
ozelliklere sahip Silitex bantlar hazirlanir ve kumas tizerindeki 1s1 yardimiyla entegre
edilir. Silitex bantlarinin uygulanmasindan 6nce ve sonra kas aktivasyonu

degisimleri gozlemlenir.

Noromiiskiiler elektro stimiilasyon cihazlar1 genellikle tip ve spor endiistrisinde
kullanilir. Tibbi alanlarda, cihazlar iki genis kategoride kullanilir: terapdtik ve
fonksiyonel. Kaslar kullanilmadiginda, zamanla kuvvetleri zayiflar. Terapotik
yontemlerde, elektrik kuvveti yardimiyla kaslara kuvvet verilir. Fonksiyonel elektrik

stimiilasyonu, fonksiyonel harekete yardimci olmak icin elektrik stimiilasyonuyla
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tahrip olmus sinir yollarn1 degistirmeye calisir. Bu nedenle, NMES cihazlari
genellikle kaslar1 potansiyel yaralanmalardan korumak veya kas giiciinii artirmak i¢in

tercih edilir.

Her kas motor noéronlar1 tarafindan kontrol edilen kas liflerini igerir. Bu noronlar
biyoelektrik sinyalleri merkezi sinir sisteminden ilgili kaslara iletir. Kaslar gergin
olduklarinda biyoelektrik sinyaller olusturur. EMG, hareket halindeki kaslarin
biyoelektrik aktivitesini Olgen bir cihazdir. Elektromiyografi, biyoelektrik kas
dalgalarinin voltajlarmi kaydeder ve ardindan bunlar1 sayisal degerlere doniistiiriir.
Kasin kasilmasi ne kadar giicliiyse, ekranda goriintiilenen elektriksel aktivite degeri
de o kadar yiiksek olur. Bu ¢aligmada, sinyaller eMotion sSEMG (ylizey EMG)
tarafindan 4 sensorle (16 g / sensor) toplanmistir. Bu sensorlerin her biri anot (+),
katot (-) ve toprak olarak adlandirilan 3 elektrot igerir. Sensorler kisinin cildine
yerlestirilir, anot ve katot kasin iizerine yerlestirilir ve zemin elektrodu onlardan

biraz uzaga yerlestirilir.

Bu pilot ¢aligmada kullanilan deney protokolii standart iki farkli kosulda insan
deneklerden EMG sinyallerinin alinmasiydi: Silitex banth bir NMES giyerken ve
hareket halindeyken, Silitex bantli bir NMES giyerken ve hareketsiz pozisyonda.
Toplanan EMG sinyalleri 100 bpm'de bir metronomla senkronize edildi (dakikada
atim). 5 goniilli insan denek, metronom ile toplam 20 saniye boyunca iki pozisyonu
aldu.

Veri toplamada dort kanalli kablosuz bir EMG cihazi kullanilmistir. Her kanal insan
viicudundaki soleus kasma baglandi. EMG ekipmaniyla birlikte gelen kayislar
kullanilarak her bir kas grubuna ii¢ elektrot (pozitif, negatif ve toprak) yerlestirildi.
Elektrotlar1 yerlestirmeden Once her bireyin cildi EMG ekipman kilavuzunda

belirtildigi sekilde temizlendi.

Olgiimler bes farkli kisinin Soleus kasi iizerinde yapildi. Bu &lgiimlerin RMS
degerleri EMG analiz programi MegaWin ile hesaplandi. Her kisi i¢in hesaplanan

Ol¢timlerin ortalama degerleri hesaplandi.
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20 goniilli psikolojik algi deneylerine katildi. Goniilliiler, deneylerden sonra anket
yardimi ile duygularimi paylasti.  Anketin amaci goniillilerin  algilarini
karsilastirmakti. Yaglari, kilolar1 ve boylar1 gibi 6zellikleri deneklere sorulmus,
ayrica anket tasarlanan NMES cihazinin insan denekleri iizerine fizyolojik-psikolojik

etkileri ve estetik goriiniimiin etkisi hakkinda farkli sorular icermekteydi.

Yas ortalamasi 39, ortalama boy ve kilo sirasiyla 162 ve 69 olan 10 kadmn ve 10
erkek denekten olusan anket sonucunda; ¢ogunluk cihazin estetik goriintimiini
begendi. Goniilliilerin ¢ogu cihazi kullanirken aci hissetmedi ve {iriin memnuniyeti

cok yiiksek.

Bu ¢alismanin amaci, iletken bant entegrasyonu ile viicudun her bélgesine kolayca
uygulanabilen, kas giiciinii ve dayanikliligini artiran, agr1 hissi veren bolgelere masaj
yapan, fizyolojik gevseme saglayan, kas lizerine elektrik enerjisi ileten tasinabilir bir

iirlin tasarlayip gelistirmekti.

Tiim sonuglar ve yorumlar dikkate alindiginda NMES cihazinin kas giiclendirme ve

yaralanma tedavisinde iyi sonuglar verebilecegi tespit edildi.
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1. INTRODUCTION

Individuals spend 90% of their lives in contact with textile products, so clothing
products and accessories are designed to be used in the most comfortable way.

1.1. Definition of Problem

Smart garments are widely used in medical and sport industry to heal people in need
of treatment or strengthen muscles of people engaged in sports. The electrically
conductive tapes (Silitex) are added to wearable products to stimulate the muscles.
Thus, extra force is given to the muscles to provide more movement, therefore, more
stimulated muscle begins to strengthen more than non-stimulated during the same
period. The muscle strengthening and healing technique with electrical force was
first used in medical fields such as spinal cord treatment, injuries of fractures in the

body, and rehabilitation.

The effect of electrical force transmitted by Silitex tapes integrated onto the fabric on
muscle performance was investigated in this study. For this purpose, Silitex tapes
with conductive properties were prepared and integrated with the help of heat on the
fabric. It was applied on the muscle and the changes between the muscle activation

feelings before and after the application of Silitex tapes were measured.

One surface of the Silitex tape is covered with silver and the other is covered with
plastic. The plastic surface of the Silitex structure applied on the fabric is designed to
touch the body. In this way, the structure of Silitex keeps the silver between the
fabric and plastic and ensures that the silver conductivity remains resistant. At the
same time, the plastic part ensures that the product does not slip easily over the
muscle where it is applied and fabric is not damaged in case of perspiration during

movement.

Questionnaires were conducted with individuals using NMES product with Silitex

band. The sensations in their bodies were recorded after applying 20 minutes of



experimental protocol. NMES device was applied wrist, knee, waist, and ankle when
the subjects stood motionless.

The NMES device with Silitex tapes was designed to stimulate muscle groups used
during motionless position of body and during sport. EMG measurements of subjects
wearing the NMES device, motionless position of muscle and motion position of
them were recorded during a standardized protocol via a wireless surface EMG
system. EMG signal was synchronized with a metronome and collected from
subjects during protocol. The EMG signals retrieved from subjects using the NMES
device, two different positions were compared to detect the effect of electrical forces

on muscle activation.

1.2. Objectives

The aim of this study is to design and develop a portable product that can be applied
easily to every region of the body, increase muscle strength and durability, massage
the areas with a feeling of pain, provide physiological relaxation, and conduct

electrical energy on the muscle with conductive tape integration.

1.3. Literature Review
1.3.1. Biomechanics of human body

Biomechanics of the human body help us to understand movement and performance.
Biomechanics consists of two parts; Kinetic and kinematics. Kinetic help us to

comprehend the characteristics of movement.

Kinematics can be defined as the body's own movement without the influence of
internal and external forces in the body. It deals with movements and positions of

muscles, joints and parts of the body.



Figure 1.1: Biomechanics of human body.

Forces are applied as push and pull. A force can cause movement, stop movement or
change the usual movement. The movement can also change the shape of the

structure in which it is applied.

Contact forces consist of contact between two bodies. The forces of our feet in
contact with the ground are examples of contact forces. In addition, there are field
forces such as electric, magnetic and gravity that surround our body. The force of
gravity, muscle forces and frictional force are the forces that are important for the
human body and are related to body movement. Gravity and muscle strength cause

the body to contraction and relaxation the tissues or organs.

The maximum force a muscle can exert depends on the cross-sectional area of the
muscle and is specific to the structure of the muscle fibers. This maximum force per

unit area ranges from 30 to 40 N / cm? [1].

1.3.2. Muscle physiology
The posture and movement of the body are controlled by the forces produced by the

muscles. There are about 600 muscles in the human body, responsible for all
movements from very fine movements in the face to the bloodstream, from speech to
the heart. A muscle is attached to two different bones with tendons. Muscle, consists
of a large number of fibers that can compress the cells when stimulated with signals
from the brain. The representation of a bicep muscle, arm bones and forearm with an

object in resting state can be seen in the figure below.
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Figure 1.2: The arm muscle responds to the sum of all downward forces.

The sum of all downward forces is equivalent to the reaction force of the bicep
muscle. In other words, against the downward forces, the bicep applies an equal

amount of reaction force in the upward direction.

The force between the feet of a sitting person and the ground moves in opposite

directions. Shoes apply force to the ground.
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Figure 1.3: The force between the foot of a sitting person and the ground is opposite.



The pressure is related to the force applied on a body. P pressure is defined as the

force per unit area applied perpendicular to a surface.

Figure 1.4: The F force applied to a block is divided into horizontal and vertical
components.

According to the working principle of the muscles, each muscle operates in one
working cycle. This cycle, which is built upon the muscles contracting and
loosening, is necessary to complete the movement. If the muscles of the human body
apply force, they can mobilize an object or change the movement of the objects.
When the physiological movements of the muscle are examined, it is seen that the
signals transmitted from the brain to the spinal cord are sent to the muscle via motor
neurons and the stimulation of the muscle is realized. The muscle with the sensory
neuron in the response is also sending a signal to the brain. Individuals often do
strength training to increase muscle strength, and the increase in muscle strength
positively affects the quality of life [2-3-4-5]. In addition to increasing muscle
strength, quality of life and body health, positive effects have been reported in the
treatment of cardiovascular diseases and the number of patients in hospitals has
decreased [6-7].

Wrong posture of the body during the day, generally cause great forces responsible
for low back pain. The forces acting on the hips during the walk are very large.
Simple models are used to calculate the magnitude of forces. These calculations are

guided by the static equilibrium values of the body.



One of the reasons for the wrong postures is the bending movement to brush the teeth
in a high sink without knees twisting or to lift up a heavy object from the ground. If
the knees are not bent, it is impossible not to bend the spine. The height of all the
items around us is standard and the wrong designs which has uneven height of the
closets, tables, chairs can cause back pain. Nowadays, many people are taking

posture training to prevent pain caused by false posture.

The wrong way! The right way!

Figure 1.5: Wrong and right position of lifting up an objects.

In addition, the decrease in muscle density means that the mineral content in the
body decreases, causing discomfort in the spinal cord as cardiovascular effects [7].
The loss of function in the older ages may adversely affect neural and cardiovascular
systems. These changes lead to loss of muscle mass and strength, a decrease in
aerobic capacity, and a deterioration of physical function [8]. In order to delay the
degenerative processes in the aging muscle, it is necessary to exercise regularly [9].

Many older individuals cannot exercise due to their underlying diseases [10-11-12].

1.3.2.1. Muscle working and electricity connection

Using NMES devices can cause adverse effects as well as causing positive effects.
These muscle strengths can also cause deformations of bodies that are usually not
seen. Excessively high frequency can cause muscles to collapse, and too often low
frequency may damage the muscles. In the literature, the muscle has been shown to
become rapidly tired because of the high depolarization of the motor axons due to the
high mobilization of muscle fibers [13-14-15-16].
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Figure 1.6: The effects of electrical forces on muscle contraction.

The application of tendon vibration during electrical stimulation helps to create
permanent internal currents at the motor neuron level [17-18-19]. The positive effect

of vibration is undeniable.

The reason why muscle stimulation is not frequently used in clinical cases is because

there is not much research on its use in the literature [20].

Electromyography (EMG) and mechanomyograph (MMG) can be used to observe
electrical and mechanical behaviors of muscle and oscillation of soft tissue and
stimulation-contraction of muscle in order to figure out motor control working of
neuromuscular system under varied compression circumstances. MMG is a device
which is used for providing information about mechanical signal from muscle
surface during contraction. EMG is a diagnostic device which is used for estimating
and recording electrical activity of skeletal muscle. EMG records the changes in
physiological condition of muscle fiber membranes as voltage. With surface
electromyography (SEMG, surface EMG) these signals are registered noninvasively
from skin surface by electrodes. Surface EMG is widely used to detect and analyze
dynamic muscle activity of sportsmen. In surface electromyography applications for

sports performance evaluation, it is important to conduct wireless electromyography



measurements without interfering movements of the sportsman. In evaluating sports
performance, electromyography measures muscle activation. High muscle activation
means an improvement in muscle performance within the same amount of exercise.
On the other hand, low muscle activation in an equally maintained exercise
performance means a similar exercise effect with a small amount of muscle use.

In this study, EMG was used in order to examine muscle activity. Surface electrodes
were used for chosen muscle which is Soleus and electrodes were placed onto it.

Five subjects were tested for muscle group experiment: Soleus. The subjects whose
Soleus muscles were electrically stimulated performed jumping jack movement for a
period of 30 seconds and then stood motionless for another 30 seconds. During this

60-second period, their Soleus’ response was measured with electrodes.

1.3.3. NMES garments

NMES controls the muscles contraction and relaxation by sending programmed
stimulation to the body with the help of electrodes applied to the muscle [21]. NMES
exercises have been shown to slow muscle weakening or even to increase muscle
strength, which also positively affects skeletal muscle and improve physical health in

people with spinal cord injuries [22-23-24-25].

Figure 1.7: NMES device used in doctor's check.



Figure 1.8: Use of NMES device by person.

NMES is a program that does not need constant monitoring and is useful for people
who do not like to make an effort for exercise, as it is an exercise method that

everyone can easily choose in the desired environment [26].

Studies have shown that an individual with lung cancer increases physical
performance by 44% after 20-60 minutes of NMES sessions [27]. In addition, a
hybrid protocol was found to increase both aerobic capacity and strength at the same
time in healthy elderly participants [28]. Additional technologies, such as NMES,
have been used to improve neuromuscular and cardiovascular systems and help
healthy or unhealthy people [29-30-31].

1.4. Constraints of Design Problem

One of the main problems of design was manufacturing of prototypes. Whole
production process was performed by hand. The created device design required
special focus during cutting and bonding of Silitex with adhesive material processes.
Silitex was glued to the fabric by heat with double-sided adhesive. Swelling of

Silitex was observed because of the formation of air gap when heat was applied.



The other limitation was lack of time for human subject tests. Some subjects feared
the idea of applying electricity to the body. Therefore, they did not want to
participate in the experiment.

Another constraint was placing the product in the body. Silitex part should be placed
directly to the skin. In the prototype design, the integration of Silitex on the muscle
was considered but the human body sizes changed from person to person, it was
difficult to do.

1.5. Application Fields of Design

Neuromuscular electro stimulation devices are generally used in medical and sports
industries. In medical fields, devices are used in two wide categories: therapeutic and
functional. When the muscles are not in use, strength of them weakened over time. In
the therapeutic methods, strength is gave to muscle by help of electrical force.
Functional electrical stimulation try to change destroyed nerve pathways by electrical
stimulation for helping to functional movement. Therefore, NMES devices are
generally preferred to protect of muscles from potential injuries or to increase muscle

strength.

1.6. Work-Time Table

The working program we implemented throughout the study is given below.

Work and Time Table

Work 2019
No: o Person/ Company
Description January |February| March | April
Week
Weeks
S
Antelope
Smart . .
1 Sinem Kahveci
Garment
Experiment
e Teksel Textile,
Material
2 ) Turkey
Supplying
e Statex, Germany

10




e Samsung
Knitting Needle,
South Korea

Literature . ]
] Sinem Kahveci
Review
Fabric Sinem Kahveci, ITU
Experiments Laboratory
Prototype

Sinem Kahveci
Development

Prototype . )
] Sinem Kahveci
Experiments

Computer

) Sinem Kahveci
Analysis

11






2. DESIGN METHODOLOGY

Production processes were divided into five main phases: development of design,

cutting, pressing of Silitex, adding snaps and sewing.

Brainstorming with companies, idea generation, pattern making steps was followed
in development of design processes. During the brainstorming phase, Antelope smart
suit product from German brand Antelope Club, was examined in detail. After that
development on the design of product were discussed together with Teksel Textile

and Samsung Knitting Needle companies.

The fabric was cut according to design, Silitex was applied on fabric by ironing.
After Silitex integration, snaps were added by manual snap press machine. In the

next phase, overlock stitches was applied to edges of fabric for aesthetic appearance.

Figure 2.1: Silitex glued to fabric with interlining.
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2.1. Definition of Design

Designed prototype includes two main parts: commercial flexible knitted fabric and
Silitex fabric to conduct electricity. The purpose of the design is to improve the
performance of the user in active or inactive. The most commonly used various
muscles in our daily life are determined by theoretical (literature review) and
practical (based on observations) studies.

Double plate, interlock polyester fabric with 2,817 g/dm”2 basis weight was used for
the NMES device. Fabric has 2,817 g/dm”2 and final basis weight is 6,876 g/dm”2
after Silitex integration. Also, its air permeability and water vapor permeability
properties are 559,8 I/m"2/s and 940,476 I/m"2/s respectively. 78% polyamide +
22% elastomer silver-plated knitted fabric that has one side coated with black

conductive silicone Silitex was used for electrical conductivity.

Ideas for NMES device design were generated with brainstorming sessions by taking
into consideration the muscle groups and commercial product designs. Silitex bands
were prepared by hand cutting. The prepared bands were adhered to the fabric using
commercial two-way interlining by using Rowenta Focus branded iron at third
temperature level without stream for 1 hour. After the Silitex integration, the edges
of the product were sewn with overlock stitching for aesthetic appearance. Then, in

order to bond the booster, snaps were placed on the fabric at a suitable distance.

Figure 2.2: Designed NMES device.
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Figure 2.3: Distances of snaps.

2.1.1. Function of design
The NMES device prototype was designed to stimulate the muscles so that they do
not stay motionless for a long time or to give extra strength. The main purpose of the

device is to improve user performance and prevent the body from potential injuries.

2.1.2. Criteria chosen for design evaluation

The prototype was created to fit easily to any area to be used on the muscles that will
cause the most pain in the human body. Wrist, knee, waist, and ankle are the body
areas that cause the most pain in people who work according to theoretical and
practical studies results. This design can be used both for athletes and for treating

diseases.

The electrical stimulation frequencies given to the muscles are variable. For the first
5 minutes the related muscle is stimulated at a constant frequency, stop for 3 seconds
and continue for 5 seconds. It continues in the next 5 minutes, the waveform
frequencies nonstop continues to increase and decrease. In the last 5 minutes, it
continues for 5 seconds constant frequency and backs to waveform frequency for

remaining minutes.
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2.1.2.1. Muscles

The NMES devices on the market were examined and the muscle groups affected by
these devices were taken into consideration when designing. Portable NMES device
can be easily used on wrist, ankle, knees and waist areas. It were determined by

employees and athletes.

Figure 2.4: Muscles of the human body.

According to the location of the muscles used actively, Silitex bands were placed on

these regions to apply electricity on these muscle groups and to develop muscles.

2.1.2.2. Pattern effects

The placement of Silitex tapes was inspired by the design of the Antelope Smart Suit
and products from the market. Also, the design size of the Antelope Smart Suit
booster was minimized. The portable regional neuromuscular electrical stimulating

device instead of suit is designed to eliminate electrical conductive cables.
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Figure 2.5: Designed NMES device on carpal tunnel.

The suit was divided into pieces to reveal a portable product that could be used on
every muscle structure. Silitex was applied as double band and give distance between

them for flexibility to be used in the most painful joints such as knees and wrists.

2.2. Strengths and Weaknesses of Chosen Design
Applying of Silitex to fabric surface resulted in both weakness and strength of

design. The first negative effect was about comfort properties of the designed device
as reduced breathability value because of Silitex. As a solution of this problem,

Silitex was applied in the form of thin bands, not in large pieces.

Second weakness of the chosen design was the device could not be attached properly
to the body. In order to solve this problem, a long thin piece in the design was added

to be wrapped to the body. The band was also supported by an extra tire support.
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2.3. Solution Possibilities of Design Problem

One problem of the designed prototype was that the product could not fully fit to the
muscle region of the user due to the different body features. As a solution, the Silitex
dimensions were reduced to use high stretch property of the knitted fabric. Therefore,
Silitex was applied as two thin long tapes instead of the whole fabric cover. The
distance between the two Silitex tapes were applied to ease of use in the knee and

elbow points.
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3. EXPERIMENTAL WORK AND TEST RESULTS

Various mechanical, chemical and comfort tests were applied to the double jersey
interlock knitted fabric used for prototyping designs before and after integrating

Silitex fabric in order to examine changes.

3.1. Textile Experiments
Test specimens were taken from different fabric regions and the test specimens used
different yarns direction according to the relevant test and standard. Sample shape,

size and cutting differences were considered according to the relevant tests.

The test applications were performed in Istanbul Technical University, Textile
Technologies Faculty and Design Physical and Chemical Test Laboratory. The
laboratory ambient conditions were average temperature was 20 Celsius and the

relative humidity was 65%.

3.1.1. Mechanical test results

3.1.1.1. Measurement of basis weight test and results
The samples with area 100 cm?® were taken from five different zones from fabric

were prepared by SDL ATLAS round shaped sample cutter.

Precisa XB 620M precision scale was used and calibrated before testing.
Measurement of basis weight of samples was measured with the help of Precisa XB
620M precision scales. Each of samples was weighed separately and mean value was

calculated with (m1+m2+m3+... +mKk) / k equation.
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Figure 3.1: Measurement of basis weight.

Table 3.1: Measurement of basis weight test results.

T1

T2

T3

T4

T5
Mean Value:

2,871
2,852
2,811
2,781
2,772
2,817

20

0,831
0,858
0,826
0,836
0,84
0,838

6,839
6,847
6,867
6,947
6,879
6,876



6,839 6,847 6,867 6,947 6,879 6,876

2,871 2,852 2,811 2,781 2,772 2,817

L I,831 I,858 I,szs I,sas I,84
O I T T T T T
T1 T2 T3 T4 T5

M Basis Weight of Fabric (g/dm#2)

N
|

Mean Value:

M Basis Weight of Addhesive Material (g/dm~2)

Basis Weight of Addhesive and Silitex Integrated Fabric
(8/dm"2)

Figure 3.2: Comparison of basis weight.

Basis weight of T1 increases approximately 84.73%
Basis weight of T2 increases approximately 84.55%
Basis weight of T3 increases approximately 88.80%
Basis weight of T4 increases approximately 92.06%
Basis weight of T5 increases approximately 90.44%

Mean value of basis weight increases approximately 88.12%

3.1.1.2. Number of threads per unit length test and results

For test samples, 2 cm different areas of the fabric were marked and yarns in marked
areas were counted under the optical counting device loop and microscope. The
alignments were counted for the number of stitches and loops was counted for the
number of rows. The yarn counts on the two directions in the measuring range was
identified. The number of yarns at 1 cm was calculated and the process was repeated

five times for two directions.
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Figure 3.3: Optical counting device.

Table 3.2: Number of threads per unit length test results.

T1 15,5
T2 15
T3 16
T4 15
T5 14,5
Mean Value: 15,2

22

22
23
22
23,5
24
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T1 T2 T3 T4 T5 Mean Value:

B Number of stitches /cm

1 Number of parallel rows /cm

Figure 3.4: Number of yarns per unit length.

3.1.1.3. Fabric elongation and tensile strength test and results

Fabric elongation values were measured by James H.Heal by Titan-Universal
Strength Tester. First samples were tested according to BS 4592-1992 standard. The
first samples were tested according to BS 4592-1992 standard. Since the Silitex
coating was rapidly separated from the fabric in the wrong direction, the
measurements were not made appropriately. After that, the fabric tensile test for
plastic coated fabrics is applied according to EN 1SO 1421 standard Method 1.
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Figure 3.5: James H.Heal by Titan-Universal Strength Tester.

Al

Figure 3.6: The specimens after fabric elongation and tensile strength test.
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Test parameters:

Jaw Separation: 200mm

Rate of Extension: 200mm/min
Break Detection: 5%
Pretension: 5N

Maximum Load: 3000N

Load Cell S/N: 3000N

Table 3.3: Fabric elongation and tensile strength test results.

Mean 542 44N  197.40% Mean 519.78N  148.45%
Maximum 595.06N 206.21% Maximum 577.90N 155.25%
Minimum 475.95N 188.22% Minimum 445.22N 140.50%
Standard  44.50N 6.82% Standard 60.15N 7.17%
Deviation Deviation
Coeff. of 8.20% 3.46% Coeff. of 11.57% 4.83%

Var. Var.

Fabric elongation and tensile strength of specimens under increasing force were

shown graphs below.
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Figure 3.7 : Elongation values of warp specimens.

Figure 3.8 : Elongation values of weft specimens.
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At the end of the experiment, it was observed that the fabric had high elongation and

tensile strength in both directions.

3.1.14. Bursting strength test and results

Bursting strengths values of samples were measured by bursting strength device.

Test Standard: The test were applied knitted fabric, and Silitex integrated fabric. TS
393 EN ISO 13938-1 test standard conditilons were used. The samples were
conditioned in the laboratory before the test. The pressure was applied to fabric until
it was exploded by the device. The bursting height, time and pressure values in kPa
were recorded. Test was repeated in different zones of fabric for 5 times. The test is
applied only knitted fabric according to standard.

Figure 3.9: Bursting strength device.
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Table 3.4: Bursting strength test results.

T1 13,45 18,75
T2 13,50 18,25
T3 13,19 17,50
T4 13,56 18,95
T5 13,40 17,65
Mean Value: 13,42 18,22

After the Silitex was integrated in the fabric, the burst strength of the fabric could not
be measured because the knitted fabric was treated like a woven fabric after being
placed in Silitex and no result could be obtained.

3.1.15. Tear strength test and results
The tongued (double-tear) tear strength test for rubber or plastic coated fabrics is
applied according to TS EN 1SO 4674-1 standard Method A.

Figure 3.10: Tear strength test device and software.
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Figure 3.11: The specimens after tear strength test.

Figure 3.12: Close appearance of specimen’s tear.
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Test parameters:

Jaw Separation: 100mm

Rate of Extension: 200mm/min
Break Detection: 0%
Pretension: 0%

Load Cell S/N: 3000N

Table 3.5: Tear strength of warp specimens and test result.

1 105.84 154.00 first the
knitted fabric
is broken.

2 116.50 142.45 first the
knitted fabric
is broken.

3 83.66 131.58 first the
knitted fabric
is broken.

Mean 102 142.68

Maximum 116.50 154.00

Minimum 83.66 131.58

Std. Dev. 16.75 11.21

Coeff.of Var. 16.42% 7.86%
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Figure 3.13 : Tear strengths of warp specimens.

Table 3.6: Tear strength of weft specimens and test results.

1 93.33 130.86 first Silitex is
broken.

2 60.86 116.16 Silitex is
starting to
break.

3 111.56 147.53 Silitex was
torn in the
opposite
direction.

Mean 88.58 131.52

Maximum 111.56 147.53

Minimum 60.86 116.16

Std. Dev. 25.68 15.70

Coeff.of Var. 28.99% 11.93%
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Figure 3.14 : Tear strengths of weft specimens.

As a result of the experiment, it was observed that Silitex coated fabric had high tear
strength in both directions.
3.1.2. Chemical test results

3.1.2.1. Perspiration fastness test and results
The test is used to determine the resistance of the color of textile materials of all

types and structures to the effect of human sweat.
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Figure 3.15: Acidic and basic solutions for perspiration fastness test.

Test Standard: Color Fastness Tests of Textile - Determination of color fastness to
perspiration was measured according to TS 398 EN 1SO 105-E04 standard.

In the experiment, the test device, oven, alkaline solution, acid solution, adjacent
fabrics (multifibre) and gray scale were used. As a result of the experiment, the
perspiration fastness values of the fabric were found to be 4-5 for acidic and basic

solutions.

3.1.2.2. Rubbing fastness test and results
The resistance of the product against the color contamination of other materials as a
result of rubbing was measured.
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Figure 3.16: Rubbing fastness test device.

Test Standard: Color Fastness Tests of Textile - Determination of color fastness to
rubbing was measured according to TS 717 EN I1SO 105-X12 standard.

The test device, cotton rub fabric, soft back waterproof sandpaper and gray scale
were used for the experiment. Measurements were made for both wet and dry
rubbing. The test result for dry rubbing was 3, whereas the result for wet rubbing was
4.

3.1.3. Comfort test results

3.1.3.1. Water vapor permeability test and results
Water Vapor Permeability test measures the amount of water vapor that passes
through a fabric. Average value of weights of fabric samples (with Silitex and

without Silitex) were calculated at each stage.

Test Standard: BS 7209:1990 standard was applied to fabric and ERGE Water Vapor

Permeability test device was used for the test.
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Table 3.7: Water vapor permeability of fabric without Silitex test results.

Figure 3.17: Rotating water vapor permeability test device.

T1 148,386 147,264 1015,41
T2 146,761 145,703 957,49
T3 145,034 144,009 927,625
T4 147,217 146,244 880,565
T5 148,973 147,955 921,29
Mean 147,2742 146,235 940,476
Value

The whole test procedure was done again for the Silitex integrated fabric. After the
process was completed, Silitex integrated test samples were weighed and calculations

were done in the same way.
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Table 3.8: Water vapor permeability of fabric with Silitex test results.

T1 147,246 147174 6516
T2 145,582 145,517 58,825
T3 135,022 134,95 65,16
T4 158,772 158,698 66,97
T5 151,18 151,104 68,78
Mean  147,5604 147,4886 64,979
Value

Table 3.9: Water vapor permeability of fabric test results.

'T1 101541 6516
T2 957,49 58,825
T3 927,625 65,16
T4 880,565 66,97
T5 921,29 68,78
Mean 940,476 64,979
Value
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(I/m~2/s)
Figure 3.18 : Comparison of water vapor permeability test results.
3.1.3.2. Air permeability test and results

Air permeability properties of knitted and Silitex integrated fabric were measured by
PROWHITE AIR PERMEABILITY TESTER.

Test Standard: TS 391 EN I1SO 9237 standard were used to fabric.
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Figure 3.19: Air permeability test device.

Table 3.10: Air permeability of fabric without Silitex test results.

T1 574 0
T2 560 0
T3 571 0
T4 566 0
T5 528 0
Mean Value: 559,8 0
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Figure 3.20 : Comparison of air permeability test results.

The air permeability of the fabric could not be measured after Silitex and adhesive
material were integrated onto fabric. No results were received because the air was

not passed through Silitex.

3.1.4. Electrical test results

The resistivity and shielding tests were conducted according to the ASTM D257
standard: Standard Test Methods for DC Resistance or Conductance of Insulating

Materials.

As seen in Table 3.11 and Graph 3.9, the shielding effectiveness was the highest for
the Silitex coated with adhesive material treated with heat. The shielding
effectiveness observed for the Silitex coated without adhesive material untreated
with heat was higher than that observed for only Silitex material up to around 600
MHz. After 600 MHz, the shielding effectiveness values observed for both of these
materials were similar. These results indicate that the heating process had an obvious

impact on the shielding of the material.
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Table 3.11: Shielding Effectiveness of Fabric.

Frequency (MHz) Silitex coated Silitex coated with Only Silitex
without adhesive adhesive material
material (untreated (treated with heat)
with heat)

105 MHz 34,68 41,21 30,54

195 MHz 33,88 40,64 31,93

300 MHz 32,92 40,01 32,01

405 MHz 33,29 40,56 32,38

495 MHz 33,44 40,75 32,70

600 MHz 32,62 40,12 32,46

705 MHz 33,08 40,68 32,65

795 MHz 33,13 40,90 32,96

900 MHz 32,52 40,12 32,17

1005 MHz 32,73 40,66 32,43
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Figure 3.21 : Electromagnetic Shielding Effectiveness (dB).

The surface resistivity of the materials: silver side of the Silitex, silicone side of the
Silitex, polyester fabric, and silicone side of the polyester fabric coated with Silitex.
The voltage and the current used in the test were taken as 0.02 V and 20 mA,
respectively. The resistivity was the lowest in the case of silver side of Silitex since it
is the most conductive among these materials. The resistivity of the polyester fabric

was the highest as expected.

Table 3.12 : Surface Resistivity of Fabric.

Silver side of the 186
Silitex

Silicone side of 4070
the Silitex

Polyester fabric 12380
Silicone side of 400

the polyester
fabric coated
with Silitex
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3.1.5. Surface electromyography (SEMG) experiments and results

Every muscle contains muscle fibers which are controlled by motor neurons. These
neurons transmit bioelectrical signals from the central nervous system to relevant
muscle. Muscles create bioelectrical signals when they are strained. EMG is a device
which measures the bioelectrical activity of muscles that are in motion.
Electromyography records the voltages of bioelectrical waves of muscles, and then
convert them to numerical values. The stronger the contraction of muscle, the higher
the value of electrical activity displayed on the screen is. In this study, the signals are
collected by the eMotion SEMG (surface EMG) with 4 sensors (16g / sensor). Each
of these sensors has 3 electrodes which are called anode (+), cathode (-) and ground.
The sensors are put on subject skin, the anode and cathode are placed on muscle and
the ground is placed a little farther away from them.

The experimental protocol employed in this pilot study was retrieval of EMG signals
from human subjects during a standardized two different conditions: while wearing a
NMES with Silitex tapes and in motion, while wearing a NMES with Silitex tapes
and in motionless position. The collected EMG signals were synchronized with a
metronome at 100 bpm (beats per minute). 5 volunteer human subjects took two

positions with each beat of the metronome for total 20 seconds.

A wireless EMG equipment with four channels was used for data collection. Each
channel was connected to soleus muscle on the human body. Three electrodes
(positive, negative and ground) were placed on each muscles group using the straps
that came with the EMG equipment. Before placing electrodes, each subject’s skin

was cleaned as directed in EMG equipment manual.

The measurements were taken based on the Soleus muscles of five subjects. The
RMS values of these measurements were computed with the EMG analysis program,
MegaWin. Mean values of the measurements computed for each subject were

calculated.
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Table 3.13: Paired Two Samples for Means.

Average 1770,466667 1754,566667
Variation 4379,311111 32349,52222
Observations 5 5
Pearson 0,289436129

Correlation

Hypothesized 0

Mean Difference

df 4

t Stat 0,205821741

P(T<=t) one-tail 0,42349054

t Critical one-tail 2,131846786

P(T<=t) two-tail 0,84698108

t Critical two-tail 2,776445105

3.2. User Survey Results

The 20 volunteers participated experiments. The volunteers shared their feelings by
the help of the survey after the experiments. The aim of survey was benchmarking
perceptions of volunteers. Their features such as their age, weight and height were
asked to subjects and also survey contained different questions about physiological-
psychological effects of designed NMES device on the human subjects and effect of

aesthetic appearance. The volunteers’ survey reults is given below:
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Table 3.14 : User survey demographic results.

Age (year) Weight (kg) Height (cm)
Volunteer 1 39 69 162
Volunteer 2 47 58 167
Volunteer 3 23 57 168
Volunteer 4 26 59 159
Volunteer 5 23 57 168
Volunteer 6 36 52 160
Volunteer 7 27 70 178
Volunteer 8 27 50 165
Volunteer 9 31 56 168
Volunteer 10 26 48 164
Volunteer 11 58 80 175
Volunteer 12 27 76 193
Volunteer 13 33 80 178
Volunteer 14 25 75 180
Volunteer 15 30 83 185
Volunteer 16 33 73 179
Volunteer 17 31 70 181
Volunteer 18 29 55 163
Volunteer 19 55 85 183
Volunteer 20 36 72 178
Mean 39 69 162
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Gender Distribution

Male Female
50,0% 50,0%
Figure 3.22 : Gender distribution.
Lifestyle activity levels
Very Active
50%
Active
30,0%
Inactive
65,0%

Figure 3.23 : Lifestyle activity levels of users.
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Figure 3.24 : Product Satisfaction (1 very satisfied, 5 less satisfied).
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Figure 3.25 : Pain during experiment (1 min, 5 max).
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Figure 3.26 : Effect on their feeling of fatigue during using.
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Figure 3.27 : Effect of aesthetic styling.
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4. EVALUATION AND DISCUSSION

Several tests were applied to the fabric used for prototype design before and after
integrating Silitex on its surface. Fabric elongation and tensile strength test was
showed extensions of warp specimens were 197,40% and weft specimens were
148,45%. As a result, Silitex integrated fabric was found to have good elongation
and recovery performance for weft and warp samples. It was determined that warp

samples had higher elongation and tensile strength than weft samples.

Integrating Silitex on fabric surface basis weight is increased from 2,817 g/dm? to
6,876 g/dm? and has percentage of change affected some parameters such as comfort
performances. As an example, air permeability test results for fabric without Silitex
is 559,8 1/m?/s while for Silitex integrated fabric is 0 I/m?/s. Besides, water vapor
permeability test results for fabric without Silitex is 940,476 1/m?/s while for Silitex
integrated fabric is 64,979 /m*/s and percentage change is approximately 93.1%.
Bursting strength of fabric was measured as 18.22 kPa; however, after Silitex coating
on fabric surface, the knitted fabric acted like woven fabric and any results were

taken.

The paired sample t-test for means was performed on these EMG experiment results.
This test was conducted between EMG values taken when the subjects were
performing the jumping jack movement (muscle contraction+device stimulation) and
when they were standing motionless (only device stimulation). The null hypothesis
for this test was that there was no significant difference between the mean values of
subject response when doing jumping jack and standing motionless. According to the
test results (Table 3.13), the t critical two-tail value (2.78) and p value (0.85) were
higher than the t stat value (0.20) and the alpha value (0.05), respectively, indicating
that the null hypothesis could be accepted. Hence, there is no significant difference
between the subject responses and the device stimulation is enough to contradict the

muscles even without doing the jumping jack movement.

The survey taken by 10 female and 10 male subjects mean age of which was 39 and

average height and weight of which were 162 and 69 respectively. The majority liked
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the aesthetic appearance of the device. Most of volunteers did not feel pain when use
the device, and product satisfaction is very high.

Considerig all results and interpretations, it was determined that NMES device can

give good results in muscle strengthening and injuries treatment.
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5. SUGGESTIONS

The size adjustment was difficult when the device was fixed to the skin. It was
always difficult to maintain the same tightness when placing the device. Therefore,
different responses were obtained in each body. So, the design should be further
developed. A design can be considered where the booster can be integrated into the
fabric. Because the user applications are made in different environments, the neural
effects may be different according to the environmental characteristics. An
immeasurable effect, but every user should try the product in the same test
environment. Bioelectrical measurements of the multiple muscle groups should be
performed. Thus, more meaningful results can be obtained. By the help of surface
EMG device, electrical changes in muscles can be calculated and analyzed. It was
also a challenge for the booster to work with the battery. To ensure ease of use, the

booster should be designed as rechargeable.

49



REFERENCES

[1] Okuno E., Fratin L. (2014). Muscle Force. In: Biomechanics of the Human
Body. Undergraduate Lecture Notes in Physics. Springer, New York,
NY.

[2] Caserotti P, Aagaard P, Larsen JB, Puggaard L. (2008). Explosive heavy-
resistance training in old and very old adults: changes in rapid muscle
force, strength and power. Scand J Med Sci Sports. 18(6):773-82.

[3] Andrade SD, da Silva JN. (2015). The effects of resistance training in
osteoporosis: a systematic review. RBNE. 9(50):144-9.

[4] Clark JE, Goon DT. (2015). The role of resistance training for treatment of
obesity related health issues and for changing health status of the
individual who is overfat or obese: a review. J Sports Med Phys
Fitness. 55(3):205-22.

[5] Orlando G, Balducci S, Bazzucchi I, Pugliese G, Sacchetti M. (2016).
Neuromuscular dysfunction in type 2 diabetes: underlying
mechanisms and effect of resistance training. Diab-Metabol Res
Rev.32(1):40-50.

[6] Solberg PA, Kvamme NH, Raastad T, Ommundsen Y, Tomten SE, Halvari
H, et al. (2013). Effects of different types of exercise on muscle mass,
strength, function and well-being in elderly. Eur J Sport
Sci.13(1):112-25.

[7] Paillard T. Regular muscle electrical stimulation could act favorably on bone
mineral density in healthy aged subjects. University of Pau and Pays
de I’Adour, Pau, Pyrenees Atlantiques, France.

[8] T.M. Manini, M. (2009). Pahor, Physical activity and maintaining physical
function in older adults, Br. J. Sports Med. 43 28-31,
http://dx.doi.org/10.1136/bjsm. 2008.053736.

[9] J.L. Fleg, (2012). Aerobic exercise in the elderly: a key to successful aging,
Discov. Med. 13 223-228
http://www.ncbi.nIm.nih.gov/pubmed/22463798.

[10] V. Gremeaux, M. Gayda, R. Lepers, P. Sosner, M. Juneau, A. (2012).
Nigam, Exercise and longevity, Maturitas 73 312-317,
http://dx.doi.org/10.1016/j.maturitas. 2012.09.012.

[11] A. Moschny, P. Platen, R. Klaafien-Mielke, U. Trampisch, T. Hinrichs,
(2011). Barriers to physical activity in older adults in Germany: a
cross-sectional study, Int. J. Behav. Nutr. Phys. Act. 8 121,
http://dx.doi.org/10.1186/1479-5868-8-121.

50


http://dx.doi.org/10.1136/bjsm.%202008.053736
http://www.ncbi.nlm.nih.gov/pubmed/22463798
http://dx.doi.org/10.1186/1479-5868-8-121

[12] L.R. Brawley, W.J. Rejeski, A.C. King, (2003). Promoting physical activity
for older adults: the challenges for changing behavior, Am. J. Prev.
Med. 25 172-183, http://dx.doi.org/10.1016/S0749-3797(03)00182-
X..

[13] Karu ZZ, Durfee WK, Barzilai AM. (1995). Reducing muscle fatigue in fes
applications by stimulating with N-let pulse trains. IEEE Trans
Biomed Eng.42(8):809-17.

[14] Bigland-Ritchie B, Jones DA, Woods JJ. (1979). Excitation frequency and
muscle fatigue: electrical responses during human voluntary and
stimulated contractions. Exp Neurol. 64(2):414-27.

[15] Bickel CS, Gregory CM, Dean JC. (2011). Motor unit recruitment during
neuromuscular electrical stimulation: a critical appraisal. Eur J Appl
Physiol.111(10):2399-407.

[16] Fouré A, Nosaka K, Wegrzyk J, Duhamel G, Le Troter A, Boudinet H, et
al. (2014).Time course of central and peripheral alterations after
isometric neuromuscular electrical stimulation-induced muscle
damage. PL0S One.9(9):e107298.

[17] Ribot-Ciscar E, Butler JE, Thomas CK. (2003). Facilitation of triceps brachii
muscle contraction by tendon vibration after chronic cervical spinal
cord injury. J Appl Physiol.94(6):2358-67.

[18] Cotey D, Hornby TG, Gordon KE, Schmit BD. (2009). Increases in muscle

activity produced by vibration of the thigh muscles during locomotion
in chronic human spinal cord injury. Exp Brain Res.196(3):361-74.

[19] Trajano GS, Seitz LB, Nosaka K, Blazevich AJ. (2014). Can passive stretch
inhibit motoneuron facilitation in the human plantar flexors? J Appl
Physiol.117(12):1486-92.

[20] Hortobagyi T, Maffiuletti NA. (2011). Neural adaptations to electrical
stimulation strength training. Eur J Appl Physiol.111(10):2439-49.

[21] (2010)."Physiological and methodological considerations for the use of
neuromuscular electrical stimulation”, European Journal of Applied
Physiology, vol. 110, pp. 223-234.

[22] Griffin L, Decker MJ, Hwang JY, Wang B, Kitchen K, Ding Z, et al. (2009).
Functional electrical stimulation cycling improves body composition,
metabolic and neural factors in persons with spinal cord injury. J
Electromyogr Kinesiol.19(4):614-22.

[23] Harvey LA, Fornusek C, Bowden JL, Pontifex N, Glinsky J, Middleton JW,
et al. (2010). Electrical stimulation plus progressive resistance
training for leg strength in spinal cord injury: A randomized controlled
trial. Spinal Cord.48(7): 570-5.

[24] Gregory CM, Bickel CS. (2005). Recruitment patterns in human skeletal
muscle during electrical stimulation. Phys Ther.85(4):358-64.

[25] Hillegass EA, Dudley GA. Surface electrical stimulation of skeletal muscle.

51



[26] Jones et al. (2016). "Neuromuscular electrical stimulation for muscle weakness
in adults with advanced disease", Cochrane Database of Systematic
Reviews, vol. 31, no. 1.

[27] Crevenna et al. (2006)."Neuromuscular electrical stimulation for a patient with
metastatic lung cancer—a case report", Supportive Care Cancer, vol.
14, no. 9, pp. 970-973.

[28] Caulfield et al. (2013)."Self-directed home based electrical muscle stimulation
training improves exercise tolerance and strength in healthy
elderly”, Conference proceedings: Annual International Conference of
the IEEE Engineering in Medicine and Biology Society. IEEE
Engineering in Medicine and Biology Society, pp. 7036-7039.

[29] P. Banerjee, A. Clark, K. Witte, L. Crowe, B. Caulfield, (2005). Electrical
stimulation of unloaded muscles causes cardiovascular exercise by
increasing oxygen demand, Eur. J. Cardiovasc. Prev. Rehabil. 12 503—
508 00149831-200510000- 00014.

[30] P. Banerjee, (2010). Electrical muscle stimulation for chronic heart failure: an
alternative tool for exercise training? Curr. Heart Fail. Rep. 7 52-58,
http://dx.doi. org/10.1007/s11897-010-0013-9.

[31] B. Caulfield, A. Prendergast, G. Rainsford, C. Minogue, (2013). Self
directed home based electrical muscle stimulation training improves
exercise tolerance and strength in healthy elderly, Conf. Proc. ...
Annu. Int. Conf. IEEE Eng. Med. Biol. Soc. IEEE Eng. Med. Biol.
Soc. Annu. Conf. 2013  7036-7039, http://dx.doi.org/10.1109/
EMBC.2013.6611178.

52



CURRICULUM VITAE

Name Surname : Sinem KAHVECI
Place and Date of Birth : Istanbul / 19.06.1993
E-Mail . kahvecis93@gmail.com

EDUCATION

e B.Sc. : 2017, Istanbul Technical University, Textile

Technologies and Design Faculty, Textile Engineering Department

e M.Sc. : 2019, Istanbul Technical University, Textile Technologies and

Design Faculty, Textile Engineering Department

PROFESSIONAL EXPERIENCE AND REWARDS:

2018 Istanbul, Textile Engineer, Research Assistant Specialist, Turkish
Textile Employers’ Association

2017 Istanbul, Textile Engineering, Trainee, H&M — Puls Trading Far East
LTD.

2016 Istanbul, Dyeing & Finishing Technologies Department, Internship
Gokboy Textile

2016 Istanbul Technical University, Student Assistant (Gozde GONCU
BERK) , Textile Engineering Department

2015 Istanbul, Organization & Plan Department, Internship, Vakko
Production Center

2015 Istanbul, Clothing Department, Internship, Vakko Production Center
2014 Istanbul, Knitting Department, Internship, Zeki Orme San. ve Tic. A.S.
2014 Istanbul, Weaving Department, Internship, Altinyildiz Tekstil
Konfeksiyon A.S.

2014 Istanbul, Yarn Production Department, Internship, Altinyildiz Tekstil
Konfeksiyon A.S

53



e 2014 Istanbul, Technical Drawing Class, Student Assistant (Lecturer Dr. Haci
Mustafa OZKIRIM), Istanbul Technical University, Machine Engineering
Department

PUBLICATIONS, PRESENTATIONS AND PATENTS ON THE THESIS:
e Goncu Berk G., Kahveci S. 2016. Design of Compression Garments with
Thermoplastic Polyurethane Bands to Improve Sports Performance. Thesis.

e Goncu Berk G., Kahveci S. 2016. Design of Compression Garments with
Thermoplastic Polyurethane Bands to Improve Sports Performance. Magic
World of Textiles, 8" International Textile Clothing & Design Conference,
Dubrovnik, Croatia

54



