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Abstract

Japan 1s now an aging society. Needless to say, research for promoting a
safe and active life for the elderly, and for products that assist with the
activities of the elderly are important issues. Until now, walking studies of
elderly people have been carried out in various fields. In recent years,

analyses of a combination of temporal, spatial and mechanical parameters



using a 3D motion analysis system has become common. Much dynamic
mechanical research has been conducted on hip joints, knee joints and ankle
joints. However, research on other joints such as the talocrural joint and toe
joints are rare.In studies on the effects wearing the shoes, subjects usually
consist of young persons. Few studies have been done using elderly people as
subjects.

In this research, we attempted to analyze the joint torque including that of
the talocrural and toe joints in order to obtain detailed information about the
walking habits of elderly people. The purpose of this study is to clarify the
difference in walking between elderly people and young people, and the
effects that wearing shoes have on the different age groups through a
complex study using 3D motion analysis and EMG analysis.

This thesis consists of the following six chapters.

Chapterl. Introduction

In Chapter 1, purpose and background literature for this study are

described.

Chapter2. Examination of physical function of the elderly by thickness of

muscle and balance ability

In Chapter 2, we measured body composition with Tanita height and
weight scales, and muscle and fat thickness using an Ultrasonic measuring
device. The measurement points were the front of the thigh, the back of the

thigh, front of the lower body, and the back of the lower body. In addition, we
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examined the stability in the standing position of the two groups using the
calculated postural stability evaluation index (IPS) based on the measured
value of the center of gravity.

Body composition measurements showed an increase in fat and a decrease
in muscle as one ages. In addition, muscle thickness of the elderly group was
significantly less than that of the young group. This means that muscle
thickness decreases by aging. Moreover, IPS of the elderly group was
significantly smaller than that of the young group. It was found that the
reduced stability of the elderly group is due to the shorter distance in moving

the center of gravity and a reduction of the stability limit.

Chapter3. Comparison of barefoot walking of the elderly group and young

group by 3D motion analysis system

In Chapter 3, we clarify the features of barefoot walking of the two groups
by using a floor force plate and a 3D motion analysis system. Analysis items
are the trajectory in the up-down and right-left directions of the amplitude of
the marker of the toe and heel, the joint angles of the lower body, the floor
reaction force, and the joint torque of the lower body.

The trajectory in the right-left direction of the amplitude of marker of the
elderly group was significantly larger than that of the young group. This
indicates that the amplitude of the trunk of the elderly group is large. The
floor reaction force in the right-left direction of the elderly group increased to
the outside. This reflects an increase in the amplitude of the trunk. The hip

joint angle of the elderly group was significantly smaller than that of the

111



young group, and the elderly group had a forward-bent posture. In the stance
phase, the knee joint angle of the elderly group was significantly smaller
than that of the young group. In the contact period, the ankle joint of the
elderly group was significantly bigger than that of the young group, and the
toe height of the elderly was small. In the contact period, the hip joint torque
of the elderly group was larger than that of the young group. This showed
that the load of the hip joint of the elderly is large in the contact period. In
the propulsive period, the value of the knee joint load of the elderly group did
not rise, and the elderly could not increase it by using the knee joint. In the
acceleration period, the subtalar joint angle of the elderly group was
significantly smaller than that of the young group. This explained the
reduction of kicking force of the elderly. The increase in amplitude in the
right-left direction of the elderly group is due to the reduced ability of the
elderly to move their center of gravity. The load of the hip joint of the elderly
group is large in the contact period, and the elderly cannot increase it using

their knees, due to reduced flexibility.

Chapter4. Comparison of the effect of wearing shoes of the elderly group

and the young group by 3D motion analysis system

In Chapter 4, we clarify the effects of wearing shoes for the two groups
using 3D motion analysis and EMG analysis. We chose three samples
representing different shapes with no heels: shoes for the elderly, sneakers
and toning shoes. We added pumps with 3cm heels. Analysis items are the

trajectory in the up-down and right-left directions of the amplitude of the
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marker of the toe and heel, the joint angles of the lower body, the floor
reaction force, and the joint torque of the lower body.

The amplitude in the right-left direction of the young group increased
when wearing shoes. In contrast, the amplitude in the right-left direction of
the elderly group did not change when wearing shoes. The right-left direction
floor reaction force of the young group increased to the outside, reflecting an
increase in amplitude. The difference in the hip joint angle during the stance
phase was smaller between the elderly group and the young group when
wearing shoes. This is believed to be the effect of the sole correction. The
knee joint torque of both group in the propulsion phase increased when
wearing shoes. This showed that there was an increase in the force exerted
by the knee joint when wearing shoes. In the acceleration period, the toe
joint torque of the young group was weakened by the restraint of shoes. This
indicates that the kicking power of the young is weakened. The young group
can flexibly respond to the instability caused by wearing shoes, which the
elderly are unable to do. Therefore, the difference between the barefoot
condition and wearing shoes among the elderly group was small. The knee
joint torque of the two groups in the promotion period rose when wearing
shoes. The hip angle is corrected by the sole, and the body can easily move in
the forward direction. In addition, the propulsion force of the knee was
greater. On the other hand, the right and left amplitude and the right and
left direction floor reaction force ware different between the two groups.
Wearing shoes reduces the stability. The right-left amplitude of the young

group increased when wearing shoes. The young group can respond to the
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instability by moving their center of gravity. On the contrary, the right-left
amplitude of the elderly group did not increase, due to a limited ability to

move their center of gravity.

Chapterb. Comparison of lower limb muscle activity during walking of the

two groups

In Chapter 5, we clarify the lower body muscle activity of barefoot walking
and walking using shoes of the two groups by using EMG analysis. In
Chapters 3 and 4, we examined differences in walking of the two groups.All
operations are those caused by muscle activity, so muscle activity is likely
the cause of differences between the groups. The measurement points are the
rectus femoris, biceps femoris, tibialis anterior, gastrocnemius inside, and
gastrocnemius outside. The samples are shoes for the elderly, sneakers,
toning shoes and pumps.

The muscle activity of the thigh of the elderly group was higher until the
center of gravity changed from foot contact. The muscle activity of the thigh
of the young group over the same period did not increase as significantly as it
did in the elderly group. The muscle activity of the lower leg of the elderly
group was higher until kick off from foot contact. The muscle activity of the
lower leg of the young group was focused on moving the center of gravity in
Midstance period. In walking using shoes, wearing shoes affected the muscle
activity of the lower leg in both groups. In the young group, the muscle
activity of the lower leg is higher in all periods during the one-gait cycle,

especially when toning shoes and pumps are worn. In the elderly group, no
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differences were observed according to shoe type. In addition, the muscle
activity of the elderly group increased only in the deceleration period. In
chapter 4, we stated the young group can flexibly respond to the instability
caused by wearing shoes, which the elderly cannot do. In this study, it was
found that the muscle activity of the young group controls the lower limbs
when shoes are worn, thus aiding balance. On the other hand, the elderly
group cannot control the muscle activity of the lower limbs, so they need all

of their lower body muscles to maintain their balance.

Chaptre6. Summary

In Chapter 6, the results obtained in this study were summarized and

1ssues to be considered in the future were discussed.

In the present thesis, we clarified the differences in walking of the two
groups, and the effects of wearing has using 3D motion analysis and EMG
analysis. The stability of the elderly group in the standing position is lower
than that of the young group, due to the reduced ability of the elderly to
move their center of gravity. In the contact period, the height of the toes of
the elderly group is lower than that of the young group, because the joint
flexibility of the elderly is reduced. Moreover, the amplitude right-left
direction of the elderly group increased outward due to a reduced ability to
maintain their balance and use their knee joints. These are features of
barefoot walking of the elderly group. The effect of wearing shoes that were

common in the two groups were an increase in toe height during the contact
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period and an improved driving force by the knee joint. Wearing appropriate
footwear prevents stumbling. The amplitude of the right-left direction of the
young group increased when wearing shoes, but that of the elderly group did
not change. This suggests that the young group was able to respond to
instability by moving their center of gravity. On the other hand, the elderly
group was not able to move their center of gravity to offset their instability.
These factors need to be considered when designing shoes. When choosing
samples, we chose shoes that the elderly can easily wear. In so doing, we
selected samples that were similar in design and construction. Therefore, we
did not fully consider the differences between the samples. Based on the
results obtained in this study, it was clarified that research and development
of shoes that compensate for a reduction in the sense of balance among the

elderly is required.
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FFERE AR T & PR RE DR T ORRIZA L2 Th D,

B IERPPHRTE T, TR O N T U RBENNC b BE RIFT B 2 v, BToHr ORI
Bepk & UL MERE - SEETHERE 2 5 oD 7o Ml O SERER) 7 B RFR IR A R T 2 MBI B D,
FITH 2 IR, BAEH LR U il O T RARIE & SEAZRE PR REIC SV TR S

ZEEEME L,
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2.2 - TRWHEOFHA & EOEh A
2.2.1 HERFE

PEBRE 1L BEIRE & B ERED 2 SO NV—T DR S D, EEEEE, MBhE R L TE
BRICZINTE 5 T0 LA EOLME 104 & L, BFEBHIARFPOMRBERRA LM 104 & LT,
WHED & RRPE A Tab.2-2-1 1T~ T, HIRREDOFHINC I3 BRI EF A2 =2)%
M Uiz, SR I, JRAETBIE OWRL 24 FE TEERAERE - SREHA] OFHROF
iz w3, REBROBBRERIL, EFHTHRE LEENCOCFEL Z LE D23, 4

PARD I VRO TH 5 L F 2 5,

Table2-2-1 Physical characteristics of subjects

Elderly Young
D Age Higt Wight BMI D Age Higt Wight BMI
(cm) (kg) (cm) (kg)
A-1 83 144.5 45.6 21.8 B-12 30 159.1 51.7 20.4
A-2 75 148.8 52.4 32.2 B-13 21 162.2 48.7 18.5
A4 73 155.1 60.8 25.3 B-14 20 163.4 46.6 17.5
A-5 74 148.2 49.1 22.4 B-15 23 166.7 65.5 23.6
A-7 86 148.7 49.3 33.8 B-16 23 165.0 52.7 194
A-8 79 156.8 63.0 25.6 B-17 20 153.6 55.1 23.4
A-10 86 146.5 46.9 21.9 B-18 21 157.2 39.1 15.8
A-11 80 150.2 54.7 38.0 B-19 22 171.8 69.8 23.6
A-12 82 149.6 38.7 17.3 B-20 21 168.5 52.8 18.6
A-13 81 1394 45.8 23.6 B-21 21 152.1 53.1 23.0
MEAN 79.9 148.8 50.6 26.2 MEAN 22.2 162.0 53.5 20.4
STDEV 4.7 4.9 7.3 6.4 STDEV 29 6.4 8.8 2.9
National Health and Nutrition Survey National Health and Nutrition Survey
MEAN 148.9 51.3 23.1 MEAN 157.4 51.1 21.0
STDEV o 5.7 8.5 STDEV 2 5.1 8.3
2.2.2 FEEITIE

2.2.2.1 f/E « fEHLIE D FHH
5+ BRRAIEORIE TP B S I EG 2R EE 7 a7 o K SSD-3500(7 v 7 # Xt
IFig.2-2- D& L7-, #REE— FIZBE— F& L, JEAREIIHERE OEKIZ AT 5~
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7.5Hz DOF TR L7z,

PIEERALIE, BR800 & KR E SMAIE DEAL 50% OALE O KERFTHE & %k, B HHE
HHMED 50% DOALE O FRRATH & R E D 4 2P Th %,

HIE DBRIIIRE (LML O LB ERFFL TH BV, e —T7 &H{5AIC L TRIEIC
XL THEEISY T, RWROFE L BHEZRE L, 20L&, e —T7 TREZE

BLARWEIICHEEL, MfEZEL TWRWD & 268 L CHifg 4 5isk L,

Fig.2-2-1 General use diagnostic ultrasound imaging systems
PROSOUND SDD-3500

50%

Fig.2-2-2 Measurement position of thickness of muscle
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2.2.2.2 FOEEFHHI

FHANC X EOEMER PCD-300AGKASAEIFIE ) % v /-,

PERFNITRE DR, AT AN FIE LB 2 hiF T 5 2 &, HOBEI ORI B2
TIERL B2HOELBEZLATHZ L, IFREERAELLRVWE S BESr— ML
EMBEEN NI SICTH L, REEBB L,

FHIICER LT, B ICide — ML ETRIENIIZ 10 cnlE EFATICHE L T b, B
THRICTERSELEZZRKFELTLL T,

AN REOREOELER AL, ZO%BORH - % - £ - EOKHEICELZHNT
TR OBRRA FH L7z, ERITT o F AREZER LTI LTzt > T T o 72, LB
WO STERIC 31T 2 FHAIRFH O B/ MEIX 10 B CTH Y | AREBR TIIERE 0/ E2E 2 15 B
L L7,

BREOBEIBEEONE T, #REICZH L OB FICAbE TR FAICHLE B
L Th Lotz dHlliZ 30 MENTIT o7z, GHUNTETE T & AT m a2 12470, &

O EEIATI DL T ¥ LRICHIS T2,

Fig.2-2-3 Center of gravity sway meter
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SN FRRF O SRR I DWW TR, OB ORIEMZ & L 12, EH 5 10 9D4EES
% YBviz i E TAT e $(Index of Postural Stability/LL T IPS)Z W Tt L7z, TIPS 0&
HUIL T oW Th 5,

S B ERL O B (i) = 507 0] O AME TR (O + 7 + 2+ i+ 1)+
72 78 PR T A (i) = fe K AT 2 B2 O B IR X fie K24 B D RS Bl R

BB TE FE TG B = 22 TE PR S B+ V38 B2 DB
X1, X2 KRR ELOBEIERR X ORKEAE OB L 13X, 2o Fmicst L TR
WICELEEINT DO TEX L TH D,

000 .o O
DENE
o2 O

RABIEEDBERA
REHOHIERE s:
EEBUHO

EOBE

RAEBBEOD
EDHE

BRAERELBEIEHE
REBDEARE

Fig.2-2-4 Calculation method of TIPS

2.2.3 #HERHLEL

WEED B ML, FE, RIFE, BEOEREOSMEEEI(H.OG - A5 - 72 - B - 1% - FH).
KEDB BRI A - A1) 228 BRIV RS 22 8 BRI R RO 00 #2125V T, Student
Dt REZEAT o 1o, BET B B OAHBIMEIZ DU T EEFA B R E 2 S0t L 72,
WIS A EAKEL 5%, 1%AdM & Lz,

B, RERIIAFZOMEEESOHGRES-LDOTH D, Kl 51X S18A04 ThH D,
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2.3 FER
2.3.1 I&HR, RE - RENIR

Table2-3-1 (24 = Z A RAREFHTHIE LI gdRE O F ISk 2R3, HAIE, K - 1§

H - (KRN - BMI - (KGN - BRIGNG& - HNETH D,

HE EFEREIZOWTIL, Jllib~7c & 0 BATIE OWhk 24 R THE AR - St
] OFEMROFE LI L, FHERHTOOEE %2 LRl TS NRIFEEEIZITORHED
EHES-TELIAMRNEEZ D, £z, FKIENER - BMI 3 O FEME DR X
DWEEICELS > TWD, Zhid, TEEHICAL EREPEDIEMRSE 09 < mb L
W T AR b DR E WV Z D, S DIZERIENI&E & B & TlEEE O 0 EHE R

ZAEICTEIY . NS HEOBD RSN,

Table2-3-1  Body composition

Subject Age Height Weight pfriiif:;e BMI T};igi(:i};;at r?rfofjsl Muscle mass
(cm) (kg) ©) (ke) quantity (ke)
B-12 30 159.1 51.7 20.5 20.4 10.60 41.10 38.90
B-13 21 162.2 48.7 23.3 18.5 11.30 37.40 35.30
B-14 20 163.4 46.6 19.6 17.5 9.10 37.50 35.40
B-15 23 166.7 65.5 29.7 23.6 19.50 46.00 43.10
o Bl16 23 165.0 52.7 22.4 19.4 11.80 40.90 38.50
E B-17 20 153.6 55.1 30.7 23.4 16.90 38.20 36.00
B-18 21 157.2 39.1 15.2 15.8 5.90 33.20 31.40
B-19 22 171.8 69.8 32.3 23.6 22.50 47.30 44.30
B-20 21 168.5 52.8 20.2 18.6 10.70 42.10 39.60
B-21 21 152.1 53.1 29.4 23.0 15.60 37.50 35.40
MEAN 22.2 161.96 53.51 24.33 20.38 13.39 40.12 37.79
A1 83 146.5 46.9 25.5 21.9 14.20 31.40 29.80
A-2 75 148.8 52.4 32.2 32.2 16.90 35.50 33.60
A4 73 149.6 38.7 17.6 17.3 23.70 37.10 35.00
A5 74 148.2 49.1 29.3 22.4 14.40 34.70 32.80
= AT 86 155.1 60.8 38.9 25.3 16.70 32.60 30.90
% A-8 79 139.4 45.8 36.2 23.6 23.90 39.10 36.80
ST 86 148.7 49.3 33.8 33.8 12.00 34.90 33.00
A-11 80 144.5 45.6 31.2 21.8 20.80 33.90 32.10
A-12 82 156.8 63.0 38.0 25.6 6.80 31.90 30.30
A-13 81 150.2 54.7 38.0 38.0 16.60 29.20 27.80
MEAN 79.9 148.8 50.6 32.1 26.2 16.6 34.0 32.2
t-tost 0.000 0.437 0.013 0.022 0.183 0.002 0.002
*% * * *% *%

(* : P<0.05, **:P<0.01)
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KERATHE - KERZ i - THRATE - TRZ R OTHE & MBI DWW TEHII L7/ R %
Table.2-3-2 & Fig.2-3-1 {2 L 7,

KREREE DRI DN T, B TIEEFERE & i U 7@ OEIIA BITIERLS 2o T D,
BRIENZB W THAEET RS TN RO FEZ Tlalo 7o, BHERE L milimht o)
JEONEEE DT RBRATHE T 7mm, B E TR 4me 2o72, FREOFETIZ, Z<b
T RO N TR 2 ElEl o722y, R THEEIT RN - T,

JRIAIEIZ DWW T, REBEBIZOWTIIMRFIC R E RET R SN2, LT, TRRTIE

B« 1 & HICEFRE L il UEEREO BRI 10 Pl /NS < 7220 | JERAIE DS /N & M)

2o,
Table2-3-2 Thickness of the muscle and fat
Thickness of muscle (mm) Thickness of fat (mm)
Subject
FT RT FL RL FT RT FL RL
B-12 24.5 26.8 32.1 25.6 6.3 13.1 5.9 5.4
B-13 26.5 29.2 27.4 27.2 10.4 12.7 6.9 10.3
B-14 44.5 42.9 32.4 34.9 7.6 10.0 4.3 4.9
B-15 29.2 36.9 33.1 28.6 9.4 10.2 2.4 7.0
w B16 22.7 30.0 36.1 34.3 8.2 14.1 4.3 8.4
§ B-17 30.0 30.8 30.2 28.0 9.6 11.6 4.8 11.8
B-18 27.6 28.8 24.3 21.4 8.0 9.2 2.7 5.7
B-19 44.9 47.1 36.9 32.0 14.7 8.6 5.1 7.1
B-20 43.1 42.4 24.1 35.5 10.2 11.2 5.3 6.3
B-21 46.9 48.0 39.2 40.8 9.6 15.1 3.7 6.9
MEAN 34.0 36.3 31.6 30.8 9.4 11.6 4.5 7.4
A-1 29.0 34.1 34.1 30.6 6.7 6.9 1.6 8.4
A-2 34.0 45.0 36.0 26.0 15.3 18.0 2.0 7.0
A4 20.7 25.4 26.9 28.6 14.7 17.1 8.3 10.9
= AD 30.4 30.8 30.2 32.2 7.3 8.0 1.8 4.1
g A7 24.5 27.6 36.3 36.7 4.7 4.0 1.7 1.5
HAs 21.1 27.3 28.2 25.1 9.2 8.4 4.0 6.5
A-10 31.8 28.8 38.0 34.7 5.3 5.3 1.4 3.5
A-11 21.0 34.0 34.0 36.0 20.0 19.0 4.0 8.0
A-12 36.5 37.3 38.8 31.6 8.8 15.3 2.9 5.1
A-13 22.5 30.3 24.3 28.5 4.4 7.0 2.3 5.2
MEAN 27.2 32.1 32.7 31.0 9.6 10.9 3.0 6.0
t-test 0.236 0.238 0.317 0.470 0.448 0.423 0.9*01 0.117

FH : Front of thigh, BT : Rear surface of thigh, FL : Front of the lower leg, RL : Rear
surface of lower leg
(* : P<0.05, **:P<0.01)
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®Young Elderly

20

The thickness of muscle and fat{mm)

. i

FT BT FL BL FT BT FL BL
The thickness of the muscle The thickness of the fat

Fig.2-3-1 Comparison thickness of muscle and fat between young and elderly

FH : Front of thigh, BT : Rear surface of thigh, FL : Front of the lower leg., RL : Rear
surface of lower leg

Elderly n=10, Young n=10 (* : P<0.05, **:P<0.01)
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2.3.2 BN T U R ORERE R

BEOBEBNEEAHNC X0 ST mOIEEE & A4 - AR 7 M O KE.OB B REE 2 HE L
o o, ZNOEOEMEEMWNT, ZERMEAE L TIPS Z5K H L7z, Table.2-3-3 (2T
ETE A ORIEMZ . Fig.2-3-2 [ZI3B H I H L EZ B W IR0 EE & 7 OB,
Fig.2-3-3 (TIT B K F OB IEHE & 2R mAE, IPS OfERZ R LTz,

by -\l - 2 - 2 - FOB T E LA EWTCEROINEEIEIL, BTELRFO D0
EEHEDMEA /NS < Mo Tzin, ZOMTIEGEIREOMARE <, P AT TITAER
=N oT, fERE LT, 5 HMOINEEEONE TH 2 L HOEFRmE L, Sl ofE
WEFREL Y RE S A ode, ElFHIEFEREL Ll U T, #FILSZALIF OO B0 O B i PH 23
REWZENIMBR D, Bl - AT M ORRKEOCBEIERE, 3 L OLERMmmfE T,
FAERE & W LB B O B EIXA BN S < A 0 | REMR R mRE XA AFERED 1/2 T &
EEofe, ZOZ LiX, @l TERMICELEZENTZ LOTE LM% - A4
] & HITHIRICIRS 72> TND Z EAURL TV D, SR E LT, IPS i@ RN EEREE K
L TEID NS X 2 b SEALR O SRR RE AR T VR S vz,

IPS ZRET 2 BRSOV TN 2720 FE D &I EOEHEG N O A0 >V THBES
175 % K T=, Table.2-3-4 |ZIXZEOMEAMELZ R LTz, #iRE LT, HERETITAMERO
SMEIHIFE T-0.68 DA DB R SN2 IE0T FHBIITAS DR o 72, kb L Crlink T,
RK AT B OB IRRE, B /a4 O EIRRE, ZERAERIC BV TEh2h 0.80, 0.81,
0.86 L MWHHBEIN R E NIz, ZDZ D, IPSELAATHERE L TEFERIZE VT
FEZEDEAMIER L 52, SR W IR KE OB ENEBEORD OB R K &

WEEZ D,
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Table2-3-3 Center of gravity sway and IPS

The maximum value of the

. Contour area of center of gravity sway (mi) moved distance of the center Ar ea ,Of
Subject of gravity (mm) §tgb1thy 1PS
Center Right Left Front Back Average front & back Right & Left limit, (m)

B-12 103.0 157.6 177.0 131.0 115.0 136.72 119.8 197.4 23648.52 173.97
B-13 107.0 132.0 40.0 104.0 98.0 96.20 112.9 213.4 24092.86 251.45
B-14 284.0 209.0 295.0 176.0 119.0 216.60 134.8 218.8 29494.24 137.17
B-15 71.0 49.0 155.0 90.0 65.0 86.00 56.8 140.7 7991.76 93.93
%n B-16 65.0 78.0 173.0 150.0 129.0 119.00 106.0 185.0 19610.00 165.79
>?‘ B-17 55.0 117.0 212.0 111.0 56.0 110.20 74.4 174.3 12967.92 118.68
B-18 61.0 110.0 211.0 389.0 58.0 165.80 145.0 232.8 33756.00 204.59
B-19 93.0 174.0 87.0 189.0 208.0 150.20 166.5 209.6 34898.40 233.35
B-20 61.0 84.0 86.0 46.0 59.0 67.20 128.4 175.4 22521.36 336.14
B-21 81.0 128.0 65.0 56.0 97.0 85.40 102.6 190.2 19514.52 229.51
AVERAGE | 98.1 123.9 150.1 144.2 100.4 123.3 114.7 193.8 22849.6 194.5
A-1 304.0 298.0 285.0 313.0 379.0 315.80 79.4 125.5 9964.70 32.55
A-2 105.0 255.0 157.0 168.0 57.0 148.40 74.2 167.6 12435.92 84.80
A-4 70.0 65.0 139.0 102.0 108.0 96.80 110.4 215.3 23769.12 246.55
A5 51.0 84.0 53.0 85.0 69.0 68.40 81.6 126.4 10314.24 151.79

g A-7 169.0 332.0 159.0 100.0 140.0 180.00 43.2 102.1 4410.72 25.50

=t
5 A8 126.0 156.0 109.0 44.0 125.0 112.00 31.0 100.3 3109.30 28.76
A-10 337.0 436.0 190.0 204.0 988.0 431.00 41.7 77.9 3248.43 8.54
A-11 115.0 298.0 172.0 104.0 198.0 177.40 101.7 197.9 20126.43 114.45
A-12 219.0 176.0 203.0 87.0 74.0 151.80 83.6 135.3 11311.08 75.51
A-13 167.0 163.0 155.0 140.0 73.0 139.60 69.4 90.9 6308.46 46.19
AVERAGE | 166.3 226.3 162.2 134.7 221.1 182.1 71.6 133.9 10499.8 81.5
0.007 0.010 0.353 0.464 0.191 0.297 0.002 0.001 0.001 0.000
T-Test

*%

*

*%

%

*%

*%

Contour area of center of gravity sway / #ME &

The maximum value of the moved distance of the center of gravity / fx KX .- &) FEEfE
Area of stability limit / 22 &4 BR 5 i £

IPS:Index of Postural Stability / %%\ & & il fa %k

(* : P<0.05, **: P<0.01)
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EYoung = Elderly

350
300 kS T
250 o 1
S 200 o I
=
150
100
50
0
Center Right Front
Contour area of center of gravity sway Average

Fig.2-3-2 Comparison of contour area of center of gravity sway between young and
elderly
Elderly n=10, Young n=10 (* : P<0.05, **: P<0.01)

The maximum value of the moved distance of Area of stability limit
the center of gravity
250 *k 30,000 ww
I 1
200 25,000
150 ** 20,000
s - ; s @
£ =
~ 100 E 15,000
50 + 10,000 I
0 5,000
front & back Right & Left 0
H Young Elderly Young Elderly
1PS
250 *E

200

150

100 I

50

(log)

Young Elderly

Fig.2-3-3 Comparison of maximum value of the moved distance of the center of
gravity, Area of stability limit and IPS between young and elderly
Elderly n=10, Young n=10 (* : P<0.05, **: P<0.01)

37



Table2-3-4 Correlation coefficient of each index of center of gravity sway

Correlation matrix of all subjects

The maximum value of the
Contour area of center of gravity sway (mi) moved distance of the center | AT ea _“f
of gravity (mm) stability 1PS
PP
Center Right Left Front Back Average front & back | Right & Lefe | 11mit(ui)
Center - 0.000 0.220 0.536 0.065 0.023 0.036 0.059 0.050 0.004
Right el - 0.097 0.075 0.174 0.000 0.269 0.173 0.269 0.016
Contour area of center  Left - 0.063 0.902 0.005 0.974 0.974 0.974 0.183
of gravity sway (mf) Front - 0.685 0.009 0.448 0.448 0.289 0.711
Back - 0.099 0.869 0.742 1.000 0.368
Average * il ki hd - 0.791 0.472 0.677 0.138
The maximum value of the front & back * - 0.000 0.000 0.000
moved distance of the ————————
center of gravity () Right & Left o - 0.000 0.000
Area of stability limit (mi) * kil e - 0.000
1PS ok * s e s
Correlation matrix of Elderly
The maximum value of the ¢
Contour area of center of gravity sway (mi) moved distance of the center Arga of
of gravity (um) stability 1PS
. . . | limit (mif)
Center Right Left Front Back Average front & back | Right & Left
Center - 0.020 0.009 0.532 0.458 0.048 0.180 0.089 0.128 0.022
Right * - 0.020 0.144 0.458 0.003 0.281 0.281 0.369 0.173
Contour area of center  Left ok * - 0.21090293  0.458 0.013 0.929 0.788 0.929 0.404
of gravity sway (i) Front . 0.621 0.458 1.000 0.835 0.677 0.458
Back - 0.216 0.805 0.805 0.805 0.293
Average * w * - 1.000 1.000 1.000 0.652
The maximum value of the front & back - 0.003 0.000 0.022
moved distance of the ————————
center of gravity (m)  Right & Left w* - 0.000 0.022
Area of stability limit (mii) e - - 0.012
IPS % % % *
Correlation matrix of Young
The maximum value of the A "
Contour area of center of gravity sway (mi) moved distance of the center rea o
of gravity (mm) stability IPS
c : . limit (mi)
enter Right Left Front Back Average front & back | Right & Left
Center - 0.249 0.075 0.621 0.034 0.917 0.753 0.116 0.345 0.345
Right - 0.655 0.095 0.297 0.089 0.060 0.040 0.040 0.531
Contour area of center  Left - 0.211 0.677 0.040 0.655 0.788 0.788 0.060
of gravity sway (mi) Front - 0.048 0.001 0.144 0.144 0.095 0.532
Back * * - 0.297 0.677 0.404 0.532 0.835
Average * i - 0.089 0.025 0.060 0.531
The maximum value of the ~front & back - 0.016 0.000 0.089
moved distance of the ———————
center of gravity m)  Right & Left * * * - 0.003 0.245
Area of stability limit (mi) * ok b - 0.128
IPS

Elderly n=10, Youngn=10 (*:P<0.05, **:P<0.01)
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2.3.3 MR L FHINZEMEDO BT

Intis & FHIE, B REROZNENOREREF ONCT D720, il - T 4 SO
J= - IPS [MDOFHEATTHI % K 7= (Table.2-3-5), F7=. IPS & ZDMOIEE & OEALIX %
Fig.2-3-4 |Z/R"7, i & RER LIPS & OfICIZ, £NEN-0.63 £-0.68 L\ 9 E
BOMHBENRE I, MBS D IR REOFHREDORAD & L EEOIR T 50 L 7
oz, FiliL 4 EALOFHIE LT OV T RERES Tl 2 X 2 A EAIZA LN D b DD,
FERFITRE O Haivavy, A& & RERATHE O FHE & OFIZIE 0.49, HiN&E & KRS i O i) &
EDMITIX 048 & 59V D BHHENRO b, HIERRIED 5 BT, FRICHEHOKR

IZE DDA OEIAITRE <. KEBESHFE OB S E AR EE O A RICKIET R

REWEEZ OGNS, L, HEBIUOHARERSE IPS L OMICHBITRD b, L

LD L EMET TG OH 72 b THEX RERNBDH L EHEREND,

39



Table2-3-5 Correlation coefficient among age, muscle thickness, muscle mass and IPS

Correlation matrix of all subjects

Thickness of muscle (mm) Thickness of fat (mm)
IPS Age
FT RT | FL | RL Fr | Rr | FL | BRL
IPS - 0.1834 02713  0.1510 09721  0.0499  0.0883  0.0005  0.1150  0.0002
FT - 0.0003  0.0640  0.1044  0.5807  0.8886  0.8334  0.3460  0.1507
Thickness of  RT bl - 0.1067  0.0355  0.2196  0.6219  0.6214  0.9441  0.1800
muscle (mm) FL | - 0.0249  0.8453  0.9721  0.1714  0.5584  0.2025
RL * * - 0.8709 05754  0.5515  0.2554  0.6475
FT * - 0.0003  0.0298  0.0014  0.1414
Thickness of  RT ** - 0.0229  0.0300  0.1488
fat (um) FL i * * - 0.0631  0.0024
RL o * - 0.1093
Age EL3 *%
Correlation matrix of Elderly
Thickness of muscle (mm) Thickness of fat (mm)
IPS Age
FT RT | FL | RL FT | Rr | FL | BRL
1PS - 1.0000 02160  0.2971  1.0000  0.1444  0.0218  0.2489  0.4042  0.0159
FT - 0.0953  0.0253  0.7884  0.7884  0.5312  0.2489  0.1284  0.2812
Thickness of  RT - 0.0953  0.6767  1.0000  0.6767  0.9008  0.8348  0.4631
muscle (mm) FL * - 0.1797  0.7884  0.5312  0.2489  0.2449  0.0725
RL - 0.4208 02449  0.3454  0.0892  0.1508
FT - 0.0009  0.0747  0.0397  0.0725
Thickness of RT * o - 0.0277 0.0397 0.0311
fat (mm) FL * - 0.2489  0.2060
RL * * - 0.1060
Age * *
Correlation matrix of Young
Thickness of muscle (um) Thickness of fat (mm)
IPS Age
FT RT | FL | RL Fr | Rr | FL | BRL
1PS - 05312  0.9287  0.4208  0.7884  0.1508  1.0000  0.1060  0.7884  0.9255
FT - 0.0017  0.4208  0.0603  0.2087  0.4042  0.5900  0.7884  0.1607
Thickness of  RT b - 0.0892  0.0056  0.1508  0.4042  0.4725  0.9287  0.3036
muscle (mm) FL - 0.1284  0.8575  0.8348  0.2812  0.9287  0.6401
RL i - 0.5900  1.0000  0.5900  0.7884  0.5127
FT - 0.9165  0.3213  0.0725  0.7073
Thickness of RT - 0.4042 0.8348 0.9122
fat (mm) FL - 0.7194  1.0000
RL - 0.9255
Age

Elderly n=10, Youngn=10 (*:P<0.05, **:P<0.01)
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Fig.2-3-4 Relationship of age and muscle and IPS

y=3.8882x + 19.098

R?=0.1317
1 *
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FT :thickness of mass(mm)
y=6.3972x + 343.5
| R?=0.1208
| *
10 20 30 40 50 60
FL:thickness of mass(mm)
B y=11.634x+-77.703
R?=0.0906
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@ : Young : Elderly

y=3.596x + 16.31

R?=0.0796
1 *
: *
»
i .
* .
il *
1 *
10 20 30 40 50 60
RT:thickness of mass(mm)
y=1.2172x+ 100.33
] R2=0.0041
i *
g .
* *
J .
* *
,,.,//0”/
1 o
10 20 30 40 50 60
RL:thickness of mass(mm)
y=2.0135x+ 240.75
R?=0.4326
<&
*
*
L)
* 0:
0 20 40 60 80 100

Age

FH : Front of thigh, BT : Rear surface of thigh, FL : Front of the lower leg, RL : Rear
surface of lower leg, IPS : Index of postural stability / Z&Z% & & R £k
Elderly n=10, Young n=10
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LirL. FRRICBWTHERETRD bRl

HOEFEOFHAGERIZOW TR, @O IPS NEFEHLZRKE S TEY . INEsic X5
IEFRFPEHEERE IR T AR ST, FRIZ, mliED IPS 2K T SE 22K & U CHif% - £4
Ji 1A Dde KL B ENFRBE DD & AU S ZERFAEREOBD R HIT bivd, 2FD,
PAEHEREIZ B0 2 S ABERE D 727 T, Ml CILEIICE LA BEI T 21 OR X DK
BRRKENEREIND,

B & OPERERE I DWW TR E LTEFgEIEZ < PG N EB O EMRFF OBV TR
e EEIDORE N & 19 190 NIFHEREDOEN D HIZENT VAR HEND 1219
7 LRERERSN TS, L L, REBROFR TIE, HRER X OME & 22E £kl
R L ORICHBITRE® e oTo, BH O OB T 5 RV E IR 5 O F Iz,
W OSALZFFRRIN L HFHIIE T Tl EMMICELZBE S E58ENLETH D,
Z LT, EOOBENII TN OHR2 6T HIKRBROM 10T o AR IS
LR SND, BEMELITZ ) LIEEAMRERTIRESND 2D, TRHELIT TITE
BV TE AR S 2 T DI AR+ o T2 rTRE R & 5, IR IS L 0 i &0 P riag
DIRTAEZ D Z LIIHALNTH DD, FHIERE & PHEHERE DB Z B b 2T 5121%, M

OB e & K0 R AR R RE O RA S B L B X D,
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Z = Z Y RREFHT L 2 B ORE & | S B ESE 2 AV CORBRATE, KRR

. THERATE, THAEREDO 4 2pTOf - BHEORE 1T >7c, /o, BEOEFERHCE D

HIEMZ b LB EERHGFE R (TPS) Z2 5 U, WIRE OO Ff L W O SEHTHERE 1 DU TR

L7,

T DM RIZUTO®Y TH D,

1. INlsic X 2 RER BN & N EDIR TR RS,

2. EHREL L U s EEO KB RIE/N S < INEC K D FHE DK T AVE S iz,
3. MlHED IPS IIEFRE L i LA RIS/ hEL o Tz,

4. SRR TR A AR S8 2 BIRIE, /it - 2245 M~ DR R E OB B RO )

&L TRUTHE D RERFUEBEOBAD £ EZ BN D,
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3.1 =
3. 1.1 BTN SV T O TE

R OB TAFZEIZ DOV TIEL Murray © V0 2 3OHENIA MBI TV 5, Murray ©
IBT— AN OWTDERZAIT - 72I1ED, Sl B E R T R IER O 5T 2170,
UTDZ LwmRLT,

O BMTHEEOIKRT, A7 v 7R EHFHORD

@ RO

© WEMIHOREHE & ST OIER . SR X D & ISR O & ISR OB
@ RO ETEORA & AEAB ORI

® BEROEEROHED

® B DRI ~OIRAL & D% ST~ DI OO

@ B BEEH O B EE o

®  WERHIAH D ek B I e 3 i

© WY URHTEE O BRSNS < IO O£ RO AN Y 3 ED
ZNDHDONFIZHOWTIE, ZHFOHEIMLTUEEOK TN T KT 2 RfFE 9 » 6
D &R H D H A, Murray SIZBRE L7724 < ORFZE 90 10 11 12), 13) 14 15T

SINTEY., EEEOBREDODRENFFEEZLE XD THDLEEZD,

3.1.2 BB FHI AT IT DN T

I O DR H R REORF7EIX. IRERER, AEFER, 5 D VIR
BRI DS RSN TE T, IETHE, SMTEROMITICRE VT, =k EfRTLE
B K DERBI VPRI B D OIS FEIRIT 2> TETWDH, = IRouEMEfEIT T, B
Hi T Eh Ik e & DEFHAY « 2[R/ 3T A —& L RIRHT, IRRC)0BE M v s (BIffie— A v b,

AR E ©) e EDONFNT A =2 PR TE DRIENH 5, [HH D 103 FELMEE
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i T I A R L A TEIRBIC O CRIE A EE - IRECTT « BAER b v OBLE A BT LTz,
Ll EERICFERED T2 LI FE 2 BT b,

BAET ATENRIC DV T, SR TTENMERRIT LIS O Tk & IV 72 % < D SEATRFFE T ot o %t
BLroT&l, LL, Zb ENFHNT A—=F ZE G LTS ITEZRS
NTEY, - LERMBICES> TRV B ZW, £, B b7 2OV TI FERD
TE e 3 BHEITH DB - BB - REEAZ O OMGRL LIcb DT nas, kR
BE& W o 72 BREOBESIZOWTOREITRZ T b, BEIE, 0B H L &4
IT—AMCBWTEERBE 2H 5720, KV FEMRBER T OZDITIT 2 b DM D
ML 7 BHTIIARTI R TH %,

%3 ETIR, @itk L FELME A R RIT, FRBITICOW T ZRTENERFAT LS E 2
WTHATEEE - BREA L « IR DM 2147 9, Iia T, IxBIf, M. R D Tk
OFEHE 3 BEENCMA T, B, RS W R EOBIET ML O D b RO HAT

LT Z 2 AL L,
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3.2 il OFRESITO ZIWITEERAT
3.2.1 #BRE
BEBRE VLRI EE E BERED 2 DO T N —T DRGNS D . EEEE B R T
EEIC SR 72 < MiBhE 72 L CHEBICBINTE 2 705 oL 104 TH Y | #4F
BRIARZ O R AL 10 £ CTh 5, 8 2 BOWERE L 1L, FlEE Tl 3 40 ANE

HoTEY ., FHEHIIBOEEREFTH S,

Table3-2-1 Physical characteristics of subjects

Elderly
D Age Higtlem)  Wight(ke) BMI  Girth(em) - Width (em)
Right Left Right Left
A1 80 145.0 49.0 23.3 22.0 21.5 9.4 9.0
A-2 72 149.5 48.1 21.5 20.8 21.5 8.8 8.9
A-3 82 142.7 41.0 20.1 21.8 21.0 10.0 9.8
A4 70 156.2 60.5 24.8 22.5 22.5 8.1 8.1
A5 71 148.7 49.7 22.5 20.5 21.0 8.4 8.6
A6 77 149.4 43.8 19.6 23.4 23.5 9.0 9.0
A-7 82 149.0 51.1 23.0 22.5 22.0 8.8 9.6
A-8 76 156.4 63.6 26.0 22.5 22.0 9.6 9.8
A-9 75 153.8 64.8 27.4 23.5 23.0 10.5 10.2
A-10 83 147.6 54.4 25.0 22.5 23.0 9.7 8.8
MEAN 76.8 149.8 52.6 23.3 22.2 292.1 9.2 9.2
STDEV 438 45 8.1 25 1.0 0.9 0.7 0.6
Young
. . Girth(cm) Width (cm)
1D Age Higt(em) Wight(kg) BMI Right Left Right Left
B-1 21 166.6 58.8 27.3 26.5 26.4 10.4 10.4
B-2 24 168.3 57.6 20.3 25.7 25.5 9.9 10.1
B-3 23 162.7 58.4 22.1 23.9 24.2 10.3 10.2
B-4 21 160.6 42.9 16.6 22.6 22.5 9.9 9.3
B-5 23 158.1 53.8 21.5 24.4 24.6 10.5 10.2
B-6 21 164.9 58.7 27.7 24.1 23.9 9.7 9.7
B-7 21 156.7 59.7 24.3 23.3 23.7 10.0 10.0
B-8 21 155.2 58.0 30.4 23.1 22.8 9.3 9.4
B-9 21 143.7 41.6 20.1 23.3 22.1 9.5 9.4
B-10 22 170.6 59.7 20.5 24.5 24.5 10.5 10.1
MEAN 21.8 160.7 54.9 23.1 24.1 24.0 10.0 9.9
STDEV 1.1 7.8 6.9 4.3 1.2 1.3 0.4 0.4

TRED B (KR % Tab.3-2-1 12T, JEAFEE Ok 24 45 TERMERE - &)
12X D&, EEREONEHERICAE YT 5 75-79 DO F1T 148.9(£5.7)em,, XA EIT
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51.3(=8.5)kg T b, HHRED FHIHFEEITFI Y T 5 22 1% Tl EHH EN 157.4(£5.1)cm,
EEAEN 51.1(E8.3)ke ThH D, AEBROYWERERLL, HHEMTHE LERENOFL %

BRI, RS HARDOEEEIE WD ERITH D L F 2 D,

3.2.2 EBriE
3.2.2.1 MIEFNE

ARFBR TR L7odaiiE, = ROtEIEMRNT & 2 7 A (Motion Analysis 1) & R I EHE R
2tk AMIT JAPAN/B A, AMTI #L2KE) T, Y 7 b 7 = 7% EVaRT(Motion Analysis
H)THD, FEHLIZHATIZ8HET, 7L —ALA MI100/FE LT,

BB OB/ RITENER~ — B OALENEROHITIZR BN F v I Y — /e Ay L L
7o BANZH BAREFWERSH Y =2) LA RIR 8 WotsHIEEE Shoe Max(F IR T
20 R0 &) ERWT, HERE OF KRR Z FHI L7,

WIT, HERE OFIRIZ 39 51D B 6 mEFH L LB D 2 ) D FRIMR S~ — 7
AT LTz, ~— D ORHLE S Fig.3-2-1 [ZRT, ~—h ORLE & ~— T D4 T,

fRETICER L72Y 7 h =7 ETHESN TV D b DIEAE STV D,
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e P

se W L N
Fig.3-2-1  Position of marker on body

@ : Used in all of recording, @ : Use only in a stationary position recording

Table3-2-2 Names and position of markers

RAUE il T

Front.Head BRA EROLEA. EEDEESOEDH S CEFRLETRLATAICEHLTLSA
Top.Head BETEm HREZEKFICLIZEEDETREICHITHEEBORE A
Rear.Head %EER Edfg FCEB AN EREENKRESRO A

Offset BHRELI%RER BREONAIAITRIEHL TS A

L/R.Shoulder BEA(LER) BREBOREDMNMIBOIEHREMUICEEL TS A
L/RElbow.Lateral 8 m (EH) LERFBARICTEL-RETOERELRICETSRE R
L/RElbowMedial RE & (EH) BEEEREZEDOR TN

L/RWristLateral REZXZEH(EH) TREBRICTELLZRETOREEREZEDR Tif
L/RWristMedial & ZEZEH(XH) LREBAICTELERETOEEEREEDR Tin
L/RHand EIEIRET R (XA) FYHITHITBHE=IE (PIR) OEFHE ORI

L/RAsis A (ER) BEIiLf-LEHmERETREIMIICHS

Sacral 1B = wENE

L/R.Thigh KEREI A E(ER) KEREIER D h =

L/RKneelateral FEBEEIAIAS R (ER) KBREERMLHOIHBHRLMUCEELTLDHA

L/RMedial BER(ER) KBERMHDSEHRBAAICEEL TS S

L/R.Shank TRREIA = (ER) BOEHOT R

L/RAnkle Lateral #VEfE (EH) BB ROKR T

L/RMedial PR G S (ER) BN EBEESEEZDRBERNRDR Tif

L/RMed.Foot BRPER(ESR) E—hEBEOSLRLEBAICEHELTLSR

L/R Lat.Foot BERh B R (ER) EETHEBEOILRLHHUICEELTLSH

L/R.Toe 2FEER(ER) E=ZEEBOMIFIR

L/R.Foot2 DEER2EDH) EARLEBEAICEHLIZR

L/RHeel B EARLEAICEHLIZR
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BEDIERDORIT, ZIRITAEM L COBBRE Ok 238k D720, SITRICB VTl
1B UG, LTz, AATENME Tl #BRE 1T O EO IR GEIT 7Nk L C—H#o
FEIE 40 cm, HEIE 60 cm) D L& BATT 5, 20L& KR >E—Hn3 g D L 51Tk
TERIT->TH B9, HREMEND £ THREONNICHEZ LTh bote, BHITOT U RIX

HAE L7,

Fig.3-2-2 Recording situation of standing and walking

3.2.2.2 fig#r

FENTIAE LY 7 b o =713, 7 — 2 KA 7w 7 4 Kine Analyzer(¥ vt A =
LT v 7 A&, LT Kine) & i EH&ET U > 7 7 = 7 SIMM(Musculo Graphics #, LA
T SIMM) T %, Kine CIXBIfIMAE, K1, ~— HEBROMIT 217 -7z, BIEANE -

L7 OB HIZIE SIMM % A=,
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RShoulder &

RASIS RASIS

joint

RKnee RKnee ejoint  FHnes

R Ankle

R Ankls RTosg

Fig.3-2-3  Definition of joint angle by Kine analyzer

PeBRE O F RIS LT~ — 0 25 OWRBIEG, BRI, R a2 E Lz, Fig.3-3-4
IZ13 Kine 12 & 2 BSif £ O EICOW TR L, RSB EO#REI Wz~ —
5% Fig.3-2-4 (T, WeBIfiIZ. R.Shoulder, R.ASIS. R.Knee, MPiffilx, R.ASIS,
R.Knee, R.Ankle, &¥BIffiiZ. R.Knee, R.Ankle, RToe ® 3 H&#5ATRELE, 3
DSOBEICOWT, RO Z 5 mENfA, MIBORZ 5 5mass & L, Ircizm

45 & A=,

Fig.3-2-4 3 direction definition of the floor reaction force by Kine analyzer
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TN IHERE DEEIT SR LT A BT 3 E i og L L,
AT IANT y #h, A7 x Bl B TF@ERED A z e 2R D,
NV EiX, [EfEEE OISR E BT OICKER O Z ETH Y BEIO ML
— AN FRROFEHAE LTERSN TN D,
M =L X mg
(M:BEE kv Lo 5 ELE TORRE mg: HE&XES)
SIMM T, #RE DS ERRIEE &, (KE, RE., BiEk &)z nl ikt 7 v 2 1Fk

L. Wk U 7o~ — 2 OBUBRRCIR ) Dl 7 B BIET v 2 2R 2,

Fig.3-2-5 Musculoskeletal model with SIMM

3.2.2.4 HEatLEl

FEFHLEZIIHERHIRNT V) 7 b= 7 B UREEHE . WRED &SRB 0O 78 O RRE IS IR
D72 Student D t BEZ AV, WTHL S EBRE 5% K2 A EAKLEL Liz, 723, 52
LRI, REBRITERE 2R ETH20, KZEOMBEERICHELZHL, Zhz
ZHINTZHEDOTH D,

B AERIARFZOMIAZEROKRER/TL LD TH S, KiB#E 51T S13A04 TH 5,
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3.3 il R
3.3.1 ~— 71 OB AT

PIRE DRI Lic~—H 05 b BHIER, GOFER, AOBERICOWT, &
T I71A & A TT R ORMEEEE S B KR OB A2 08T L7z, M Lo~ — 0 o4 FRITEETE A
2% Top.Head, J§%:4i7%% R.Shoulder, W3f#5i% R.Asis TH D, 77 7HOKLITIT~—
e L, #iRk% Fig.3-3-1-1 R 7, B3 T Ao 7 vzt o, 77
7 R OBAT— AW OA WM ORFLITHME] - CP, SZIF ] MST, HEEHR] - PP, IndH -
AP, BT - MSW, J80#ES] : DP Tdh %, fitiiZid~— V0B EE & o7, LTI
TR FTELIZAEAZ O L L, HOEINE~— 0 EREZRST, EAAFMTIERb~Y—
DESGIZ A > TR Rz 0 & L, EOHEINIAE T H~DRNZ RS, 7272 L, HEREEERE 1
% CHENTANRE T o 7o T2 DRE R D HERSF L 72,

ETFIREEERNC RN T, MRS BT o7z, Lin L, miliEE O HRIE O 5 KAl & fie
IMEDZEITHEFERE LR L ThOTNID < RIBD/NSWZ ER DDA 5, EHIRIE
PR DWW TR, BATER, JBJeA. RO 3 S L bICMIZE T o R KIRIEIL, =ik
BEDNESEREZ BIRTY | Sl O MU~ DIRIE O H N3 R S 7z, Murray (3 U 6% < DA
FHENBNTND L OIS, RO ETEORD & EABORINT G OBRORETSH
Do ETFENCOWTITMBEDH SR 2T R N2 o T2y, EAEIT OV TIIANEIZ &
2 IRME O NFRO BTz,

WIZ, BTHO R OB EIZOWNWTHNT D720, DELE LI Lic~v—D o |k
TRMEZ T LTz, ~— B DAL DO ESEH R Toe T, HHA R.Heel THY, 77 7HD
KLWII~— DL 2RV, #EER % Figd-3-1-2 (TR7, fithh & Mo ERTIcH>WV» T
Fig.3-3-1-1 & [AIRICHiEmh 2 2 b &, M AT — A Th 2,

DE OB SN T, HEHHOPHICE N T, BMEICAEZIZ R0 OO RO

FhREmMNFEERZ TRl TWD, BERF TR, IS &b Bz 2 mEo> £ hm
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WIEE A EZEIT RV, BaEHICB W CIEEEREN S 2 GBI kBl -7, BN 5

RPN SO S Ee@mPAEFHL VIR T LTS Z L0 b, misifidnbw s “F

D" ORETEML THWD Z LD 0N R D, BEOIENZSWT, IR OB O &

S, FERDS SR EZAEIC B> TRY . FERFEHEY B URHCE D & < B3> T

HEHEADBND,

Fig.3-3-1-3~10 |Z1%, &HHRE O~ — DO T —F 2R LT,

Above and under direction

Top.Head
5

Amount of changef{cm)

R.Shoulder
5

Amaunt of changefem]

Amount of change{cm)]

MST

PP

Gait cycle(%)

|l rly

AP

Elderly ———Young

Young

Right and left direction

Top.Head ——Eldery
5

Young

Amount of changefcm]

R.Shoulder —Clderly  —Young

Amount of change{cm)

Amount of change(cm)

CcP MST PP AP MSW DFP
Gait cycle(%)

Fig.3-3-1-1 Locus of the amplitude of marker

(Elderly n=10, Young n=9)

*: P<0.05, **: P<0.01
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R.Toe — Eldarly - Young

£ w
-
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= ¥
£~ %
S
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El .
g Y !
L= 2
1]
S50 &0 o an 90

R.Heel w— Elderly Young

25

i

E
=
o
B
=
o
4
S
-
(=]
E
=
(=]
E
=

(1] 10 0 30 40 50 &0 0 a0 90

cP MST PP AP~ MSW © DP
Gait cycle(%)

Fig.3-3-1-2 Locus of marker of toe and heel on the right foot
(Elderly n=10, Youngn=9) *:P<0.05, **:P<0.01
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Fig.3-3-1-3 Result of Locus of right and left direction of Top.Head of each subject
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Fig.3-3-1-4 Result of Locus of right and left direction of R.Shoulder of each subject
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Fig.3-3-1-5 Result of Locus of right and left direction of R.Asis of each subject
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Fig.3-3-1-6 Result of Locus of above and under direction of Top.Head of each subject
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Fig.3-3-1-7 Result of Locus of above and under direction of R.Shoulder of each subject
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Fig.3-3-1-8 Result of Locus of above and under direction of R.Asis of each subject
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Fig.3-3-1-9 Result of Locus of above and under direction of R.Toe on the right foot of

each subject
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Fig.3-3-1-10 Result of Locus of above and under direction of R.Heel on the right foot of

each subject
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Fig.3-3-2-1 Change of 3 joint angle during one gait cycle on bare foot
(Elderly n=9, Young n=9) *:P<0.05, **:P<0.01
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Fig.3-3-2-2 Comparison of stick picture during one gait cycle between young and

elderly
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Fig.3-3-3-3 Result of floor reaction force of right and left direction of each subject
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Fig.3-3-3-4 Result of floor reaction force of above and under direction of each subject
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Fig.3-3-4-3 Result of abduction of hip joint torque of each subject
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Fig.3-3-4-4 Result of rotation of hip joint torque of each subject
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Fig.3-3-4-5 Result of knee joint torque of each subject
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Fig.3-3-4-6 Result of ankle joint torque of each subject
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Fig.3-3-4-7 Result of talocrural joint torque of each subject
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Fig.3-3-4-8 Result of toe joint torque of each subject
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4.1 S

FinE L BV OBRIC OV T ORI, MEC X2 BHBROBNST 4 v T 4 v T8
Pzl IhbinTE e, HES VidEind ORMITRE < 256z rR L, miln#
DEEFHINTE D LTI R E D NN—FT HBRERPMEL LR TND, LirL, BMITEINTO
HHIOBRIHEH SN2 bONMTLEALETHY . TOFMEE L TIEE LD ZZL 59, 2
T2 OMOEE~DEIME S E 2 72 < TXR B 7220,

BATRECENERFIC 1T DB OB L BRF Lol L LT, 8 3 |\ Tk~ 72 =
WICEMEfT O FIEEZ VWb O b7 vy, B, b —/uift7e EORER AR Ot

DR Rt LTEAF RTINS DTN TE 22 3 9 8- 6, LsL, 29 LTcAZETx
GLINTWDEDIL, FIZENLKEOSLWETHWONLEMTH Y &l N EATE
TEHLTHLIbDLIFRESERS>TND, LEB-T, GENHEAETED LD
RIBENZNND ZEREL TH L0t T 2AMNRT —ZIIRERTITH D, FEim
BEVREEETHO T DB EYITIEVEENT, B8 PRI Bt O JE A2 R & MEt L 7ol
FFEAERZT BN,

ZZTH 4 BT, B 3 B ERERIC ZIRTEMEARIT IS EIC X 2 FEZ AW T, Sl &
FRERED O OREA IR, BB OBEREE ST 5, HBEHE, ZEMoe—n
W1 FEE e — L DRWEY 3 FARE LTz, WTHOREI LRSI TWHD DD/ T
—ERIEO L DERATE, ZiubEHWT, HRIZ X 2B H BT~ RIT TR
AT L EBIC. BYEMWD ZEORENPMRIZLY EDO X ITERR DN EHET
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4.2 i OMUE RO =T ERRAT
4.2.1 HBRE

WBRE 1T L BERED 2 DO V=T PO E NS, 3 EOWBRE L iXmEnE
T 240, FAERETIE 1 AR ANED > T 5, @R B2 TCE IS KRN e
<. MBNE /2 LTHERICSITE S 70 il oLt 10 £ Th Y | EHFRHIARZ O
BN 10 4 CTh 5, WD B R A Tab.4-2-1 (127, JEA T8 O Rk 24 1 TH
FCHERE - SRAETHA ) (282 &SRB O ERERI A2 T2 75-79 i DO H R 13 148.9(+
5. Tem, FIIAEIL 51.3(£8.6)ke Th D, EHERDOFHFRITIH Y T2 22 Tl FHY
A 157.4(£5.)cn, FHEEN 51.1(£8.3)ke TH D, REBROHWRERIT, HHEHETEH

R EERENCOVE 2 B D28, RS RO PFEICEWREORIATH 5 L F 2 5,

Table4-2-1 Physical characteristics of subjects

Elderly
D Age  Higtlem)  Wight(kg) BMI ~ Girthlem) - Width (em)
Right Left Right Left
A-1 80 146.3 47.0 22.0 21.6 21.9 10.3 10.0
A-2 73 1494 49.3 22.1 22.8 22.7 8.8 9.7
A-4 70 155.4 574 23.8 23.0 234 8.9 8.9
A-5 71 149.4 48.3 21.6 214 21.7 9.9 9.5
A-6 77 149.7 44.9 20.0 23.9 24.1 10.0 9.9
A-7T 83 148.7 48.8 26.8 22.9 22.2 9.6 10.3
A-8 76 156.3 59.7 24.4 22.9 23.1 10.5 10.6
A-9 75 153.2 62.9 22.1 244 24.0 10.9 10.8
A-11 78 150.0 53.1 23.6 22.8 23.0 10.2 9.8
A-12 80 150.4 43.2 19.1 22.2 22.6 9.4 10.2
MEAN 76.3 150.9 51.5 22.6 22.8 22.9 9.8 10.0
STDEV 4.2 3.1 6.6 2.2 0.9 0.8 0.7 0.6
Young
) ) Girth(cm) Width (cm)
1D Age Higtem)  Wight(kg) BMI ) .
Right Left Right Left
B-1 22 165.9 55.8 20.3 26.5 26.4 104 104
B-2 24 168.6 60.4 21.2 25.7 25.5 9.9 10.1
B-3 23 162.9 58.3 22.0 23.9 24.2 10.3 10.2
B-4 22 160.5 44.3 17.2 22.6 22.5 9.9 9.3
B-5 24 157.7 49.6 19.9 244 24.6 10.5 10.2
B-6 21 164.6 54.1 20.0 24.1 23.9 9.7 9.7
B-8 22 155.1 58.6 24.4 23.1 22.8 9.3 9.4
B-9 22 143.8 39.9 19.3 23.3 22.1 9.5 9.4
B-10 23 171.6 58.9 20.0 24.5 24.5 10.5 10.1
B-11 22 155.4 51.1 21.2 21.7 22.0 9.4 9.7
MEAN 225 160.6 53.1 20.6 24.0 23.9 9.9 9.8
STDEV 1.0 8.0 6.8 1.9 14 1.5 0.5 0.4
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4.2.2 FEBRFIE
4.2.2.1 Rk}

AEHT, MREREDTRIH SN AROBY E LT — LD WFEE | LW FI
THHE LT —E 3 amnDHFE— XU T AL LTz, BE—LDWEwIE, ORI
WED 3 HEEEL, MIEDOT Ty FMamlinE My 2 — X, AR—YHA=—h—
JEIZNTG VAR —VIROT A U afi LT h—=0 7 v a—X% Lk Lic, WTInoRErb
RSN TWD b DD T—RIIRTED S DA ATE, Table.d-2-2 (ZIXAFUEIOFEMIZ D

WTRL, EtO Y A AREH S22 Tl Table.4-2-3 IT/R LT,

4.2.2.2 WEFIE

ARk 13, —ROCENMEMANT > 2 7 A (Motion Analysis #1) & IR IFH(EBREAE AMIT
JAPAN/ A AR AMTI #t/2KE) C /7 b 7 = 7 1% EVaRT(Motion Analysis 1) CTd 2,
FRALEZAATIEI8HET, 7b—hLA MI 100/ E LTz,

AR FIRTE =FLRERTH D, A OFRKMET Ty I — LAy L
EWRTTEMERRATIC X D IE ORI, FREEHERAS Y = %) &L A RTIR 8 totaHllzE
Shoe Max(H REHE U < « o ENC & 0 YR OB IR EHE 2 31 L 72,

WA, WRE ORI 39 ROTRIMRS I~ — 1 & Qb Uiz, ~— B OBSHALEIZ SV TR
FIHELFARTH D,

BATEMEDINER DN § Ik BB A IR Uz, BATEMECIX, BRE ITHMTE O LD )
W—BUZHDE—=BRRDL L OITHMTEIToTH B 72D, HEBREMEND L THEZ LT
bbole, MTOT UAREHE Lz, REOIEEIZ. 7 X LREER LZICHID JIE

EITo77,
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Table4-2-2 Samples used in this experiment

st

AHER

#E . m@mEA 2 —X
ARt SF - &Ex

PEE R(TT9IT T H4F)-KQ—CMX-W0353-

#ASH7HO— R —2a
HX:220, 230, 240, 250

HE: R=——h—

Aad o 5k
moonstar XS A—r 28—

H1X:220, 230, 240, 250

#B =25 2a1—X

s - &% - SEx
ReebokA——F—s / V51079

H1X:230, 240, 250

HiE TR
ARt SF - &Ex

PRET-AF 7 A1) —X-4390- X ¢t e

HrX:220, 230, 240, 245

Table4-2-3 Size of each sample

Y—ILE
st HAR =28 2E 2E Big Thickness of the sole(cm) 2F%KEMNY
Sumple Size Weight(g) Length(cm) Premeter(cm)  Width(cm) PEER SFE% Toe rise(cm)
Heel Toe Heel-Toe
220 169 23.2 226 8.3 1.9 0.5 14 20
BE®ERY1—X 230 176 243 222 86 20 05 15 20
Shoes for elderly 240 188 25.3 235 88 20 05 15 20
250 198 26.3 242 95 20 0.5 1.5 20
220 251 240 28.8 9.9 30 1.3 1.7 30
R=—H— 230 261 25.1 28.3 9.9 30 1.3 1.7 30
Sneaker 240 299 26.3 31.6 10.7 3.2 1.3 1.9 3.0
250 301 270 315 11.0 3.2 1.3 1.9 3.0
s =z 230 346 25.8 29.1 109 32 1.5 1.7 20
'“_T:;nz S/hje: 240 315 26.6 27.9 104 35 19 16 25
250 331 275 27.7 104 3.7 1.9 18 25
220 184 24.1 21.1 8.2 40 10 30 20
INVTR 230 191 25.2 22.3 8.3 41 10 3.1 20
Pumps 240 202 26.6 235 8.8 43 10 33 20
245 207 26.2 225 8.7 4.6 1.0 3.6 2.0
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4.2.2.3  fRHT

FENTICHER L2y 7 RO =7 1%, T —##AMHr 7" 1 77 4 Kine Analyzer(¥ v &1 =
LT v 7 B, LUF Kine) & fiE €7 U > 7w =7 SIMM(Musculo Graphics #, LA
T SIMM)T& %, Kine Tix, BEIMAE, K. ~—W#BI &M L, SIMM Tl B

AmEERH Lz, SroFER LOMITEE, €28, FHRITHOWTIEE 3 mEFERT

&

60

4.2.2.4 HEHLEE

FEFHLEIZITHERHIRNT Y 7 b =7 'kt & iz, mREO S HIEE B O SFAH O E
TiX Student O t REZFIB 807z, Fio, FREHEOKREITIZ— ol E O 5 H AT
(one-way ANOVAIZ L 5 ZEIE AT o 72, WIT N HGEMRE 5% Aiia A EKEEL Lz,

B, RERIIAFZOMBEESDERREZHET-LDOTH D, K& 713 S18A04 TH 5,
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4.3 HE R
4.3.1 ~— 71 OB

FEMT I A Z DWW TR =B L AR, BETER, AORGR, GOBBAOET - £45
[ DIREIUS 2 04T LTz, BARA & MU LTc~ — I O FRIZEATA DS Top.Head, B
473 R.Shoulder, %X RAsis TH Y. 77 7 OREUTIT~— T OLFE VT,

Fig.4-3-1-1 (2%, WIHEOEATAR, JFJem. RO~ —1 O 77 0 OIRMEEEE D1
zmR Uiz, FHNEOS T 7 I, F o8 TR UERRBITOT — & LM TR T
R LTz, &HRA Y MOLELEFNORKIRFEO E— 7 HIZONWT, BEZ LI —JHOAE
ZERE 24T\, Table.4-3-1-1 I2F OfE R 2 ~7,

B O LEARIEICOWTIE, BHES T A== — @A, FlATiErA=—b—2¢
f—=r 7 v a—XEMKIC, FRAMTEOMICEREZER DT, LinL, ZOMoOIER
ZOWTHEATIALNT, MBAOSRIIREN ThH-o7, XL T, HEHICEON T
BHTER, JRSER. BREAD 3 TR TOREICRESTLE OMICHEEEN TSN, MoOE
T & D EEEEOHEIMNA &R T2,

Fig.4-3-1-2 |21%, W#EOETEA, Fea, RO ETIRIBOSI 2~ L7, Fig.d4-3-1-1
ERERIZ, 7T 7RO ORGLIIE~ — D OLFE HV 72, BATESDS Top.Head, JH A
7% R.Shoulder, ML R.Asis Th 5.

BRI L, WEEE I o0 — 27 BNHBLT D TR A Hi 7o, SR &l
Bz Fn D B — s L HEEMOBRIGED RO 3 SICOWT, 77 7HIZHTRL,
HEZLICENZENDRA b OFEHEIZ OV TH EFEME %17V, Table.4-3-1-2 (ZZ D
RE2RT,

e Tl @il H Y 2 — KR RSB T B O BHTE A & JH SE R TR BT & DRI
HAREEDRINTH, EOMOIEBEIZHOWTITMBEHOMIRIZR oo Te, HFEEET

WX, &A= — XE AR ER TP - OBATE S B W TR BRI T EDOMICABEENH -
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7o ZOIENDRA » MIBWT, FFERETIER BT L OMICHEBEZAITRVA, R
> 7 A SRR OBRIEINEDNOREHIER TR EL Lo TVWDH I ER I DR Z D,
Fig.4-3-1-3 121X, M#EO D FE I & HEICAAT Lz~ —h O L TR 2~ Lz, ~—
T DHFTOESH R Toe T, A R.Heel THY, 77 7HOERLIZIX~— T4 % H N
7eo WEHIAE OO F S m T & GE N v — 27 Bl D IO Ao L,
IR TREZ®ED, Eo, EEIIMERIZOR Y — 27 BNHET 5, TRENDRA - T
DONTY T 7HIZH TR L, Table.4-3-1-2 [ZIFF R A > M OAEEMREDR AR LT,
FAEROOEEEmIT, AEAEREL S BIEH O v —2 T ERT 2SR S,
Fio, WEHOE— 7 TIE U 7 AN ORECRUA TR L IR LARIC ER Lz, &
DO EemiL, MEH e — 2 LERT I OR FRIZBW T, < OREBICRESIT L
DRICHEEZEN b -T-, L UINEHE— N ERT 2050 THRTLIHLONRHY | HE
H ORI —E TIT A0 o 7o, WIEICI VT, FESITHE & ik LEUB RIS E R
P S DB TR L Ml L e, WRE & B ISR R B O IR s 1T S v
— I BN ERTHEMPRENTZD, BREOTPEEZDOH >R REHIZ L hoTe, Th
(. TEREEO MR S AFERATRHCT TIE T LT iziew, MU HAREE OB K E D
S2TebDEBZBND,

Fig.4-3-1-4~11 {Z1%, BERE O~ — B OT —Z 2R LT,
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Elderly Young
Top.Head #1 Top.HEad
B

Amaount of change[cm)
Amount of change(cm)

RShoulder ' i | R.shoulder
6 6 v

Amaount of change[cm)
w
Amount of change{cm]

R.Asis

Amount of change(cm)
Amount of change(cm)

0 10 20 30 40 S0 =] 70 a0 90
cp MST PP AP MSW ; DP cp MST PP AP | MSW : DP

Gait cycle(%) Gait cycle(%)

wssssnssnsss Bare foot Shoes for elderly Sneaker Toning shoes = == == = Pumps

Fig.4-3-1-1 Locus of right and left direction during one gait cycle
(Elderly n=10, Young n=10)
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Table4-3-1-1 Statistical significance test of trajectory of right and left direction
*: P<0.05, **:P<0.01

Top.head
Elderl Young
1 2 Meanl  Mean2 p-value 1 2 Meanl  Mean2 p-value
#1 Bare foot Shoes for elderly 4.04 3.99 0.462 #1 Bare foot Shoes for elderly 2.34 4.45 0.001 * %
Sneaker 4.04 5.15 0.038 & Sneaker 2.34 4.31 0.003 %k 3k
Toning shoes 4.04 4.32 0.328 Toning shoes 2.34 4.45 0.000 * 3k
Pumps 4.04 4.59 0.246 Pumps 2.34 4.49 0.014 *
R.Shoulder
Elderly Young
1 2 Meanl  Mean2 p-value 1 2 Meanl  Mean2 p-value
#2 Bare foot Shoes for elderly 4.07 4.54 0.231 #2 Bare foot Shoes for elderly 3.08 5.40 0.004 * 3k
Sneaker 4.07 5.67 0.008 * ok Sneaker 3.08 5.54 0.002 * ok
Toning shoes 4.07 5.32 0.038 * Toning shoes 3.08 5.68 0.002 %k ok
Pumps 4.07 4.98 0.099 Pumps 3.08 5.39 0.010 %
R.ASIS
Elderly Young
1 2 Meanl  Mean2 p-value 1 2 Meanl  Mean2 p-value
#3 Bare foot Shoes for elderly 4.82 4.65 0.376 #3 Bare foot Shoes for elderly 3.23 4.73 0.006 *k k
Sneaker 4.82 5.43 0.113 Sneaker 3.23 4.92 0.001 * 3k
Toning shoes 4.82 5.45 0.117 Toning shoes 3.23 4.93 0.002 * %
Pumps 4.82 4.73 0.443 Pumps 3.23 4.75 0.029 ok
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Elderly Young

Top.Head Top.Hgad
?E; a .._E_.‘ 4
) )
g =
5 3 j:.: 3
s k-]
E =
g 2 H 2
2 2
1 1
i] o
R.Shoulder 46 R.Shoulder
5 * 5
& &
c =
s B
E b=
3 ER
£ £
= <
1
o
R.Asis R.Asis
5
E B
e g 3
s s
£ E 2
o
g g
= =
1
0
CcP MST PP AP MSW DP CP MST PP AP MsW DF
Gait cycle(%) Gait cycle(%)
sessssssssss Bare foot Shoes for elderly Sneaker Toning shoes == == == = Pumps

Fig.4-3-1-2 Locus of above and under direction during one gait cycle
(Elderly n=10, Young n=10)
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Table4-3-1-2 Statistical significance test of of trajectory of above and under direction
*: P<0.05, **: P<0.01

Top.head
Elderly Young
1 2 Meanl ~ Mean2 p-value 1 2 Meanl  Mean2 p-value
#1 Bare foot  Shoes for elderly 3.06 3.58 0.104 #1 Bare foot  Shoes for elderly 3.51 3.97 0.086
Sneaker 347 0140 Sneaker 387  0.180
Toning shoes 3.17 0.403 Toning shoes 3.94 0.114
Pumps 3.47 0.171 Pumps 4.15 0.055
#2 Bare foot  Shoes for elderly 0.36 082  0.166 #2 Bare foot  Shoes for elderly 0.47 0.70  0.258
Sneaker 0.73  0.390 Sneaker 084  0.186
Toning shoes 0.49 0.221 Toning shoes 0.86 0.179
Pumps 0.55 0.424 Pumps 0.92 0.159
#3 Bare foot  Shoes for elderly 3.35 407 0.044 #3 Bare foot  Shoes for elderly 3.1 439 0.038
Sneaker 3.96 0.083 Sneaker 431 0.094
Toning shoes 3.55 0.323 Toning shoes 4.24 0.087
Pumps 3.77 0.165 Pumps 4.57 0.053
R.Shoulder
Elderly Young
1 2 Meanl  Mean2 prvalue 1 2 Meanl  Mean2 prvalue
#4 Bare foot  Shoes for elderly 2.66 3.19 0.100 MST  Barefoot Shoes for elderly 3.29 3.21 0.418
Sneaker 2.62 0.470 Sneaker 3.09 0.294
Toning shoes 2.83 0.369 Toning shoes 3.09 0.302
Pumps 2.97 0.238 Pumps 3.19 0.412
#5 Bare foot  Shoes for elderly 0.24 0.53 0.269 PP Bare foot  Shoes for elderly 010  -0.26  0.261
Sneaker 0.01  0.306 Sneaker 0.9 0.355
Toning shoes 0.30 0.445 Toning shoes 017 0445
Pumps 0.24 0.498 Pumps 029 0.268
#6 Bare foot  Shoes for elderly 3.33 419 0.031 MSW  Bare foot Shoes for elderly 3.50 379 0168
Sneaker 3.64 0.246 Sneaker 3.61 0.365
Toning shoes 3.59 0.308 Toning shoes 3.58 0.407
Pumps 3.86  0.138 Pumps 351 0493
R.ASIS
Elderly Young
1 2 Meanl  Mean2 p-value 1 2 Meanl  Mean2 p-value
#7 Bare foot  Shoes for elderly 3.03 3.17 0.353 #7 Bare foot  Shoes for elderly 3.49 3.45 0.456
Sneaker 2.84 0.312 Sneaker 3.07 0.161
Toning shoes 292  0.387 Toning shoes 335 0371
Pumps 3.11 0.419 Pumps 3.64 0.377
#8 Bare foot  Shoes for elderly -0.05 0.03 0.429 #8 Bare foot  Shoes for elderly 032 -0.68  0.179
Sneaker 0.34 029 Sneaker -0.88  0.066
Toning shoes 021 037 Toning shoes 071 0.158
Pumps 022 0.383 Pumps 0.75 0132
#9 Bare foot  Shoes for elderly 2.80 3.38 0.069 #9 Bare foot  Shoes for elderly 3.17 3.63 0.195
Sneaker 299 0314 Sneaker 322 0462
Toning shoes 2.92 0.373 Toning shoes 3.31 0.390
Pumps 3.03 0.286 Pumps 3.42 0.327
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Amount of change[cm)

Amount of cjange{cm)

R.Heel R.Heel
25 #4
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Gait cycle(%) Gait cycle(%)
------------ Bare foot — =——————Shoes for elderly == Sneaker Toning shoes == == == = Pumps

Fig.4-3-1-3 Locus of trajectory of toe and heel during one gait cycle
(Elderly n=10, Young n=10)
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Table4-3-1-3 Statistical significance test of trajectory of toe and heel
*: P<0.05, **:P<0.01

Toe
Elderly Young
1 2 Meanl  Mean2 p-value 1 2 Meanl  Mean2 p-value
#1 Bare foot Shoes for elderly 1.69 0.36 0.008 %k sk #1 Bare foot Shoes for elderly -0.70 0.55 0.050
Sneaker -0.79 0.000 * 3k Sneaker -1.01 0.325
Toning shoes -1.41 0.000 %k 3k Toning shoes -1.27 0.186
Pumps 1.08 0.085 Pumps 0.26 0.066
#2 Bare foot Shoes for elderly -0.79 -1.81 0.009 %k sk #2 Bare foot Shoes for elderly -2.28 -2.21 0.458
Sneaker -1.91 0.019 & Sneaker -2.63 0.291
Toning shoes -2.59 0.001 %k 3k Toning shoes -2.70 0.246
Pumps -1.77 0.015 * Pumps -2.73 0.221
#3 Bare foot Shoes for elderly 2.66 3.29 0.049 k #3 Bare foot Shoes for elderly 1.85 2.95 0.006 * %
Sneaker 2.79 0.395 Sneaker 2.97 0.018 *
Toning shoes 2.56 0.414 Toning shoes 3.20 0.003 * %k
Pumps 2.97 0.274 Pumps 2.44 0.102
Heel
Elderly Young
1 2 Meanl  Mean2 p-value 1 2 Meanl  Mean2 p-value
#4 Bare foot Shoes for elderly 19.17 21.30 0.007 %k ok #4 Bare foot Shoes for elderly 21.44 22.70 0.019 S
Sneaker 20.27 0.080 Sneaker 21.73 0.324
Toning shoes 20.76 0.019 * Toning shoes 21.09 0.284
Pumps 21.58 0.005 3k ok Pumps 22.49 0.064
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Fig.4-3-2-1 Change of 3 joint angle during one gait cycle in elderly group (n=10)
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Table4-3-2-1 Statistical significance test of joint angle
*: P<0.05, **: P<0.01

Hip joint
Elderly Young
1 2 Meanl  Mean2 p-value 1 2 Meanl  Mean2 p-value
#1  Bare foot Shoes for elderly 185.08 183.36  0.075 #1  Bare foot Shoes for elderly 189.61  186.22  0.055
Sneaker 183.50  0.097 Sneaker 18657 0.073
Toning shoes 183.88  0.164 Toning shoes 186.45  0.062
Pumps 182.48 0019 * Pumps 185.55  0.042 *
#2  Barefoot Shoesfor elderly — 201.9764 205.23  0.145 #2  Bare foot Shoes for elderly 212.71 20859  0.021 *
Sneaker 205.82  0.110 Sneaker 20851 0.024 *
Toning shoes 204.32  0.233 Toning shoes 207.07  0.005 ki
Pumps 201.81  0.477 Pumps 208.92  0.037 *
#3  Bare foot Shoes for elderly 186.11  184.49  0.193 #3  Bare foot Shoes for elderly 189.53  187.48  0.066
Sneaker 186.17  0.488 Sneaker 188.24  0.169
Toning shoes 185.29  0.334 Toning shoes 188.00  0.147
Pumps 184.09  0.109 Pumps 189.20  0.413
#4  Barefoot Shoesforelderly — 194.88 19295  0.153 #4  Barefoot Shoesforelderly 19480 193.39  0.187
Sneaker 194.27  0.363 Sneaker 194.57  0.444
Toning shoes 194.24  0.380 Toning shoes 19413 0.344
Pumps 19352 0.212 Pumps 196.18  0.207
Knee joint
Elderly Young
1 2 Meanl  Mean2 p-value 1 2 Meanl  Mean2 p-value
#5  Bare foot Shoes for elderly 12817 12350  0.011 * #5  Bare foot Shoes for elderly 12763  123.3¢  0.015 *
Sneaker 126.17  0.167 Sneaker 125.25  0.106
Toning shoes 125.30  0.087 Toning shoes 125.01  0.085
Pumps 120.68  0.001 ki Pumps 12226 0.007 *
Ankle joint
Elderly Young
1 2 Meanl  Mean2 p-value 1 2 Meanl  Mean2 p-value
#6  Bare foot Shoes for elderly 108.67 108.01  0.315 #6  Bare foot Shoes for elderly 104.81  106.87  0.155
Sneaker 11042 0.130 Sneaker 109.74  0.016 *
Toning shoes 108.64  0.491 Toning shoes 109.03  0.025 *
Pumps 113.92  0.001 ki Pumps 117.75  0.000 ki
#7  Bare foot Shoes for elderly 86.53 8831  0.204 #7  Bare foot Shoes for elderly 86.47  88.06  0.176
Sneaker 89.31  0.118 Sneaker 89.27  0.074
Toning shoes 89.62  0.097 Toning shoes 90.12  0.034 *
Pumps 9171 0.019 * Pumps 94.29  0.000 b
#38  Bare foot Shoes for elderly 112.95 111.86  0.347 #38  Bare foot Shoes for elderly 11418 11169  0.213
Sneaker 11412 0.332 Sneaker 114.50  0.459
Toning shoes 114.74  0.282 Toning shoes 11421  0.49%
Pumps 11351 0.418 Pumps 11582 0.314
#9  Bare foot Shoes for elderly 95.82 9843  0.080 #9  Bare foot Shoes for elderly 92.00 9892  0.000 E
Sneaker 98.08  0.137 Sneaker 100.09  0.000 b
Toning shoes 98.80  0.107 Toning shoes 101.17  0.000 ki
Pumps 102.35  0.002 E Pumps 104.28  0.000 b
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Barefoot

Fig.4-3-2-3 Comparison of stick picture during one gait cycle of elderly
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Barefoot

Fig.4-3-2-4 Comparison of stick picture during one gait cycle of young
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Table4-3-3-1 Statistical significance test of Floor reaction force
*: P<0.05, **:P<0.01

Front & Back
Elderly Young
1 2 Meanl  Mean2 p-value 1 2 Meanl ~ Mean2 p-value
#1  Bare foot Shoes for elderly -10.63  -9.31 0.146 #1  Bare foot Shoes for elderly -15.05  -10.11  0.001 i
Sneaker -9.71 0.132 Sneaker -11.43  0.002 **
Toning shoes -9.31 0.436 Toning shoes -9.86 0.008 *
Pumps -10.84  0.216 Pumps -11.19  0.016 *
#2  Bare foot Shoes for elderly 17.45 17.93 0.232 #2  Bare foot Shoes for elderly 20.51 17.88 0.374
Sneaker 1780  0.349 Sneaker 19.20  0.023 *
Toning shoes 18.26 0.329 Toning shoes 20.09 0.188
Pumps 18.03 0.395 Pumps 19.39 0.176
Right & Left
Elderly Young
1 2 Meanl  Mean2 p-value 1 2 Meanl ~ Mean2 p-value
#3  Bare foot Shoes for elderly 3.06 1.90 0.405 #3  Bare foot Shoes for elderly 3.14 2.97 0.302
Sneaker 1.60 0.0385 * Sneaker 1.85 0.396
Toning shoes 2.89 0.006 ** Toning shoes 2.75 0.033 *
Pumps 1.48 0.014 * Pumps 1.99 0.034 *
#4  Bare foot Shoes for elderly 5.24 -4.81 0.129 #4  Bare foot Shoes for elderly -4.20 -5.59 0.011 *
Sneaker -4.72 0.180 Sneaker -5.16 0.008 i
Toning shoes 477 0.310 Toning shoes -5.77 0.008 **
Pumps -5.01 0.130 Pumps -5.94 0.035 *
#5  Bare foot Shoes for elderly 3.05 -2.54 0.164 #5  Bare foot Shoes for elderly -1.59 -2.33 0.114
Sneaker -2.58 0.211 Sneaker -2.26 0.130
Toning shoes -2.75 0.273 Toning shoes -2.13 0.197
Pumps -2.04 0.048 * Pumps -1.50 0.426
#6  Bare foot Shoes for elderly -4.43 -3.82 0.130 #6  Bare foot Shoes for elderly -2.99 -3.68 0.103
Sneaker -3.46 0.158 Sneaker -3.13 0.166
Toning shoes -3.78 0.164 Toning shoes -3.94 0.148
Pumps -3.86 0.060 Pumps -3.66 0.410
#7  Bare foot Shoes for elderly 0.60 0.97 0.326 #7  Bare foot Shoes for elderly 1.91 1.55 0.454
Sneaker 0.59 0.160 Sneaker 1.44 0.267
Toning shoes 0.76 0.463 Toning shoes 1.84 0.229
Pumps 0.63 0.490 Pumps 1.47 0.219
Above & Under
Elderly Young
1 2 Meanl ~ Mean2 pvalue 1 2 Meanl ~ Mean2 p-value
#38  Bare foot Shoes for elderly 97.77 98.75 0.394 #38  Bare foot Shoes for elderly 104.47  100.72  0.092
Sneaker 98.27 0.339 Sneaker 104.00  0.089
Toning shoes 98.41 0.250 Toning shoes 100.71  0.300
Pumps 99.70 0.431 Pumps 102.93  0.433
#9  Bare foot Shoes for elderly 85.56  87.75  0.453 #9  Bare foot Shoes for elderly 80.58  80.85  0.325
Sneaker 85.86 0.126 Sneaker 77.46 0.275
Toning shoes 85.77 0.378 Toning shoes 79.00 0.418
Pumps 86.12 0.442 Pumps 80.00 0.292
#10 Bare foot Shoes for elderly 102.02  103.28  0.158 #10 Bare foot Shoes for elderly 108.81  107.37  0.475
Sneaker 104.38  0.291 Sneaker 107.86  0.276
Toning shoes 104.35  0.452 Toning shoes 108.97  0.115
Pumps 101.78  0.156 Pumps 106.18  0.356
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Table4-3-4-1 Statistical significance test of joint torque of hip joint and knee joint

*: P<0.05, **: P<0.01

Flexion of Hip joint
Elderly Young
1 2 Meanl  Mean2 p-value 1 2 Meanl  Mean2
#1  Bare foot Shoes for elderly 0.88 0.83 0.424 #1  Bare foot Shoes for elderly 0.74 0.89 0.114
Sneaker 0.87 0.223 Sneaker 0.94  0.093
Toning shoes 0.89 0.418 Toning shoes 0.86 0.163
Pumps 0.85 0.221 Pumps 0.83 0.026 *
#2  Bare foot Shoes for elderly 0.26 0.36 0.002 b #2  Bare foot Shoes for elderly 0.37 0.48 0.001 ki
Sneaker 0.38 0.013 * Sneaker 0.39 0.027 *
Toning shoes 0.39 0.010 * Toning shoes 0.52 0.464
Pumps 0.36 0.005 i Pumps 0.37 0.500
Abduction of hip joint
Elderly Young
1 2 Meanl  Mean2 P 1 2 Meanl ~ Mean2 P
#3  Bare foot Shoes for elderly 0.71 0.77 0.082 #3  Bare foot Shoes for elderly 0.76 0.76 0.454
Sneaker 081 0.002 * Sneaker 0.84 0469
Toning shoes 0.77 0.040 * Toning shoes 0.75 0.233
Pumps 0.80  0.007 o Pumps 0.79  0.260
#4  Bare foot Shoes for elderly 0.64 0.69 0.146 #4  Bare foot Shoes for elderly 0.55 0.58 0.398
Sneaker 0.69 0.014 * Sneaker 0.57 0.302
Toning shoes 0.68 0.036 * Toning shoes 0.56 0.304
Pumps 0.71 0.070 Pumps 0.57 0.403
#5  Bare foot Shoes for elderly 0.77 0.85 0.063 #5  Bare foot Shoes for elderly 0.79 0.78 0.475
Sneaker 0.88 0.041 * Sneaker 0.82 0.439
Toning shoes 0.85 0.059 Toning shoes 0.80 0.375
Pumps 0.86 0.009 b Pumps 0.77 0.473
Rotation of hip joint
Elderly Young
1 2 Meanl ~ Mean2 p 1 2 Meanl  Mean2 p
#6  Bare foot Shoes for elderly 0.15 0.11 0.327 #6  Bare foot Shoes for elderly 0.12 011  0.253
Sneaker 0.15 0.115 Sneaker 0.15 0.271
Toning shoes 0.13 0.198 Toning shoes 0.11 0.490
Pumps 0.12 0.390 Pumps 0.12 0.218
#7  Bare foot Shoes for elderly 0.06 0.06 0.091 #7  Bare foot Shoes for elderly 0.05 0.08 0.205
Sneaker 0.06 0.492 Sneaker 0.08 0.042 *
Toning shoes 0.05 0.341 Toning shoes 0.06 0.069
Pumps 0.06 0.381 Pumps 0.07 0.009 ki
Flexion of knee joint
Elderly Young
1 2 Meanl  Mean2 p 1 2 Meanl  Mean2
#8  Bare foot Shoes for elderly 0.24 0.25 0.400 #38  Bare foot Shoes for elderly 0.27 0.29  0.290
Sneaker 023 0.494 Sneaker 032 0429
Toning shoes 0.25 0.355 Toning shoes 0.31 0.315
Pumps 026 0.48 Pumps 0.30  0.088
#9  Bare foot Shoes for elderly 0.09 0.11 0.035 * #9  Bare foot Shoes for elderly 0.06 0.09 0071
Sneaker 0.07 0.026 * Sneaker 0.07  0.057
Toning shoes 0.07 0.025 * Toning shoes 0.08  0.078
Pumps 0.08 0.009 i Pumps 0.11 0.039 *
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Table4-3-4-2 Statistical significance test of ankle joint, talocrural joint and toe joint

*: P<0.05, **: P<0.01

Flexion of ankle joint

Elderly Young
1 2 Meanl  Mean2 1 2 Meanl ~ Mean2
#10  Bare foot Shoes for elderly 114 120 0.307 #10  Bare foot Shoes for elderly 1.29 132 0113
Sneaker 122 0.268 Sneaker 133 0115
Toning shoes 118 0.366 Toning shoes 136 0.166
Pumps 118  0.119 Pumps 126 0.098
Flexion of talocrural joint
Elderly Young
1 2 Meanl  Mean2 p 1 2 Meanl  Mean2 p
#11  Bare foot Shoes for elderly 0.08 0.10 0.272 #11  Bare foot Shoes for elderly 0.06 0.06 0.215
Sneaker 0.08 0.277 Sneaker 0.05 0.421
Toning shoes 0.07 0.396 Toning shoes 0.04 0.481
Pumps 0.08 0.445 Pumps 0.06 0.134
#12  Bare foot Shoes for elderly 0.12 0.14 0.359 #12  Bare foot Shoes for elderly 0.14 0.15 0.416
Sneaker 0.14 0.336 Sneaker 0.12 0.382
Toning shoes 0.14 0.334 Toning shoes 0.13 0.395
Pumps 0.15 0.416 Pumps 0.15 0.282
Flexion of toe joint
Elderly Young
1 2 Meanl  Mean2 P 1 2 Meanl  Mean2 P
#13  Bare foot Shoes for elderly ~ 0.0006  0.0005  0.438 #13  Bare foot Shoes for elderly 0.0009  0.0007  0.040
Sneaker 0.0006  0.354 Sneaker 0.0008  0.038
Toning shoes 0.0005  0.376 Toning shoes 0.0007  0.147
Pumps 0.0006  0.245 Pumps 0.0008  0.185
#14  Bare foot Shoes for elderly ~ 0.0011  0.0013  0.344 #14  Bare foot Shoes for elderly 0.0017  0.0018  0.161
Sneaker 0.0010  0.124 Sneaker 0.0014  0.279
Toning shoes 0.0011  0.125 Toning shoes 0.0016  0.228
Pumps 0.0012  0.240 Pumps 0.0018  0.124
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Fig.4-3-4-5 Result of rotation of hip joint torque of each subject
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Table5-2-1 Physical characteristics of subjects

Elderly Young
D Age gt Wight BMI D Age gt Wight BMI
(cm) (kg) (cm) (kg)
A-1 83 1445 45.6 21.8 B-12 30 159.1 51.7 20.4
A-2 75 148.8 52.4 32.2 B-13 21 162.2 48.7 18.5
A-4 73 155.1 60.8 25.3 B-14 20 163.4 46.6 17.5
A-5 74 148.2 49.1 22.4 B-15 23 166.7 65.5 23.6
A-7 86 148.7 49.3 33.8 B-16 23 165.0 52.7 19.4
A-8 79 156.8 63.0 25.6 B-17 20 153.6 55.1 23.4
A-10 86 146.5 46.9 21.9 B-18 21 157.2 39.1 15.8
A-11 80 150.2 54.7 38.0 B-19 22 171.8 69.8 23.6
A-12 82 149.6 38.7 17.3 B-20 21 168.5 52.8 18.6
A-13 81 1394 45.8 23.6 B-21 21 152.1 53.1 23.0
MEAN 79.9 148.8 50.6 26.2 MEAN 22.2 162.0 53.5 20.4
STDEV 4.7 4.9 7.3 6.4 STDEV 29 6.4 8.8 2.9
National Health and Nutrition Survey National Health and Nutrition Survey
e Gm o B A Gm o e Bl
MEAN 148.9 51.3 23.1 MEAN 157.4 51.1 21.0
STDEV o 5.7 8.5 STDEV 2 5.1 8.3
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Fig.5-2-2  State of the experiment
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Fig.5-3-1-6 Result of the tibialis anterior of each subject in the elderly group
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Fig.5-3-1-10 Result of the gastrocnemius outside of each subject in the elderly group
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Fig.5-3-1-11 Result of the gastrocnemius outside of each subject in the young group
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Fig.5-3-2-11 Result of the gastrocnemius inside of each subject in the elderly group
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Fig.5-3-2-12 Result of the gastrocnemius inside of each subject in the young group
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Fig.5-3-2-13 Result of the gastrocnemius outside of each subject in the elderly group
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Fig.5-3-2-14 Result of the gastrocnemius outside of each subject in the young group
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