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[Original Article]

Comparative study of laughter therapy research in Japan

and other countries

Hiroichi NAGAIV

(Abstract)

(Objective] The aim of this study is to search the difference between the investigation of laughter
therapy in Japan and other countries. The literature across a number of fields related to laughter
therapy in medicine, health and health care are summarized. [Background] The laughter-health
hypothesis suggests the existence of a positive link between laughter and health. Despite laughter has
been a focus of attention in the popular media and in the medical literature, the laughter therapy is not
yet obtained stable position as a complementally and alternative medicine. Many factors, including
different laughter culture in each ethic and different research procedure may influence the
establishment of laughter therapy. The individual idea or culture from each ethnic background may
affect to the judgment of efficacy. To know the national racial difference is important to carry out the
laughter therapy. [(Method] A comprehensive laughter literature search was performed in Igaku Chuou
Zasshi Publishing database using “laughter “ as the key word for publication during the period of 1970
and 2017. Simultaneous search was conducted in PubMed database using “laughter therapy” as the key
word during the same period. In PubMed search, the literatures from Japanese institute are counted as
the research in Japan. A thorough search of the gray literature was also undertaken. The literature
including pathological laughter was excluded. [Result] The comic video and movie are mainly employed
to evoke a laugh in Japanese researches, but hospital clown is employed less than the cases in other
(Western) countries. It is interesting that the traditional Japanese comic performance, Manzai and
Rakugo is employed in some investigations. Most of them indicated beneficial effect for the patients.
Whereas main subject disease in Japanese research is cancer and dementia, other country focused on
cancer and depression. Regarding the searched ages, older generation is the major subject in Japanese

investigation but in other countries both children and aged persons are subject of research equivalently.
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For the elucidation of mechanism or physiological factor related to laugher, participation of immune
system and hormones are extensively investigated in Japan, but auto-nervous system and hormones are
main study in other countries. [Conclusion] The research of laughter therapy is conducted in many
countries including Japan. This literature research indicated a tendency of Japanese research on
laughter in medicine and laughter therapy. It is polarized to the aged population matter. This is strongly
linked to a large number of dementia research and less employment of hospital clown. The present study
indicates the necessity of expanding the research to the children and adult fields in Japan. But this
study 1s very simple and preliminary, further research is needed to elucidate the standard concept to

employ the laughter in health care and medicine.

Key words : laughter therapy, laughter, hospital clown, comparative study, Aged person

I . Introduction

Recently, laughter is interested in as a tool for health and cure of some kinds of diseases (1-8). Laughter
is a positive sensation, therefore it must make a beneficial and healthy condition in human. Many
researchers have shown its physiological, psychological, social and spiritual benefits from the
scientifically aspect in last two decades (9-12). Scientific research has shown that laughter may have
both preventive and therapeutic values. Laughter therapy is a non-pharmacological, alternative
treatment without significant adverse effects and contraindications. In addition, laughter therapy does
not require specialized preparations, such as suitable facilities and equipment, and it is easily accessible
and acceptable.

Historically Japanese laughter is related to the religious ceremony, therefore original laughter culture
was independently grown up in Japan. That is influenced to the sense of humor or the comic
performance in Japan. As for taste, Japanese people are not familiar with sarcasm, irony and black
humor. Most Japanese people like a straight and ridiculous comics. And whereas Japanese comic
entertainment is usually played by one, two or group, comic show in other countries is performed by only
one person.

Based on above Japanese original laughter culture, many Japanese investigators reported the positive
results on laughter therapy in a certain situation. Yoshino et al. and others reported the relief of pain in
rheumatoid arthritis patients after enjoying Rakugo (13-15). Hayashi et al. indicated improvement of

diabetes symptoms after laughter therapy (16-18). Nitta et al. and Kimata reported good sleep after
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therapy (19, 20). Okabe et al. and others showed an improvement of brain circulation and Kimata
indicated the beneficial effect on atopic dermatitis in many children patients (21-24). Other many
Japanese researchers reported positive results of laughter therapy in medicine and health care (25-27).
Moreover, the elucidation of the mechanism on laughter therapy is extensively investigated because of
the necessity of scientific analysis. The mechanism is investigated mainly focused on major three host
defense mechanisms including immunological, endocrine and nervous systems. Scientific evidence on the
mechanism of laughter therapy is accumulating now in all over the world, especially in Japan (28-31). In
spite of the many above extensive investigations, there is still opposite opinion on the efficacy of laughter
therapy in medicine. These seem to be strongly influenced by each ethnic culture of laughter and
different procedures of investigation. The standardization of therapeutic techniques and procedure deem
to be difficult in the present situation. This study, therefore aims to know the difference of Japanese

research on laughter therapy by analyzing the previous literatures.

0. Method

A comprehensive laughter literature search was performed in Igaku Chuou Zassi Publishing database

[13

using “laughter “ as the key word for publication during the period of 1970 and 2017. Simultaneous
search was conducted in PubMed database using “laughter therapy” as the key word for the same period.
In PubMed search, the literatures from Japanese institute are counted as the research in Japan. A
thorough search of the gray literature was also undertaken. The literature including pathological

laughter was excluded. Criteria for inclusion in the systemic review were done from published peer

reviewed article.

I. Result
A total of 1975 articles from Igaku Chuou Zassshi and 454 articles from Pub Med were identified.
Finally 356 articles from Igaku Chuou Zassshi and 251 articles from Pub Med were extracted for

systemic review. Table 1 is the summary of the number of published papers described in Igaku Chuou

Zassshi and Pub Med databases.
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Table 1 Summary of the investigations on laughter therapy

Japanese research (1975) Other countries research (454)
Methods Yoga (87 Hospital clown 27
Video/Movie (76) Video/Movie (26)
Manzai/Rakugo (21) Yoga (13)
Hospital clown (18) Manzai/Rakugo 0
Diseases Cancer (391) Depression (65)
Dementia (175) Cancer (45)
Depression (106) Pain (32)
Fear (79) Dementia (16)
Diabetes (49) Fear (8)
Pain (39) Diabetes (5)
Allergy (26) Allergy (0)
Age Aged person (312) Aged person (126)
Children (44) Children (114)
Factors Immune response (179) Auto-nervous system (32)
Hormones (70) Hormones (16)
Auto-nervous
(40) Immune response (12)
system
Serotonin (40 Serotonin (20)
Dopamine ¢)) Dopamine (5)
Endorphin (6) Endorphin (5)

Number in parenthesis indicate the number of report

Regarding the method to cause laughter, the order in frequency of use is Yoga, video/movie,

Manzai/Rakugo and hospital clown in Japanese research. In contrast, hospital clown and video/movie
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are most frequently employed in other country. The traditional Japanese comic performance, Manzai and
Rakugo is employed in some investigations in Japan. Most of them indicated evident results meaning
good influence to the health.

The order in target disease of Japanese research is cancer, dementia, depression, fear, diabetes, pain
and allergy. In other countries, depression, cancer, pain, dementia, fear and diabetes are listed.

The Japanese investigation has been done mainly on the matter of aged generation; it is eight times
more in the case of children. Contrary, the investigation of other countries have done in children and
aged persons almost equally.

To elucidate the mechanism of underlying laughter therapy, many physiological factors including
immune, endocrine and nervous systems and related biological molecules are investigated. In Japan, the
most investigated factor is immune system, following hormones and auto-nervous system. On the
contrary, others are interested in participation of nervous system including central and peripheral
systems. As effective and related pharmacological molecules on laughter, serotonin, dopamine and
endorphin are studied in all over the world. It is not yet good enough data to identify the responsible

molecules.

IV. Discussion

There is a long-established adages such as “laughter is the best medicine” and “ good fortune comes to
the door of people who laugh in Japan. Recently, many researchers are trying to elucidate the meaning
of above adages with modern scientific methods. In this study, the difference between the research in
Japan and other countries on the effectiveness of laughter in medicine or health care was studied and
reviewed.

In Japan, the effect of laughter on health or disease condition has been widely investigated. Most of
Japanese research indicates beneficial effect in the trials in nursing and medicinal field. Based on the
above studies, the present results suggest a tendency of Japanese research of laughter therapy. The most
typical tendency is that the study is done mainly in the aged population and little is in children whereas
almost the same number of investigation (aged and children) was performed in other countries. This may
lead to an increasing of the number of dementia research and less employment of hospital clown in the
therapy in Japan. As reported from World Health Organization, Japan is one of the highest overall life
expectancies in the world (32). It is reasonable for the increasing in the number of research concerning
the matter of older people. Regarding the results from the research on dementia, many Japanese

investigators reported a positive link to the laughter therapy and care of dementia patients. Takeda et al
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reported the effectiveness of laughter therapy for dementia (33). They described that dementia patients
are usually under considerable strain, at least at the beginning of their illness. Patients' families are
placed under even more stress because of the burden of care. A positive emotion, together with laughter,
may enable dementia patients to cope with their illness better, improve immune function, increase pain
tolerance, and decrease the stress response. They concluded an importance of neural efficacy of laughter
in brain.

With respect to the difference in the experimental procedure, comic video or movie are popular in all
over the world. As for hospital clown, a difference is indicated in Japanese and other countries
researchers. There are many active associations of hospital clown and they mainly play a role in children
health care or diseases (34-36). This is basic reason about little number of Japanese literatures on
hospital clown because Japanese research is mainly conducted in the aged person. The effectiveness for
laughter therapy by hospital clown is evident. Randomized controlled trials among children showed pain
relief and anxiety reduction in both children and parents before or during the intervention of a hospital
clown. Previous studies show that hospital clowns are appreciated by patients, parents and hospital staff.
However the hospital clown is not so popular in Japan, it is necessary to make advertisement to get an
understanding about the participation of hospital clown in the therapy of certain kind of diseases. In
addition, an efficient collaboration and understanding for hospital clown among the medical stuff are
necessary.

The mechanism of the efficacy of laughter in health or disease condition is interesting theme. Since
laughter makes an improvement in both health and disease, the research is mainly focused on major
host defense mechanism including immune, nerve and endocrine systems. The relationship between the
laughter and immune system is the most investigated and successful theme of Japanese researches.
Itami, Takahashi, Nishida et al and Tanaka et al recognized the elevation of natural killer (NK) activity
after laughing (37-40). The positive link between laughter and immune system is obvious evidence.
Besides immune system, the participation of hormone and auto-nervous system were also investigated
(41-43). Decrease in cortisol and other stress related hormones is reported. Some investigation in
Western countries showed the participation of auto-nervous system after laughing. The contribution of
the nervous system including central and peripheral nervous system is extensively studied in Western
countries (44-46). The participation of nervous system on laughter therapy seems to be obvious; the
investigation in this field is expecting.

Regarding the neuro-transmitter, many researchers have pointed out the importance of serotonin,

epinephrine, dopamine and endorphin in laughter behavior and efficacy to health (47-53). This theme is
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important and interesting, many evidences are accumulating now. This theme is going to discuss in
another study.

In conclusion, the research of laughter therapy is conducted in many countries including Japan. This
literature study indicates a tendency of Japanese research on laughter therapy. The Japanese research
is polarized to the aged population matter. This is strongly linked to an increase in large number of
dementia research and less employment of hospital clown. It is necessary to expand the research to the
children and adult fields in Japan. But this is very simple preliminary study; further research is needeed
to elucidate the standard concept to employ the laughter in health care or medicine. The increases in the

trial and scientific research are expected for improvement of the laughter therapy in all over the world.
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EASihe, B4 TEASV—EEH, 7707 AV DO A N O FEEFEFEOW 1245 T, 2010
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2. MAEHEHE

BHWNAL LT, ERERICOVTE, FIZEZEOBEDOELS THEL v 7V o FORIEEIT > TWDHE
FAERALT, Bl v 7 v PR O BB & L7z, KA LSROF A o 7 VO REY AR DA
&, A T RIS OEREB ORI & 2 OB, BEBEOZZET, TRTNORROG ML=
Rz, HA 7N o YSRHEDEREEOIFRAF LRI OWTIE, S, RAROHR A Tz
WCOWTOBFRERUE L2 L SNDEA AT 4 TICoOWTENRT. £ LTHMA 7 v o Wi o ks
BIDOERRICBIE S 5 L b D Fl-oMl, B A IE, EEE, EREE L Vo EARREOMIC, AATO
TEEAES, RE N, sEIRIL, REEOHERTAEIL(2009 42), HARDARIREERROMA, K HLSROZZRER,
Z L CHARERRY), SBEHT 25 v ismnlk.

3. M5k

FHBENICH 5% U A MR AARGEAR, HEEHE RO A N FMETHEM A 416 i L, 385
OB Z 7= (B 92.5%). ORI RIE, HiflA v 7 Vo U WRIEO BRI W T, BIEHEAAND
NRGeARZZ ), THRA TV PR IR D RSB OYRIR ), THA 7 v o Bt s o S B oD 78 )
IZOWTEE L7z 311 4 & Lo (FAEIE R 74.8%).
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WIS W CTERMZER LT,

HEDE 2D DHA TN PR OERBEBE A PR L I2RECLR, B LR S 2o 1o OERRR
T BERE L, BIEERAND TFRA TN PAOBYARLE ), [HRA 7 v 5 o R ek
BIOFRA ], TR OXISEREEBOZZ ), EMATFE), £ L CERITENICRE T2 L BbnsR1L L
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M. #FoeRsE
bt gE ORI OV TER 1)

SRRt ORI, BYEA 141 £(45.3%), D 170 4(54.7%) Th o7z, FEAEENT 40.0 =114
T, 40-49 MOEIA PR B E < (30.2%), KT 30-39 #(20.7%) TH > 7o, EHEEITUL—13 82.0%% 5
7o, KEMDOHEHEN 66.6% Th-o7-. ARTOTELEFLIT 5-10 FRM K b &< (32.2%), ErRE(E
FHIR93.9%% Tz, BITHE D 73.3%, AADNHIRERRBRINAZE 1L 76.5% T -7z, 2009 FDHAFAEILIC
DUNTIE, 100 AR 29.6% & b <, VT 200-300 J7 P A (20.6%) T o 7z

2. FRIA LI NT USRS DEREBI DR L F A 7 L P OB RZE, R, TR, EERAT

Y 2)

PRERREIE 80 AN(25.7%). FEHRIREEIE 231 N(74.3%) Th > 7=.

RERBECIE, AARTHAA V7V PTG Lz b Ll E R ERER L7-EIA A 80.0% T, FEHE
TRED 58.4% & T < (P=0.001), F2HM A v 7 b= o Whis o EFRERB OB+ 254 LIRR T
66.3% T, FEBRFHED 15.2%IZ L TEWN 2 EAVR S 72(P<0.001). #B& LTV 5 & [HE LIzFHDRHTHE
BRI RSB U7 I TR R T 54.7%, FEHRFRREI 2.9% T H - 72(P<0.001).

A TN YISO ERERIC OV TORFRAFIERICONTIE, BRI AT T ERaI0mb
> TAFLIZEIE D 50.9% L IERFHED 28.6% LI~ TEMoTo. HFRAFLE LTOSHENAT 47
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RO n=305 (136:169)
Bk 41.6
ik 38.7
EoEEN 40.0
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o e 7(C 2.3 )
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£ & ¥
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HLTE O £ #hisk < o 76 43 11 [
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2 14E o HEHE AR I
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40075 1 A i 12 ( 3.9 )
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HH L 2 ( 5.6 ) 1( 53) 3( 5.5 )0.964
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Sk - X 10 (30.3 ) 9 (47.4 ) 19 (36.5 )0.218
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HBoBRE - BH 1¢C30) 0¢( 0.0) 1( 1.9 ) -
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RESARMER % v 7 2(61 ) 0(00) 2( 38)
Z D1 0( 0.0 ) 1( 53) 1( 19 ) -
-GV A 0 (0.0 0 (0.0 0 (0.0 ) -

) HEOELIZOHIHEA VIV PRISOEFRKBEZRBML TCWA LEELEZEENRE L,

2) E£WL< CHDHFBA TN RSO EFREEICET AT EOSEN AT 4 T ORIBENEEZ GEEREHIN) OFEZBRVTREZIT- 1]
3) BEOELIHAIFHUAS 7L /*fxm DEREHEOERAFLEODIIILT 4 v v X —DEMHMEEBREZ AWV,

¥ RAPAEEEDOH 572 H O (P0. 05) IZid*% L7z,

3. HA TN Y STNEDEREBE OYRR & AR M, EEFES, AHREL, BAGEGES, EBREHT S
S 3)
RREET, AARTOEFEFIIZONT 15 FLLEN 50.0%% HHTHY, FFRBRETIL 28.6%Th o7z
(P<0.001). B+ - IRE OFEITHRIET 68.8%, LKL 55.8% Th - 7-(P=0.043). HARDARIRERHER
BROMARILITIEREET 87.5%, FEHEHREET 72.7% Th - 7-(P=0.024). HAEZFTHECENT, XL
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TE2) TEbEHTED LEZLEE

AARGEOH BB OVWTIE, BEER
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72(P=0.015). ¥7= H RGEDFiTrhE
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{TED TEbEHTED]ERT
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BRI BT RBREN
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<, = TAXA UFEE BAGEOW

A EE
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OREIZOWTIE, AEREIT R
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TR EE7ER: (n=311) PR
n=80 n=231
n (%) n" (%) n" (%)
P
Bk 35 ( 43.8 ) 106 ( 45.9 ) 141 ( 45.3 ) 0.741
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1R B
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2 - BV ICEED Y 5( 6.3 ) 4( 1.8 ) 9( 3.0 )
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SR A 3( 3.8 ) 42 ( 18.2 ) 45 ( 14.5 ) <0.001%
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o i
e ftfEH v 58 ( 4) 170 ( 74.9) 228 ( 74.8) 0.518
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50075 LA 1( 1.3) 3( 1.5) 4( 1.4 )
GBI 6( 7.8 ) 42 ( 20.3 ) 48 ( 16.8 )
H A 0> 23 4 B R R D A
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@ FLalTERD 15 (19.2 ) 83 (37.9 ) 98 ( 330 )
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1) EEEESH X VBRA Lo R D

2)  BEVEOHFERIT OV T, f{IF?ﬁ(ﬁ*l*fF*(%@%‘%F‘?b‘T;Hj L7,
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Quantitative analysis of information-seeking behavior regarding medical
institutions for AHIN1)pdmO09 influenza treatment among
Spanish-speaking Latin Americans in Aichi and neighboring prefectures,

Japan
Michiko TAKAKUY, Seiichi ICHIKAWAY, Miyako NODA?, Noriyo KANEKO?

Objectives: This study aimed to explore the factors associated with information-seeking behavior
regarding medical institutions that provide treatment for A(HIN1)pdmO9 influenza among
Spanish-speaking Latin Americans in Aichi Prefecture and neighboring prefectures, Japan. Methods: We
targeted Spanish-speaking Latin Americans who have lived in Japan for 3 months or more, to conduct a
questionnaire survey in Spanish. Among 311 respondents (response rate: 74.8%), experience with
seeking medical institutions that provide treatment for AHIN1)pdmO09 near their residence was set as
the dependent variable, to examine relationships between information-seeking behavior and anxiety
about infection, recognizing and attending the medical institution, respondents’ living situation in Japan,
and their Japanese skills. Results: Information-seeking behavior regarding medical institutions was
associated with experiencing anxiety about infection, recognizing and attending the medical institution,
length of residency in Japan, living with children, public health insurance, and Japanese language skills.
Conclusion: Respondents who sought medical institutions had no difficulty with communicating in
Japanese. However, others who did not seek such facilities were regarded as having difficulties with
communicating in Japanese and receiving medical information and services for an emerging infectious
disease such as A(HIN1)pdmO9 influenza. Finding an effective way to disseminate important

health-related information is a fundamental issue for foreign residents in Japan.

Key words: Spanish-speaking Latin Americans, Information-seeking behavior, A(H1N1)pdmO09 infection
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(EE)

[Br] AW, RlEICZWVEE L DAITRERICR bR D, BEENEEO DI & & F 2 8FICT
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[Original Article]

The differences in skin surface temperature and (SLR) straight-leg raising

in the microwave therapy, ultrasound therapy.

Masasi Ikeda?, Akira Kokubo?, Takasi Iwashima?, Makoto Kojima®

(Abstract)

We examined the difference of the therapeutic effect of ultrasound therapy and microwave therapy used
in the clinical. We focused on the differences in the changes straight leg raising angle (hereinafter, SLR)
and of changes in the skin surface temperature in the treatment method of the two. Ultrasound therapy
and microwave therapy was confirmed expansion of SLR angle (about 10° ). We confirmed the rise
(about 8°C) skin surface temperature by microwave therapy. On the contrary, we confirmed the decrease

in skin surface temperature by ultrasound therapy (about 3°C).

Key words: microwave therapy, ultrasound therapy, SLR, skin surface temperature, depth of invasion

I . Introduction

Microwave therapy is a therapy that uses electromagnetic waves. Microwave irradiated (2450MHz) is
likely heated organization that contains a lot of water. Therefore, blood vessels and muscle is easy to
obtain the thermal effect than fat tissue. Ultrasound therapy is a therapy that uses ultrasound waves.
The ultrasound vibration to speed particles of irradiated material. Friction and collision between
particles is allowed to warm deep soft tissue. Therefore, depth of invasion of the energy is high, and
extensibility of the deep muscle to increase?. Ultrasound therapy and Microwave therapy is classified as
diathermy. This diathermy is used the energy conversion heat. Therefore, it is warmed in the center
muscle tissue having a high absorption of energy. Law Grotthouss-Drapper have only the energy
absorbed to cause reaction?. Action of the thermal energy conversion increases the angle of SLR
increases the extensibility of Hamstring muscle. This energy is converted to raise the temperature of the

tissue?d.
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Department of Rehabiritation, Gifu Junior college of Health Science
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II. Purpose

This study was to investigate the differences of the changes on the skin temperature and SLR angle of

ultrasound therapy and microwave therapy to be used as a diathermy.

II. Object

We studied (20 + 3 average age) 40 healthy subjects without disabilities and lumbar pain, Co-knee joint.
The right leg was regardless and feet (Table 1) and handed. The subjects to obtain consent and explain
the purpose of the research.

Table 1  Therapy by number of subjects

Therapist number Number of people
Microwave therapy 20
Ultrasound therapy 20

IV. Method

1. Measurement equipment, used equipment

(1) University of Tokyo type goniometer (Sakai Medical)
(2) Non-contact infrared surface thermometer

(3) Stop Watch (Casio, d113600h)

(4) Microwave therapy equipment(Sakai Medical, PW-7S)
(5) Ultrasound therapy equipment (Sakai Medical, SUS-3)
2. Implementation procedures

Treatment group of microwave therapy:

Pre-intervention, we went the body surface temperature measurement of the thigh and back SLR angle
measurement. We were placed in intervals of one to fist vertical from the back of the thigh director of
microwave therapy equipment in the prone position It was placed in the interval of one to fist vertical
from the back of the thigh director of microwave therapy equipment in the prone position. The
irradiation intensity was the strength that you feel comfortable with the subject. We were the muscle
belly of Hamstring muscle the irradiation area. We were 10 minutes between the irradiation time.
Subjects were holding the rest in a prone position. After the intervention, we went the SLR angle
measurement and body surface temperature of the femoral surface again.

Treatment group of ultrasound therapy:

Pre-intervention, we went the skin surface temperature measurement of the thigh and back SLR angle
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measurement. We carried in a prone position out ultrasound therapy to move a transducer. The
transducer moved muscle belly of Hamstring muscle. The frequency of the apparatus did 1MHz to arrive
to the internal deep part. The strength of the apparatus assumed it 1W/cm2 to provide warm
temperature. The irradiation time was ten minutes. The irradiated area assumed it less than tow times
of the area of transduce. We went surface of a body thermometry and the SLR goniometry of the thigh
back after treatment again.
3. Measurement procedure

In this study, the basic axis was parallel to the treatment level bed that We measured. And We
measured the change of the SLR angle exactly. We measured by height same as the head of femur of the
test person who had face up position. We did the movement axis from the greater trochanter of the
thighbone with a lateral epicondyle interval. We measured an angle since the protective shrinkage
happened by an extension ache of Hamstring muscle or until it was painful. We prevented movement to
decline after a pelvis by two people of measurement. Person of measurement A fixed the
non-measurement side of the subject. Person of measurement B measured SLR angle using a point of
view meter. The skin surface temperature used infrared rays-type surface thermometer. We measured

the thigh back. (figure 1)

Figure 1 SLR angle measurement

4. Assay method
We used Mann-Whitney U test to find significant difference before and after the treatment. In addition,
used Willcoxon signed-rank test find the significant difference of the treatment group. It was said that

5% of levels of significance were less than it.
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V. Result

In a change of the skin surface temperature, as for the microwave therapy, skin surface temperature
after the intervention significantly increased. The microwave therapy rose 8 degrees Celsius on the
average. However, the ultrasound therapy significantly decreased. The ultrasound therapy decreased
approximately 3 degrees Celsius on the average. (figure 2, figure 3)

SLR angle after the treatment significantly extended the angle change smell of SLR, both therapies.
Both therapies extended approximately 10 degrees on the average. (figure 4, figure 5)

Between both therapies, the change of the SLR angle did not have the meaningful difference. However,
in the change of the skin surface temperature, a meaningful difference was seen between microwave
therapy, ultrasound therapy. The microwave therapy was high in skin surface temperature, and the

ultrasound therapy was low. (figure 6, figure 7)
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VI. Discussion

1. Than a change of the skin surface temperature

As for the change of the skin surface temperature before and after the treatment, as for the microwave
therapy, skin surface temperature significantly increased. However, skin surface temperature
significantly decreased the ultrasound therapy. The energy of the microwave does not arrive to a body in
comparison with a ultrasound wave to the deep part. Therefore an organization nearly the skin takes in
energy, and it is thought that I raised skin surface temperature. Adipose tissue and the muscle have low
absorption of the energy. Therefore the heating with the ultrasound is difficult¥. Furthermore, the
ultrasound wave reflects it in the border of the different material and is absorbed. Therefore the
ultrasound wave warms a certain deep part muscle near a bone.

Microwave therapy is a therapy using an electromagnetic wave. The microwave therapy (2,450MHz) is
easy to heat in the water-rich an organization. Therefore it is easy to warm the line and blood vessel with
much water. The adipose tissue is said to have difficulty in warming. However, Matsuzawa?® stated that

the microwave warmed both adipose tissue and muscle.

adipose muscle bone muscle adipose
i A i LA
Microwave therap 0 SN \
A i N/
ultrasound therapy ! % s
> ,,
A P 2.

Figure 8 Invasion depth of microwave, ultrasound

Figure8 Invation depth of microwave, ultrasound 2006 and partial revision by Caneron®
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2. Than the change of SLR angle

In the treatment before and after changes in the SLR angle, microwave therapy, ultrasound therapy
also increased significantly. Both therapy is deep hyperthermia. Therefore, we think that it has
expanded its SLR by exerting a thermal effect on the Hamstring muscle. Water is a dipolar molecule
ends as divided into a positive electrode and a negative electrode. Muscle contains more water. Energy of
the electromagnetic wave of microwave is easily absorbed by the muscle. Then, it is converted into
thermal energy by the rotation and vibration of the water molecules inside the muscular energy of the
electromagnetic wave is absorbed. Adipose is a nonpolar molecule that is not divided at both ends to the
positive electrode and the negative electrode. However, the electromagnetic energy of the microwave is
converted into heat by the movement of electrons in Adipose ©. From this, microwave Cole is the energy
is changed to heat in the surface layer of the muscle relatively. Thermal energy is converted gradually it
propagates, ultrasound, decays is absorbed by the surrounding tissue?. Ultrasonic vibrates at high speed
particles of the substance within the irradiation. Therefore, heat is generated by the collision and friction
between the particles of this material®. Ultrasound is difficult to heat the muscle tissue high moisture
content and adipose tissue?. Ultrasound is warmed most at the boundary surface of the bone and soft
tissue reflection is large. Therefore, ultrasound is considered to change into heat energy in the muscle of
the deep than microwave.
3. Differences in ultrasound therapy and microwave therapy

There was no difference in ultrasound therapy and microwave therapy change of SLR angle. Both
therapy is performed absorption of energy in the Hamstring muscle. Both therapy is performed
absorption of energy in the Hamstring muscle. Both therapy is performed absorption of energy in the
Hamstring muscle. So think both therapy and affected the expansion of the SLR. However, there is a
difference in the depth of invasion of ultrasound therapy and microwave therapy on the skin surface
temperature. Rise in skin surface temperature occurs in the microwave therapy low of depth of invasion.
Also, We can be considered a decrease in skin surface temperature has occurred in the ultrasound

therapy high of depth of invasion.

VI. Conclusion

Expansion effect of SLR angle was observed microwave therapy and ultrasound therapy. I thought
energy conversion has been performed in Hamstring muscle this effect. Skin surface temperature rises
to microwave treatment. However, the skin surface temperature was decreased to ultrasound therapy. I

thought these differences, and appeared from differences of depth of invasion of both therapy.
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Production of Smartphone-assistive Devices and Operability
Considerations

Kojima Makoto, RPT, MAV, Takayama Ryouta?, Masashi Ikeda, RPT, MS?
Wakaya Fujii, ROT, MAD, Akira Kokubo, RPT, MSV

(Abstract)

As a communication tool, smartphones are becoming more popular than so-called “feature phones.”
Smartphones have spread widely over the past few years. In the future, this trend will increase
opportunities for people with disabilities and the elderly who use smartphone devices. However, the
operability of smartphones, in terms of the degree of difficulty required to use them, is high compared
with feature phones. There is reason to think that the likelihood of this group using smartphones is low.
Thus, by creating welfare equipment, this paper proposes a means for improving the operability of
touch-panels. In this study, we examined operability and whether improvements are possible for
smartphones mounted with welfare equipment that can be operated with a single hand. This study
involved 20 participants(11 males and 9 females, with a mean age of 21+ 1.6 years). In the study, we
asked participants to "Touch the Numbers" and we compared those who were not equipped with assistive
devices to those who used the welfare equipment. The results show that there was a significant
difference in the operability of a smartphone when welfare equipment was installed. Therefore, by using

assistive devices, smartphones can become a communication tool for the elderly and disabled.
Key words: Smartphone, Operation, Assistive technology

I . Introduction

Around us, mobile-phone communication tools are becoming more popular. Mobile phones have

transitioned from feature phones to the more powerful smartphone that is generally popular today.
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The “smartphone” refers to a particular type of mobile phone. Smartphones typically include a liquid
crystal display and a touch-panel, transforming a multi-function mobile phone into a main user-interface
deviceV.

The first smartphones were released in Japan in 2005 by Vodafone, a Japanese corporation (currently
Softbank Mobile), and in 2005 by NTT DoCoMo. At this time in Japan, a full-fledged smartphone began
showing signs of spreading. Currently, research on welfare equipment for smartphones is non-existent.

In a study conducted in October 2012, 39.8% of respondents reported using smartphones 2. This result
indicated an increase of nearly 10% (from 29.9%) from the previous survey (Figures 1 and 2) 2. In April
2014, the Cabinet Office released the results of their "Consumption Survey," reporting that the so-called
“household-penetration rate” for smartphones at the end of March had reached 54.7%. In the survey of
8,400 households, the household-penetration rate for mobile phones was 93.2%. Feature phones were
found in 73.7% of households, meaning that they were almost 20% more common than smartphones. In
addition, there were 229.7 conventional mobile-phone units per 100 households. That is, an average
household had two or more mobile phones. By contrast, there were 101.5 smartphone units per 100
households. In this survey, two or more people represent a “household.” However, some household
facilities (e.g., school dormitories, hospitals, residents in nursing homes) were excluded, despite
accounting for approximately 2% of the population.

To use smartphones, the feature-functional position of the wrist joint is important. This is related to the
flexor group of the finger. Specifically, this functional position requires a hand-wrist extension
(dorsiflexion) of 30° and ulnar flexion (adduction) of 0° 9. The function of the forearm is also essential.
The wrist joint is used to position the finger, having the role of placing it in the optimal position. The
wrist joint has two degrees of freedom. Pronation and supination of the forearm refers to the rotation
movement around its long axis. Pronation and supination grants a third degree of freedom to the wrist.
Therefore, the finger can also be directed to the whole angle 4. Further, the palm’s three raised layers
perform most of the cooperative movement with the movement of the finger. When grasping something
with the palm, grooves in the hand ensure so that it can firmly stabilized ©.

There are a variety of ways that smartphones can be held. However, this study is limited to single-hand
operations. Thus, the operation of the smartphone is done with the first digit of the hand (i.e., the
thumb).

The thumb is attached directly to the carpal at an angle of 30° relative to the palm. The thumb is

capable of rotation in a movable range of approximately 90°. Because of the carpometacarpal joint in the
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first digit, it is possible to bend and extend it, permitting abduction and adduction of the thumb. This
mobility is in conjunction with the palm, allowing the thumb can adopt several different limb positions.
Its flexion and extension does not result in much movement to the metacarpophalangeal joint and
interphalangeal joint. The carpometacarpal joint is located in the proximal portion of the first digit of the
hand. Moreover, contact is possible in the first digit of the hand and the other digits, insofar as the finger
pad is in face-to-face contact with the finger pads of the other fingers (the so-called conflict position) 47.
This is useful for operating smartphones in the conflict position during one-handed operation.

The popularity of smartphones is expected to continue in the future. As a result, there will be increased
opportunities for smartphone use by the elderly and disabled. For users with disabilities, its operability
is highly difficult compared with conventional push-type feature phones ®. It is highly likely that such
groups will resist using the more advanced functions in smartphones. In an effort to provide the elderly
and disabled with access to the latest technology, this study is aimed at improving the operability of

touch-panels, by creating welfare equipment.
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Figure 1. Transition of the smartphone capacity factor (Nikkei BP Consulting) from mobile

phones to smartphones for personal use (2013 Survey, Citation)
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Figure 2. User intentions to start using a smartphone-
(Nikkei BP Consulting) (2013 Survey, Citation).

IT. Objective

Smartphones are sweeping the market in recent years. However, persons with disabilities and the
elderly often avoid smartphones, owing to the difficulty in operating them. In providing assistive devices,
we aimed at reducing erroneous operations and the expansion of the touch-panel’s operational range.

Finally, the effect of the proposal was verified.

M. Method

This study consisted of 20 participants from the Gifu Junior College of Health Science (11 males and 9
females) with a mean age of 21+1.6 years. Consent of the present study was obtained from the
participants, and feature-phone users were exempted from the study.
(DRequired time : approximately 10 minutes
@Experimental equipment : Smartphone: iPhone 4, Apple Inc.

Assistive devices (self-made): A touch-panel designed to react to the reception of a weak electrical signal.
For operating the touch-panel, we added a touch-pen to the tip of the finger sack. A ready-made finger

sack was used (large-sized). The participants were fitted with the finger sacks and an angle of 110° in the
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sagittal plane, 45 ° in the frontal plane, and 0.5 cm distance to the tip (Figures 3 and 4).
iPhone 4 specifications: i0S 7.1.2; 3.5-inch display; different keyboard sizes (cm): 0.8 X 1.0 ( Figure 5), 0.6
x 1.0 (Figure 6), and 0.5 x 0.7 (Figure 7).

Figure 3. Self-made assistive devices

Figure 4. Self-made assistive

devices fitted to a participant
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Figure 5. Portrait-mode keyboard Figure 6. Landscape-mode keyboard
(Japanese version) (Japanese version)
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Experimental protocol: Figure 8

We compared the operability of smartphones supplied with the assistive device to those that were not.
The experiment was carried out twice using the large-view classic version “Touch the Numbers," a
brain-training app developed by Tekunodo (Figure 9). Numbers 1-25 are placed randomly on the screen,
and the application involves selecting the numbers in order.

The following are the conditions for the experiment for each subject (Figures 9 and 10).

* Resting
+ The bottom of smartphone was held with the inside of the little finger’ s MP joint flexion.

- 10 minutes of time to practice operating the device while wearing the assistive device.

+ Writing practice statements with a focus on the Japanese "a line," "sa line," "ma line," and "ra."

1. Implementing Touch the Numbers (not using welfare equipment)
Two times

2. Practice writing by tapping the screen (using the welfare equipment)
10 minutes

3. Implementing Touch the Numbers (using the welfare equipment)

Two times

Figure 8. Protocol

m tekunodo.

= 12 14.462

Figure 9. Using Touch the Numbers (left); Figure 10. Holding the smartphone

display screen for Touch the Numbers (using the welfare equipment)
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IV. Results

The required time to use Touch the Numbers was measured, and the data was divided into two groups:
the time required to use the app without using the welfare equipment and the time required with the
assistive devices installed. The average turnaround time without using the welfare equipment was

22.73s, with a median time of 23.71s. With the welfare equipment, on the other hand, the average

turnaround time was 21.15s, with a median time of 21.31s (Table 1).

Table 1. Required time for Touch the Numbers

No welfare equipment Welfare equipment
Average turnaround time (s) 22.73 21.15
Median time (s) 23.71 21.31

n=20

The number of subjects "n" is small, at 20. Consequently, we explored the difference between the two
groups by applying a Wilcoxon t-test. The results show that the hazard ratio was P = 0.00022 (two-tailed).
Therefore, there is a significant difference in terms of operability when the welfare equipment is
installed (Figure 11). The median operability was 21.31s with the equipment, and 23.71s without it
(Table 1 and Figure 11). Thus, the time required to operate the touch-panel with one hand was reduced

by 2.4s when the welfare equipment was mounted.

percentile (9075 50 25 10)
30
I |
25 1 1
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I |
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10
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Figure 11. Experimental results before and after the welfare equipment is installed
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V. Discussion

The results of this study suggest that when smartphones are operated with one hand, the accuracy of
the contact point on the touch-panel and the operational area of the thumb affect the operability. I
describe the rationale for this conclusion in what follows.

The use of assistive devices to have been effective to the operation at the top of the touch panel
display.In addition, the practice time afforded to participants before the experiment was a likely factor to
the improved operability.

In the current study, a reduction in mistaken selections (i.e., erroneous operations) is the first reason to
adopt the pen-tip from a touch-pen. Because smartphone keyboards are small, erroneous operations are
common when entering characters on the keyboard. The touch-pen, however, is more accurate in tapping
buttons on the small keyboard. The touch-pen also helps users viewing websites in a browser, such as
Safari, without the keyboard. Users often accidentally tap a link on the screen, sending them to an
unintended location. In such cases, using the touch-pen reduces erroneous operations when pressing the
zoom, because zooming is a two-handed operation. In addition to this, the touch-pen is useful for buttons
in intensive applications and applications that require precise operations.

The second reason to adopt the touch-pen is to facilitate polite handwriting. Unlike the numeric keypad
on a feature phone, the touch-panel on smartphones can be used to type more than simple characters.
Letters and pictures can be handwritten (in Handwriting Mode), and this operation is touch-panel
exclusive. Handwriting is difficult when using a finger. Users tend to prefer a touch-pen, which can be
operated quickly and accurately.

The effectiveness of the touch-pen is best exhibited in applications with a handwriting-recognition
feature. Photo-processing applications can be performed easily with the pen®. The results of this study
suggest that the proposed device affords the elderly and disabled with the efficacious use of such
applications. When a smartphone is held in one hand, users must change their grip on the phone to
perform tapping operations at the top of the screen. However, there is no need for users to change their
grip when they are fitted with the assistive device proposed in this paper. Thus, in this respect, the
proposed device is useful for all users regardless of age or disability.

However, the finger sacks used in the experiment were ready-made and standard. As a result, they may
not fit all subjects well. If the subjects are measured beforehand, we can expect more accurate data.
Moreover, the experimental results are based on a study carried out on students, none of whom were
disabled or elderly. Nevertheless, the operational time was significantly reduced when they were fitted

with the welfare equipment. Thus, we believe that the elderly and disabled can easily transition from
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feature phones to smartphones, provided that they have access to such assistive devices.

VI. Conclusion

In transitioning from feature phones to smartphones, the elderly are likely to experience difficulty
adapting to the complex operations required by such technology. Though it is difficult for anyone to
operate smartphones, it is especially difficult for the elderly and disabled. The results of our experiment
clearly shows that improved operability is possible by installing assistive devices. The proposed device is
intended to assist persons with disabilities and the elderly in using smartphones. Touch-pens are
commercially available, but they require an advanced grip in order to use them. The proposed assistive
device is novel. In the future, the universal design and improvement of such tools to improve the
operability of the smartphone can be analyzed based on the results of this study, because it is desirable to

mitigate the technological stresses experienced by the elderly and the disabled.
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