i 5 AR

ISSN 2433-5932

i 22

fo B2

Bulletin of Gifu Junior College of Health Science

95
2018

5 BB PR AR H R 7

T 500-8281

I B3 VIR B A SR 2 T H 92 &Kt
TEL 058-274-5001

FAX 058-274-5260



B K
1. Recent advance in the development of receptor antagonist as a remedy

for allergic diseases in Japan
Miki Kawada and Hiroichi Nagai

2. FAERO B ERLRETHE TR T DS
— E BT & 2R RGO AT TR 36 1T D G fa i —
NS5

3. E& - W N2 O ONIEIR 5| 70 ERZEREOXIGIZ I 1T % EREFA
— TN 2 B AR A U T B R R AR -
INATR SR

4. EE TN IR SR 29 LR 30 AT v — RS R O el —
ML, DNARSE, &R, TIEETE, 2R, BH—A, /NEk

5. HERHRYEET A V— B RITHIT B R EREE LRSI 2 BPEE+
E L TOERENIDWNTOEL - ffkFEE & OBEEICEH LT -
FRIE BE

6. Normal Glenohumeal Flexion and Abduction for Physical Examination

Kazuhisa Matsui, Masashi Ikeda, Takashi Iwashima

7. Averification of motion artifact using cine MR imaging

Kazuhisa Matsui

8. Kinematic analysis of functional shoulder motion in healthy adults

Kazuhisa Matsui

9. —1NIJE BEE i th £ B2 D3 BORHA T I R 5 1012 - 2 % 5
i P

10. ZBHIERIARRE B (OSCENT 31T 2 Wy BRFR VAT D RAE & 5 PN RHE O Lk
— OSCE Z B IC AN W BRIE 2B ~ Dt —
RS, A —K, INARSE, Ja R FE, RREECRE, /INERE, /N Sak



11.

12.

13.

14.

15.

16.

ADL (2B 285 TEIEZRITI & FEEY R OBIRIZEID 5 Tkt
~ R B T D B T I TER ORI ~
/J\'% =7/ P P PP PP P 96

2 ODEI LM A X FBINFEIZBIT D 2 AT v TED R
—ENFEHE FE (KEFHS) OhE—
/J\'% g& ............... 104

M3 S i 2 MRS 3 0 2 BB 720 B ESE O 20 & DB RO - AZTEAERE O B
~ZBEW] D SIHO TR T T~
E%,\Ej:l: *ﬁ{/{_’]‘ ............... 111

S DRI 1 B K - BB & RS DO REIE % R
B, ST, RS, BEERED, BEREES e 118

B R & FHIE OEALBIBSEME IOV ~BIA 5 & US &2 AW 7= T~
INHL ZERE, T EEARER e 126

IR B B2 35 1T 2 SR U DRSS
BRICFES, RFHEH, ST, BEEL, IR

o
i

CEEmE 137

p={{}



57 B PRI FEH RSk 2 Vol.9, 2018

[Review]

Recent advance in the development of receptor antagonist

as a remedy for allergic diseases in Japan

Miki Kawada MD, Ms.D? and Hiroichi Nagai Ph.DV

(Abstract)

Recent advance in the development of receptor antagonists as a remedy for allergic diseases in Japan
is summarized. Current therapy for allergic diseases is highly effective, safe and economically
advantageous. However, some severe or drug resistant patients are still suffering from diseases. Many
researchers paid great effort to make a new drug for the treatment of above patients, however fruitful
results are not yet obtained. This review therefore focused on recent development of new anti-allergic
drugs especially receptor antagonist in Japan.

As for anti-histamines, three new second generation H1 receptor antagonists (bilastine, desloratadine
and rupatadine) are proved to use in clinic in Japan in 2016 and 2017. In addition, an interesting new
approach employing patch with anti-histamine is going on in Phase III clinical study. Transdermal patch
containing emedastine difumarate (novel second generation anti-histamine), HP-3060, is under clinical
investigation as a remedy for allergic rhinitis.

Concerning cysteinyl leukotriene (cys LT) receptor antagonist, dual cys LT1 and LT2 receptors
antagonist, gemilukast (ONO-6950), is tried to evaluate the value as an anti-allergic agent in Japan. The
therapeutic effectiveness on allergic asthma is insufficient; therefore the development is unfortunately
pending.

Recent researches indicate the importance of prostaglandin D2 (PGD2) as a lipid pro-inflammatory
allergic mediator. Several PGD2 receptor antagonists are extensively investigated. Since PGD2 receptor
is classified into two groups, DP1 and DP2 (CRTh2) receptor, the effect of each receptor antagonist on
allergic diseases is investigated in all over the world. In Japan, asapirast and ONO-4053 have been
investigated as a DP1 antagonist aiming to anti-allergic agent, but sufficient results to get the licensing

are not yet reported. As for CRTh2 receptor antagonist, many candidate compounds are reported and in-
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vestigated. However, there is scarcely opportunity to know better information about the effectiveness of

new CRTh2 antagonist more than ramatoroban in Japan.

Keywords: allergic disease, receptor antagonist, anti-histamine, anti-leukotrien, anti-prostaglandin D2

receptor antagonist, DP1 receptor antagonist, CRTh2 receptor antagonist

Introduction

Current therapy for allergic diseases is highly effective, safe and economically advantageous (1-5). Most
advance is recognized in the therapy for bronchial asthma by the treatment with combined inhalation of
corticosteroid and beta-adrenergic agents. The other advantage is the immunotherapy employing
sublingual application of allergen for Japanese cider pollinosis. However, for many patients, disease
condition is not yet good enough controlled. The major unmet needs are the treatment for severe or drug
resistant patients. Many researchers paid a great deal of effort to discovery a new drug in response to
patient’s need. The target of drug is the molecules participated the process of allergic diseases, such as
mast cell enzymes or several kinds of cytokines. These might be effective but have a greater risk and side
effects because of wide distribution in the body. Therefore, new development is still focused on receptor
antagonist against well-known allergic or inflammatory mediators.

We have reported the crucial role of histamine and some lipid mediators including leukotrienes (LTs),
thromboxanes (Txs) and prostaglandin D2 (PGD2) in the procession of allergic inflammation (6-11). We
also reported possible application of some drugs for the treatment of severe allergic disorders.

In this review, recent advance of clinical research on anti-allergic drugs with mediator antagonistic

activity and newly promising therapeutics for allergic disease are discussed.

Anti-histamine

Histamine is believed to be a prominent contributor to allergic diseases, since its discovery in 1911. It
is stored mainly in mast cells and basophils granules in ionic association with acidic residues of side chain
of heparin and with proteinases. Following the mast cell activation, histamine is rapidly dissociated from
granule matrix and released into plasma or tissues resulted in allergic or anaphylactic symptoms.
Histamine may participate the appearance of four cardinal sighs of bronchial asthma, bronchial spasm,
submucosal edema, airway inflammation and mucus secretion. But the efficacy of anti-histamines on
bronchial asthma is unstable and limited. In allergic rhinitis, the role of histamine is evident. Five

symptoms including pruritus, mucosal edema, sneezing, mucus secretion and late-phase inflammatory
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reaction are mainly caused by histamine. In addition, many accumulated data indicate a primary role of
histamine in anaphylaxis and urticaria. It is well known the efficacy of anti-histamine on above diseases
through mainly H1 receptor. Regarding the participation of other histamine receptors (H2, H3 and H4)
on allergic disease, it is interesting theme but discussion will be done in other manuscript. From
previous accumulated evidence on the efficacy of anti-histamines, the research on new anti-histamine is
mainly focused on the treatment of allergic rhinitis and urticarial (12-15). As well known, it is difficult to
search the efficacy of anti-histamine on anaphylaxis because anaphylaxis is caused by acute and fatal
conditions.

The list of recent developed anti-histamines in Japan is shown in Table 1.

Table 1  Recent developed anti-histamines in Japan

Drug Target disease Date

Bilastine allergic rhinitis, urticaria, eczema, 2016, 11
puritus

Desloratadine allergic rhinitis, urticaria, eczema, 2017, 9
puritus

Rupatadine allergic rhinitis, urticaria, eczema, 2017, 11
puritus

HP-3060 allergic rhinitis ( Transdermal drug P-111

(Emedastine) delivery system)

In 2016 and 2017, above three new anti-histamines including bilastine, desloratadine and rupatadine,

are approved to use in clinical in Japan. HP-3060 is under clinical investigation, in phase III stage.

Bilastine

Bilastine ((2-[4-[2-[4-[1- (2-ethoxyethyl) benzimidazol-2-yl] piperidin-1-yl] ethyl] phenyl]- 2-
methylpropionic acid) was investigated in Spain by double-blind cross-over study with compared to the
potency of cetirizine and fexofenadine to relieve the allergic rhinitis symptoms (16-18). Generally, the
evaluation of drug activity against allergic rhinitis is carried out by observation of symptom changes in
natural exposure of pollen or challenged with appropriate pollen in the experimental chamber. The

efficacy of bilastine was evaluated by both methods.
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In the experiment employing challenge chamber method, seventy-five allergic volunteers were
challenged with grass pollen in the Vienna Challenge Chamber on two consecutive days of allergen
provocation; 6 hours on day 1 and 4 hours in day 2. Examined drug (bilastine), comparison drugs
(cetirizine or fexofenadine) or placebo was taken orally 2 hours after the start of provocation on day 1.
The efficacy was evaluated by total nasal symptom scores, the global symptom scores and eye symptoms
on both day 1 and 2. Bilastine and cetirizine showed a rapid onset of action and a long duration of action
but fexofenadine showed relatively short duration of action.

In the natural exposure study, 683 seasonal allergic rhinitis patients, aged 12-70 years, were
randomized to a double-blind treatment with bilastine, cetirizine or placebo, once daily for 14 days. The
efficacy was determined by measuring the severity of total symptom score of rhinitis and non-nasal
symptom score beside investigator’s clinical global impression of the treatment. Consequently, bilastine
showed significant superiority to placebo and comparable value to cetirizine in relieving rhinitis
symptoms.

Additionally, once daily treatment with bilastine was effective in managing urticarial symptoms and
improving patient’s quality of life in chronic urticaria. These clinical data indicate that bilastine is an
effective second generation H1-anti-histamine for the symptomatic treatment of allergic rhinitis and
chronic urticaria.

As for safety of bilastine, it does not interfere with the cytochrome p-450 system and is devoid of cardiac
side effects (19). Moreover, bilastine did not effect on the driving ability, cardiac conduction and alertness
in healthy volunteers and patients. The effect of bilastine on central nervous system is confirmed by the
experiments using alcohol and lorazepam. Bilastine did not show any additional or synergistic effects on
two agents. It means bilastine has a low effect on central nervous system. In basic pharmacological
studies, bilastine showed highly selective for H1 receptor in both in vivo and in vitro and undetectable
distribution in the brain.

In Japan, following to the international conference of harmonization (ICH), E5 (ethic factors in the
acceptability of foreign clinical data E5), phase I clinical study on bilastine started in 2015. Since no
significant difference on the metabolism of bilastine was indicated in studies of Japanese and European,
phase II clinical study on the efficacy of the drug in the experimental exposure to sider pollen was
conducted (20-25). This experiment also resulted in positive efficacy of bilastine, then phase III, clinical
study on the long term safety and efficacy of the drug following up to 12 weeks or 52 weeks of treatment

in Japanese patients with allergic rhinitis was carried out in 2014. The results indicated potent efficacy
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and safety in Japanese. Simultaneously, the effect of bilastine on chronic urticaria was investigated as a
phase III clinical study. This study resulted in the effectiveness of bilastine.

In conclusion, bilastine is recognized as a highly effective non-sedating H1 anti-histamine and excellent
profile with the balance of efficacy and safety in the treatment of allergic rhinitis and chronic urticaria in
Japan as well as other countries. Japanese government approved this drug to use in clinic from 2016 in

Japan.

Desloratadine;

Desloratadine ((8-chloro-11-piperidin-4-yliden-5, 6 -dehydrobenzol1,2]cyclohepta [2,4-blpyridine ) is a
biologically active metabolite of loratadine, a novel second generation anti-histamine. It showed clinical
efficacy in both persistent and seasonal allergic rhinitis in terms of relieving nasal and ocular symptoms
and improving nasal airflow and overall respiratory symptoms, also referred to concomitant asthmatic
condition. The clinical trials to search the efficacy of desloratadine on respiratory diseases are extensively
investigated and reported from 2005 to 2008 (26-29). The positive efficacy and low undesirable effect of
the drug are reported. In addition to respiratory disease, desloratadine showed a potent efficacy for the
treatment of chronic urticaria.

In basic pharmacological studies, desloratadine showed highly selective H1 receptor antagonistic
activity, and anti-inflammatory effects related to the modulation of cytokines, adhesion molecules and
eosinophil mediators. In pharmacokinetic studies, it did not interfere intestinal transport protein and
cytochrome p-450 (CYP3A). These clinical and basic data on desloratadine were confirmed in Japan (30,
31).

Consequently, desloratadine is also effective for the treatment of allergic rhinitis and chronic urticaria
with highly efficacy and safety in Japanese studies. This drug is approved to use in clinic from 2017 in

Japan.

Rupatadine

Rupatadine ((8-chloro-11-[1-[(5-methyl-3-pyridinyl)methyllpiperidin-4-ylidene]-6,11 -dihydro- 5H-ben-
zol5,6]cycloheptall,2-b] pyridine fumarate) is a second generation, non-sedating long-acting peripheral
histamine H1 receptor antagonist with additional antagonist effect against platelet activating factor
(PAF). The efficacy of rupatadine on the treatment for allergic rhinitis and chronic urticaria has been
investigated in adults and children over 12 years in several controlled studies, showing a rapid onset of

action and a good safety profile in prolonged treatment period of year (32-35).
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Pharmacological studies indicate that rupatadine shows anti-allergic actions such as the inhibition of
allergic or non-allergic degranulation of rat mast cells, and inhibition of cytokine release from human
mast cells and monocytes (36).

In Japan, several clinical and basic studies on rupatadine were conducted (37). The efficacy of
rupatadine in clinical trials was confirmed. Rupatadine was approved to use in clinic from 2017 as a

remedy for allergic rhinitis and urticaria in Japan.

HP-3060

HP-3060 is a new transdermal patch containing emedastine difumarate which is one of novel second
generation anti-histamine. In Japanese clinical studies, emedastine showed effectiveness in both
systemic and local use, therefore emedastine was administered by systemically and locally. On the
contrary, in foreign countries, emedastine is used mainly in eye drops to alleviate the symptoms of allergic
conjunctivitis. This new plaster product is employing transdermal drug delivery system aiming beneficial
controlling the dosage and application time, more efficacy will be expected in the treatment of allergic
rhinitis, especially in children. Phase III, clinical studies on the effectiveness in the treatment of allergic

rhinitis is now going on in Japan (38).

Leukotriens

Leukotrienes (LTs) play pathological roles in the complex allergic diseases of the respiratory tract — in
inflammatory process of airway eosinophilia, edema hypersecretion of mucus, and airway hyper-
sensitivity in asthmatic patients. More recent works indicate that LTs also play a role to low grade
inflammation a hallmarks of cardiovascular, neuro-generative and metabolic disease as well as cancer.
Biosynthesis of LTs involves oxidative metabolism of arachidonic acid through various enzyme systems.
LTs play their pathophysiological role by the activation of at least two receptors, namely cysLT1 and
cysLT2 receptor, respectively. The distributions and agonists of both receptors are listed in Table 2.

Both receptors are located on similar cells and tissues. Whereas the receptors distribution is clarified,
the pathophysiological role of each receptor is not yet fully elucidated. The recent study is mainly focused
on the role of both receptors in bronchial asthma and ischemic diseases. This tendency results in the

development of newly receptor antagonists as a remedy for above diseases.
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Table 2 Cys leukotriene receptors

LT1 LT2

Cells Eosinophils, mast cells, Eosinophils, mast cells,
Neutrophils, dendritic cells, T cells, dendritic cells,
T cells, B cells, Macrophages Macrophages
Vascular endothelial cells

Tissues Nasal mucosa, lung, Nasal mucosa, lung, heart, vein
vessel, genital, heart, vein vessel, gastrointestinal , genital,
gastrointestinal

Agonists LTD4>LTC4>LTE4 LTC4=LTD4>LTE4

Anti-leukotriens (LTs)

We have already reported the effectiveness of inhibitors or antagonists of LTs in experimental allergic
disorder (39-45). Main target is focused on cysLT receptor 1 antagonist, such as puranlukast and
montelukast (46-50). These two antagonists showed the usefulness for long-term management of asthma
patients complicated by allergic rhinitis or exercised-induced asthma. They have a bronchodilator action
and inhibit airway inflammation. These actions resulted in a significant improvement of asthmatic
symptoms including respiratory function, inhalation frequency of beta2 agonists, airway hyper-
responsiveness, dosage of inhaled corticosteroids and asthma exacerbation. Some cysLT receptor 1
antagonists have developed and established their position as a routine remedy for management of allergic
asthma, but researchers wanted more safe and potent LT antagonists. Consequently,dual cys LT1 and
LT2 receptors antagonist, gemilukast (ONO-6950), is found and began to research as a value for a remedy

to allergic asthma in Japan (51-54).

Gemilukast (ONO-6950)

Gemilukast (ONO-6950 ;(4, 4-(4-fluoro-7-((4-4(3- fluoro-2-methylphenyl) butoxy) phenyl) ethynyl) -2
methyl-1H- indole-1,3 —dinyl) dibutyric acid)) was discovered by Itadori et al. and showed oral active dual
antagonistic activity against cysLT'1 and cysLT2. IC50 values against human cysLT1 and cysLT2 are 1.7
and 25nM, respectively. It inhibited LLTD4-induced bronchoconstriction in both cysLLT1 and LLT2 dependent
asthmatic model in guinea pigs and antigen-induced constriction of isolated human bronchi.

In clinical study by Gauvreau et al., twenty non-smoking subjects with mild asthma were randomized
in a three-way cross over study to receive gemilukast (200mg) or montelukast (10mg) or placebo. Allergen
challenge was carried out 7days after administration of examined drugs or placebo, and early and late

7
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phase asthmatic responses were measured beside airway eosinophilia. The administration of two drugs
or placebo was repeated after 2-3 weeks washout period in each patient.

Gemilukast significantly attenuate early and late phase asthmatic responses and airway eosinophilia
with compared to the case of placebo. In 2015, clinical study employing double blind study compared to
pranlukast (specific LT1 receptor antagonist) was conducted in Japan. But unfortunately, a significant
difference in terms of the efficacy between two drugs was not identified; therefore the study is
discontinued now.

However the discovery of dual antagonist is valuable to know the role of LTs in allergic diseases. Newly

more potent compound possessing dual antagonistic activity is desired.

Prostaglandin D2 (PGD2)

PGD2 is one of prostaglandin that binds the PGD2 receptor 1 (DP1) and receptor 2 (DP2; CRTH2).
PGD2 is mainly produced in brain and mast cells in human. We reported the role of PGD2 in allergic
bronchial asthma by using PGD2 receptor gene deficient mice (55). Thereafter many researchers
investigated the role of PGD2 in allergic diseases. Table 3 is a summary of DP1 and DP2 (CRTH2)
characters.

The localization and biological function of each receptor are different. The signal transduction of DP1
is processed by activation of adenyl cyclase resulted in the elevation of cyclic AMP and activation of cyclic
AMP dependent protein kinase. It causes the inactivation of Raf and ERK resulted in the inactivation of
NFkB. Contrary to DP1, the activation of CRTh2 introduces the inactivation of adenyl cyclase and
activation of phospholipase C and NFkB. However, precise role of each receptor in allergic diseases is still

unknown.

DP1 receptor antagonist

Since PGD2 is believed to be an important pro-inflammatory mediator in asthma and allergic rhinitis,
the investigation of the effectiveness of a selective each antagonist will suggest their pathological role in
clinic. From above reasons, many substances with antagonistic activity against DP1 and CRTh2 have
been investigated as a remedy for allergic airway diseases in Japan. After the basic pharmacological
researches, two DP1 antagonists, asapiprast (S-555739) and ONO-4053 were investigated in clinic as a
remedy for allergic airway diseases (56-60). As for CRTh2 antagonist, there is scarcely to know the

researches in Japan.
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DP1 CRTh2(DP2)
Agonist PGD2 PGD2, PGJ2
PGJ2 DK-PGD2
Signaling Gs Gi, Gq
Location Airway smooth muscle Th2, Te2, ILC2
Blood vessel, mast cell CD4+, CD25+
Dendritic cell T reg, Eosinophil
Basophil
Biological function
Mast cell Mast cell growth Cytoplasmic
Dendritic cell Inhibition of Gi Acceleration of Th2

Inhibition of IL-12
and Th1 proliferation

Cytokine production

Basophil, Prolongation of cell Chemotaxis,

Eosinophil Life span Degranulation

Th2 Inhibition of cytokine Acceleration of CD40L
production and CD11b

ILC2 Inhibition of cytokine Chemotaxis,
production Acceleration of

IL-5, IL-13

CNS Pain, Sleep Anorexia, Lethargy

Permeability Inhibition Acceleration

Smooth muscle  Relaxation Contraction

Coagulation Inhibition Acceleration

Asapiprast (S-555739 )

Asapiprast(S-555739 ; 2-[ 2-(1,3-oxazol-2-yl)-5-[4-(4-propan-2-yloxyphenyl) sulfonyl- piperazin-1-yl]
phenoxylacetic acid) ) was a newly developed DP1 receptor antagonist and its pharmacological activity
was investigated in Japan. The high affinity and selectivity of asapiprast to DP1 receptor was confirmed
by receptor binding assays. The efficacy was also determined in several animal models of allergic diseases.
In allergic rhinitis model in guinea pigs, antigen-induced increases in nasal resistance, nasal secretion
and inflammatory cell infiltration in nasal mucosa was clearly inhibited by asapiprast. In rat and sheep
asthma models, similar inhibitory action by asapiprast was indicated by means of antigen-induced
bronchoconstriction, airway hyperresponsive -ness and airway inflammation.

9
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The phase II and III clinical studies on the efficacy of seasonal and stable allergic rhinitis and safety of
asapiprast were conducted (JapicCTI-132046). The efficacy and safety of asapiprast were compared to
those of cetirizine in adult patients. Asapirast indicated almost equal efficacy and safety to cetirizine,
therefore it is expected to use in clinic. However, the further information on the clinical use of asapirast

is not yet available.

ONO-4053

ONO-4053 is a newly developed DP1 receptor antagonist in Japan. It showed significant efficacy in the
experimental rhinitis in monkey and mice models.

Randomized and double blind phase II clinical study on the efficacy and safety of ONO-4053 was carried
out by Okubo et al. (JapicCTI-142706). The efficacy was compared to pranlukast, a novel cystenyl LT
receptor antagonist, and placebo. Both ONO-4053 and pranlukast indicated highly efficacy than placebo
in terms of all nasal and eye symptoms in seasonal allergic rhinitis patients. The nasal symptom scores
including sneezing, rhinorrhea and nasal itching were improved by ONO-4053 more than pranlukast.
And there was no safety-related issue.

From the results of phase II examination, phase III clinical study was carried out in Japan. Further

clinical information is not available. Early clinical use is expected.

CRTh2 (DP2) receptor antagonist

DP2 is called CRTh2 (the chemoattractant receptor-homologous molecule expressed on T-helper 2 cells)
that 1s a G-protein coupled receptor for PGD2. We reported previously the efficacy of BAY-u-3405
(ramatoroban) that has dual antagonistic activity against TxA2 and CRTh2 receptor, on experimental
allergic reactions. It indicated clear inhibition of experimental asthma including airway hypersensitivity
and inflammation. Japanese researchers reported the efficacy of ramatoroban ((3R-[[(4-floorophenyl)
sulfonyllamino]-1,2,3,4-terahydro-9H-carbazole -9-propanoic acid) on the treatment of allergic rhinitis
patients.

As for the role of CRTh2, many basic data indicated a potent pathophysiological role of CRTh2 in
allergic inflammation in allergic asthma and rhinitis. These experimental evidences promote the
development of new selective CRTh2 receptor antagonists as a remedy for allergic diseases. More than
30 CRTh2 antagonists are developing now in all over the world. Main agents are listed in Table 3. Some

of them are investigating in Japan, but clear results are not yet reported.

10
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Table4 The list of developing compounds with CRTh2 receptor antagonistic activity

0C000459 BI671800 TASP0376377
ADC-3680 MK-1029 MK-7246
AZD-1981 AMG-853 Setipiprant
AMG-853 ARRY-063 ASP-5642
OAWO039 NVP-QAV680 B1-1021958

In Japan, there is scarcely opportunity to have clinical trial of CRTh2 antagonist for the treatment of
allergic diseases. In foreign countries, the clinical efficacy of setipiprast, QAW039, AZD1981 and QAW039
on bronchial asthma were investigated. Partial efficacy of each agent was reported. However, the potency
of the effectiveness of CRTh2 antagonists is not good sufficient for the clinician. The discrepancies on the
efficacy of CRTh2 receptor antagonists in basic pharmacology and clinical researches are pointed out and
discussed by many researchers. Further fine investigation will be necessary to obtain the true value of

CRTh2 antagonist as a remedy for allergic diseases.
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W HILTW D ESHNERED TENS I K5 REZRAETHE B W T LT - 7.
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3. YRR 28 FEEE L YRR 29 FEDRETE IR IT RN A
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28 f-FE1X, Acupuncture-like TENS D20 R A fif TH1 & Mif 712, BN X220 ROFE, BLITBIT H805%
D% HANCHIZE LT-. TR 29 4513, Acupuncture-like TENS & Conventional TENS 0% 5 brifi % I
RHN & & BITHIBRE OB 258 LTz, WEEOMEZRISRE Lz,

(1) Acupuncture-like TENS D& I 351F 5 x4
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(2) Acupuncture-like TENS & Conventional TENS % % FL#ziZ 35 1) % %4

RO 2 B 24 £ &5t E U, FEFERIT 21.7 7% (£2.59) Th ol JRICIREUE, %Rk
DF, REFREOH L, HiFRR EIMEOH 5%, BERAEME R ELRIEL TWDHE, KRR
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A —DHhTEH LTz, T—HE2BBTILEETIAT— FEICTEHL, WICHT2REdREHELD.
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[Original Article]

Normal Glenohumeal Flexion and Abduction for Physical Examination

Kazuhisa Matsui, PT, PhDV, Masashi Ikeda, PT, MSV, Takashi Iwashima, PT, MAD

(Abstract)
[Introduction] Clinicians focus on the glenohumeral movement and scapulothracic movement before
looking into the other joint issue of the shoulder complex. The functional movement of patients is divided
into shoulder flexion and abduction. The purpose of this study was to compare between normal kinematic
motion of the humerus and scapula during active shoulder flexion and abduction in physical examination.
[Methods] 12 healthy adults who has no a current or past history of the cervical spine or shoulder complex
participated in this study. Active shoulder flexion and abduction with the subject standing were analyzed
using an electromagnetic tracking device. The elevation velocity of performing these active movements
was set at once per second. [Results] The humerus rotated similar range of rotational motion during two
types of shoulder elevation. Although there was no significant difference of the scapula motion during
humeral elevation, the posterior tilt of scapula observed 36.57° during shoulder flexion and 36.27° during
shoulder abduction whereas 33.15° during shoulder flexion and 30.24° during shoulder abduction.
[Conclusions] The scapula positioned similarly during shoulder flexion and abduction. The role of
posterior tit of the scapula might important as much as superior rotation of the scapula to provide an

appropriate base of support for the humerus.
Keywords : shoulder elevation, kinematics, physical examination

Introduction

The shoulder complex, consists of six joints (glenohumeral joint, subdeltoid joint, acromioclavicular
joint, coracoclavicular joint, scapulothoracic joint, and sternoclavicular joint), has the widest range of
motion in human body. With three degrees of freedom at a humerus on the glenoid and a scapula on the

thorax, the upper limb can be positioned in the air. Scapulohumeral rhythm was introduced by Codman

D R VAU T —a R BEREY N (T500-8281 I BRI RHTHES 2 T H 92)
Department of Rehabiritation, Major in Physical Therapy, Gifu Junior college of Health Science
(2-92 Higashi, Uzura, Gifu-city, Gifu, Japan 500-8281)
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that Lockhart and defined as the shoulder complex moving with coordination between the humerus and
the scapula.” Many studies reported the relationship between the scapula and humeral movement after
the definition of scapulohumeral rhythm was proposed. “Setting phase” that scapulohumeral rhythm in
particular detail, emphasizing that the scapula does not appreciably move until 60 degrees of flexion or
30 degrees of abduction, was introduced by Inmann et al. After this setting phase, the ratio of scapula to
humerus rotation is 1: 2. This concept, promulgated over half a century ago, basically survives to the
present day.?»¥.4 Disagreements are more quibbles than refinements in nature. Poppen et al. reported a
1:4.3 ratio from 0 to 30 degrees, and a 1:1.25 (or 4:5) ratio from 30 to 180 degrees.? Scapulohumeral
rhythm decreased from 1:7.9 to 1:2.1 during passive range of motion, from 1:3.1 to 1:4.3 in light shoulder
load, from 1:1.9 to 1:4.5 in heavy shoulder loading in a magnetic tracking device study.® The
scapulohumeral rhythms under several loads were researched, but reported that results were similar for
0-4 kg conditions.”

When one joint was affected, the alternative shoulder motion can be observed. Clinicians focus on the
glenohumeral movement and scapulothracic movement before looking into the other joint issue of the
shoulder complex. The functional movement that patients complain is divided into active shoulder
movements. Especially, active shoulder elevation is assessed with two types of elevation, shoulder flexion
and abduction. Clinical question here was how different the scapula kinematics in those motion although
the start and end upper extremity positions were the same. The purpose of this study was to compare
between normal kinematic motion of the humerus and scapula during active shoulder flexion and

abduction in physical examination.

Methods

12 healthy adults participated in this study (seven men, five women mean age of 22+3.9 years). All
subjects acknowledged after they were informed about the experiment form approved by this university’s
ethics committee on research involving human participants (No. 110) before the experiment underwent.
The exclusion criteria were anyone who has a current or past history of the cervical spine or shoulder
complex. Their joint stability was assessed before the experiment?13 were used.

Active shoulder flexion and abduction with the subject standing were analyzed using an
electromagnetic tracking device. The elevation velocity of performing these active movements was set at
once per second. The each of these movements could easily be performed properly and repeated in a
consistent manner was confirmed in a pilot study. Each movement was performed 10 times per trial. The

data were recorded by digitization (LabVIEW Version 6.1, National Instruments).
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Kinematic data of shoulder movements were recorded using an electromagnetic tracking device
(Isotrack II, Polhemus). The sensors for the humerus and the scapula were mounted over the medial
epicondyle and placed over the superior aspect of the acromion, based on results of a magnetic resonance
imaging study.1¥ The transmitter was placed on a stand behind the subject within 30 cm of the acromion,
based on reproducibility of mounting the receivers was found to be within 2.5 mm in a pilot study.
Movements of the humerus and scapula were measured in terms of the coordinates and direction cosines
of these sensors during active movements. The data from this electromagnetic tracking device were used
to examine possible differences in movements of the humerus and scapula between anterior instability
and the normal condition.

Motion of the scapula was measured in three dimensions. In general, scapular motion is described in
terms of two-dimensional components: elevation and depression, abduction and adduction, superior and
inferior rotation. This alone would be insufficient for characterizing scapular motion in this study. Motion
of the scapula was described in this study by changing from “abduction” and “adduction” to “protraction”
and “retraction” and adding the components of “anterior tilt” and “posterior tilt”.

The starting position of the scapula was used as the origin for measuring angular displacement of that
bone. Scapular motion was expressed in the following terms and values (Table 1). The humeral rotation
and elevation was recorded as kinematic data. For these motions, Student’s t-test was used to see

signficant changes between flexion and abduction.

Table 1: Expression of scapular motion.

negative values positive values
protraction retraction

anterior rotation posterior rotation

superior rotation inferior rotation

Results

Maximum shoulder elevation angle in this study was 167.81 + 6.9° in shoulder flexion and 165.47 +
6.69° in shoulder abduction. Humerus rotated from 50.26 = 18.31° internal rotation to 51.55 +
11.87°external rotation during shoulder flexion and from 30.37 + 14.37° internal rotation to 57.42 + 14.03°
external rotation during shoulder abduction.

There was no significant difference between flexion and abduction in scapular motion (figure 1-3). The
posterior tilt of scapula observed 36.57° during shoulder flexion and 36.27° during shoulder abduction

whereas 33.15° during shoulder flexion and 30.24° during shoulder abduction (figure 2, 3). Superior
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rotation of the scapula was least until setting phase, ranged -0.01 + 0.24 to 0.16 + 1.89° per 1° shoulder
elevation, and then ranged 0.17 + 0.26° to 0.29 £ 0.28° per 1° shoulder elevation until the end of range of

motion.
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Figure 1: Scapula protraction during arm elevation (* < 0.05). Flex: Shoulder flexion (circle shaped
marker), Abd: Shoulder abduction (square shaped marker), Max elevation: Maximum shoulder elevation,

The error bar indicates 95% of confidence interval.

40
—e—Flex —#—Abd
30
20

10

NS

-20

Superior Rotation (Deg)

-30
0° setting phase 90° 120° Max elevation

Shoulder Elevated Position

Figure 2: Superior rotation of scapula during arm elevation (* < 0.05). Flex: Shoulder flexion (circle shaped
marker), Abd: Shoulder abduction (square shaped marker), Max elevation: Maximum shoulder elevation,

The error bar indicates 95% of confidence interval.
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Figure 3: Posterior tilt of scapula during arm elevation (* < 0.05). Flex: Shoulder flexion (circle shaped
marker), Abd: Shoulder abduction (square shaped marker), Max elevation: Maximum shoulder elevation,

The error bar indicates 95% of confidence interval.

Discussion

Traditionally scapular movement during flexion or abduction has been characterized in rather simple
(two-dimensional) terms as superior rotation. Scapular movement is, however, more complicated than
that, as it traverses three dimensions (elevation-depression, protraction-retraction, superior-inferior
rotation), sliding along the thoracic wall. Although range of motion testing in the clinic may include
protraction and retraction, this component tends to be ignored when movement of the scapula is being
analyzed from a functional point of view. This is unfortunate. In addition, scapular motion has a “tilt”
component that can be characterized as anterior (forward) and posterior (backward). One of purpose of
this study was to examine the nature of active movements of the shoulder to aid in understanding and
interpreting problems frequently observed in the clinic.

Elevation and rotation angles of the humerus were essentially unchanged between shoulder flexion and
abduction. The coordinate of the scapula was also not significantly different between two types of
elevation. Approximately 57° external rotation at the end of shoulder elevation was observed during
shoulder abduction in this study. Normal shoulder is possible to rotate 90° externally in overhead position,
the essential external rotation angle could much less during shoulder elevation with normal scapula
motion.

The least change in angular displacement of the scapula occurred until setting phase in shoulder flexion
and shoulder abduction. At the beginning of motion, the scapula rotated inferiorly in the setting position,
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but subsequently it rotated superiorly. These results agree with Nobuhara’s report.!® He explained the
inferior rotation as a “floating phenomenon”. The scapula simultaneously rotated on its vertical axis. At
first, the scapula retracted until 90 degrees, then protracted during the rest of abduction. This movement
has not been reported by most authors.

Angular displacement of the scapula increased in all three planes, especially posterior tilt. The range
of posterior tilt of the scapula was similar range of superior rotation during humeral elevation. This might
indicate that posterior tilt of the scapula has an important role as much as superior rotation of the scapula
to provide an appropriate base of support for the humerus elevated during shoulder elevation. Clinicians
focus on superior rotation of the scapula as scapulohumeral rhythm is well known phenomenon, however,
posterior tilt of the scapula needs to be assessed as possible as superior rotation of the scapula.

Protraction angle of the scapula did not show marked difference between shoulder flexion and
abduction. The scapula protraction angle decreased in proportion to shoulder elevation angle in this study.
This finding was the same as previous studies that protraction decreased progressively as humeral
elevation angle increased in the plane of the scapula. 16 17,18 The motion plane of the shoulder abduction
1s obviously different from shoulder flexion. The hypothesis of the scapula position is more retracted,
especially at 90° abduction, during shoulder abduction than during shoulder flexion. The results
demonstrated the scapula position was slightly retracted, but not statistical differed. The humeral
positions during shoulder flexion and abduction might rely on the horizontal adduction angle. Anterior
tightness and posterior tightness of the glenohumeral joint could affect the scapula position during
abduction and during flexion, respectively. Alternative scapula kinematic during shoulder elevation was
reported even in healthy adults with muscle shortening of pectoral muscle.1® Future research is expected
to inspect the abnormal kinematics of the shoulder complex.

This study provided the variation of the humerus and scapula motion during shoulder elevation. The
majority of previous vivo studies investigated shoulder elevation in scapula plane. 19: 17, 18 Various
movement of the shoulder was investigated, however, recent study focus on the humeral translation.29.21
This study should perhaps have included more. Movements of the clavicle, for example, were not
addressed in this study. The shoulder complex does not function in isolation, but is considerably
influenced by alignment of the vertebrae. In many instances, the patient with shoulder pathology may
have associated problems in another joint or two, so the clinician should not be fixated entirely on the

shoulder complex.
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Conclusion

Scapular movement is more complicated in three dimensions as sliding along the thoracic wall.
Although range of motion testing in the clinic may include protraction and retraction, this component
tends to be ignored when movement of the scapula is being analyzed from a functional point of view. This
is unfortunate. In addition, scapular motion has a “tilt” component that can be characterized as anterior
(forward) and posterior (backward). The purpose of this study was to examine the nature of active
movements of the shoulder to aid in understanding and interpreting problems frequently observed in the
clinic.

Although statistical difference of the scapula motion was not observed during humeral elevation, the
scapula tilted posteriorly with similar range of motion to superior rotation during shoulder flexion and
shoulder abduction. The role of posterior tit of the scapula might important as much as superior rotation

of the scapula to provide an appropriate base of support for the humerus.
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[Original Article]

A verification of motion artifact using cine MR imaging

Kazuhisa Matsui, PT, PhD, MSc, MManSportsPhysio, OMPTV

(Abstract)

[Introduction] Modern biomechanical studies use dynamic MR imaging which accompanies motion
artifact. The purpose of this study was to assess the reliability of MR imaging analysis, and the validity
and reliability of MR imaging in vivo and using a phantom. [Methods] Motion artifact was verified by
acquisition time, the radius and the area of humeral head in vivo and using a phantom. The
reproducibility of MR image processing was evaluated using MR images chosen randomly on the first day
and seven days later. [Results] The limitation of acquisition time was 0.5 seconds per one image. There
was no statistical difference of static MR imaging and cine MR imaging under the scanning technique in
this study. [Conclusions] This fundamental study demonstrated that the accurate analysis using cine MRI

technique was able to be carried out during active shoulder rotation.
Keywords : accuracy of cine MR imaging, motion artifact

Introduction

A Magnetic Reasoning Imaging (MRI) is a non-invasive equipment to detect pathological findings of
human tissue. Recent studies tackled to capture dynamic MR imaging for biomechanical studies using
three dimensional (3D) imaging? and cine MRI technique. 2 ® The analysis of the imaging scanned
requires an examiner’s knowledge and skills followed by potential human and technical error.

A motion artifact resulting in blurred imaging is one of common trouble in motion analysis using an
MRI.4) Many researchers struggled with the potential problem to capture such noiseless imaging.
Scanning a target imaging whilst minimize the effect of motion artifact is an ideal goal of MR examination.
To assess image processing technique using MR image lead to provide reliable data using cine MRI. This

study aimed to assess the reliability of MR imaging analysis, and the validity and reliability of MR
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imaging using a phantom.

Methods

This study consists of two experimentations, scanning in vivo shoulder and using a phantom. 0.4 tesla
open MRI device (Aperto Eterna, Hitachi Medical Corporation, Japan) was used in this study. The
acquisition time for one image using cine MRI was set as 0.3 seconds, 0.5 seconds and 1.0 second, in order
to assess recognizable MR imaging visually for imaging analysis. MR imaging scanned was analyzed
using matlab 2016b (Mathworks Inc., Massachusetts, USA) by one assessor who analyzed MR imaging
in previous studies.259 The ethics committee of Nagoya University approved this study (14-504).
Reproducibility of MR imaging analysis

Five healthy males, who has no past and current history of cervical, thoracic and upper extremity
disorder (mean age 27.60 + 4.39 years old), participated in this study. Prior to MR scanning, they were
confirmed that they had no general MRI contraindication.” The humeral rotation angle on 100 MR
imaging was analyzed. Those MR images chosen randomly from ten shoulder images (.e. five
participants). The humeral rotation angle was defined as the angle between the line from the bicipital
groove and the center of the humerus, and the line between the anterior and posterior edge of the glenoid
in this study.

The reliability of MR imaging analysis was assessed by an intraclass correlation coefficient ICC(1, 2)).
These MR Imaging were analyzed again after one week later from the first assessment. ICC was
computed and judged with four grades, poor (less than 0.5), moderate (0.5 to 0.75), good (0.75 to 0.90),
and excellent (more than 0.90).%

Reliability to analyze MR imaging at different angular velocities in vivo

Three healthy adults (6 shoulders, mean age of 29.00 + 5.57 years old) volunteered in this study. They
were asked to rotate their shoulder at the arm by side of the body at three rotation velocities (low velocity:
15 cycles per a minute, medium velocity: 37.5 cycles per a minute and high velocity: 52.5 cycles per a
minute). The static image was captured beforehand as true image to compare with the dynamic images
during active shoulder rotation. The radius and area of the humeral head was measured in each image
scanned. The radius of the humeral head was computed as the radius of the articular surface using the
least mean square methods in this study. The radius and the area of the humeral head under four rotation
velocity conditions (static image, low, medium, and high velocities) were evaluated using one-way analysis
of variance.

Validity and reliability of cine MR imaging using a phantom
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A phantom was fixed in the MRI device horizontally using a level meter (figure 1). The phantom
imaging was obtained at every 5° rotation from 0 to 180° in static MR imaging technique and in cine MRI
technique while the phantom was rotated. The radius and the area of phantom image scanned were

computed.

$53mm

t3.5mm

Figure 1: A phantom in MRI device. The phantom size (left). The phantom was stabilized horizontally
referred by a level meter (middle). The rotation angle of the phantom in static MR imaging was set

according to a goniometer (right).

Results

A recognizable imaging was able to be obtained 0.5 seconds per one image. The feature of bony edge on
MR imaging was unable to distinguish in 0.3 seconds per one image of acquisition time.
Reproducibility of MR imaging analysis

An excellent reproducibility was obtained, with an ICC of 0.98. The correlation of the rotation angles
between the first and the second analysis was shown in figure 2.
Reliability to analyze MR imaging at different angular velocities in vivo

There were no statistical differences of the radius (p = 0.999222) and the area (p = 0.992105) of the
humeral head between four conditions (figure 3).
Validity and reliability of cine MR imaging using a phantom

There were no significant differences of the angle (p = 0.274298), the radius (p = 0.1106), and the area
of phantom (p = 0.038211) between static and cine MRI technique. The error angle of phantom using
static and cine MRI shows in table 1. The difference rotation angle between MR imaging and true value
was ranged -3.04° to 1.49° in static MRI and -3.08° to 2.54° in cine MRI, respectively. The radius and the

area of the phantom showed in figure 3.
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Table I-1. Error angle using static and cine MR Imaging (Deg).

True angle of  Measurement Error True angle of ~ Measurement Error
phantom Static MRI cine MRI phantom Static MRI cine MRI

0 -2.69 -1.63 95 0.22 -0.61

5 0.67 0.85 100 -141 -0.39
10 -0.19 -0.63 105 0.38 -0.89
15 -0.86 1.87 110 -14 -0.19
20 -1.19 1.38 115 -2 1.05
25 0.9 0.07 120 -1.61 0.84
30 -0.81 0.76 125 -15 0.62
35 -1.55 0.76 130 -2.08 -0.64
40 0.21 -1.17 135 -1.98 0.6
45 -1.71 1.97 140 -1.04 -2.04
50 -2.52 171 145 -1.47 -0.15
55 0.23 0.48 150 0.53 -0.13
60 1.49 -0.96 155 -1.34 0.69
65 -0.23 2.78 160 -1.7 0.05
70 -1.04 -0.07 165 -0.27 0.84
75 -0.8 -2.11 170 -0.73 -1.34
80 -2.23 4.27 175 -3.04 0.79
85 -0.36 -0.9 180 -1.8 0.74
90 -2.02 -0.12

Discussion

A shape of the humerus and the glenoid fossa on MR imaging was able to be recognized by 0.5 seconds
per one image. This acquisition time is a current limitation with the scanning technique using the MRI
instrument at this moment. In future study, it might be able to scan quick motion imaging with less
motion artifact.

Reproducibility of MR imaging analysis

A high reliability in numerous imaging analyses was demonstrated on the day and over few days. The
results supported that excellent reproducibility of imaging analysis can be obtain for biomechanical study
regardless of motion position. The influence of motion artifact is discussed in later chapters.

Reliability to analyze MR imaging at different angular velocities in vivo

The methodology of this study was able to scan the shoulder images with the less effect of motion
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artifact. The radius increased in proportion to rotation velocity. However, the area of humeral head in
high velocity decreased although there was no statistical difference between motion velocities. This subtle
difference might be due to the blurred images. In high velocity, the area of humeral head could decrease
as the outline of small circles in the phantom was blurred. On the contrary to the results of phantom
image, the radius and area of humeral head at three rotation velocities was less different. The contrast
between humerus and surrounded tissue was stronger than the handmade phantom. An image at fast
velocity was able to be scanned up to 52.5 cycles/ min at this methodology.
Validity and reliability of cine MR imaging using a phantom

The rotational position of phantom demonstrated small angle error. This measurement error did not
different between static and dynamic images. There was seen no statistical difference in the radius and
the area of phantom. Cine MR imaging was not at all inferior to static MR imaging for intraarticular

assessment in biomechanical study.

Conclusion
The methodology of this study was verified in vivo and using a phantom. The results of this
fundamental study demonstrated that the accurate analysis using cine MRI technique was able to be

carried out during active shoulder rotation.
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[Original Article]

Kinematic analysis of functional shoulder motion in healthy adults

Kazuhisa Matsui, PT, PhD, MSc, MManSportsPhysio, OMPT?

(Abstract)
[Introduction] Patients with shoulder disorder complaint dysfunction of combined movements. Clinicians
assess and restore the shoulder range of motion so that the patients can do functional shoulder
movements in their live. The purpose of this study was to clarify how much humeral and scapular range
of motion requires for physical examination and physiotherapy intervention. [Methods] 12 healthy adults
volunteered for this study. Three types of active shoulder movements, (1) Hand Behind Head (HBH), (2)
Touch Opposite Shoulder (TOS), and (3) Hand Behind Back (HBB), were measured using an
electromagnetic tracking device. [Results] To achieve the target movements, there needed approximately
60° external rotation in HBH, approximately 120° horizontal adduction in TOS, and approximately 45°
internal rotation in HBB as main motion in the combined movements. [Conclusions] This study
investigated the functional shoulder movements that patients with shoulder disorder are often trouble
with on the basis of three kinematic planes. The results of this study provided component of humeral and
scapular movements in shoulder functional movements. Those shoulder range of motion might be a

standard for physical assessment and physiotherapy intervention.
Keywords : shoulder kinematics, functional motion, physical examination

Introduction

Shoulder complex, consists of six joints (glenohumeral joint, subdeltoid joint, acromioclavicular joint,
coracoclavicular joint, scapulothoracic joint, and sternoclavicular joint), has the widest range of motion of
joints in human body. Especially the glenohumeral joint has the widest range of motion in human body.
With three degrees of freedom at a humerus on the glenoid and a scapula on the thorax, the upper limb

can be positioned in the air. Thus shoulder complex has an important role in activity of daily living in
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which an upper extremity put on appropriate positions.

There were less attention to normal kinematics of the shoulder complex in activity of daily living
although functional motion. Shoulder range of motion in activity of daily living was investigated using an
electromagnetic tracking device system! 2. Shoulder rotation ranged more than 60° internal rotation to
more than 80° external rotation.?- 2 The glenohumeral elevation and the scapular rotation were required
approximately 90° elevation and 35° superior rotation to comb own hair. Shoulder elevation during
drinking activity was reported more than 50°flexion and nearly 40° abduction.

Patients with shoulder disorder complaint dysfunction of combined movements. A previous study
reported patients with frozen shoulder and rotator cuff tear complaint that they were trouble with
reaching their back and their head, changing clothes, to name but a few.% Clinicians then inspect the
glenohumeral movement and scapulothracic movement in active shoulder movements prior to passive
shoulder movements in physical examination according to the findings of previous studies. Combined
movements of the shoulder are further assessed after single direction of kinematic movement of the
shoulder was examined. Clinicians restore the shoulder range of motion so that the patients can do
functional shoulder movements in their live. To know how much humeral and scapular range of motion
requires for combined movements of the shoulder for physical examination is the motive for this study.
The purpose of this study was to clarify normal kinematic range of motion of the humerus and the scapula

during active functional shoulder movements for physical examination and physiotherapy intervention.

Methods
Participants

12 healthy adults volunteered for this study (seven men, five women mean age of 22+3.9 years). Prior
to participating in these experiments, all subjects read and signed an informed consent form approved by
this university’s ethics committee on research involving human participants (No. 110). If someone
reported having a current or past history of injury to the cervical spine or shoulder complex, the
participant was excluded. Before the experiment, the joint laxity test® and the apprehension test?.10
were used to confirm that their glenohumeral joints were stable. If either of these tests were positive, the
person was excluded from the study.
Experimental procedure

The active three type of movements, (1) Hand Behind Head (HBH, abduction and external rotation),
(2) Touch Opposite Shoulder (TOS, adduction, flexion, and internal rotation) and (3) Hand Behind Back

(HBB, extension, adduction, and internal rotation) with the subject standing were analyzed using an
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electromagnetic tracking device and electromyography. The data were recorded by digitization (LabVIEW
Version 6.1, National Instruments).

The rate of performing these active movements was set at once per second. Preliminary studies showed
that, at this rate, each of these movements could easily be performed properly and repeated in a consistent
manner. Each movement was performed 10 times per trial. The order for performing the different
movements was randomized.

Kinematics of shoulder movements were recorded using a six degrees of freedom electromagnetic
tracking device (Isotrack II, Polhemus). This system consisted of two sensors and one transmitter. From
these sensors coordinates and direction cosines were measured. Movements of the humerus and scapula
were measured in terms of the coordinates and direction cosines of these sensors during active movements.
The kinematic data from this electromagnetic tracking device were used to examine possible differences
in movements of the humerus and scapula between anterior instability and the normal condition. The
scapula motion measured was described as “protraction” and “retraction”, “anterior tilt” and “posterior
tilt”, “elevation” and “depression”, and “superior rotation” and “inferior rotation” (figure 1). The starting
position of the humerus and the scapula was used as the origin for measuring angular displacement of

that bone.

Equipment: Electromagnetic tracking device

Electromagnetic tracking devices have been used frequently in studies of shoulder movement.11-15)
An electromagnetic tracking device (Isotrack II, Polhemus), consisting of a transmitter that generates a
magnetic field and two sensors, was used to measure position and orientation of the scapula and of the
humerus in this study.

The sensor for the humerus was mounted over the medial epicondyle. The sensor for the scapula was
placed over the superior aspect of the acromion, based on results of a previous study. 16) The transmitter
was placed on a stand behind the subject within 30 ¢cm of the acromion according to a pilot study.
Reproducibility of mounting the receivers was found to be within 2.5 mm in a pilot study. Spatial

coordinates of the transmitter and receivers are described in Figures 2 and 3.

72



57 B PRI FEH RSk 2 Vol.9, 2018

Inferior Rotation (-) Superior Rotation (+)
Posterior Tilt (+) Anterior Tilt (-)
Elevation
Retraction (-} ¢ | N Protraction (+)
Depression
Posterior View of Scapula Lateral View of Scapula
Retraction () Protraction
(+)

Superior View of Scapula

Figure 1: Nomenclature for describing motion of the scapula (left top: posterior view of scapula, right top:
lateral view of scapula, bottom: superior view of scapula). Brackets indicates the positive and negative

value of the coordinate system.
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-Y

Figure 2: Global coordinate System for Transmitter.

~Zsca \ )

Xsca

Figure 3: Coordinate System for Receiver. Xsca: x- axis in local coordinate of the scapula, Zsca: z-axis in
local coordinate of the scapula, Xhu: x-axis in local coordinate of the humerus, Zhu: z-axis in local

coordinate of the humerus, -: negative coordinate
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Results

The scapular motions were increased in the combined movements, except shoulder abduction in HBH
and shoulder elevation and external rotation in TOS. The scapula tilted posteriorly 36.27° in HBH and
14.22° in TOS during shoulder complex rotated externally. To achieve the target movements, there needed
approximately 160° elevation with 60° external rotation in HBH, approximately 120° horizontal
adduction with 20° internal rotation in TOS, and approximately 40°extension with 45° internal rotation

in HBB as the mean range of shoulder motion (figure 4).

meaeEEEEE

oo

HBH
oM BERRERER

B by side of the HEH A by side of the HBH

oy bady
150
140 i
120
100 |
(92} 50 2
o =
a0 10
0 21 10
] ol |
-20 ar a0 b
: e
w0 b 20 T b
frm by side of the ™05 <0 E 10
body Arm by sde of the TOS Arm by side of tha TOS
- bady baody
140
120 L
]J:':l -
m piu)
[a1] =] L
T x
xn L
o
o p I
40 I
£0
|0 €0 L ok
2rm by side of the HEE Armbyside of the HEB Armby side of the HEE
body body body
Horizontal El . External
Adduction evation Rotation

Figure 4: Humerus and scapula motion in HBH (the top row), TOS (the middle row), and HBB (the bottom
row). The left column: Horizontal adduction of the shoulder (scapular protraction + humeral horizontal
adduction), the middle column: shoulder elevation (scapular superior rotation + humeral elevation), the
right column: shoulder external rotation (scapular posterior tilt + humeral external rotation). A dark
colored bar: a humeral motion on the scapula, a light colored bar: a scapular motion, the line graphs: the

net shoulder motion angle (error bar: standard deviation) (Deg).
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Discussion

The simultaneous motion of humerus and the scapula were observed to toward to the target position
as combined movements in this study. The humerus positioned externally rotated on the scapula at arm
by side of the body. In most direction of shoulder motion, the humerus and the scapula moved to the same
direction except horizontal abduction of the shoulder by which protracted angle of the scapula and the
external rotation angle of humerus inverted to shoulder abducted position. The mean values of superior
rotation and of protraction increased progressively as humeral elevation angle increased in the hand-
behind-head and the touch opposite shoulder tasks. The results of this study agreed with Ludewig et al.1?.

At the end of HBH, the glenohumeral joint attained its close-packed position, so stability was achieved
at the end of range. Before reaching that point, activity of muscles posterior to the glenohumeral joint
during this motion might increase stress on the passive anterior joint structures, creating a situation of
transient instability if the motion is performed after the elongation procedure. In that case, an increase
of scapular protraction (by approximately 20 degrees) might be interpreted as compensatory motion to
attenuate anterior instability. This elevation plane is close to scapular plane which hardly need humeral
rotation during elevation. Therefore, lateral rotation of the shoulder complex reached by nearly 58
degrees at the end of elevation. Ordinarily at this point of humeral elevation, the inferior glenohumeral
ligament complex is most tense in abduction, extension, and lateral rotation combined.!® This would be
a likely point to stabilize anteroinferior structure of the shoulder in the midst of the hand-behind-head
motion.

In TOS, the starting position of the glenohumeral joint became 45 degrees more medially rotated, with
adduction and lateral rotation reaching their peaks. Healthy subjects in this study moves to the target
position with minimum effort. When reaching their opposite shoulder, shoulder elevation was attained to
achieve this motion. As a result, approximately 20 degree external rotation of humerus from starting
position might be seen in this study. The results of this study provided the shoulder motion on three
kinesiological motion plane. Hence, the results showed that approximately 120 degree horizontal
adduction is needed to touch opposite shoulder. This means that approximately 30 degree adduction in
front of their body. The scapula rotated inferiorly in this study. This might be due to most subjects did not
elevated humerus anteriorly while reaching to the opposite shoulder. An electromagnetic tracking device
study reported approximately 50° shoulder elevation and 30° superior rotation of the scapula.? The main
differences between Magermans et al. and this study might be shoulder elevation angle. This difference
might bring the difference of the shoulder rotation angle. When the humerus elevated to reach the

opposite side of the body, the humerus requires internal rotation. On the other hand, when the humerus
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less elevated, the humerus rotates externally from the starting position.

The scapula moved relatively little in HBB. It rotated superior slightly and moved into retraction. This
combined movement consists of glenohumeral extension, internal rotation and adduction. The results of
this study showed that approximately 40 degree extension and 45 degree internal rotation is necessary
to put their hand behind back. The internal rotation range differed from previous study? because
extension range could be differ. Those results indicated some motion variation in combined movements.
Those shoulder range of motion enables that the flexion plane of elbow joint passes their back. When
reaching higher in this position, the shoulder adduction range of motion is essential. Extension requires
elongation of anterior shoulder tissue whereas internal rotation requires elongation of posterior shoulder
tissue.

The limitation of this study was that component of the functional movements was unable to modify as
a consequence of that this study focused on combined movement in physical examination. There are
numerous route to reach the target position in shoulder movement. The variation of shoulder motion
pattern (.e. proportion of each kinesiological shoulder motions) is expected to investigate in future
research. However, there was less attention to investigate kinematic analysis of functional shoulder
movements for physical examination. This study provided such fundamental information for physical
examination of the shoulder complex. The scapular motion supports the glenohumeral motion with
superior rotation when the humerus elevated, with posterior tilts when the humerus rotated externally.
This study could propose how much the glenohumeral joint needs to restore to achieve the functional

movements with scapular motion.

Conclusion

This study investigated the functional shoulder movements that patients with shoulder disorder are
often trouble with on the basis of three kinematic planes. HBH needs approximately 160°elevation with
60° external rotation when the elevation plane is close to the scapular plane. TOS needs approximately
120° horizontal adduction with 20° internal rotation. There needs approximately 40°extension with 45°
internal rotation in HBB. The results of this study provided component of humeral and scapular
movements in shoulder functional movements. Those shoulder range of motion might be a standard for

physical assessment and physiotherapy intervention.
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# 1 ZInErEn

P—hAKEBEEE(B) LALI1I1RY(R)
24 13
22 21

b

2) BMEFIZRBITAEROEEN
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V. BE

EE) R OFEE S il E O4EOE (Quality of life : QOL) ZH L FEHL TWHDIIMALNTHY, B
EftE R ICRA LT OBREICE N T, v aEOFPHMRIIRREOREL mbhd 9. M= V=T D%
MEE, EALafafBYoBNMELD 2 27 v TEICBWTENICEE TH 72, W27 b—7128 01T
PERNE, FENRA OGN, LaL, FEREMICBWTHIEIXA LN 2Tz, ZDT®), (Kig7e & O
TIERWEEB R T, AREAR—Y 2 W CEEEECREICOW TOREREE# 21T > TS b= A 7/ —
TDOSMEE, —MRAETEZESTNDEALL I, af B0 OBME & A TRFESCES EEICTH T 28
WREL, 2 AT v EICHEEEE B2 O TIE RN EE L. ER N, AT v 7T AR 1.3 ITEL
RN O—ERIZI T HEB IR BT 2 HWRERORIEGIT 574% L WE SN TS, 2 A7 v 7 HEICE
WTENLICEIETH o 7e b= A TV —TOBNE L, BEEEREO T L CThre8a 5 2 2 v Rtk
boLEEZI.

JEARL P S MU R AR R R AT 21, 3 3 IREIRMEER S < 0 bR icHB W\ T, AJEZ W U D RS
< oHett [[—RTP5 OEMRLEFEFMOMEM, AEOEOMm L], EROREERKEDIEIE L 725 B
RAY B AR DR E e OG- Z 5 < f e i3 o HEE, 8 A DOREES< Y 23T 2 HERBRE-S< D ITIlY
T EEM LR TWD, £z, EEROBENRHLE O—FOEELER L T\ 5 0.

N—=HA TN —T OREFRIT, TALHERD NEREEFE] 2EmE L, BHDIETOALOEEZFEHRT
L%, ZIWHEELET] THD .

fEREIC T B0 2ME#L (CSR; corporate social responsibility) <2, A7 —27 R — (BkE,
¥H, BE, W5kl TAREREOMEEAET 2 Z EREEOHNTH L L2 55 2 B RO
FiltooTWD., h—HATN—T DL REEAR—VICL 0 EBEIECEBIC OV TORREIEE 217 5
ZeNmarunae PEETHOMEL RS, S5IT, NEREMERHE) 2EmE oML L THERB X
CHBICHBTE DL RD EBZZXD.

VI. £&8

N—=BA TN—T KEBHROBMENL, 2 ATy TERELEZNZIWEOSMEFE LY EETH o7, 4
R F BICEN W 7 — 7128\ T 2 AT v FMEICENBNTZZ L1, BEAFR—YTHDL N—HAT
N7 RIEE 2 % 18 U CRER BT E) B~ O RF TR B TEE IR B O TRAI S L CAF R8BS - 2 7 AT REME
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DEAH A E A LA BICBERRE TH 72, TS XY, EBIELEOERTOH « K22 fED
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BE, SMEBEE R D7, FHEEZ LT RWEOHEK LB - AEEENRIT O T0D 9. Zhb XY, &l
LHEDZAE S OFi % T D 2 L I3 LMD REFEHHERS - HHEIC Lo CHRECHY, FRIZ D ERARE O f O A4 15

1) I RREEHIRT: Ve ) T —32a R EERIET K (T500-8281 I B IRIE iU 2 T H 92)
Department of Rehabiritation, Major in Occupational Therapy, Gifu Junior college of Health Science
(2-92 Higashi, Uzura, Gifu-city, Gifu, Japan 500-8281)

ZfTH 20194 3 H 25 A ZFLH 201944 H 22

111



57 B PRI FEH RSk 2 Vol.9, 2018

REOENIITER THOULERHDLENRD.

EIAT, BMKER ITEEEOL SEREA~OFITEA L, BELFE TIIRWVENREERF IR TR
BRI ET IO LY ORBFE~DOHREREL TS, TOH T, BIEEETDANEEBEELZ LRV ALDZEN
RNWIZH B ITEEVEE, FARIEE), R THI R, BORS, BREIURNL, BFEATUX, KeRDE, &
ERV, EFTOEHV, KA OLE, BIEEOBFNR (FBHID), RO L LTS TholzbliFL Tnd
5. FTo, HilbIL, BELTOANDORMEL TAMNRAZEL TOD AL RN LR, BRI RIEREL T EED
EBZTVDE B NZ N LZMIEL TND 0,

INBED, BAEEOERIL il L MEIC L > TARN AZBERL, MRS AEZNNENSToLBR LR AT D
ZET, BEMES OO TR AT 7o LB S B & AR TERERE A HERT - ) LS E DD FTREMEN ®D. LILRA D,
JRAEZED FERN T ZOAR A% B2 AR T & AEVE RS REZ i 0D D DT BINT Ao T, B2 IR, B AR BGR D
BAEFENTZ A A%HLEE ) (Sence of Coherence: LA T, SOC) [ZAR A% A ZH ) LRSI, TORS (3
) [FAPL AT VIR NEDTAT AR MIKLARN ARG E B CELEENTND D DFED, RAEEDFNZ D
HDONANREIRIET DD, FIATRIEEZ B IEANCEMML TNDIE TARN A& [ TED J) D3 S EDDDRIAR
HTHD. Eo, RICARZAZ[ERECTE LN O 128 T U, EBA R ATERRRICH I & T 5D Tlden:
EBEZOND. ZIT, R TIE, ZDO LIS U O @&l 2 VI 3617 2 R F 3 F2 0 &0 B 2= B )
[ - ARTE R BE D BB A IO L e DZ D DR O T B A 7 SR ICH R CE M A58 4 B /Y
Ll

0. Fik
1. MEXRE

SHRE IR BEE RS JAICLAD) OLMMaE@m e, MEE L COREEERE 2R 65 il
LM ERNTE LT, ZORER, 58 HAMELSL, DI HLLFOEE - FIRICL VIEREZIT TV LS,
BRI A3 T S () HERF) ZBR< 52 4 & Mt L& ICRE L.
2. HENE

AWFZE T B REAVE R A 2 7z,
1) EARREM

i, HEER, FETLIREOANE, BEOZBEEEROFELE ZONEERTE Lz, AT
BEN R BIEEFEME 2 TRELPFEUNICRIEELZBEIC 2B ET93&) &L, TRLSMNIRIEEREME
LL7e. Fe, BIERCIBENIT—T =07 0807.
2) Geriatric Depression Scale (GDS15) H AGEAK
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ETHELSBD (7)) HO TIRETEZZ KTz, AT 13 8~91 8 (BRI TH 5.

4) FBUOMREE

TBIE, Bz ORBFEEREITV A TT2) EOMWIZH LT, Th<Ahn~ETH LW (B4 @ 5 ik
THIZ % RDT-.

5) EMFIEERE I FEE

HUBAEE m i O AETERREORE A SN TWAHIRETH Y, FEAMENL, FAUReEiE, thapykHio
TAREICE DRSNS, [AARLBEHEEHE ST 1 ATHHTEET A THASOE IR TE £
FoFH 13 OB L, NIV, Wz @O 2ETRIZET 2. HAEHIT 1 A~13 SR TH 2.

3. ik

SRR E DM L LT, BENRREEEROARIZLY 28 L, Fi, BEFE FETLIH
D N GRab et L7z, IS, RAEEEMF 21 D EENABIES ASE B Lidib#tat L7z, 2L T
i, BEEK, FET2FEO AL, GDS15, 2 b L AULEES SOC, BRI, ZHRIEBIRE s
EOMEE T 4 vy —OEEMRREEIIT VT — « LY o VREIC TR L2, Rfkic, #ae
FABEEEZRDIZHEBIZOWT, 2 HrYRAT v 7 BRI CTRIEERFERE T 2 Efi# oA+ v X
EFH L. 7B, SFTiEHaE Y 7 b BellCurve for Excel 2l L, & TOHAEKMET 0.05%IZ5%E L
7-.

4. faPRAYBLRE

iy B ARG M K SR TR (B B O KGR 2 15 C M L 7= GRRRE S H25-04). x4 1cix, sRARTCEim

EREICE VRS, MAFRER, ZIMMERTE25F2HML, BAICLOFAEEGT.

. #&%

1. SRHEOEARE®R &1

XHR# 52 405 b, B EIEEERE OERITT REICT T4 5%, KEBEIZ 3R ChoT-. BB
R FERHE & RERE & ©IZ 12 4, Fill&EEE I LFEmE T 16 4, KRIEMHE T 13 4, “UEkmHE LI
HT144, REBETI0HL ThoTe. FETLOFREDOANEIL, —NED LRE/E T 54, REHETT
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%, Rim—NES LAERMH T 114, REME T 74, COMPFEREE T 134, REMETIANTH-TZ.
I HETOHEBIC TS EAERESCHEIEIRRO bhaho T

2. JRPEHEFEME TR DRI - RIS B O RERREE (R 2)
JEVEZESEME (IATY - BRMIEImE & LIZT T 2 —TORYER PR L <, RO THMETORYRES,

BEREEOIETH-T-.
F1 MARBOEKERESDBHET

EheE REMRE pfE
i (%) 74(70-79) 73(70-77.5) ns
BEERE 12(12-12) 12(12-12) ns
TS A (N) 15 13
EABEE (L) 14 10 "
EEI H5RE —AEbLL 5 7
KXm—ABELL 1 7 n.s
D EH 13 9

REC - Fin, BEFEH =T RIE(25%-75%), EDith=n%k
ST E8, BEEHIINFT—=LOYIIRE, TOM=D1ZFRTE
p{E : n.s=not significant

K2 REEXRRBICK TSR - RESE N RFRERCE~NR

ATfiEEnE ®YEnE plE
HETOEY 13 12
TSUR—THOEY 15 14 n.s
BERAETE 6 5

REC : nH
S DAZFRE  plE n.s=not significant

3. BHEMZRBIEEEROA I X 5 2 BEH O LBt 09I & ATERRE D 2 (% 3)

SOC GaEAILFEMAE D 74 (66-79) 5, RIFIEMAE D 58 (51-63) m CHiat T LA E R ELE D= (p<0.001).
£, FAHEEORBEREK, ERATREEK, WBLARBEIC b TN EhAEZEZ R Y7z, GDS15 TIXEME M 1
(1-4)5, RFEMEN 3156 THEAZBDTZ (p=0.04). EBERIRTIE, T THEE EFHE bR
FE) LRI LT fRRRERE N E A C 26 44 (89.7%), ARFEMH T 144 (60.9%), [HFE VTRV MEFET
RN LRI LA N EE C 3 4 (10.3%), RFEME T I4 B9.1% TH Y HEF LAETHT
(p=0.021). EWFIEERE/FEIE TIL, EhE - REMH & bICTTRIEN 13 K TH Y AEAEZRBORIN-T.
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L7eho T, REEEME & REME TIEAR bV AKLEES), 9 SEROEEE, TBARER L V- 70
WM EELZ RO, EEEREIZITELZR DR T,

=3 BENGCEREEEROARICEII2EMODERSMBIEEAEFHEEDE
XiEE REME pfiE
socC At 74(66-79) 58(51-63) p<0.00 13k
(AEBRR)  23(21-25) 21(18.5-22) 0.002:
(BiERTRERY)  25(23-29) 21(17-25.5) 0.005%%
(RIERTRER%)  23(18-25) 17(13-18.5) p<0.00 13k
GDS15 BEtR 1(1-4) 3(1.5-6) 0.04%
FERAIRRR ETHRERE 8(27.6%) 4(17.4%)
FHEHME  18(62.1%) 10(43.5%)
0.021%
HEYRETEL  3(103%) 5(21.7%)
BER TR 0 4(17.4%)
ZHXEHRENIER AFtR 13(13-13) 13(13-13) n.s

#Fi0 : SOC, GDS15, B EEIEE NIBIE =h R {E(25-75%)
FEMNERE=nHEHEICHDODEE)

ST EENBER  BEMETEBERBEO2BICED Ty v—DEEEERE
FOM T F—=LYIILRE

pfifl : *+*p<0.001 **kp<0.01 *p<0.05 n.s=n.s=not significant

4. 2T VAT 4 v 7 [BROHT OSSR
SOC, GDS15, FBIMIEEERK (1~5 HAEf5) 2o\ TH y XA BEH LR, it AR ThH-o T~
DX SOC DI THA » X 1.13 (95%(F #H X [# 1.048-1.28, p=0.002)& - 7=.

V. B%

AAFFECIE, HUSAEE O @l YIS I 1T £ RAE I & DB a9l - AETEHERE OB 2 B 5 20MZ T 5
ZEEHEME L.

AHFFE CIXE B 72 R EE R IR FEM A 12, SOC, GDS15, F#EIMERENS R CTh-o7-. SOC
X IR ATRRIEE (A /3 D@DV TV DRI BRAE C & 2 5&5E) ), TUBE AT RBK GRS L TH 3D )
P TRL, BB ORBR R VEIR & B L BT X B, TAEWE (A3 5 I
FRRAZIANT T2 B )0 D LW AR E BN DER) ] @ 3 5O FAAMEEN DR S, T 6DmSIEA b
VATFTHREETHVRT A L5 10, F£7-, SOC NIEHFIZERNA b L ABEOWER T X 7 — B %
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ABFE CIE AR M (TR E AR BB DA BICE VR Th o7z, 1IN SIC K2 HllfE
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BRI 72 AR O FEN A SOC ks - ) L&, 5O, ATEHIROME:, FBIREEFIROMER - M LI
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e & AETERERE 2 fERr - 1 B S8, BHEMS SIRE THHT 2 —2DFRICR VG RN D 5.

WIS, AWFFEOMRA L BT T OEY TH 5.

AL, SHGEEZRNFELTEY, MREOBRRMEAAL T ANEC TV DL ARERHD. £, JIREIC
JEEHUR O FIPAC AER DN TER Y, MIROFMHICIZT —EOEBRLETH D, 5%IT, KB
78 5 N REEOBIEHTHE OZ(LIZB W TRRRFIOZE D D DM AN LE L 72 5.

V. BbbhiZ

AT CIE, HIRAE(E O Rl M3 2 BAERE M & DAL O MIE - ATEHEEOBIE 2 B Hr iz L,
LMEDEEW 5 SO TR AT T ERRICHIRTE 2MA 2G5 2 L2 A E L.

ZOfER, BRI A EME TR EME I, SOC, GDS15, LM FG 7 LA EIC R
R TH T, i, BIFRIEBIE ISR WO CRRIEEO R OA IR BIRRETH - 72
SOC DMSIIA MLy H—722T A 74X MIBWT “927 2T 2EKERY, FBMOEERKRO RS
X 907 BRNZ ERAETEREDHER SND ZENEHEEL SN TWND Z b, BB EIEE O I
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(2-92 Higashi, Uzura, Gifu-city, Gifu, Japan 500-8281)

ZATH 20194 3 H 22 A ZFLH : 201944 H 23 H
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DNWTERRFFEREE DA a = —a U B, B - W5 - HikE Ly, Efshizz en
BETERWEORMEZITDZ NS, INOLOMEEZHENFAEICHEEL CHL®ETE RN LR
D VEERIERRFEEOFLIE - F A -9 KV AMOIE, R CEMELEZTEEORER L L L H
RS, FEDE Z o 7o B ORI RE D RA S MR S, R ABMRZ T.0 & 24ERMEE ) DARZA S (2
RLTNDELTVND. IS VI D L EFREENRELE LD DL LT, FAEOEK - BmEN %
<, WNTHELBRFELDAI 2= = a VETHREEAZK T D LW RIZERE o7, BRFAER T3L
DAY &b, EEKRERE RIS, REREOHENEL, SHELEGETIHNRH D L IN
THY, BESTRERIEEOREEEBERRICB N THEBEIIRD EE2OND.

oI. B/
AT O BENL, FEOFN EHRIZEICE I 288K - SEOTERE &t ARTOREEZLRET 5. X
DICHRRFZEFIZICB T 2B 2L, FAOERRMER: - 1) LT 2R IZERHRYE - SifRomE s 5.

M. %% - Hik

1) g
BFAEDIFENELRAEITAE T 2 1 28AEDFAE204 (B 104, X104, FHER 20.0+3.0 i7%)
e RPRICHA A T L. ARBFRIEI BORMEE IR MR B S 0GR (MEIEAER S - H29-03) 215 C3%E
M L7, RIRFANIIHEARICONTHSICCEEHWCHRI L, MEFORBEE~DELE D> T, [FE
s
2) REFHE

AT, BRRFEE I ICATENNG > AT AATEEL O AT A RE L BIRREEA 7 — /L &2 -V CGlRAE L 7.
(1) 17BN > 27 AATENEE S 27 L RJE (behavioral inhibition system /behavioral approach system:
BIS/BAS RJ¥)

1TENY, BETEES R T A7 5 NS S AT 2 OB L > CHlE & 5. BIS 1%, #rartk, i,
HEEI 2 52 CIE M AL S DS ST > A7 AT, #ATHOITEVZ M6 L, ETER e BBt L CHEE & Wi
gL, BOITEVZMEIT 5L 5IMEMT 5. BAS X, WICEI OB A M 6 ¥ 2 R 2 5 Tl b S
NOEEDSIT AT A CTHEEDERIZHIT T, TEZMEHT 2MiEE2H Y L and. ZHL YER LT
BIS/BAS REEZ{EMH L7-. AW CHEM L7- BIS/BAS REOERMERIX, 30HY, bTFEL=40, X
RO TUTEDLI=3H, PO TUTELRV=24, bTUIELRNV=1 80 4 FETHEMNT 5. BISIE, 3%
D6H 10 & 1105 15, 21775 25 Z R Rt L7oms, BAS L. D 17205 5 & 16705 20, 26 725 30
OERILIzR S 5.

J?\__\hE
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(2) BFHReE 27—/ (Ego Aptitude Scale: EAS)

EAS® 1%, i AMGBEFHEZ1T > TITEN T 5 & S ICHBEE 52 5 AMEEH O, Bl ERE B L
iz & b2 2EMEETHS. BEMEAX, 945V, TUTED, EH6E2b0 2R, HTETELRWN
D SFETEZL, dTUTEDLZE 1AL LTRAKRICHE L SNS., SMcEAShEmE T —2
CICMBELE DT TV —o sz HHT 5, BHLEST ) —0iEE: a7 — L OBER T 5
BATCE 2D, £ REFERTHY, 7v 70—V E2IERT 5. EAS OFHMiET, #arE, #EE, MRk
HERME, BN, EBME, BIGHEDO T Oo0NT T —IIpEIND.

3) EMITIRIT 2 MEAELR
(D) HNNEROLRE ST 15

BRI ORAMBE L CQT#RE S (ID) 25 LEA L. ETEEOT — % OREGATIL. AR5
HHDO USB AE Y =AY — RERIZ TR L, AT ABICEVECERWE S I L, T—% %25
BT 2HBIE AT — REICTEARL, RRICXT 2283 R a2k Uz, M, AR TIESNLT —X I
FIMT IR B S 2o 72
(2) 7 — 2 HEDRAF L BEHE

M EOFEERAe EIIAT) - RTFER, Va2 Ly X —EFAWTHAI L2, AREFZE MY WL, AR
KT 3 ML USB A€V —ICTHEHL, REMBK THIZT — X2 WET D, HFEHIRK T & OREN
HFIEASAT = RIZ L b r v 7 EDOIRRIZKT T 5 L2 R ATV IRIE L T2,

WM. 7—Z3Hrhik

1) BERETRIEICH T 5 BISIBASBA L EASEIT IV —BRERANEY TR F—5H

B IR SEE AT #2 (2 38U T BIS/BAS REED BIS:BAS 551 & EAS &0 7 2 U — 43 808 L L TV 2 3% 34T
Uiz, BB - PBIEROZ T 24513 2 & Lz, T—FOHEUMERENLO L) LEIEICAHFLTT VR
v 77 AWHEED &2 B LTZ. SEEHRRERI T~ v — Tl 7 VR 2 LT
2) BREFMBOs 72F—1-2 DFEMK

BRFZE R DY T A X —HHIC L O IR 2507 5 A% —0 EAS % 17 =) —1544 & BIS/BAS 75
% Mann-Whitney @ U fEICTHEMEZHIE LTz, S GIZERIKRIZERTH OFAEDOTEAK - Bl & xf A28
DREEE DFRFU A I Tz

V. /&8

1) EERFEFRIEIZE T 5 BISSBASBA L EASE VT IV —BEAEZHANEY TR F—5

B IZE A% O BAS % 7 2 U —1541 & BIS/IBAS 5% 7 T AL =TI E D 2007 F A X —2454E
Uiz, BEREEFI O 7 A% —11%, ID&FEE1, 5, 7, 12, 13, 15, 19D T4 Thol-. 7 7 AX—21F,
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2,3, 4,6, 8 9, 10, 11, 14, 16, 17, 18, 20 D 134 Th -7 (K 1). 2507 7 AKX —Z81} 5 BIS/BAS
RO/ LY, 77 A2 —11X BAS Bas@fE, EAS & 47 2V —JRof 8 EE Ly, 7724 —
LIZERMEN REERTH DD, HHMESRESR TH -T2, 7T A% —21%, BIS & BAS 5 0E M FH X
0 BIS O EBNEME L IRz, 7T A X =2 IXHISEN R @S, HEHER RS R TH 7228, WHE LD
7T AL —1 EDOBFRETRN. 7T AF—1 L 20 EASE AT IV —FAICB WO CHEWE L AR, K
PEIC R ZEZ RO T

BRI E %D 7 AZ—11%, ID&EE1, 5, 7, 12, 13, 14, 16, 17, 19D 94 Th-o/=. 7/ T AKX —
21%, 2, 3, 4, 6, 8 9, 10, 11, 15, 18, 20D 114 Th o7z (K 2). 225DV TAX—IIBITFDHI T A
% —1 ¢ BIS/BAS 1805 XD BAS a3 @ETh - 72h3, BIS OFFA & O AEIT D720, EAS
FAT AN —GEOGRTE LY, 77 AF =1 I TMAMER &SGR, PN RER Th o7z, 77 27—
2 1%, BIS/BAS 505 R4 L 0 BIS O A08EIE & 72 o7y 7 A% —1 O BIS & O RAET D7 h o
7o 77 AL —210%, BISERR &SN, BEHERRESR TH o720, BIGHEIC 7 7 A2 —1 L OSRET
7200,

JIAR—1 L 20D BAS KT IV —ERICEB W THEISELMNESZEZEROT-.

67 ——
8_

T —
13
1
0 5 10 15 20 25 30 35 40 45 50

Bl ERFREER DT TR -1
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—
— -

—
—h
—

|

=]
=
=]

20

30

40

Fz BREEZROD SR F—017

2) BaREZH% D BIS/BAS B L EASE T I Y —BEOFEME
BRIRFEERIO 7 T AKX —11%, 7T AHX—2 L LT BAS 58 L BARME S, EHEMEESARAEEICSH
Tholz (X3, X4, K5). =Lz

Tran

60 = X %k
] Eb
40 +
5
I =
30 9
20 +
10 1
0
JITAF—1 T TAZ—2

* %

X3

:p<0.01 MannWhitney’s U-test
i R 9234 At OBAS A $7%  n=20

14 1

12 1

10 1

0

*

77 AL —1

7T AL =2

BRETRO LN T

hagn

* :p<0.05 MannWhitney’s U-test
X4 PR I2E AT O BARMSAE n=20

122

50 60

*

9 =

s | {

7 L

6 "

5 L

4 L

3 o

2 9 \

1 L

0

JIARE-1 T TAL 2

* :p<0.05 MannWhitney’s U-test

BI5 AR S A OB A ZE n=20
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BRREE SO FAZ—11%, 77 AZ—2 LKL T BAS 154, HAMGEPAEICEE TH-72(K 6,
B 7). ZRLSMCAERRETED bl

k% E
60 ,—\ 12 * %
L
40 1 | 81
% = i J
K30 ] [
20 1 41
10 1 2 j
0 0
I IAZ—1 JTAE—2 JTAL—1 JTAZ—2
* % :p<0.01 MannWhitney’s U-test * % :p<0.01 MannWhitney’s U-test
X6 R 928 % OBAST K& B47 R 92 o0 B AR PER R

V. B%

BRIRFEZEFID 7 T A2 —11%, BB AR L &5 2 ENTE, JIAL E & DL, AMEOH 5K
HEREEEZ LD N TEXDFRAETHDL EEXTZ. 7T AZ—2 X, RENBRIIARRE LD LN
TET, RALROBEI TR LICORRNFAETH DL EBRTZ. 7 FAX—21L204F 134 THY
RENRATENEATZ R WVEENRSZNEEZEZ DD,

MIREE SO 7 T AL —1 1%, B AR A LD 2 LR TE, NIEAKE 5 2 720k AR D #E
FEERLDIFETHDEER. 77 AX—1 1%, BWREEEZRBRT 22 L12X 0 AR EBMmIC L 5 2
ETRHARMOREELZRE ST EEZD. 7T AZ =21, FEPRIKIALREEDHZENTET, BE
FRORNWVEATHDLEEXTZ. SBIZV TAX—2 X, BREEZRB LIS ALRE & D2 LICARE
NI, HEFEROTETHALRMOBELRESEDL LN TE RN LEZZD.

B PR I2 AT BIS/BAS 34 & EAS & H 7 3V — 818 57 7 AX —OHBEMRERN D B IR L BK
P, BAS JBmD7 7 AZ—1 BNEfil 7z olc. EERGIZE D DETHIRIE S AT ABMETLTWD & &1,
ROT 4 Tk FEERBRT D2BEARNS DL 20, ZTOMEL LT, WVIERICR YT « 72 HkE &%
BRI D 2 E ORI 220, RIS D SR B E L R B E LTWA. ¥ T A —2 1%, BIS AN
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EEE 72> THY, MREENE COEETRAT 4 TIRHKRFEORRN L, ALK E LD LR TE
T RBATEINZWFETH L LEZ LD, IHICAHROEFBIZBNTHERY T 1 TSR E L, xt
RMOREEZ G TERVWARER S D LB OND. TOWIIZT TAZ—1 1, S FETOEFOHRTH
UT 4 TIHEKEE SRR L, AR ERMAICE 52 ENTE, REMETHFLOHLFAETHY

BORTT 4 TR a2 THFICK VS ARLMORBE L RN T LARELRH D B HND.
EER EE % 0 BIS/BAS 135, EAS ICBIT2& T ) —f38 L 7 7 AX —OFEMRER S BAS f5R &
HIRMED 7 T A2 —1 OIENREE L 2 o7z, KEHZ KD 9 LHBEISHZRBIR A FE MR L T < 72oicix, B
RBIRVETHL LM ELNATVS. 7T A2 —1 1%, BEREEPICHEBOLRGANLZHE LD LNT
&, BIE B NZMOBEL L DN TELFAETHL EEZEZXBND, 77 AX—21F, BIKEEPIC
KNRFUNEAL DR AN Z & D ZENTEY, BELZODATHAZROBELZ LOFETHLLEE
oD, BRFEEERBRTHZLICKD 7 722 —1 1%, FEBNRRI AR Z &5 2 L2 X0 GRS
IRt NRROREE 2T H LM TEEEZIBN, 77 AX =2 IR ALMICALZR S Y, xF AL
IBNTHZENTET, RFBRHFABMBRERES 2L ENRTERN-TEZZIOLND.

BRIRFEEAIH% T 7 AX —2 Lo TcFAE, WMELERROAETFIZBWTRA T 4 7 725K%1E &3t N2 o
BEA LT, FALROBRRPARRL, HALZMOBENRE TERWAREERH LS. £ T
AL =2 LIRoTEIIK L, RYT 4 7T RHRFEERRSE L Z LI E D AR ORBEDN LR T 55T
XHEEZEZOND. SIHICKHARIMOBEZEEIELZ LICLY, FAREIEMNE R Z LIV E
BR-EREDR ENTEHEEZOND. BIRFEERIZ T AL —1 Lo, MIREENR YT 4 772
HoRFEORBE /20, ROT 4 7R RFORRN, BRI ALRE LV, HALROREELEF L
EBExohd. FAEEZELG - HET LRI, N7 7Rk ELRDERE S 5, PEEORREK
0, BRREFESHEEITL, X7 4 TREEZRPRNE D ICRET I LER D D.

>

2

VI. ¥

FRIRFZHE A% D EAS & BIS/BAS KV 2 507 7 A X —T531F, Rz ma L7y, BRFERZICB D
THRAT 4 TREEZANTWDFEEL . ROT 0 T RHRFZRRT 2FICL Y, BRI AR A
My, PEOLHEOMREZM L. FEZIRE - HETOICE, AT 4 7RHRFEL 25 FREZ <
B2, FELOZREZXY , BIREESERICH LA T 4 7RG 220K D ICRET D20 ERH 5.

VI e
RIFFE DO F/ENZ T IIN T2 TN TR R A D 2 IR B L 7.
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(BIH - BEIHR)

1)

2)
3)

4)

5)

6)

7)

8)

JEFER: BIRPAEDFE L FAMRIC OV TO—BE —MBEERP R SN, 2RV FAEDRE
MHERZTS b0 —. FOERFETCNR AR E, 2013; 61 141-153.

ARG, PRPBCERR: (EERIEMIR R faet. —MALENEAN B RVEER L L2, 2018; 4-6.
Al —, AR, e () (FERIERIREE OF51& - 8 4 R - . —FEENEAN B AREERE L
43, 2010; 26-32.

FRJRRE, mRETE, il ENL KPR AL - (EERE LR IR T 2GR ER ICET 57 v —
NI, BLEHIN KT 7 2 LR — b, 2016; 23! 33-37.

LT, FEREETE ATENME] S A 7 A« ATEET U AT A REOIER R B N2 OFHEME & 240K
at. DERERFSE, 20025 73 (3), 234-242.

H AR DI TERT: A RV A a— 7 AXU M) — ABREBERAT—/LV v=a27 /v —FEfEik
& M. MRS IEH A W, 2009.

EHEZZ, AL, i 5 2HIBWTERMROBEEIZEE SN 250? — 5 O & IR ICET 23R
SRR AR — . BB R FHE BB - AR R, 2008; 57, 219-234.

KU FR: B A XL - b L—= 0 7 O FIERF #8725 NBIFR OMELE. b Art 20 BT,

2003; 3: 1-8.
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[JF]
BRI E L 5 E OB B EMEIZ DUV T
~BIA ¥ ¢ US Z2HAVWi=PlEiiEi~
/it Z2EE, RPT, MA Y, =JII #KES RPT, PhD2
(EE)

(B8] B & fEATALZ LI EORERET L 2HLNE T 5700, FRRAEICTRIET 228 %
Hrye L7e. [e%] MEEG/@EEES 34 gl Liz. [J7i5]  Bioelectrical Impedance Analysis
(BIA iR & MW io i TG &, e s, BEREGRLEE (US) 2 MunicAaBEmE, IEEGE
ORI Z AR SHTIC TRGE L7z, [RSR] TR & & (R B3, A BEERE & EFHEOWFh ok L b
AERIEOMHBEZRD . [#FE] AR OPHTETIE, B—HOmE» O EEHEN —ERERBRIND Z
ERIR SIS, B —EALORR BT RS HEG HEN KB LGS R LB 2 b, 4HROBEE LT,
US TORER 2 L COFMGE, EHFEE ORGER E 2T I LERH 5. EEEE TR BIA IE0MT
ZIRVNEIES BE IS, USICK2MEFMA WD 2 L3 TE UL, L O HERIR B2 IE T AR D
WMREICA R RR L L R D EBEZABND.

Ve

Keywords : ‘¥, W&, Ak

i

I. IXC®IT

BHE CLT, M) 1%, FEREROREBRELKIT 5L LT, AEFE TS, tras=7. .71
ANVTBh, REREFMIILMR EOEEE L TEEH I TWD V9. Faodihiks LT, CT, MRI % Hu /-
FiER, “E X=X ML (dual energy X-ray absorptiometry : DXA) %72 &% Golden Standard &
LTHWHRTEY., LM LAaRb, CTX DXAEICITMENTIEH 2 SRR SS, MRIIZITFEREE
WCEREW R SN D RIEMEDRH 2130, W OFIES S & EEx B3RO0 EWoTcT AU v
K% 9.

1) IERLEEHIRY: U ) T —a R BURRIEEHI (T500-8281 i BRI BT eE 2 T H 92)
Department of Rehabiritation, Major in Physical Therapy, Gifu Junior college of Health Science
(2-92 Higashi, Uzura, Gifu-city, Gifu, Japan 500-8281)

1) PEFBERT: B ) Y T —a U SRR (T501-3993 I RIRBATIM - o 2 T H 1 % h)
Department of Physical Therapy, Faculty of Nursing and Rehabilitation, Chubu Gakuin University
(2-1 Kirigaoka, Seki-city, Gifu, Japan 501-3993)

ZFPH 201943 A 27 ZHH : 2019454 A 26 H
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Zh b Iz Y T4, Bioelectrical Impedance Analysis (BIA) 235 < AV b T\ 4. BIA i, FER
Y, 2R HEONE S TEMAMICEN, Golden Standard & D Z4MENFEH SN TND Z &b,
P axX=T OZBEECHNON L2 EARRGHEOFME TH 5 07, E7EIEHOFRICEIY, (Kag,
e 5 Ao T T BN EZRIEFRER Z &G, BELAEMEITILIVEE - T1D 9. — 5T, BIA
B2 OREFRIL) O K BB L Z TR <, REPERR EORERMFIELSNOTVEWNS T
AV "B DI Fiz, N—RA A= —HHAEF R EREN RG] HFET D

BIA iE[AIBE, H&EERR THOST O OFME & LT, BEkEg2HEEE (UltraSonography : US)
B D, USIE, FIECHMEZEIEE L, BRI ZEN - BRI Y TLY A MBS TE D AR R ORI
EINDH 0. Fio, KEMALHEOGEME L 2EOFROBEN 2D 5 Toda b O Wi L, BIA L
DHNE SRR FN R L TRERE L LTHEHERNCHWD 2 EBARETIIRWNAE B LS.

Miyatani 5%, MRI(Z XV #IE L7z KERIUEEM & &, USIZ X 5 KERVEAFE O 2 S M2 Mk L, KERIY
SE ORGEN I EEHET 2OICH AR S D Z L 2HE L TVD 1D, LnLRRL, MO Coffis
AN & DR BT 2 /Bt Lo & 132 < 2 B av7an.

ABFFEIL, BIA RIS K HBEEA O R L, US Ik 2R, FENOHE—FHEN & OREME+ 5, F
A K> TR Z/L Z AR E L.

I. %
s RS 34 4 (BN 25 4, otk 94, FEHER 20.3F1.15%) 2% E Lz, 2k, B EER K
¥ OKREE S H29-04) B X O K% KFRE 5 : D17-0008) D& A0 HAGRE &S 9 2 T

N UFREEICR-S T, ETCORBHEICAMEOER, FHik, BIEV A7 BIOTZOXR, FABFFE I
HIERIZBFAR LW E R 2 +H0#AL, BREESEICCELN COREL2ET-.

WM. Hik

1. BIAEIZ X 2/ EllE

HERER 1T InBody 470 (f VAT 4« V¥ XUl 27z, MEREZEI<TD, WERY S, Bl
AT, ERFORE T —E L Lz,

AR O EICIE, R e RO R (kg) ZHEL LTHITICHVE.

2. USIZ k2R HE

US TOMEREIX MySono ub (4 AR B 1AHY) &2 vz, JERAIINIALE L, #)i%1E B E— R
XAEEMBIC CTHEZRE L. Ye—713Y =7 7ue—>7 (12MHz) M\, fHiEZEE LgRnk 5 7
ZHOWTHEEBSHE SN ORIKBEDOEL T2 L, EEHEBELRDLLIROILD 2 RITHE L.
72, US TR R IEN D S, fERIEZ1T 5 Ha i iZF—RIESEFT 2 REST 2 2 L L <, 2l
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EETLHIENLTu—T O, mSICHELLEY L— A% EK L CIRIGERTO R EEICR Y 1, 71—
AT B —T HEE L TRGET 252 L CRIERHEEZ R D X HBUE L. EABIOFMEIZIE, A0
MR (cm) % FKOEELE LTHY, BEME (cm) ZEBORIELE Lz, SHEORIEBIIL, AT
(2B & RN 5 5 A RBRE SMA_L i~ BE B SN SR D 4 THIIT AL 30%, MR IE A IS em M5 & L7z 19,

FHBAL 2 [T ORIE L, FIIE Z AT I 2.

HERHIRHT ITHERHLELIZ 1% PASW statistics 18.0 for Microsoft Windows % fV>, /47 D TR & & (KR
i, EAEERIE L IEEGIEOBEZ Pearson OFIFAABREIC L VoM L. AEKEZIVTILE 5%k
i & L.

V. /&R
RRFEOHERMK E BIAIEICL D&, BXOUSICL2MEOHEMEEZR 112, BIAJEIZXL iz
(Z KD BEOBENE 2 2 (TR
LR O B & [FEBAL O FRIE & OBIRIZOWT, 5 P& & A EERE (r=0.53), 72 F & & A2 BEE
IR (r=0.41), (K& L IEEHE (=0.56) TWI b A ERTEEDIEDHBBEREZRDT (p<0.05)H
%, BCOHENHEEAERMEBBFRERDT (p<0.05).

R XGE OFEEE EBIALR 5UNIUSIZ L S HlER R
HF(cm) 167.3 = 8.0
B AL R (kg) 62.4 + 11.0
BMI(kg/ni) 222 + 2.8
i F kg 7.93 + 155
B #4175 R (BIATL) 12T (k) 7.88 + 1.55
kit (kg) 21.64 = 3.89
FHENE AT (cm) 1.69 = 0.32
FHIE(US) FEIJERE 5 (cm) 1.66 + 0.30
JIE 1 5 {cm) 1.21 + 0.20
mean+S.D

n=34

F2 CERED BEBIAK) & HIEUS) DM BItRE
A TR R TR R IR R

A BERE R 0.53 = 0.53 * 0.54 *
e IBERE AR ) 0.41 * 0.41 * 0.42 *
(=R 0.52 % 0.52 % 0.56
% 1 p<0.05
n=34
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V. BE&

AWFTRIL, EEETEE Z R, BIAEZ RO OfE S, FREALO US % Hu 7z B—iE 2 B
HERBDLPHLNETEHZEEAME L.

BIA kOffE e USICL AR L O Z L CH L L, Wb AERMEMEZED A, r=0.41~0.56 &,
HEEOHBBERIZE EE o T\ e, BARGIE, WHUAR & RERE ) OLFR T L OUHER O &, BIA

Z L DA, B R Lo I L D, KRHREOMEICB W CHSEOHBEZRD b OO, FHIERO

ED LV R <HBERRICH -T2 &, HEN TROREMGETZ &, HOEBRREIZ LY fHED
BRI D Z L 2 BETHRETHDHZ LEBRRTND 19,
AR, TERGIE T 2 BHIER RS, WS OV I WIFIE IR & ARG O & & o BEMEIZ IV T b RO
Lo le 2 LAVRR I, PORTOMRELHENMEL T, ZoZ &, TR, K§ICBV» TR —
i OBHERE CR—FLOH R 5T, REOfEL —EREHECEZLARENRH D Z L EREBLTVDHN
Bz bz,

BIA EIIZ OffE SLLEMN LA B I LICER L TN ZERTFREND. T CICEERARMEE 1 Z
FEZERICE K LCTRY, ERARMENEHZ DWW T & mttaeb 23 A, BIA VEIZEE M &k liE & 720 5D
& 5. Yonei HiE, 10,000 4 ##x 5 HARANZXGUZ, BIA EE AWTHEN, MWD & 0B EZHIE L
TERY W, EAER AARANOGEFEE LR LT, L L7223 5 BIA I Gl e R <o B H o £
M IR AN & D 728D, AR RTRED O ICERIRE A 23 AT RE R E AR DD T EDEE LU,

fERAREL LT, film-o07 A b i L OBJEMENRE SN THWD AN 19, fRli->207 X h TIEEN
R ITEE L. AL PR & U CHEE RS K OMEEAEICIRE L CHIEZIT 722, Wb KR
PUBEARIC K B SEATHITE & [RAREE O BIEMENGRD DLz W, ZoZ Enb, US IZ X 2MEREE, i aHER
DEMRRREL R D FREEZHO TBY, BIEHEMFALTERIAMERHLLEZLND.

S%OBEE LT, BIAEICE ML, US IZX 2D BRSO O E & OBEMEOREFS, 25
BERHYHLIWVITHE—MHRIC L2 ZIT, HEEHEOZYMEEARIEL TWMNERH L. £/, USD
TAY w FE LT, BEMED & D HE IR B2 5, il EHER O 72 O W& 7T O 7 B HE 217 © 56
BRMAET 5720, fEINKDATLEIRNNS LN ET oD, TDI1ED, BIAEOREL 2
DIRRET D 72 12iE, HIEREEZR S ~ O /TR E O SN L 72 5.

VI. %R

AT, BIA I K DB &, X DR E EORERETI1HLNETHIEEFHMEL
7o RER, MR LB EITETOMMFR L THEERME L. B L72fB/EN E O Of & & b B 273
oz, i T EREOHEHNNFRETH D Z L DIED, REHEOHN S TE D AREEREZ X5
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