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[Review]

Recent advance in immunotherapy for allergic diseases

Hiroichi NAGAI, PhDV

<Abstract>
Recent investigations indicate the immunotherapy may exhibit as a good treatment of allergic
diseases, including bronchial asthma, allergic rhinitis and food allergy. This review aims to
summarize the recent studies on immunotherapy for allergic diseases and problems to be dissolved.
Immunotherapy is classified into two categories, immunological hypo-sensitization by allergen and
pharmacological modulation of immune response by antibodies or small molecule agents. The
immunological hypo-sensitization by allergen is more classified into three according to the
administration rout of allergens. Those are subcutaneous immunotherapy (SCIT), sublingual
immunotherapy (SLIT) and oral immunotherapy (OIT). Each therapy shows individual benefit and
risk. The pharmacological modulation of immune response is attractive theme, however the drug
efficacy is inconsistent and in sufficient. The immunotherapy for allergic diseases is hopeful and
effective but some problems including allergen standardization and suitable dosing are still

remaining.
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<Introduction>

Allergic diseases including bronchial asthma (BA), allergic rhinitis (AR) and atopic dermatitis (AD) are
a common disease in all over the world and the each prevalence of disease is still increasing® in both
developed and developing countries. According to World Health Organization (WHO) statistics,
hundreds of millions of subjects in the world suffer from rhinitis and it is estimated that 300 million
have asthma, markedly affecting the quality of life of these individuals and their families, and negatively
impacting the socio-economic welfare of society®. Despite our understanding of the onset mechanism of
the diseases, there are some therapeutic problems because of the existence of disease heterogeneity and

variability. This heterogeneity is influenced by multiple factors including age, sex, race, ethnicity and
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gene by environmental interactions. To unify the concepts and make a consensus many international and
domestic professional societies produced guidelines for management of allergic diseases?®. The
expansion of these guidelines resulted in the decrease of asthma death and improvement of quality of life
in the allergic patients. Whereas big efforts have been paid for the therapy of the diseases, the complete
remission of chronic condition is still difficult. Recent clinical researches recommend the employment of
immunotherapy for allergic diseases in addition to pharmacotherapy!416. Immunotherapy is effective in
the patients with mild forms of allergic diseases and also in those who do not respond well to standard
drug therapy.

This manuscript is aimed to summarize the recent approaches to make immunological therapy for

allergic diseases.

Immunological therapy for allergic diseases

A number of basic and clinical researches are attributable to our understanding of the pathophysiology
of allergic diseases. Allergy is immunologically mediated, through the interaction of an allergen from
exogenous or endogenous origin with specific antibodies or lymphocytes. The consequences of this
interaction may be complicated, and may account for a variety of clinical manifestations. Whereas some
similar clinical symptoms are observed in non-immunological diseases, allergic disease is defined from
them by the existence of specific antigen and antibodies. From these concepts, immunological therapy for
allergic diseases is reasonable. Table 1 indicates the summary of immunological therapy for allergic

diseases.

Table 1 Immunotherapy for allergic diseases

ASI (Allergen vaccination)

1  Subcutaneous immunotherapy (SCIT)
2  Sublingual Immunotherapy (SLIT)
3 Oral Immunotherapy (OIT)

4  Other

Antibody

1 Anti-cytokines ( IL-5, IL-9, TNF-01)
2 Anti-IgE

Small molecule Immunomodulator

1 IPD

2 CPG-ODN

Other

Allergen specific immunotherapy (ASI ; Allergen specific vaccination )
ASI is recommended as an effective treatment for respiratory allergy and hymenoptera venom allergy.

Allergen avoidance is the first line treatment of allergic diseases in general but is often in sufficient for
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aero-allergens including house dust mite and pollen. Whereas, anti-histamines, topical glucocorticoids
and leukotriene receptor antagonists are available for the symptomatic treatment as a drug therapy,
these therapies are purely symptomatic but no curative treatment is available. These are the main
reasons to recommend the allergen therapy for respiratory allergy. The ASI is the long-lasting clinical
effects and the alternation of the natural course of the diseases when compared to pharmacotherapy.
Particularly, the immune-therapy prevents the new onset of asthma in patients with allergic rhinitis and
prevents the onset of new sensitizations. Whereas ASI represents many beneficial effects in the patients
who do not respond well to standard pharmacotherapy, there are some problems including
standardization of allergen preparation, evident mechanism of efficacy and individual immunological
response, to be dissolved.

ASI is classified by the rout of allergen administration as indicated in Table 1. Subcutaneous
immunotherapy (SCIT) is the standard modality of treatment for respiratory allergic disorders (BA and
AR). Sublingual immunotherapy (SLIT) which is now accepted as an alternative to injection
immunotherapy, has recently been introduced into clinical practice. In addition to above two methods,
new forms of immunotherapy, allergen products and approaches to food allergy and atopic eczema are
under investigation. Recently, oral immunotherapy (OIT) is started to introduce in the  treatment of
food allergy in many countries!7-20,

SLIT is considered a variable alternative to SCIT and is used in clinical practice. SCIT and SLIT show
comparable clinical therapeutic efficacy, but the safety profile with SLIT is more favorable allowing
for home administration and less patient time. However both require that the treatment is taken
regularly over several years, monthly in a supervised medical setting with SCIT and daily at home with
SLIT. A 2009 World Allergy Organization Position Paper further details the indications, contradictions
and methodology of using SLIT?21 22,

OIT is currently the most extensively investigated approach for the persistent of food allergy. This
method, in which the food is usually given orally starting a low doses and increasing at variable rates is
based on the assumption that oral /intestinal exposure to allergen normally leads to tolerance. The
protocol for OIT is learned from the many years experience of oral antibiotics desensitization23-26), OIT
protocol for food allergy usually includes an initial rapid dose escalation phase, followed by a slower built
up phase to reach the desired maintenance dose. In recent years, many studies have shown that OIT is
effective and reasonably safe, although allergic reactions still occur in the majority of treated

patients27-30),

The proposed mechanism of action in ASI

The mechanism of action of ASI is multiple complex. ASI results in a modification of the
immunological responses to allergen, with subsequent reduction of allergic inflammatory reaction. The
mechanisms of SLIT and SCIT are similar. The proposed mechanism of ASI indicates in Table 2 and

Figure 1.
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Table 2  Possible mechanism on ASI for allergic diseases

1) Regulation of allergen specific IgE antibody response,
2) Reduction of inflammatory response

3) Alternations in allergen specific T cell response

1) Regulation of IgE antibody response,

Successful immunotherapy by allergen vaccine may involve blunting of the seasonal increase in serum
allergen specific IgE concentrations in addition to substantial increases in allergen specific 1gG431:35),
The increasing in the ratio of specific IgG/specific IgE may be crucial.

Serum IgE level elevates in early phase of ASI, but decreases several months after therapy. This decline
prevents seasonal rise of IgE in grass pollen allergic patients. However, early symptomatic improvement
after immunotherapy does not relate to IgE level change because this change occurs in later phase of ASI.
Allergen specific IgG (mostly IgG1 and IgG4) rises, which relates to the clinical improvement. Also, IgA
level sometimes increases. IgA elevation is also related to the clinical improvement as indicated in Table

3.

Table 3  The relationship between serum immunoglobulin and allergic symptoms

Immunoglobulin level Allergic symptoms
Decrease in IgE Slight relationship
Increase in IgG1 or G4 Improved
Increase in IgA Improve

Two recent, large scale studies demonstrated dose- dependent specific antibody changes during ASI.
Durham et al 3637 enrolled 855 individuals with seasonal allergic rhinitis from Canada and Europe.
Placebo or one of three different doses of timothy grass allergen preparation were administered daily.
Administration began from approximately 8 weeks before the start of grass pollen season and was
continued for a total of 18 weeks. Specific IgG levels were raised at 8 weeks in the highest-dose group
and continued to increase, along with levels in the intermediate-dose group until 18 weeks post
treatment. Conversely, levels of specific IgE peaked at 8 weeks and remained elevated post treatment,
but without further seasonal rise. By contrast, placebo group showed no early change in specific IgG but
significant increase in specific IgE. In similar studies by Strobel et al 3840 however, a lack of change in
specific IgG4 and IgE levels was reported.

Recent meta-analysis studies*!'4® indicated that IgE/IgG4 ratio related to the clinical improvement of
allergic symptoms including skin reaction to allergen in later phase of ASI. IgG4, known as blocking
antibody, could antagonize and prohibit the allergic inflammation cascade resulting from antigen

recognition by IgE#448, Therefore, the shift from IgE to IgG4 and change of IgE/IgG4 ratio is important

4
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biomarker for successes of immunotherapy. Allergen specific IgG (and IgA) without any changes of IgE

are thought to contribute to the clinical responses of ASI.

2) Effect of T cell response

The balance between Thl and Th2 responses is crucial for allergic inflammation495?. High dose of
allergen induces Th1l response and reduces synthesis of Th2 cytokines as shown in Figure 1. In grass
pollen ASI, the shift from Th2 profile to Th1 profile occurred in nasal mucosa or skin consistently
although systemic changes were not consistent5%. These results show immunologic change is important
not only in the peripheral blood but also in target organs. The maintenance of immunologic tolerance in
peripheral T cell by specific regulatory T cell is important. ASI induces regulatory T cell, which secretes
IL-10 and TGF-B. IL-10 has several immune-regulatory functions on Thl and Th2 responses. IL.-10
promotes IgG4 rather than IgE class switching, and decreases MHC class II expression and activation
and migration of mast cells and eosinophils3457. TGF- 8 suppresses on both Th1l and Th2 responses,
contributes to generate regulatory T cell subsets and induces B-cell immunoglobulin class switching to
IgA3860, These cytokines play an important role to maintain the T cell tolerance and suppression of

allergic inflammatory response.

3) Effect of inflammatory response

The recruitment and activation of inflammatory cells in mucosa related to allergic reaction are reduced
by ASI61-70, The number of mast cells, eosinophils and basophils decrease in the skin, the nasal cavity,
the conjunctiva and the bronchial mucosa after allergen exposure when ASI has been successful. ASI
induces peripheral T cell immune tolerance and regulates allergen-induced mast cells and basophils
activation. Also, ASI increases IL-10 production, which prohibits secretion of proinflammatory cytokines
by mast cells, down-regulates functions and activities of eosinophils, and inhibits IL-5 production by ThO
and Th2 cells. ASI leads to both suppression of IgE response and inflammatory reaction through the

production of some kinds of key cytokines.

High dose
Allergen

[ IgG, 1gG4, IgA]

Figure 1 Possible mechanism of allergen-specific immunotherapy
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The problems to be dissolved in ASI
Many questions remain unanswered in ASI. The problems are including effective dosing of allergen and
therapeutic schedule, administration period (pre-seasonal and both pre-seasonal and co-seasonal),

possible mechanism and safety in high-risk group7 as indicated in Table 4.

Table 4 Future problem to be dissolved in ASI

1) Effective dosing of allergen
2) Therapeutic schedule
3) Administration period

4) Safety in high-risk group

Regarding the effective dose of allergen, the first problem is the standardization of therapeutic allergen.
In general, the amount of allergen is expressed by the microgram of major allergen through
communications with many extract manufacturers. However, some investigators expressed the doses
only in in-house units, histamine equivalent prick units, or other biological units. The expression by
microgram is scientific but the biological unit is more practical. Although the use of extracts with
potency expressed in units ensures consistency in the product, it is difficult to determine the absolute
potency of such preparations.

In addition, as for the maintenance dose, SCID maintenance doses are commonly given once per month,
but SLIT and OIT maintenance doses are given more often. Therefore suitable doses expressed by both
per single dose and per cumulative monthly dose. Moreover, dosing frequency and period have not been
established. The frequency and duration of treatment are varied by the stages of patient conditions.
Since the expression of allergen dose is not inconstant, confirming the reproducibility of investigation is
hardly difficult. This is the one of main reason to make delay the research on allergen specific
immunotherapy.

Physician prescribing allergen specific immunotherapy should provide specific instructions for
managing the different valuables that might be anticipated with this home-based therapy, such as gaps

in treatment and clinical situations for which the treatment should be withheld.

Immunotherapy with antibody

Some antibody therapy indicated great success in a certain disease areas, most notably anti-tumor
necrosis factor (TNF)-U0 therapy in rheumatoid arthritis (RA)7479. Two kinds of antibodies are
employed for the treatment of allergic diseases as indicated in Table 1. In severe allergy, especially
asthma, anti-immunoglobulin E (IgE) has provided a new class of treatment and has been demonstrated
to improve symptoms, reduced the burden of inhaled corticosteroids and reduced exacerbation
frequency”789, Therefore, anti-IgE therapy is licensed for severe asthmatics with evidence of atopic
condition to aeroallergen, a serum total IgE with range for therapy and poor control patient, in spite of

optimal standard therapies. To date, clinical trial of anti-cytokine antibody therapy in allergic diseases,

6
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in majority, targets the Th1/Th2 imbalance. Following the success of anti-TNF -00 therapy in RA and
inflammatory bowel diseases, has led to a number of trials targeting this axis.

IL-5 is the first targeting cytokine applied for the treatment of allergic disease, especially severe
asthma. Two humanized, human—IL-5-specific monoclonal antibodies, Sch-55,700 and mepolizumab
(SB-240,563) have been developed and tried their clinical efficacy in a small double blind tests185.
Mepolizumab resulted in a rapid dose dependent reduction in the number of circulating and sputum
eosinophils but this had no effect on the late asthmatic response and airway hyperreactivity. The
treatment with Sch-55,700 also indicated the decrease in the number of blood eosinophils, but over the
course of 10 weeks it had no effect on symptoms and lung function in severe asthmatic patients. Recently,
Haldar et al.809 reported the significant reduction of severe asthma exacerbation and sputum
eosinophilia by the treatment of mepolizumab for 1 year. In addition, Flood-Page et al87.8® suggested the
possibility that anti-IL-5 therapy may attenuate airway wall remodeling. They indicated the anti-IL-5
treatment reduced the deposition of tanascin, lumican and pro-collagen III in the bronchial mucosal
subepithelial basal lamina in mild atopic asthmatics.

In our early studies®%.?0 employing mice model, anti-IL-5 was not effective on the development of
allergic asthma as indicated in Table 5. Our basic researches indicate the efficacy was recognized in

combined usage of anti-IL-5 antibody and anti-I1L.4 antibody®V.

Table 5 The effect of anti-IL-5 monoclonal antibody on experimental asthma in mice

Antibody Hypersensitivity Eosinophilia IgE production
a-IL 5 no decrease no

a-IL 4 no no decrease
1IL-4+alL-5 decrease decrease decrease

These data indicate the single treatment with antibody against single cytokine was not effective, but
the suppression of two or more factors might be effective to improve the asthmatic symptoms. The
combined therapy employing different monoclonal antibody will be recommended to apply on the therapy
of allergic diseases.

Regarding IL-9, two phase I studies employing IL-9 specific monoclonal antibody (MEDI-528)9299 in
healthy volunteers have been finished. Phase II studies are in progress for treating symptomatic,
moderate-severe, persistent asthma.

As for TNF-0OO, the strategies for blocking the TNF-OO activity are focused on TNF-OO molecule itself
and its receptor. The first trial of anti-TNF-0OO to severe asthma was carried out in an uncontrolled
study by employing a soluble fusion protein combining to TNF-OO receptor fragment, etanecept.
Howarth et al? reported the application of anti-TNF-OO antibody showed significant improvement in
airway hyper-responsiveness, lung function and quality of life. These findings replicated in another
small randomized, placebo-controlled cross over study. One of the most striking aspects of this study was

to find out the close relationship between TNF-J0 expression on the monocytes and clinical responses in
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the patients. This suggests that the expression of TNF-OO on monocytes might be a useful biomarker to
estimate the efficacy of anti-TNF-0O0 therapy. Contrary to above effective data, Erin et al? reported no
improvement in morning peak flow in a randomized placebo-controlled study with one of a chimeric
mouse/humanized monoclonal antibody against TNF-O0O, infliximab, in patients with moderate asthma.
More recently, Wenzel et al?? reported the largest published study to date on patients with severe
asthma in a randomized, double-blinded study. They firstly planned to do this study for 1 year by
employing an another TNF-O monoclonal antibody, golomamab. However this study was terminated at
24 weeks due to a large number of serious adverse effects including pneumonia, septis, reactivation of
tuberculosis, increased rate of malignancy and one death. A similar unfavorable safety profile for
anti-TNF-00 therapy has been reported in other disease therapy. Therefore even if subgroups can be
identified in efficacy of anti-TNF-0 therapy, it is necessary to be achieved with a substantial reduction in

treatment-related adverse outcomes.

Immunomodulators

Recent advances in immunology have revealed the contribution of several types of immune responses
that regulate the onset and development of allergic diseases. Bronchial asthma is a typical allergic
disease, and the precise mechanisms involved are being widely researched. Consequently, many
researchers have concluded that Th2-polarized immunity is the main cause of the disease?8100),
Appropriate allergens or specific molecules acting on IgE antibody production are applied for immune
suppression. In addition, advances in the understanding of the Th2-polarized immune response have
opened up the possibility of specific immunomodulation to control allergic bronchial asthma. Although
much effort has been paid to find a drug adjusting the imbalance of the Th1/Th2 immune response, to
date, no data have been obtained that might suggest any clinical success of such drugs. Our initial study
conducted 30 years ago in collaboration with a pharmaceutical company was focused on this question.
From our prior data, the compounds that act as methyl group donors generally showed
immunomodulating activity. Then, the pharmacological activities of more than 100 compounds were
tested. After extensive research, methylmethionine sulfonium chloride (vitamin U) was nominated as
the final and the most effective compound. When the pharmacological action of vitamin U derivatives
was examined, one derivative, Suplatast, showed the most potent immunomodulating and
anti-inflammatory activity in the Th2-polarized immune processes. Figure 2 indicates the chemical
structure and possible mechanism of Suplatast (IPD). In basic research!01105, it adjusts the imbalance of
the Th1/Th2 immune response, which results in the suppression of IgE antibody production. In addition,
it inhibits eosinophilic inflammation by interfering with Th2 cytokine production and inhibiting chloride
ion channel activation on eosinophils. Based on the positive results from basic research, careful clinical
studies on the efficacy of Suplatast were carried out in Japan. Consequently, Suplatast showed adequate
efficacy for the treatment of BA, AR and AD106:11D in clinical studies. A summary of the basic results on
bronchial asthma is shown in Table 6. Suplatast is now available for the management of bronchial

asthma as a controller of the Th2-dependent allergic inflammation. This agent is the first successful Th2

8
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immunomodulator to be used as a remedy for allergic diseases such as bronchial asthma.

The other examined immunomodulators are CpG- ligonucleotides (ODNs), which are activators of
toll-like receptor 9. Many researchers have reported on the efficacy of CpG-ODNs in both the prevention
of antigen-induced asthma and the treatment of previously established experimental BA and AD112-119),

We also evaluated the immunomodulating activity of CpG-ODNs on the development of house dust

Suplatast tosilate (IPD)

OH
H3C ‘

N
/S+CH2CH2CONHO OCH2CHCH20C2Hs5 - H3C 0 SO3-

H3C

IL-2
— Delayed type hypersensitivity

Non-atopic antigen ﬁ ¢
1PD |

IL-10 TFN-y
IV
gE

Atopic antigen \ IL-4 !
@ IL-4
—: Augmentation ﬁ ILR IgE
~=» : Inhibition . Chemical mediators
Myomiel A .
X : Interference @ Losinophils (Late phase reaction)
Di

ifferentiation

Chemical mediators
(Immediate phase
reaction)

.xczE e X3

Allergic inflammation

Figure 2 Chemical structure of suplatast tosilate and its action during Type I allergic reaction

Table 6  Basic pharmacological activity of IPD (Suplatast)

A Immunomodulating activity

1 Suppression of IgE antibody production (murine, cultured human cell)

Suppression of Th2 cytokine production (murine, human cell)

Suppression of thymus and activation-regulated chemokine (TARC) production

Modulation of toll-like receptor 2 and 4 on antigen-presenting cells in rats

Augmentation of aging-induced down-regulated IgE production in mice

Anti-inflammatory activity

Inhibition of histamine release form rat mast cells

Inhibition of murine eosinophil chemataxis

Inhibition of EG2 positive eosinophil and CD4 or CD25 positive T cell accumulation in human airway

Inhibition of human eosinophil degranulation

I O T N = T B U X

Inhibition of IL-4 induced vascular cell adhesion molecule 1 (VCAMI) expression on human umbilical
vein endothelial cells

Experimental asthma

Inhibition of air-flow limitation (mice, guinea pigs)

Inhibition of airway hyperresponsiveness (mine, guinea pigs)

W DN = 0

Inhibition of goblet-cell metaplasia of mice airway epithelium
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mite-induced airway inflammation and airway remodeling in a mice model’29, When CpG-ODNs were
instilled with allergen, CpG-ODNs showed inhibitory effects on mite-induced airway
hyperresponsiveness and eosinophilia as well as airway remodeling. CpG-ODNs clearly inhibited the
alteration of histological changes in the airway. In addition, CpG-ODNs inhibited the mite
antigen-induced increase in I1-13, eotaxin and TGF-O levels and the decrease in INF-O levels in BALF.
These preclinical data strongly support the immunomodulating activity of CpG-ODNs

and suggest the need to initiate clinical trials. In summary, to prevent asthma attacks, the

immunomodulation of Th2-polarized immunity is one of the most potent strategies.

< Conclusion >

The clinical efficacy of immunotherapy of allergic diseases is well demonstrated in the treatment of
both BA and RA with ASI and immunomodulators. However, some unanswered questions about AIT are
still remaining. They are the problems about effective dosing of allergen, therapeutic schedule,
administration period, possible mechanism and safety in high-risk group. Contrary to AIT, the treatment
of respiratory allergic diseases by antibody is not yet obtained a sufficient efficacy and OIT in food
allergy is now under investigation. Since allergic diseases are occurred by immunological mechanism,

immunological therapy must be effective.

10
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[Original Article]

Physiological Cross Sectional Area and Potential Muscle Strength

using Magnetic Resonance Imaging in Shoulder Muscles

Kazuhisa MATSUI, PT, MSc (Physiotherapy)?

<Abstract>

Purpose: to clarify physiological cross-sectional area and to estimate potential muscle strength of
rotator cuff and deltoid muscles using magnetic resonance imaging in vivo. Methods: nine young
healthy subjects participated in this study. Cross sectional area, muscle length, and pennation
angle were measured from modified coronal and sagittal view images. Muscle density was used
from previous study. Physiological cross-sectional area and potential muscle force of deltoid and
rotator cuff muscles were computed according to the data. Results: Physiological cross-sectional
area (cm2) showed less dispersion comparing with the previous studies, with supraspinatus
(8.70+0.95), infraspinatus (9.88+2.76), teres minor (4.60+1.14), subscapularis (15.36+2.60) and
deltoid muscles (26.83+5.06). Potential muscle strength (kg) was supraspinatus (17.41+4.45),
infraspinatus (46.45+12.95), teres minor (21.63+5.36), subscapularis (72.21+12.20) and deltoid
muscles (126.10+23.77). Conclusion: the results of physiological cross-sectional area of shoulder
muscles and potential muscle strength in young healthy subjects can provide the parameter for
biomechanical study. The findings in this study were similar value to those in previous cadaveric
studies.

Key words: physiological cross-sectional area, rotator cuff muscles, young healthy subjects

<Introduction >

In biomechanical study, the Physiological Cross Section Area (PCSA) of each muscle is crucial in
order to estimate the joint torquel?39. The force generated in a muscle is proportional to its
PSCA127293D, There is a close relationship between PCSA and the maximum isometric muscle

force at the ideal muscle length®. The joint torque based on elbow ranges of motion was
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investigated according to PCSA data in vivo study®. The torque in shoulder abduction was
simulated on the basis of PCSA in cadaveric study925, The fundamental data of PCSA distribute to
build three dimensional musculoskeletal models on computer 2235,

The measurement of PCSA was conducted in vivo and vitro studies. Several elements, cross
sectional area, fibre length, volume, to name but a few, are essential to estimate PCSA. Previous
cadaveric studies provided those data in relation to several muscles?36413323439  Especially, fibre
length and muscle density data from cadaveric studies are crucial data to estimate PCSA in vivo.
PCSA of lumbar extensors and triceps surae in vivo were investigated in a magnetic resonance
imaging (MRI) and sonographic studies? 33). The differences of gastrocnemius PCSA between young
and old generation were investigated in MRI study2®. Data on PCSA of shoulder muscles from
cadavers have been reported in the literature2036), but nothing appears to have been reported
concerning measurement of shoulder muscles in vivo. Although information from cadavers can be
valuable, the muscles are not fresh and they may well be elderly muscles. Rotator cuff muscles and
leg muscles have been measured using MRI18), Several studies investigated PCSA of
supraspinatus, infraspinatus and subscapularis although there was no study which investigated
deltoid and rotator cuff muscles including teres minor at the same time. Deltoid and rotator cuff
muscles are the key muscles which have the role of a steering as dynamic stabilizer during the
shoulder movements. To investigate the PCSA of those fresh muscles would be helpful for
biomechanical research to refine the analysis of force couple on horizontal and sagittal planes in
glenohumeral joint movements. The purpose of this study was to clarify PSCA of deltoid and rotator

cuff muscles and to estimate potential muscle force using MRI in vivo.

<Subjects & Methods >
I. Subjects

Nine healthy men volunteered for this study (their mean age was 31 £ 11 years old, mean body
height was 170 .0+ 3.0 cm, mean body weight was 67.0 £11.0 kg). One of them had a history of
frozen shoulder. Prior to participating in these experiments, all subjects read and signed an
informed consent approved by the ethics committee on research involving human participants at
Ibaraki Prefectural University of Health Sciences (No. 95). Those who had a present and past
history of injury to cervical spine or shoulder complex were excluded, with the exception of the one

subject who had experience frozen shoulder several years before. All participants were confirmed
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they did not have the contraindications to an MRI such as metal implant (e.g. stent, metal fragment,
Aneurysm clip, pacemaker, and implanted cardioverter-defibrillator), electric implant (insulin
pump), joint replacement, tattoo, claustrophobia, body piercing jewellery, hearing aid and renal

insufficiency?.

II. Methods

IT-1. Defining the plane for scanning

To determine a consistent set of conditions to perform MRI, the planes for analysis were set according to
the position and orientation of the scapula (table 1). Axial image was obtained for modified coronal and

sagittal view images as scouting image in this study at the beginning.

Table 1: The determination of three images in this study.

Scanning Image Definition for each image
”Axialview Intially use the axial line of the MEI. After
examining the image, adjust the plane as
necessary to obtained ideal coronal and
sagtttal i1mages Image in the axial plane,
width orientations of the coronal and sagittal

planes indicated.

Coronal view This plane crosses the glenoid labrum at the
right angles where the width of the labrum is
widest on axial view

| Sagittal view This plane runs along the glenoid labrum at its

widest part on axtal view

II-ii. Procedure
MRI images were obtained from three planes which described in defining the plane for scanning

(Philips, Gyroscan ACSA-NT, 1.5 T). The images were spin echo, T1-weighted (time of repetition
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500 msec, time of echo 17 msec, flip angle 90°, field of view 450x450 mm), and the number of images
varied from 17 to 33 with a slice thickness of 5 mm, pixel spacing of 0.879 mm, the pixel
dimensions forming a representation of the subject’ s body in all registered planes. The scan
positions got one positions (the upper limb of the body side). In get image, scanned 3 planes (axial,
sagittal, coronal). The subject lay semiside-lying on the side not to be measured, a wedge pillow was
placed under the low back, and another pillow placed under the head to help hold the cervical spine

in neutral position.

II-ii1. Data Analysis
To measure PCSA Scion Image (available at www.scioncorp.com) was used. Volume was estimated from
Anatomical Cross-Sectional Area (ACSA). ACSA of each muscle was measured in every single sagittal

view image. Mean of ACSA was then calculated. Muscle length was measured in the coronal plane.

Volume(cm®) = Mean of ACSA(cm*)x Muscle Length(cm)?2

ACSA was wider than values reported in the literature, because the image from the sagittal plane was
oblique to the run of the fibres for each muscle in this study. Muscle length was determined as the length
from origin to lateral aspect in the deltoid, because volume of deltoid was equal to ACSA of the sagittal
plane times this length. Aside from muscle length in the formula, real muscle length was measured.
Fibre length and muscle mass were estimated from ACSA and volume. ACSA was determined as the

mean value of the image slices.

Muscle Mass (g):Volume (cm3 )>< p(g/cm3) p=1.056 g/cm’29

Fibre length was calculated as follows.

3
Fibre length = Mc&) 23)

ACSA

This formula is found in Lieber’s monograph2®, and is equal to the value of muscle length.

PCSA was calculated from these values.
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Muscle Mass(g)x cos ine
p(g /em’® )x Fibre length (cm) 23)
cosined = Pennation Angle p = Muscle Density

PCSA(cm* )=

Muscle density was set at 1.056 g/cm329. Cosine & (pennation angle) was decided by a line drawn
along the axis of the tendon of insertion, as determined by eye in the coronal plane2®. Pennation angle
was defined as the angle between the image of the deep aponeurosis of the muscle and from interspaces
among fascicles'926) Pennation angle of a given muscle was measured at midpoint and one third of the
way from the medial and lateral sides in a coronal plane image, and the mean value of these three
measured angles was used in the formula. In this way the PCSA of the deltoid and rotator cuff muscles
were estimated.

Potential muscle strength was given by,

Potential Strength = PCSAx4.7kg/cm*17.

<Results >

PCSA and each parameter for PCSA show on table two. PCSA in this study was close to previous
studies although the value of each parameter was various.

Figure 1 shows the potential muscle strength of deltoid and rotator cuff muscles. Each force was
17.41+4.45kg for supraspinatus muscle, 46.45+12.95kg for infraspinatus muscle, 21.63+5.36kg for teres

minor, 72.21+£12.20kg for subscapularis muscle and 126.10+23.77kg for deltoid muscle.
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Table 2: Parameter of PCSA (SD).
White letter s indicate PCSA and its parameter in this study.

Deltoid Supraspinatus Infraspinatus Teres minor Subscapularis
Juul-Kristensen '® 4 9.8 12.1
ACSA (cmz) Katayose'” 7.07 (6.85-7.30)

This Study (SD) 27.14(5.15)  3.77(0.96)  10.00(2.76) 4.65(1.15)  15.55(2.66)
Junl-Kristensen '® 483 125.1 153.6
VYolume (cms) Keating (SD)™” 23 (6.04) 44 (4.00) 12.4 (1.14) 53 (5.33)
This Study (SD)  331.63 (86.59) 54.46 (16.91) 138.50 (42.16) 54.27 (14.87) 206.10 (39.59)

Veeger (SD)*® 297 (55.8) 43.6 (8.6)  116.8(13.8)  21.7(12.6) 1358 (24.4)

Voss™ 355.7 51.8 137.1 27.7 182.8

Muscle mass (g)

Ward (SD)*™® 34.0 (4.3) 78 (7.5) 21.2(2) 101.8 (11.5)
This Study (SD)  349.98 (91.51) 57.51(17.85) 146.26 (44.52) 57.31(15.71) 217.65 (41.81)
Juul-Krist 18 12 12.8 12.6
Muscle length |Eessiunstns
Ward (SD)™ 8.50 (0.4) 1210 (0.5)  10.80 (0.6) 13.00 (0.6)
(cm) This Study (SD) 18.4(2.53)  14.51(1.29) 14.00(L.18) 11.43 (0.87)  13.43 (0.74)
Juul-Krist 1) 12 12.8 12.6
Muscle fibre e
Ward (SD)™ 8.50 (0.4) 1210 (0.5)  10.80 (0.6) 13.00 (0.6)
(cm) This Study (SD) 18.4(253)  14.51(1.29) 14.00(L18) 11.43(0.87)  13.43 (0.74)
. Juul-Krist 18) 11.4 11.5 12.9
Pennation angle [y
Ward (SD)*® 5.10 (0.80) 140 (0.40)  0.60 (0.30) 0 (0)
(degree) This Study (SD) 850 (1.41)  10.51(0.60) B8.78(L06)  7.83(127)  8.61(L42)
Juul-Kristensen ' 6.6 13.6 19.4
Keating (SD)*® 4.02(0.73)  583(0.47)  2.58(0.54) 13.5 (3.22)
2 Veeger (SD)*® 25.90 (4.28)  5.21(L76)  9.51(297)  2.92(1.01)  13.51(3.49)
PCSA (em?) Johnson '” 122 3 6 2.1 7.8

Ward (SD)*® 6.65(0.56)  10.71(0.95)  3.18(0.30)  15.53 (L41)
This Study (SD) 26.83(5.06)  3.70(0.95)  9.88(2.76)  4.60(l.14)  15.36(2.60)
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Supraspinatus Infraspinatus Teres minor Subscapularis  Deltoid

Figure 1: potential muscle strength of deltoid and rotator cuff
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< Discussion >

The ACSA estimated in this study were similar to reported by Juul-Kristensen!®, except the teres
minor and the deltoid. The other two authors reported quite different value of ACSA in contrast to
this study. The marked decrease of PCSA and its parameter with aging were indicated in several
studies. Sonographic study estimated the cross-sectional area of supraspinatus!?. They concluded
the marked decrease of cross-sectional area with aging (7.67 to 6.40 for right supraspinatus).
However, the difference of supraspinatus cross-sectional area between young and old people was not
varied between Keating2® and this study. The measurement of pennation agnle in vivo was
challenged and the reduction of pennation angle with aging was also reported in lumbar extensor
muscles3®. The pennation angle of gastrocunemius showed the same finding in an MRI study?2®.
They reported the significantly decresse of pennation angle, ACSA and PCSA in eldery participants
in contrast to those in young participants2®. Furthermore, muscle mass and strength decreases
with aging4). This implies the reduction of muscle girth which might affects pennation angle since
the angle between muscle fibre and intramuscular tendon would be smaller if diameter of the
muscle decreases. In this study, the pennation angle was compared with that in vitro study1839),
Therefore, it was resulted in the different value with the previous study. On contrary, some of
pennatin angle, ACSA and PCSA in this study was smaller than the other studies despite young
healthy subjects.

All muscle mass in this study demonstrated the heaviest in contrast to those in previous studies
although ACSA did not much differ with previous study!®. The importance of marked relationship
between muscle mass and muscle force were claimed by many authors?. The subjects in this study
consist of young men, hence the findings of muscle mass might show the heaviest value. However,
muscles mass is given by muscle density X muscle length x ACSA. Muscle length in this study was
relatively longer than that in previous studies. The factor of muscle length needs to be considered.

The teres minor was the obliquely sliced muscle, so the estimate of its ACSA was wider than the
real ACSA. ACSA, muscle volume and muscle mass exhibited high variability, probably due to
individual characteristics of the subjects. Interestingly PCSA showed less dispersion comparing
with the previous studies®2036) despite the fact that various PCSA between individuals were
pointed out?. The sum of the potential strengths of the external rotators (ie supraspinatus,
infraspinatus, teres minor muscles) was almost equal to the potential strength of the internal

rotator (subscapularis muscle). The deltoid and suprapinatus muscles balanced with the lower
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rotator cuff muscles (e infraspinatus, teres minor & subscapularis muscles) in the coronal plane,
and the subscapularis balanced with the infraspinatus and teres minor in the transverse plane in
order to force couple of glenohumeral joint functions 40. The relationship between each PCSA was
that, external rotator muscles versus internal rotator was 18.18 versus 15.36 cm2, superior rotator
muscles (deltoid and supraspinatus muscles) versus depressor muscles (ie lower rotator cuff
muscles) was 30.53 versus 29.84 cm2, anterior (ie subscaularis muscle) versus posterior rotator
cuff muscles (ie infraspinatus and teres minor muscle) was 14.48 versus 15.36 cm2. From the
viewpoint of net potential muscle strength in this study was that, external rotator muscles versus
internal rotator was 85.49 versus 72.21kg, deltoid and supraspinatus muscles versus lower rotator
cuff muscles was 143.51 versus 140.29 kg, anterior versus posterior rotator cuff muscles was 68.08
versus 72.21 kg. From these results, these values of PCSA and potential muscle strength appear to
provide valid data. The findings of PCSA and potential muscle strength in this study can be
provided for a biomechanical study as fundamental data.

There were three limitations in this study. Fibre length and muscle density were unable to
measure in vivo. Hence, those have to be depending on the findings of cadaveric study. In addition,
the statistical difference of PCSA between vivo and vitro was not clarified in this study. No study
investigated the validity of applying cadaveric data such and pennation angle and fibre length in
vivo study, vice versa. Hence, the results can be concluded that the finding of PCSA was similar
value in contrast to those in previous study only. The reliability of the methodology using an MRI
study is expected to be clarified in future study. The other limitation was that it was difficult to
distinguish between three fibres of deltoid muscle. To clarify the PCSA of deltoid anterior, middle
and posterior fibres are essential for biomechanical research since the role of three fibres is

different in particular movements. This analysis would be expected in future research.

< Conclusion >

PCSA of deltoid and rotator cuff muscles in young healthy subjects were provided using an MRI.
The findings of PCSA in this study were close to those in previous studies although the parameter of
PCSA such as ACSA, fibre length and pennation angle was different from the other studies. From
the viewpoint of balance of PCSA and net force of potential muscle strength, the reliability of

findings in this study can be confirmed.
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A Study of the Support for Nursing Students Who are Suspected

Developmental Disorder

Megumi HORIBE

A law on the support for developmental disorder person was enacted at 2005. The graduate
nurse oriented persons with developmental disorder are increasing in recent years. However, it is
a matter of important for nursing higher educational institution to support the learning and the
clinical practice of the student with developmental disorder, because of their deficits of
interpersonal and communicational skills, problem-solving abilities to take care of patients. Now,
there are no effective support programs for those students in nursing higher educational
institution. This paper was intended to examine some important problems that asked the nursing
teacher to educate students with developmental disorder in nursing higher educational
institution.

The adviser and other teachers have together to learn on the developmental disorder and to
share personal information about the nursing student with developmental disorder. Next, the
support program have to form on base of symptoms and needs of each nursing student and that
program have to use as the guiding principle for the education of those student to all teacher. And,
the higher educational institution has to find the appropriate way of supports for working as the
nurse after graduation in cooperation with other medical institution and facility. However, in
the case that student’s deficits is demonstrated on the necessary abilities to the clinical nurse in
spite of offering of various supports by higher educational institution, the adviser teacher have to
tell to find a job that is right for the student in consideration of personal intention to the life

career.

Keywords: developmental disorder, nursing student, nurse education
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2 p ik B e 111.8 = 49.7mm ( no 55.9 mm )
SN BREFR 40.2 + 135° ( n 20.1 ° )

RIOMABAITEELSMTI A A ORI EMEOF E Lz (n=11)

2) -1 ElE &R O AR T b
S, D OSELEATIEEL, 70~T74 e BrE 1.1Tm/E, &Vt 0.95m/F, 75~79 ik B 1.08m/,
M 0.78m/Fb & ST\ 5 0, Slalxtg & LizMi#Eming O

AATHEIL 70~74 1% B ME 1.00m/FP, 80 kLA EDBEMIT 0.77Tm/F), 80 i Ll E D4t 0.71m/fb & 72 - 7= (X

2ot 0.95m/FP, 80 g LA BB 0.88m/FP,

2) .
W En o DR S

e __|
80~ % __|

s & !
pe o T5~T9% .
Bl X .
70~T74% __|
0 0.5 1 15

MW (m/FD)
2 @ R LA s O A TR D Ehig
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2) -2 JEB, & RAEHERE L AATRE S O B

JEEABERE & A TRES) & ORBENEE B D T2, TN E O FEME R 7> 5 Kendall OEAARBIREZ Rd 7o, 2
DGR, FHESIAL & 5 r=0.57, EREFIKE &5 r=0.51, AMNRHIEA & IS v=0.42, S CRFEE S
JEJE r=0.40 TEZN TSP EEOMHBEIRER D biviz. (P<.05)

2) -3 JEHEHERE & A TRERE & BIfR
JEEBIERE & BE TAR I LD 10m ATHEES N T U AR, T —F i, 2 MBI, RHS A, 2 BIERES
R EIRIZ DWW TR0 (f A — VIR Tk - T a~ v 7 AElER) 21757, SRS > sz L
TWRWEREL, WFSHOBEE»HII L, SHEBICL DRI E21To72. ZOREE, FEAEORITER
DL & K1 DOERFTREMED S SR TR R Y THDH B2 LN, TRTUITBW K FAMEIX 0.4 L ETHY,
S8WHEIZ X D25 D 5 HEEERTD 3 K112 L > T TX 2EIE1X 78.06% Th o 7=
FHIKFIT4EENSG2Y, S TR AN A, NT R E W o B D S IHAE
25725, B 1K THEOICEDLIE] Thol. B2 FIL2HANGRY, WIhtd 10m A THE
THY, BHEATHRE L HOBITHE L WS I2ATHREICEDLIHEANL RS, & 2 A% HM7EE] T
bole. HIRFIX2HAMNGRY, REHO 2 kA FERRE L N —F 2B S HIREm E Wo T2
HEREICR DA THA TH Y, EMRERR ) Thot (£2) .

%2 S, MRS L STREE ORI T AT R

HINY H2HNF HIWy @tk

RREEEEAE () 0.844 -0. 231 -0. 077 0.771
RPEEEAE () 0. 808 0. 260 0.213 0. 765
A MSEAzRERE  ([ED) 0. 680 0. 104 -0. 037 0. 475
RSN EE (H2E) () 0. 586 -0. 068 -0. 270 0. 421
10m BATHE (@%) (m/F) 0. 232 0. 997 0.021 1. 047
10m ATIHE GEA) (m/F) -0. 157 0.917 -0.118 0.879
2 SEBE (G72) (i) -0.198 -0. 030 0. 775 0. 641
7—Fm (H4) (i) -0. 336 0. 163 -0. 432 0. 326
K% 5 3.038 1. 865 1. 341 6. 244
5. 37.973 23. 309 16. 763 78. 045
VI. BE

1) il & rimling OB TIHEE O BIFR

A, @l L E R E OB THE & i LR, EOEMRITBN TS, EhCEEE I,
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I EE OBITERENS > T, F7z, EHEERFAT LV IZLALOAREVYR, RO Ot
Wi A TR Tz, Fl2, TA 7 TIZE>TWAD Z &b bIEEEE, AMHERESNZ &N
DD, ZDOZEND, ERNERELZZITTWAHICHEDL LT, @EliE & OB THEDOEN 2B LI
FoTWEZ &, HEENENENCHNZR T ETEER SV, BITEAFERD BMI #5025
EAMERENRTETCWIERIZL D bDOThD EEZ L.

2) J&EB, 2 BAFEEE & AMTRE ) o B

JEBAHEN FTEIE CILEE & RN EEOHBENRD b= Z o h, M TENRIC I AERR &
DENRINT. UL, BHEAEWE & NI & OBIGR Crxs i aT &b 23 2 R 13 BISTAZEE )
KL, BEORLEMEDNEEHENCEE L WA RN 5 2 & b BIKREWFER Th o7z, Fiz,
HMEERE & JEJE ATEIMYE I DWW TR B SCRFRFIZ 3 1T 2 NARIE Y — F OIR FIC L DBRIRE 0%, JEEIRO
HWIMZBfR L7zb D L E 2 BT,

IR B KU, SRR 723 > b e — VDRSS SCREBERE & bl LT 2 50 & o < [N SV M
2% EDOHREND VD, BT BF PEBAGHIERICEEL 52 T D &S Tn5 7. 72, Arangio®
ISMSCRERED & 9 7o REBESMSCA EE AN R & WG, RBEENISNCE — A > R BMEMLICE X, RPRIREY —
FPHETT 2 EBRRTWD. BRI —FITITE ERERES B S- L, REREFES MR L2 &2k D,
JEPIEIE 2 IR D K725 U, RS EAENEM L2 b0LEX bND. LRI A LD
HWME T o 2R OAETFICE LT, Blomgren & I X5 EAMNKRHALBE TR EDE 5 &M ~FAT
LA /MBS % LR TR Y, RIEEDOANLE S - LTS, I 5 100 B A LS A 12 R
T2 RBEDOEENZDOWT, REEZIHRAL L 72K E 2SR 21ER H 2 & LTERY, ARERHIED S %Y
B Z OERAMENTEBEEICHBE L LB X bND. RIFFECTOIN RS RN 30 FO1H]
TOREZDWZEEBOLEL OFIT N 9.0915.45 [HITH D, SACREEEE FISZAL TR 2> < BIEUL ¢
=0.42 THEE DN B 5 & W9 #E RIS o T2 SNCREBEEREE O 544 O FIINZAL T &2 DWW U,
W45 10.44.9 [ENZKR LT, AMCRHIEDS 720 6 £ D) 8.0E6.1 [A1 LY K& eole. 2D & LD,
SNSCREREA B & IISZAZRE ) & ORICIE, i EOAFIEIRE L IRIEFEERORE RO B,

AMFFEIE, AT PR KA T & i U 7ok R, AMTHERE & 30 RO A NI N T o 2 Tl
BOFBERED v, FIISAZRE ) DARWF B I TR E DS EVMEIANIC R DR 2 /F 0 Z LN TE T2,
B H OBTRHIZ T 2 REFOOEBNT, SR TORELIT M ~F 2 5 NI EIZ A B, RERE
THEY 723 L WO EER AL D W12, R GIE, 5 1 PR EHENSE L 725 TREDIR A2 747 2 1
RIELZETHIBEZIERET DI EEZAREIC LT WERTEY, ME L WA KRS H 5561
BT 1 RECID DM EHEORSITIEF LV bENE LTS, 26 XY, RSN RE
WIGEIZIT NS WIS X0 BRI L, SMTHENELS 22 2 ENEESND. AFEIZENTH A
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IASIAZRE I DARNFIHZ T HV AR E <, BMTHEICRE L LEZADND.

@l D% IR ERIMEITITE LR L DD, MHNDEEFEREREZA L TV LHE DRI EER
bivd. M A-sT-BHEDO—IL, ThEREICELE VOMERBICHOIFLRLTELVHO TR
RN FRCmE i TIE EITERE 2R L 721, £ ORUE.0D O.LBRYELR T B F AT ICHIR 231,
HIREEPCRELEMICERNRE T2 b2 0 TRAOEEHALE L TN D Z & bR E LTHRY EIFS
TN,

Il I O BRI AR R, EGRRFO RN L BZERX ONLIRAEZ T L LEERNEZLND
D, EE OB ERICET DR, FENT U RRET), HET T A A MIMAT, FEITIESH
2 DR EBEREIC IV T H H Ol rTRER AR R LR X D Z LN TE 5.

VI #E5m

AW T BAIRERE S & D L 5 IZmilin s OIENCBR L TV D20, BT B 2% T D6
s 2RI BRICHEZIT o7, ZORE, LTOMANRSG L.

1) EWREEREEIC L - T, S I3 TRE ) & & b IR IR BMR TN SIS H - 7.
2) SMREREEA & R SIALIIIARBI S B V), SRR 2 AT D & RESITEHRE MK T 2 mIcdH o 7z,
3) it OB THBRIT I DB BN 3 2 BE ORI W EME, SR L L CONT U RREIAE
TRER Lo TVD EEZ DN,
4) N ORREICE U CRES, RREEERITE T o—ER EEZX OGNS, b ORERIZAC
HE 2N AR Tod Y, REEFEMMERHIZB W TERT IXE D TH S.

HEE

AT E DRI H 720, < THH L THEWZ@EFT U e U 7 —2a SRIHERR, THMRIEE
L7e2 O ZK R, £THREZHY £ LB ieg, EATHRILAE, MEE OFRIL L0 %
#HH L LTET.
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Investigated relate to falling, foot and ankle deformity in old people.
Toshio OZAWA, Rina ICHIHARA, Takashi IWASHIMA, Masaharu MATSUOKA

<Abstract >

The sole of foot, a base of support, and the feet and ankle deformity in old people were investigated
regarding how to relate to falling.

Subjects: eleven old people (two males, nine females, mean age 86.64+5.71 years old) using adult
day care center.

Methods: an exercise habit, falling history, and the factors including fundamental information in
terms of those, ten meter gait speed, single leg standing balance, the range of ankle motion, the
height of medial longitudinal arch of foot and hallux valgus were evaluated.

Results: gait speed was not different between healthy old people and people using elderly day care
center. There was a tendency of that regular walking and an exercise, habit maintain gait ability.
Furthermore, the correlation between the angle of hallux valgus, the range of ankle motion and
single leg standing balance were demonstrated.

Conclusion: hallux valgus lead to the decrease of postural control. However, if residual function of
ankle compensates, postural control was maintained. It was suggested that the risk of falling

reduces.
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[E]
Forward Lunge ® X7 v 7§ & T 71 & DGR
/NZEEE, PTY, = B0, PT, MAD, /N 5<, Ph.DY
<HEE>

(BR)) RIEOBRMILTZ + V— RT P TORAT v 7iE & T 1 & OBRN OB A 5 2 T D T

EWALNIT DL ThHoTe. L] MRITREFE A 16 4 CEEEHR 21,2125 %) 2R L Lz, 74V
— R U VEITVELDAT v TMEZEFHIL, N> RV R A FE A — 2 — TR OB, R
Hhifhfh, BBAEE O 1% FHI L7z, SR %2 Peason OFESAHBIFREUC THgNT L7=. () 747 —
RZ o PDAT v 7l & B R 1 OFHIME & OMICAEZRPEFEOIEOMEZFEOZ. (s whE Ml
DOIXBATRES )N 7 4 U — RT v P CORIGHENCTH G L, AT v TWOEKICHET 5 2 LHVRR S
niz.

Keywords : 74U — RT3, N R~V REAFEA—H— THFHT

[.IIC®IT

7 47— K7 >V (Forward Lunge:Ll F FL)IX, YSArho F I PR ZFTT ~ K& < BEARIAA, BBARALIZ
ROETOBEE SNTWD V. FLIFBITIZHAHT « TH~OELBENKRE <, TROEBKREZ Kk
HEBEZBNTWD 2, F7-, PASIES)EEH(Closed Kinetic Chain:LA T CKC) (2 X % G g ia-CEh i)
NT o2, TEEEOREN, FMEOER, STOAR—YEEICS W THFANEIEDR L722 & o3
ENRPRO OND. ZDT8, @il OIEEMEHERF £ 72T PR, AR — Y B o I 7R3
R, AR—=VIMEZLDOEEFRIED—FB L L TUAS HNDHILTND 9495,

R O1X, FLO SR BICOWT AT » TR R WIE C BRI R & Ve IR h L7 13Rk&E< 720

v THRNEVE R OME ML 7 I RELRD LREL TV D, =8k H L, CKCEBTOR

JER DU SF 5 0D A5 1 BN T FL MR S5 L LTV B, —IC b FL TIRREAG, KERIUSER,
LDARNY T AR EOHAERPI I CED LS, FL—=0 7L LTRSHNLRTND 9.

D ERFEEHIRE Ve T—va %8 (T500-8281 ik BRI BT HES 2 T H 92)
Department of Rehabiritation, Gifu Junior college of Health Science
(2-92 Higashi, Uzura, Gifu-city, Gifu, Japan 500-8281)
ZftH : 201441 H 31 A ZHH : 201443 H 25 A
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Z 2T, AEFEAIIEEED FL OAT v TIRICEELZ KF L TV ARGHERALNCTLZ L2 E
L7z, xt&fi% FL IS THIE@EAEIRGTE 5 & S o RER, KRERIUSHER, & ~LA Y 7 2T D,
¥ R~V K& A ) A—%— (Hand Held Dynamometer:LL F HHD) #HWTCFEf/1& FLOAT >
& & DB E T, Mt L7z,

I35 L FHE
1. %t%

HREIIEEF RN 16 4 (B 10 4, Lt 64) & Lo, FHEMIT 21.212.5 5%, FHHEREIL 168.6
+10.4cm, FHIAEIL61.4+-105ke THHo7-.

2. M BRAELE

STBENITHFANC PO BMEER S PIKBIMAIC L 2 MEREZ A L T ARWI L 2FER L, A
EORMIRES, HiE BREREDY AZITHT 2802 +50ZH Lz 9 2 TR E /DL BTk
LERZIToT. 7ok, ARIFFEILE BRI A IS B R 0KEER S H24-3" N TARE 72,
3.7k

FL OIS 3§ LI L7RRE A BAGRAL & U, A A2 R E CTRIGA~R Y LR E w8 5E
BATHM LIREEN IR Y H U7z A BARIA L~ R T £ Ca—#OBIEE L7z, ZORFEMITATS 5
mAEAEGR L, W ERIIARE TR E 72D KO HEE L2(K D).

FL OFAEIIRE ORKAT v TgE Lz, mKAT v 7§
DOFHANXBAAGIBAL O W DIRIZ A ¥ ¥ — 2 AEHEE L, FHARHZ
RO LI AN ALYy —OMmEIALET D Z 2R LI 2
THEIE RIS L BB O GHRY H L2 Ao £ Tolh
BEZSHI U7z, A48 (X R HIIRT IS BB E 2170, BIEORITR
K OFHEOBFEZ R LTz 9 2 T4 3 FIEH L7z, A1), A .
OWMEMH B FEFE LTI L, £V ECRUME @ B 7407V Ry slsa s 58
T%F/H:%Forward Lunge/Height) i 1Z Fiv 7=

TRHh S 0FHIE HHD(micro FET #:80) % H U, RXBISRAS, MREBIEIRS, REBISE A, i K%
RAEIGHERF Dff ) % i Z A Etil Lz,

R BB 75 00 G HI C LI BRE 1 IMERAL & 72 v, RXBAE, REBIEGRRAL CoE L7z, e RE a0
7O EMEH A~V N CREE L7REET HHD O U — 2 KRR RZmIcexiE U, BRI R S8 Tk
R RAWEIHE /) 22 5H U 72, SR AR ERENE & BB 2 IR DT OWFEREH LR H HE R GRI 24
VLETEML, EHTAS >RSI R /1124 b K9 Eili L7=(X 2).
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TS B e 5 35 2 OV BAEIE A7 0 3 CIIgEBR A 137 & 7ot &
OfFFIZMEENT AL & 720, S DIZEESV N & LR L
RERH A BEE L, REZ 6 U7 RAE TS L7z, B th A
X, /NMRS OB ITH DR b RE BB 3 L O

JEAANAE L, ol KN EIET DL S5 600 & LTz, X2 B L ORE )

2 BE T e A7 R R VR BRI ER AT I 12 HHD O o — %24 C, IRBEEI R &8 TR RS RVEIHE /)
ZEH U7, EPEEIE AR EHARE L FRREA % i HHD o' o —%2 4 C, BBl S8 TR
RVENHE 12 3H L 7= (B 3). & & b 4 B0/, 1m 2 [ 2FHAI L,
EHEOVEEE TN ENEN Lz, SOICEBORBEMET D%,
M 2 AR TR L 72 &2 (BL F%BW:%Body Wight) g1 v 7=,

Z O FL O FIFHEN RN I B O MRS RSN TEY, &K
RAT > g & 1 BRI o0 i BE & il J|& mT 8k & D BAGR 2 i 5 726
R AT C R B S i Jre 1 (DA et e ) % 3R L 7.

4. HERHEEAT

FatiLEl v 7 i PASW statistics Ver.18.0(IBM #1) & F v CHigdT
L.

FRAT 7 IR B OFHIMEIZ DWW OB LEERE 2 R H U, A OB EZ 3RO 20 ¢ e 2 A
Wiz, RWTEEWFH LEESH%BW, IkfifiEM & OB 4% Peason OFRMABREEZ Wz, AE
KIETNF IS 5%AM & L7z,

B3 REBAE AL O RIE (BENK)

RS

NG & BRSSO/ A7 B T, %F/HGE R 62.74.7, 72401 62.4%5.7), B BAEIH#5%BWE R 89.5

+21.8, 72l 87.6£19.0), MERIHI{HAH%BWGHH] 80.7+12.8, 714l 80.9+10.9), HEBIHIE#H%BW(43.5

+10.6, 72fll 41.2+12.2), BefhEACHR 20.6+5.3, /0120.3E5.1)TH Y, Wb A OFHIEIC

HEAETBO LR AP -7 D).

Peason DOFEFAABAMREGE 2) T, %FH & RBEEIHH%BW (23 THM%EF/H & A5k BE i

i %BWG=0.67) , 72 %F/H & A BB A e -

i %BW=0.56) , 47 Ml %FH & £ A B B i fh Rt Lt

%E/H (%) 62.7+4.7 62.4+5.7

fih %BW@=0.60) , 7& 1l %F/H & 7 A % B & sy %) 89.5+21.8 87.619.0
. S BE Hi B AH%BY (%) 80.7£12.8 80.9+10.9

%BWG=0.500 &, AERTFELEDOECHBZRDTZ  pwmmmupy )  43.5510.6  41.2+12.2

BefEA ¢ ) 20.6+5.3 20.3+5. 1

(p<0.05), (X 4-1, 4-2).

mean £ SD
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J— N F2 FAEAW/HEMBPEER & oMK n=16
%F/H & BEESHHL L OEH%BW Tk, £4 Rt /1 Lt %F /Il
‘ B B i At A7 %BW
DO%F/H & EHORERMEHH%BW BLWEHD ke 0.67 * 0.56 *
Lt 0.60 * 0.50 *
IEBIEE 5 %BW & ORIV AL S A /2 FHBIIE BB o 5w
Rt 0.41 0. 40
BT, Lt 0.18 0.21
Ji B £ JEE 77 % BW
%EF/H LR £ Tl A%EHE & A " o
(r=0.54), A {M%F/H L= REhEAG=059) L,  HHRA o ap - o 56
8 72 S O E O 2 R T (p<0.05). Lt — i
(%) n=16 0 n=16
80.0 80.0
70.0 o ° 0.0 ®
= ° ® ®e = ° o0 2
é“eﬁﬂ 0 ° ‘ﬁésu 0 ° S
= . . ¢ o y = 0.34?5}( + 49, 238 = . .. °
RE ° °® R = 0.3184 {z o ¥ = 0. 1483x + 49,758
50.0 50.0 R? = 0.364
*, *,
0 60.0 80.0 100.0 120.0 140.0 (%) 0 60.0 80.0 100.0 120.0 140.0 (%)
HTU %BW el %BW
B4-1 A B f%BW & A (I%EF /H Bd4-2 200l BEEHh B W & A HI%E /]
IV.%5%2

%E/H, xBIEHT%BW, HEBAEHH%BW, BB %BW &, i 4 0 /A g BT,
WS M E G RORICHEEAEZRBO R o7 AT H G 1012 X 5 &R & I3 & F & RANCZ MR
WD, L L FRICTIZ S 372 —AHEAL DGR HALT, HEReM & SR OFl & R ORI R 5 &
WE LTV, 20RO FPRIEMICIERIZBWNT, FRIZIIFE RORELEE T 2 BT 72
WEEBZ B, FlERORBIIRI LI,

FEBA T DRERITINT, IxBIEIMARIL FL O 27 v 7 & 4 T /10 M The b FHRMS a7z,
AEI%F/H & RBEETHAH%BW & ORI, 24 & SR - sHIZ Z L E A ERIEOFENRD b i
7o, EBEEIR AL & RBEEE T, ZAWTid FL O AT v 7iE & ORICAE 2B bz
-7z,

FL O A7 v 7hg & B BEARICABER A DBl & LT, —i72 FL hL—=0 27128155 F
I DRI IT R, KRERVUBARS, ~NAARY TR ENRZEFTHRS 9. LML Farrokhi & 10
1, MRAT v 7RERET DR T & L TUIERAEESR O 7 + U — K7 U PIZB0WT, NAA MY &
T ARKIER G DN L VR T 5 Ll LT b, AR B W LIRS RTEA OFERIZIT > T
V. FOT, BRI TH D REMBHANEELZOTIERVNEEX bNRD. £z, 0% F/H
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& BRI AL %BW IZFHBIA S ST Fh D, I RIS AR 1A ~B 2 3 T & 13l O 4 BIRE L Al
FHEE NN B E G2 B L EZ NS, MWD 121F, FLB{EF O FRLOABIENIL, BIEDHIEhCHEE,
REOIFREOHMICHOE THEIT— AV PRI TV EREL TS, E, ER Ok
B & BRI DK IERE V7 132 T » TIRBRWRHICRE 2D, MRS OME hL 7132
Ty TWPENRFICRE L 2D EHE LTS, SHICIKEE S VX, HF4FO FL X, HEHELO
AT BENOHEEA > TVH EME L TS, RO EEEE X, REMHZIXUD & 2B I3
kgD CKC @ifE F T, HERORIBHIIRESHFELTVDIHDEBEZ LN, TDT2®,
i BRSO B K& RAMENUHE 18 R E WEIZ ERITT ~OHEE 1 2, AT v TP RLIZEEZ 6
no.

IFEF 5 Vi%, &lind O FL CO ATy ZHgIEAFEHE & kT 5 L LTl Y, ZOBERIFEMED
IR EOWRD BB L TWD LG LTS, AWFZEIZRW T b Ik B R rTEhiEk & %F/H (ZEO
BB, FRORREZGEDS Z N TE. Zhblick Y, FL TORTAHEERFORE & 72 5% T
1T, P BEERRS I2N 2 SR & 7 2 IR BAER R TE O FlkME b B S- LT D LB HILD.

HEEF D FL CO AT v FIEICIIIEBE O MR ) oF kMR B 5 2 R R S 7z, Lo LIRE
b VL@ TG OIERTIC L D AT v ZIROWEA & FL RO Sl O % o @B R 23 it
FBELA TR OBELBFEOHRIENC S 7 45 Ll _XTWna. F£7z, RO 2II&E T oI BT H =
BNIEREI MR L0 bABIER T LTS LR TWD. 51T, R OOBMEEioME Ny
ATy ZEDFLVRFICRE <25 EME LTS, —RAVNICEEGIEI T &b & & bICERE A ~F
TO—O@ENELD L, EREEA ST T —MEMLICE < & STV 12, Lo LEn bic K 2 A
R D IVER T IZHEWIRRIET A b T 72— X 2 BEOSIED AL 2 & /24 1~ OB 5T LR
LHETAT Yy TROBDLZ T2 HT. SHICAT v FIRORAIC &0 BRI HEAR O FL ~& > 7 K
T END, BiH~NT R LG AT KREREEAE VTR 220, TEFG K TIC X - Tis
BYAZIIW{RTLHEEZEZOND.

£72, %FH LEESIHH%BW ICHERMEENZ LN -Te. 07w, FHEH ORHEITIR B
HFHARNET FL ORWAT v TIREA AL L TNDLEBZ BN, LR -> T, IFHEERILR
L, BEEETHH N VAZH LTIEBRICAT » PRFC L DEE LT HE D BB E B 2 b b.
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The relationship between the step length during forward lunge

and lower extremity muscle strength

Takayasu KOIKE, Takashi IWASHIMA, Toshio OZAWA

< Abstract >

(Purpose] To clarify how the muscle force in the lower extremity contributes to step length during
forward lunge. [(Methods] 16 volunteers with normal participated in this study. Bilateral step lengths
were measured during forward lunge. Hand-held dynamometer was used a measure of muscle strength
hip extensors, knee extensors and flexors. Pearson product moment correlation coefficient was used to
analyse the correlation between the strength and step length. [Results] There was a moderate positive
correlation between the step length and hip extensor strength. [Conclusion] Our findings implied the
increase of step length during forward lunge by which the hip extensors of lead leg generate the

propulsive force.
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