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Abstract

This research attempts to develop a method to relieve dysmenorrhea, which is an obstacle to many women's 
social activities, 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 햖se 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 at 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 
quality of life.

Key words: dywiEHor아!"（월경통）, TENS（Transcutaneous Electric시 Nerve Stimulator: 경피신경 전기자극）, 

themotherapy（온열치료）, smaller devices（최소형 고안품）, smart 能成（스마트 의류）.

I. Introduction

As industry focus changed from maniifmctufiii음 app- 

lic횮비e hardware to creating more efficient software, 

the materi시ism that once dominated industrial society 

has faded to be replaced by an emph쵸sis 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 

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 cornerstone for forther domestic 

research in smartwear, developing a homegrown industry 

that will end the previous trend 않f merely review­

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

TENS that relieves dysmenorrheas.

According to research conducted on a sample of 

Korean women, more than 70% of the respondents 

complained of dysmenorrheas. Among them, 47% replied 

they experience dysmenorrhea every month, 53.2% of 

which were high severity cases. Among women who 

work in the manufacturing industry, 46% replied that 
dysmenorrheas restricted their activities0. The occurrence 

rate of dysmenorrheas is also high in foreign countries 

with about 60% on average, while 42% of foreign 
respondents reported s%ere dysmenorrhea1 2) 3. Although 

dysmenorrhea has a high frequency rate and is the 

cause of immense hindrances to women's social lite in 

terms of absences, it is typically regarded as women's 

inevitable destiny, and is not carefully 마udied or 

treated seriously by the medical establishment. Both 

domestic and international surveys of methods used to 

assuage dysmenorrheas show that most patients randomly 

take painkillers or just bear the pain, without attempts 
to soothe the pain消 Therefore, in order to improve 

every individual female's life and the general economy 

of society, devising effective countermeasures for 

dysmenorrhea is necessary.

1) Inn Sook Lee and Hye Sook Choi, "'Effect of Self Moxibustion on Dysmenorrhea and Activities of Daily Living 
in Female College Smd助Koran J. Women Health Nurs. V여. 11 No. 1 (2005), p. 1.

2) Mi Young Ham, Kyoung Soon Han, Soo Ok You and Kyung Sook Park, “A Phenomenological Study on 
Dysmenorrhe a Experience of Women," Koran J. Women Health Nurs. Vol. 5 No. 2 (1999), pp. 245-254.

3) Inn Sook Lee and Hye Sook Choi, Op, cit., (2005), pp. 77-82.
4) Mi Young Ham, Kyoung Soon Han, Soo Ok You and Kyung Sook Park (1999), Op. cit, pp. 245-254.

This research is dedicated to offering relief for 

dysmenorrhea, which is an obstacle to women's acti­

vities, without the use of drugs, through the develop­

ment of an underwear-type smartwear with built-in 

thermotherapy 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 effectiveness of heat and TENS on dysmeno­

rrhea. Second, we conducted a demand analysis with 

a sample of real end users, ie，women in their 

twenties, 찮nd confirmed the presence of negative per­

ceptions on the 튾se of pain killers among them. Third, 

we developed a wearable device that applies heat and 

TENS with the purpose of ameliorating dysmenorrhea, 

in a smartwear design underwear.

II. Research Method and Procedure

1. Review on Literature R建ardix뽕 the Effectiveness 

of Topical Thermotherapy and TENS in Treating 

Hysmenorrhea

1) Definition of Dysmenorrhea and Ite Treatment 

Method

Dysmenorrhea, one of the most common gyne­

cological diseases, refers to pain that accompanies 

menstruation. Dysmenorrhea occurs when blood flow 

to the uterine tissues is hindered by a contraction of 

uterine muscles, which suppresses oxygen supply and 

eventually stimulates the end plate. Common features 

among young women that suffer from dysmenorrhea 

are that they have unstable personality and feel conflict 

in 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 menstruation. Moreover, 

most dysmenorrheal cases occur during ovulation, and 
began to show about 6~12 months after menarche4).

The symptoms of dysmenorrhea are most severe 

right before menstruation begins or right after when 

the amount of 타eedi효g is highest. The pain is similar 

to the feeling of being squeezed by the lower belly 

with hard pressure inside the pelvis. Patients usually 
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cope with this pain through the use of pain killers 

such as ibuprofen, taking a hot bath, or placing a hot 

pack on the belly. Although taking painkillers is 

helpful to temporarily alleviate pain, repeated use 

reduces medicine^ effectiveness, thus doses must be 

increased and taken repea搶이y. This can result in 

adverse reactions and unnecessary expense for medical 

treatments. Hence, a need for non-medicinal treatments 

clearly exists.

2)血 Effect of Topcal Hiermotiier^y 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. Eve효 though it is not commonly 

used in Korea, TENS has been commercialized widely 

in foreign countries, and the effectiveness in treating 

dysmenorrhea, post-partum complications, and post­

surgery cases has been proven. A review of this 

literature regarding the safe and efficient method of 

topical heat and TENS, focusing on the relief of 

dysmenorrheal, shall now be undertaken.

Alleviating dysmenorrhea through application of 

topical heat is one of the most commonly used and 
most efficient non-drug treatment methods. Chun(2003)5 6 7 8 9\ 

examines how women deal with dysmenorrhea through 

a research project consisting 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 was effective in 
relieving pain. Kang and Cho(2001)61 conducted an 

5) E. M. Jun, "A Study on Menstrual Symptoms, Coping and Relief of Symptoms in Fem시e College Students, 
Koran J, Women Health Nurs. Vol. 9 No. 2 (2003), pp. 161-169.

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

7) Cathy R. Kessenich, ^Continuous Topical Heat was as Effective as Ibuprofen for Dysmenorrhoea,Evid Based 
Nurs. Vol. 4 No. 4 (2001), p. 113.

8) D. Ottoson and T. Lundeberg, Treatment of Pain-Cases of Treatment using TENS, (Seoul: Korea Medicine 
Publisher, 1991), pp. 96-97.

9) H. A. Schietz, ''Treatment of Dysmenorrhoea with a New TENS Device (OVA),,, J. Obstet Gynaecol. Vol. 27 
No. 7 (2007), pp. 726-728.

experiment to examine the effectiveness of heat therapy 

on relieving dysmenorrhoea with a sample of 40 high 

school female students. The sample was divided into 

two groups: an experimental 뭉roup who received a hot 

water pack on the pain area for 30 minutes, and a 

control group who rested on a bed for 30 minutes 

without any treatment. As fbr the measurement 댢f 

pain, the visual analogue scale(VAS) was used. Res미扮 

showed that 52% of students in the experimental 

group reported a decrease in pain, while。이y 30% of 

the control group reported relief. Meanwhile, Cathy R. 
Kessenich(2001)?) argues that topical heat is as effec­

tive as the pain killer ibuprofen in treating dysmeno­

rrhea.

TENS has also been effectively used for treating 

dysmenorrhoea for decades, also proven in a number 

of research papers. A physiotherapy book ''Treatment 
of pain: cases using TENS'罚 offers a number of 

research projects proving the cff&tive砒湧 of TENS 

on treating dysmenorrhea. Mannheimer 횮nd 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 experiment5s volunteers 

were randomly allocated into 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, 

70% of the participants wanted to keep using the 
method of high-frequency TENS. Hetzel et aL(1987)" 

conducted an experiment that examined the effective­

ness of TENS using a sample of 14 women with 

severe dysmenorrhea. All 14 patients reported a clear 
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decrease in abdominal and back pain. Lindeberg et 
al.(1985)10) reported the result 얂f using high-frequency 

TENS on 21 dysmenorrhea patients, among which 14 

responded pain control over 50%.

10) T. Lmdeberg and D. Ottoson, “Relief of Primary Dysmenorrhea by TENS 1,” Acta. Obstet. Gynecol, Scand, 
Vol. 64 No. 6 (1985), pp. 491-497.

11) H. A. Schiotz, Op. cit., (2007), pp. 726-728.
12) British Medical Association, American College of Physicians Complete Home Medical Guide, (London : David 

R. Goldmann, MD FACP Publishing, 2003).

Cochrane review in 2001 confirmed the effectiveness 

of high-frequency TENS on relieving dysmenorrhea, 

while reporting no promising result from low-frequency 

TENS. Treatment using TENS has the benefit of 

allowing full patient control over the amount of treat­

ment and does not depend on the use of drugs. TENS 

is r이atively inexpensive and is of low risk, and ush사ly 

uses 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 electronic current 

with-it the activity of A서elta C pain fiber. According 

to the pain gate theory, when A-delta nerve fiber is 

stimulated by ele야mnic stimulus, it can prevent the 

pain signal from entering the spinal code. Moreover, 

TENS can also accelerate the secretion of beta-endorphin, 

which is effective in pain relief, while alleviating the 

ischemic pain by 血proving blood flow in the uterus. 
Such effects are clear as long as TENS is applied10 11 12*.

As such, sufficient literature exi얀s to confirm the 

effectiveness of heat and TENS on treating dysmeno­

rrhea. This study applies these res버fs to devising a 

solution which relieves menstrual pains without depend­

ing on drugs. This n아卜medical method to treat dys­

menorrhea can be very valua야e to those who suffer 

from side effects from drug use. In sum, we have 

examined the definition of dysmenorrhea, its treatment 

methods and their effectiveness by reviewing existing 

literature. Now, we expect that we can reduce the 

discomfort of dysmenorrhea by designing a treatment 

method in a smartwear design.

2. Research Subjects and Demand Analysis

1) Research Subjects

The research subjects of this study include repro­

ductive women in their late teens to late 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 to a pain in the lower belly that occurs 

right before or during menstruation, and is most often 

observed in women in their late adolescence. About 

three-fourths of women experience dysmenorrhea, with 

one-fifth being restricted in their reg나ar daily activities 

due to severe pain. Generally, dysmenorrhea begins 

during the early teens, with pain commencing about 

24 hours before menstruation begins mid lasti효g for 

about one or t표'。days. For about 1 ~2 years after 

menarche, the pain comes during ovulation, while the 

severity of pain decreases after 25 years with further 

decrease after the age of 30 or after giving birth. This 

is due to the increased amount of uterine blood flow. 

Types of dysmenorrhea can be largely divided into 

pro錢)pathic dysmenorrhea that have no particular reason 

and secondary dysmenorrhea that is caused by a mal­

function i후 the reproductive system. In this paper, we 

focus on protopathic dysmenorrhea, regarding it as 

primary dysmenorrhea.

2) Demand Analysis

With this purpose, we coiid닶cted a demand analysis. 

The main purpose of the survey 효as to explain the 

effect of TENS and heat on dysmenorrhea relief and 

to ask the respondents about their willingness of using 

such built-in smartwear. The questionnaires were distri­

buted to a total of 436 women in their late teens and 

late twenties and collected throughout the period of 

April 15, 2008 to May 15, 2008.

According to the demand analysis results, 239(55.4%) 
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replied that their daily life activities are disturbed and 

53(12%) said that the severity is high enough to make 

them unable to engage in daily life activities(Fig, 1). 

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

〈Fig. 1> Survey result of extent of distraction by 
menstrual pain.

〈Fig* 2) Perception of pain killers.

사디g, 3> Opinions about purchasing menstrual pain 
alleviating smartwear.

remarkably from that of foreign c이intries, showing 

that Koreans are generally very pessimistic about 

medical treatment of dysmenorrhea, i.e., taking painkillers. 

This p쳖rticiH&r 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 refers to new conceptual clothin흥 that 

comes from combining a ufiinction of materials" of 

the fabric, which detects external stimulus and reacts 

to it, and a ^mechanical functionM 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. It 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 pan사 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) Compositioii and Material®

The overall composition of garment inckfdes garment, 

stimulating pad, and a device with built-in battery and 

circuit. Considering that too loose underwear cannot 

embrace the body, and too tight can woi^en dysmenonhea, 

we used polyurethane materials that have high flexi­

bility and are generally used for functional clothes. A 

stimulating pad is attached to the underwear-type 

garment playing the i•시e 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 turns on the TENS and plate-type 

heater, a controller that allows a user to choose mode, 

a battery for portable power, and an LCD screen that
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<Fig. 4> Device component map.

displays status. The components were designed with a 

focus on minimizing the size and weight of the device 

(Fig. 4).

2) Designing

According to the dem휺云d survey, research subjects 

in their teens or twenties put great weight on com­

fortable feeling and convenience rather than on design. 

We applied these concerns identified in survey res나传 

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 effectively 

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

£폰｝

<Fig. 5) Panty-type and belt-type. 

of different underwear type garment designs. Panty- 

type and belt-type designs were proposed(Fig. 5), and 

we chose the latter considering that women will wear 

it only during menstruation, and that wearing it sh이Hd 

not affect coordination with outfits. Hence, we chose 

a belt-style that is also easy to w&ar.

(2) Combination of Heat and TENS Device in a 

Garment

By minimizing the TENS and building it inside the 

garment, we reduced the size and improved conveni­

ence. More갾ver, by making the TENS in an underwear- 

type garment as a separate type, rather than insertion 

type, we made it possi비e for users to detach the heat 

and TENS device and attach them to their own clothes.

IU. Research Results and Discussions

1, Desigtiing Underwear Belt

The smartwear has the form of a belt around the 

lower belly. As for materials, polyurethane was used 

due to its flexibility. Since it is underwear, the feeling 

of wearing is one of the most important factors con­

sidered. Moreover, we designed the underwear such 

that a stimulating pad can be built 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) Composition of Stimulating Fad

The stimulating pad attached in the underwear belt 

provides heat and TENS sthmilation 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 harmlessness on the 

body(Fig. 7). In the stim비ating pad, topical heat at 

2.4W produces heat of 55 〜60 degrees, while providing 

high-frequency TENS stimulus on the pain site. The 

reason the 벼ating pad was not fully integrated

〈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 lower 

belly. For example, a person can first attach it to the 

lower back and fix it with a belt. The size of the 

stimulating pad is 130 cm in width, 70 cm in length, 

and has a thickness of 0.5cm. It includes a plate-type 

heater and carbon electrode 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 th꺄 detects switch 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 

each component has been minimized. The number of 

switches is 6 of the smd-type used in cellular phones, 

while the circuit components are also of the smd type. 

The switch has six choices of strong, weak, time, 

power, heat control, and TENS control. As for the 

battery, a rechargeable 3.7V HOOmAh lithium-ion battery 

was used. The size of the battery is 35mm in width, 

55mm in length, and has a thickness of 5.5mm. A 

circuit of small TENS device was i為ed, and the circuit 

was built based on high-frequency TENS, since it is 

the most effective in treating dysmenorrhea. The size
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gain尊 oi

<F g. 8> Inside of hcakr

〈Fig. 9> Patch-type heat stimulator.

of device is 87mm in width, 52mm in length, and has 

a thickness of 15mm, which is smaller than a c이hilar 

phone and hence easy to carry,

3) Development of TENS Device and Underwear 

Type Smartwear

The smartwear is composed of an underwear belt, 

stiimHating pad battery and a device with a built-in

<Fig. 11> Finished polished p&d니.ct.

circuit. In order to address the washing problem of smart­

wears, we made the underwear such that garment and 

device are separate, rather than integrated. Moreover, since 

it is an underwear-type, women can wear it with any 

fashion code, solving the previous problem of being 

unable to freely choose what to wear(Fig. 10, 11).

〈Fig, 10> Combining TENS and belt.
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IV ・ 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 is 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 

portability 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. Moreover, 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 in 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 concerning 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 

are 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 pr아)lem 

in washing the garment. Moreover, with its form as 

underwear, it can be worn 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 anticipate 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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