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Abstract

This research attempts to develop a method to relieve dysmenorrhea, which is an obstacle to many women's
social activittes, by designing a smartwear with built-in thermotherapy and TENS device. TENS therapy has the
advantages of being controlled by patients and not depending on the use of drugs. The TENS device is designed
as a stomach band so as to be unnoticeable to others when outer clothes are worn; the size was minimized and
attached to underwear to facilitate use everywhere al any time. A current problem is the limitation of minimizing,
but as battery technology is further developed, we can anticipate much smaller devices. The development of
aforementioned smartwear function will increase women's choices in occupations and general improvement in
quatity of life.
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I. Introduction

As industry focus changed from manufacturing app-
licable hardware to creating more efficient software,
the materialism that once dominated industrial society
has faded to be replaced by an emphasis on ecological
concerns. Consequently, human beings are now at the
center of every design, Interest is now focused on the
well-being of people and the importance of humanistic

thinking. This interest is directed not only at the health
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and safety of humans themselves, but at the surroun-
ding natural environment in which humans live.
Following this trend, the development of wearable
smartwear has become more popular.

This study proposes a smartwear design that can
serve as a healthcare device while maintaining the
functionality and styles of garments. We expect that
this study will become a comerstone for further domestic
research in smartwesr, developing a homegrown industry
that will end the previous trend of merely review-

ing foreign studies. The first destgn specifically is a
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garment that has the form of smartwear with built-in
TENS that relieves dysmenorrheas.

According to reseaich conducted on a sample of
Korean women, more than 70% of the respondents
complained of dysmenorrheas. Among them, 47% replied
they experience dysmenorthea every month, 53.2% of
which were high severity cases. Among women who
work in the manufacturing industry, 46% replicd that
dysmenorheas restricted their activities™. The oceursence
rate of dysmenorrheas is also high in forcign countries
with about 60% on average, while 42% of foreign
respondents reported severe dysmenorrhea”. Although
dysmenorhea has a high frequency rate and is (he
cause of immense hindrances to women's social life in
terms of absences, it is typically regarded as women's
inevitable destiny. and is not carefully studied or
treated seriously by the medical establishment. Both
domestic and international surveys ol methods used to
asswage dysmenorrheas show that most patients randomly
take painkiliers or just bear the pain, without attempts
to soothe the pain”. Therelore, in order to improve
every individual female's life and the gencral cconomy
of society, devising cffective countermeasurcs for
dysmenorrhea is necessary.

This rescarch is dedicated to offering relief for
dysmenorchea, which is an obstacle to women's acti-
vities, without the use of drugs, through the develop-
ment ol an underwear-type smartwear with built-in
(hermotherapy and TENS function. The developed under-
wear-type smartwear has the form of a belt and it
plays the role of relieving menstrual pains by providing
physiotherapy on the lower belly.

The specific purpose of this study is as follows:
first, we objectively reviewed the previous literature
on the cffectiveness of heat and TENS on dysmeno-
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rrhea. Second, we conducted a demand analysis with
a sample of real end users, ie., women in their
twentics, and confirmed the presence of negative per-
ceptions on the use of pain kiflers among them. Third,
we developed a wearable device that applies heat and
TENS with the purposc of ameliorating dysmenorrhea,

in a smartwear design underwear.
. Research Method and Procedure

1. Review on Literature Begarding \he Effectiveness
of Topical Thermotherapy and TENS in Treuating

Dyamenorchea

1} Definition of Dysmenorrhea and lis Treatment
Method

Dysmenorrhes, one of the most common gyne-
cological discases, refers to pain that accompanies
menstruation. Dysmenorthea oceurs when blood flow
to the ulerine tissues is hindered by a contraction of
uterine muscles, which suppresses oxygen supply and
eventually stimulates the end plate. Common featurcs
among young women that suffer from dysmenorrhea
are that they have unstable personality and fecl conflict
m sex roles. Moreover, dysmenorrhea is more fre-
quently observed among women who had received
trauma or mental shock during menarche due to lack
of previous knowledge about menstsualion. Moreover,
most dysmenorrheal cascs occur during ovulation, and
began t show about 6~ 12 months after menarche”,

The sympioms of dysmesorrhea are most severe
right before meastruation begins or right after when
the amount of blceding is highest. The pain is similar
to the feeling of being squeczed by the lower belly

with hard pressure inside the pelvis. Patients usually

1) Inn Sook Lee and Hye Sook Choi, “Effect of Scif Moxibustion on Dysmenorrhea and Activities of Daily Living
in Female College Students,” Koran J Women Health Nurs. Vol 11 No. 1 (2005), p. 1.

2) Mi Young Ham, Kyoung Soon Han, Soo Ok You and Kyung Sook Park, “A Phenomenological Study on
Dysmenorthe a Experience of Women,” Koran J. Women Health Nurs. Vol. 3 No. 2 {1999), pp. 245-254.

3} inn Seok Lee and Hye Scok Choi, Op. cif., (2005), pp. 77-82.

4) Mi Young Ham, Kyoung Scon [lan, Soo Ok You and Kyung Sook Park (1999), Op. cit. pp. 245-254,
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cope with this pain through the use of pain killers
such as tbuprolen, taking a hot bath, or placmng a hot
pack on the belly. Although taking painkillers is
helpful fo temporanly alleviate pain, repeated use
reduces medicine’s eflectiveness, thus doses must be
increased and taken repeatedly. This can result in
adverse reactions and unnecessary cxpense for medical
treatments. Hence, a need for non-medicinal treatments

clearly exists.

2) The Effect of Topical Thermotherapy and TENS

The effectiveness of topical heat in treating dys-
menorrhea has been proven in a number of studies and
books, and the application of TENS to dysmenorrhea
cases has also proven to have effective results in
several overseas studies. Even though it 18 not commonly
used m Korea, TENS has becn commercialized widely
in foreign countries, and the effectiveness in treating
dysmenorrhea, post-partum complications, and post-
surgery cases has becn proven. A review of this
litcrature tegarding the safc and cfficient method of
topical heat and TENS. focusing on the relief of
dysmenorrheal, shall now be undertaken.

Alleviating dysmenorthea through application of
topical heat is onc of the most commoaly used and
most efficient non-drug treatment methods. Chun(2003)™,
examines how women deal with dysmenorrhea through
a research project comsisting of 202 female students.
87 of the respondents(43.1%) replied that they mostly
used a hot pack on the lower belly and lower back,
among which 96% replied that it ways cffective in
relieving pain. Kang and Cho(2001)" conducted an

experiment to examine he effectiveness of heat therapy
on relieving dysmenorrhoea with & sample of 40 high
school female students. The sample was divided into
two groups: an experintenta) group who reccived a hot
water pack on the pain area for 30 minutes, and a
contral group who rested on a bed for 30 minutes
withoul any treatment. As for the measurement of
pain, the visual analogue scale(VAS) was used. Resuits
showed that 52% of students in the experimental
group reported a decrease in pain, while only 30% of
the control group reported relief. Meanwhile, Cathy R.
KessenichtZOO])?:’ argues that topical heat is as effec-
tive as the pain killer ibuprofen in treating dysmeno-
rthea,

TENS has also been effectively used for treating
dysmenorrhoea for decades, also proven in a number
of tesearch papers. A physiotherapy book “Treatment
of pain: cases using TENS™ offers 2 number of
research projects proving the effectivencss of TENS
on treating dysmenorthea. Mannheimer and Lampe
{1984} conducted an experiment with a sample of 27
women who did not use birth control pills but had a
history of dysmenorrhea. The experiment’s volunleers
were randomly allocated inte two groups, a high-
frequency TENS group and a control group. The former
reported a 72% decrease of pain on average, while the
latter reported an average of only 26%. Moreover,
0% of the participants wanled to keep using the
method of high-frequency TENS. Heltzel et al.(1987)"
conducted an experiment that examined the effective-
ness of TENS using & sample of [4 women with

severe dysmenorrhea. All 14 patients reported a clear

5) E. M. Tun, “A Study on Menstrual Symptoms, Ceping and Relief of Symptoms in Female Colicge Students.”
Koran J. Women Health Nurs. Vol 9 No. 2 (2003). pp. 161-169.

6) 1. S. Kang and G. Z. Cho, “The Effect of Thermotherapy on High School Girls” Dysmenorrhea,” The Korean
Community Nurses Academic Socieny Vol. 12 No. 3 (2001), pp. 773-784.

7) Cathy R. Kessenich, “Continuous Topical Heat was as Effective as Ibuprofen for Dysmenorrthoea.” Evid Based

Mars. Vol 4 No. 4 (2001), p. 113

8) D. Ottoson and T. Lundeberg, Treamment of Pain-Cases of Treatment using TENS, (Seoul: Korca Medicine

Publisher, 1991}, pp. 96-97.

9) H. A. Schiatz, “Treatment of Dysmenorrhoea with a New TENS Device (OVA)L” 2 Obsiel Gynaecol. Vol 27

No. 7 (2007). pp. 726-728.
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decrease in abdominal and back pain. Lindeberg et
al.{1985)" reported the result of using high-frequency
TENS on 20 dysmenorrhea patients, among which 14
responded pain control over 30%.

Cochrane review in 2001 confirmed the effectiveness
of high-frequency TENS on relicving dysmenorrhea,
while reporting no promising resull lrom low-frequency
TENS. Treatment using TENS has the benefit of
allowing full patient control over the amount of treat-
ment and docs not depend on the use of drugs. TENS
15 relatively inexpensive and is of low risk. and usually
uscs a high-frequency with low current. The under-
lying principle of using TENS is that the large diameter
A-beta nerve fiber is stimulated by clectronic current
without the activity of A-delta C pain fiber. According
to the pamn gate theory, when A-deMa nerve fiber is
stimulated by electronic stimulus, it can prevent the
pain signal from entering the spinal code. Moreover,
TENS can also accelerate the secretion of beta-cndorphin,
which is effective in pain relief. while alleviating the
1ischemic pain by improving blood flow in the uterus.
Such effects are clear as long as TENS is applied ",

As such, sufficient literature cxists to confirm the
cffectiveness of heat and TENS on treating dysmeno-
rehea. This study applies these results to devising a
solution which relieves menstrual pains without depend-
ing on drugs. This non-medical method v treat dys-
menorrhea can be very valuable o those who suffer
from side effects from drug use. In sum, wc have
exanined she definition of dysmenorthea, its treatment
methods and their effectiveness by reviewing existing
literature. Now, we expect that we can reduce the
discomiort of dysmenorrhea by designing a treatinent

method in a smartwear desizn,

2. Research Subjects and Demand Analysis

Won-Joon Lee und So-Hee Um i3

n

1} Research Subjects

The research subjects of this study include repro-
ductive women n their iate leens fo [ate twenties, who
generally suffer high severity cases of dysmenorrhea.
According to the medical text “American College of
Physicians Complete Home Medical Guide™ dysme-
norrhea refers 10 a pain in the fower belly that occurs
right before or during menstruation, and is most often
observed in women in their Jatc adelescence. About
three-foutths of women cxperience dysmenorrhea, with
one-Aifth being restricted in their regular daily activities
due to severc pain. Generally, dysmenorrbea beging
during the carly teens, with pain commencing about
24 hours hefore menstruation begins and lasting for
about one or twoe days. For aboul 1~2 years after
menarche, the pain comes during ovulation, while the
severity of pain decreases after 25 years with further
decrease afler the age of 30 or afler giving birth, This
is die to the increased amount of uterine blood flow.
Types of dysmenorrhes can be largely divided into
protopathic dysmenurrhea that have no particular reason
and secondary dysmenotrhea that is caused by a mal-
function in the reproductive system. In this paper. we
focus on protopathic dysmenorrhea, regarding it as

primary dyvsinenorriea.

2) Demand Analysis

With this purpose, we conducted a demand analysis.
The main purpose of the survey was to explain the
effect of TENS and heat on évsmenarrhea relief and
to ask the respondents ahout their willingness of using
such built-in smarowear. The questionnaires were distri-
buted (o a total of 436 women in their lale teens and
late twenties and collected throughout the period of
Aprit 15, 2008 to May 15. 2008.

According to the demand analysis results, 239(33.4%}

10y I, Lundeberg and D. Ottoson, ~Reliel of Primary Dysmenorthea hy TTNS 1.7 dcig. Qbster. Gyneeol. Scand.

Vol. 64 No. 6 (1983). pp. 491-497.
11y Ho AL Sehiots, Op. cit., (2007), pp. 726-728.

12} British Medical Association, American College of Phnwicians Complete Home Medical Guide. (London

R. Goldmann, MI> FACT Publishing, 2003).
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replied that their daily life activities are disturbed and
33(12%) said that the severity is high enough to make
them unable to engage in daily life activities(Fig. I).
This data proves the seriousness of dysmenorrhea.
Moreover, according to the survey results regarding
drug use, 92% expressed a negative attitude towards
drug treatments for dysmenorrhea with 63% replying
they refuse to take any drugs(Fig. 2). This result differs
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(Fig. 1> Survey result of extent of distraction by
menstrual pain.
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<Fig. 2> Perception of pain killers.
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<Fig. 3> Opinions about purchasing menstrual pain
aleviating smartwear.

remarkably from that of foreign countries, showing
that Koreans are generally very pessimistic about
medical treatment of dysmenorrhea, ic., taking painkiliers,
This particolar result emphasizes the importance of
development of non-drug treatment. When asked, 57%
of the 239 respondents who stated that their daily life
activities are disturbed replied positively to purchasing

the item that we propose in this paper(Fig. 3).

3. Smartwear Design

Smartwear tefers to new conceptual clothing that
comes from combining a “function of materials” of
the fabric, which detects external stimulus and reacts
to i, and a “mechanical function” of device that is
attached to the garment. Since the devices are built
inside the clothes, the users do not have to separately
carry them, 1t is especially attractive in that the garment
itself functions effectively without additional steps
once worn. In order to assess the appearance and fit
of the developed garment, we organized a panel of
five female students in their twenties who majored in
clothing design. During the course of this research,
those members discussed problems and made an evalua-
tion sheet after experiments.

1) Composition and Materials

The overall composition of garment includes garment,
stimulating pad, and a device with built-in battery and
circuit, Considering that too loose underwear cannot
embrace the bedy, and too tight can worsen dysmenorriea,
we used polvurethane materials that have high flexi-
bility and arc generally used for functional clothes. A
stimulating pad is attached to the underwear-lype
garment plaving the role of applying heat or TENS
stimulus to the desired area of lower belly and lower
back. Since it directly touches the skin, we chose a
material of silicon that has high attachment and is
harmless to body. The device is composed as follows:
a controller that tums on the TENS and plate-type
heater, a controller that allows a user t0 choose maode,

a battery for portable power, and an LCD screen that

~ 34 -



H17H A 25 Won-Joon Lee and So-tlee Um 137
Dhaplay
Sumters-pid Part
Conadl Part L4 Heastng shoswmt of ool
Controlter FERER P i 1 Crsebos Fdoutrondis
Bastary
LTV HmAR
3IyS 0 S ST gm,

<Fig. 4> Device component map.

displays status. The componenis were designed with a
focus on minimizing the size and weight ol the device
(Fig. 4).

2) Designing

According to the demand survey, rescarch subjects
in their teens or twenties put greal weight on com-
fortable feeling and convenience rather than on design.
We applied these concerns identified in survey results
to designing the smartwear,

(1) Appearance

Heat therapy and TENS are the proven non-drug
methods in pain relief. However, most products on the
market are not portable and patients are etfectively
unable to go outside while wearing them. We impro-
ved the design though a series of experiments testing

wearability and comfort. and debating over a number

<Fig. 5 Pany-type and belt-type.

of different underwear type garment designs. Panty-
type and beli-type designs were proposed(Fig. 5), and
we chose the latter considering that women will wear
il onfy during menstruation. and that wearing it shouid
not affect coordination with outfits. Hence, we chose
a belt-style that is also casy to wear,

{2} Combination of Beat and TENS Device in a
Garmem

By minimizing the TENS and building it inside the
garment, we teduced the size and improved conveni-
ence. Morcover, by making the TENS in an underwear-
type garment as a separate type, rather than insertion
type. we made it possible for users Lo detach the heat
and TENS device and attach them o their own ciothes.

fll. Research Results and Discussions

1. Designing Underwear Belt

The smartwear has the torm of a belt around the
lower belly. As for materials, polyurethanc was used
duc 10 its flexibility. Since it is underwear. the feeling
of wearing is one of the most important factors con-
sidered. Morcover, we designed the underwear such
that a stimulating pad can be bailt inside. Hooks were

designed on the side for easy wearing, with the number
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<Fig. 6> Smartwear drawing.

of hooks greatly decreased to six, compared to that of
the general belt(Fig. 6).

2. Device Design

1) Compusition of Stimulating Pad

The stimulating pad attached in the underwear belt
provides heat and TENS stimulation on the desired
area of either the lower belly or lower back. In design-
ing the pad, the thickness and ability to keep warm
was considered to be of most importance, and silicon
was used for materials due to its harmiessness on the
body(Fig. 7). In the stimulating pad, topical heat at
2.4W produces heat of $5~60 degrees, while providing
high-frequency TENS stimulus on the pain site. The
reason the stimulating pad was not fully integrated

Heating point

TENS

<Fig. 7> Composition of stimulating pad.

into the design was to allow the heat pack to be
usable on other pain areas, in addition to the Jower
beily. For example, a person can first altach it to the
jower back and fix it with a belt. The size of the
stimulating pad is 130 c¢m in width, 70 cm in length,
and has a thickness of 0.5cm. 11 includes a plate-type
heater and carbon ¢lectrode pad.

2) Composition of Device

The composition of the device can be largely divided
as follows: controller that turns on TENS and plate-
type heater, a modulator that detects swilch input of
strength, timing, and motion mode, a 3.7v lithium-ion
battery that provides portable power, and an LCD
display that shows current battery, current mode, re-
maining time, etc(Fig. 8, 9). The size and weight of
cach component has been minimized. The number of
switches is 6 of the smd-type used in cellular phones,
while the circuit components ate also of the smd type.
The switch has six choices of strong, weak, lime,
power, heat control, and TENS control. As for the
battery, a rechargeable 3.7V 1100mAb lithium-jon battery
was used. The size of the battery is 33mm in width,
55mm in length, and has a thickness of 5.5mm. A
circuit of small TENS device was used, and the circuit
was built based on high-frequency TENS. since it is

the most cffective in treating dysmenorrhea. The size
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<Fig. 9> Patch-type heat stimulator.

of device is $7mm i width, 32mm in length, and has
a thickness of 15mm, which is smaller than a cellular

phone and hence easy to carry.

3) Development of TENS Device and Underwear
Type Smartwear
The smantwear 18 composed ol an underwear belr,

stimulating pad battery and a device with a built-in

Won-Joan Lee and So-Hee Um
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<Fig. 11> Finished polished product.

circuil. In order to address the washing problem of smart-
wears, we made the underwear such that garment and
device are sepurate. rather than integrated. Motcover, since
it is an underwear-lype, women can wear it with any
fashion code, sotving the previous problem of being

unsble to freely choose whai to wear(Fig. 10, 11).
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V. Summary and Conclusions

The effect of TENS and heat on dysmenorrhea
relief has been confirmed in a number of studies. This
study also shows a high rate of pain relief(presented
in VAS), while showing additional pain relief effecti-
veness among those using drug treatment. In conclusion
TENS 15 a safe and effective non-drug method, which
can effectively provide a clear non-medical treatment.
Since this study solves the previous problem of low
porfability by developing a smartwear with a built in
TENS device, it is now possible to alleviate dysmeno-
rrhea in a non medical way by simply wearing the
smartwear as an underwear.

The following summarizes the result of this study.

1. According to the objective review on the existing
literature regarding the effectiveness of heat and TENS,
heat and TENS are clearly effective in treating dys-
menorrhea, while it was revealed that high-frequency
TENS yields better results, Morcover, it is expected
that combining heat and TENS will produce stronger
effects. The non-drug methods further benefit when
combined with additional pain-killing medicines. Since
the two methods of heat and TENS are proven to be
safe and effective m a number of published studies,
we believe that the effectiveness of the smartwear that
we developed in this study is clear.

2. We conducted a demand analysis with female
subjects in their twenties who are the actual end users
and clarified a negative perception conceming the use
of pain killers among them. Additionally, according to
the survey results regarding the perception of drugs,
most of the respondents show negative reaction to
using drug treatment(92%), while 63% said that they
refuse to take any drugs. This result differs remarkably
from that of foreign countries, showing that Koreans
arc generally very pessimistic about medical treatment
of dysmenorrhea, i.e, taking pain killers. This parti-
cular result emphasizes an importance of non-drug
treatment, giving sufficient ground for this study.

3. We developed a wearable device that has the

function of heating and Transcutaneous Electrical Nerve
Stimulator(TENS) with a purpose of relieving menstrual
pain, and combined this device with smartwear under-
wear. The smartwear is composed of an underwear
belt, stimulating pad, and device. Since the garment
and the device are not integrated, there is no problem
in washing the garment. Moreover, with its form as
underwear, it can be wom with any fashion style,
solving smartwear’s problem of limiting choices in
fashion codes.

There was no difficulty in developing devices. How-
ever, further research into developing a device with
smaller size can be undertaken, Considering the current
speed of technological development in battery and
electronic component, we expect that even smaller
devices will be available in the foreseeable future. The
present problem is the limitation of minimizing, but
considering the pace of development in battery tech-
nology, it is easy to anlicipate much smaller devices.
The development of aforementioned smartwear function
will increase women's choices in occupations and
general improvement in quality of life. We expect that
smartwear with built-in heat and TENS function that
was developed in this study will ameliorate symptoms
of dysmenorrhea, eventually contributing to more active
social activities for women and improvement of women’s
well-being.
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