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Influences of aging and spinal deformity to walking
ability.
The purpose of this study.

The issue of this study.

Different types of spinal deformities.

Locations of reflex markers.

Three different types of spinal orthosis.

Definitions of the segment and joint angles.

The sum of vertical displacement of center of mass
during one walking cycle.

Free Body Diagram.

Trunk weighted moment about the lower end of upper
torso and the lower end of lower torso. CG, Center of
gravity at HAT (the head, arms, trunk, (and the
orthosis) ); CGA, Horizontal and vertical acceleration of
center of gravity at HAT; ry and r;, Horizontal and
vertical moment arm.

Definition of movement phases during one walking cycle.

The stick pictures of normal and trunk-leaned walking.
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Normal, Forward and Backward; Averaged motion in 10
subjects.

Averaged patterns of trunk segment angle during one
walking cycle in the young subjects.

Averaged patterns of leg joint angles during one walking
cycle in the young subjects.

Averaged patterns of leg joint torques during one
walking cycle in the young subjects.

Averaged patterns of leg joint torque powers during one
walking cycle in the young subjects.

Averaged patterns of external moment about the hip joint
during one walking cycle in the young subjects.

Integral of torques about the hip joint in stance phase for
the young subjects.

Mechanical works of the leg joints in one walking cycle
for the young subjects.

Relationship between effectiveness index of mechanical
energy utilization and walking speed of normal and
trunk-leaned walking for the young subjects.

Averaged EI of normal and trunk-leaned walking for the

young subjects.

The fixed lumbar brace used in the present study.

The stick pictures of normal and trunk-leaned walking.
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Normal, Averaged motion in 10 subjects; Forward (low)
and Forward (high), Typical subject.

Averaged patterns of leg joint torques during one
walking cycle in the elderly subjects.

Averaged patterns of leg joint torque powers during one
walking cycle in the elderly subjects.

Mechanical works of the leg joints in one walking cycle
for the elderly subjects.

Relationship between walking speed and effectiveness
index of mechanical energy utilization (EI) for the
elderly subjects.

Averaged EI for the elderly subjects.

Relationships of the trunk segment angle to the positive
work at the hip (a) and the negative work at the knee (b)
for the elderly subjects.

Relationships between the trunk segment angle and
effectiveness index of mechanical energy utilization (EI)
for the elderly subjects.

Averaged EI for the elderly and young subjects.
Percent mechanical work in the individual lower limb
joints to the total work done for the elderly and young
subjects.

Averaged patterns of vertical velocity at the heel during

one walking cycle for the elderly and young subjects.
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Figure 6.8

Figure 6.9

Measurement of spinal alignment by the conformateur
type equipment.

Evaluation of spinal alignment. (a), Normal spinal
alignment; (b), A variant of spinal curve with no lordosis:;
L5, Fifth lumbar spine; C7, Seventh cervical spine; TL,
Thoracic length; TL, Lumbar length; TW, Thoracic width;
LW, Lumbar width.

Relationship between walking speed and effectiveness
index of mechanical energy utilization (EI) for the
patient and normal subjects.

Averaged the EI for the patient and normal subjects.
Relationship between mechanical work (Wwb) and the EI
for the patient and normal subjects.

Relationship of mechanical energy transfer between
segments (Tb) to the EI for the patient and normal
subjects.

Averaged the Wwb and the Tb for the patient and normal
subjects.

Averaged patterns of the mechanical energy change of
the whole body, HAT (the head, arms, and torso) (a) and
both leg (b) during one walking cycle in the patient and
normal subjects.

Averaged patterns of the mechanical energy change for

the segment (dE/dt), segment torque powers (STP) and
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joint force powers (JFP) in the thigh (a), shank (b) and
foot (¢) during one walking cycle in the patient subjects.
D early stance phase, @ mid stance phase, @ final
stance phase, @ early swing phase, ® final swing
phase.

Averaged patterns of the mechanical energy change for
the segment (dE/dt), segment torque powers (STP) and
joint force powers (JFP) in the thigh (a), shank (b) and
foot (c¢) during one walking cycle in the normal subjects.
D early stance phase, @ mid stance phase, @ final
stance phase, @ early swing phase, ® final swing
phase.

Averaged patterns of angular velocity in pelvic lean (a)
and rotation (b) during one walking cycle in the patient
and normal subjects.

Averaged patterns of horizontal (a) and vertical (b)
velocity at the hip joint during one walking cycle in the
patient and normal subjects.

Averaged patterns of horizontal (a) and vertical (b) joint
force at the hip during one walking cycle in patient and
normal subjects.

Averaged patterns of joint force power at the hip during
one walking cycle in the patient and normal subjects.

Averaged patterns of joint torque at the hip during one
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walking cycle in the patient and normal subjects.
Averaged patterns of joint torque power at the hip during

one walking cycle in the patient and normal subjects.

The sequential stick pictures of walking for the normal
subjects and patients with and without an orthosis.

The components that contribute to the trunk weighted
moment about the lower end of the lower torso during one
walking cycle.

Averaged patterns of the distance from the
center-of-pressure to the center-of-mass during stance
phase for the normal subjects and patients with and
without orthosis.

Averaged patterns of the moment about the center of
mass caused by the vertical ground reaction force for the
normal subjects and patients with and without orthosis.
Mechanical works of the leg joints in one walking cycle
for the normal subjects and patients with and without an
orthosis.

Averaged effectiveness index of mechanical energy
utilization (EI) for the normal subjects and patients with
and without an orthosis.

Averaged mechanical energy transfer between segments

(Tb) for the normal subjects and patients with and
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without an orthosis.

Mechanical energy transfer between segments (Tb) for
the five patient individuals with and without an orthosis.
Peak pelvic angular velocity during one walking cycle for
the five patient individuals with and without an orthosis.
Patterns of joint force power at the hip during one
walking cycle in the typical subject with and without an

orthosis.

Characteristics of the trunk forward leaned walking and
suggestions for training efficiently.

Muscle strength training for the hip extensor and the
knee extensor.

The scissors motion during double support phase for
improvement of the walking in the elderly with trunk
leaning forward.

Characteristics of the trunk backward leaned walking
and suggestions for training efficiently.

The pelvic motion to increase mechanical energy flow
between left and right legs during walking.

Training methods for improvement of walking ability in

the elderly with spinal deformities.
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Characteristics of the young subjects.

Basic descriptors of walking in the young subjects.

Characteristics of the elderly subjects.

Averaged angles of trunk and pelvis for the elderly
subjects.

Basic descriptors of walking for the elderly subjects.
Basic descriptors of walking for the elderly and young

subjects.

Characteristics of the patient and normal subjects.
Basic descriptors of walking in the patient and normal
subjects.

Averaged angles of trunk and pelvis for the patient and

normal subjects.

Basic descriptors of walking for the normal subjects and
patients with and without an orthosis.

Averaged angles of trunk and pelvis for the normal
subjects and patients with and without an orthosis.

The integral and maximum values of the trunk weighted

moment about the lower end of the upper torso and the
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1.1 HATEAEIC B T D KL

B EREEOHLHLOIADPBABL LEEAEFEZB I T 2DICEFIHITTEDL 2
CVNEHBELRERTH L. BEAEEIHIER D O EER M EO— I HAE
() [ 37 £ FFAfi i (Functional Independence Measure ; FIM) 23 4% % . FIM
TIEHEBERHDZBH TR, MEEORNA, LERMABEIZ K > TH
il TWnad (EHRH, 1990). BEBBE VOB E L&D 5213, WE % H
BT L2700 EEICETIENICMAT, —EOKEMEBE T L5200
BhHRHE N ENEZRXAF—Z AP CHERIALIERPILETHASAH. I E
THEZL DOETMENPGHELITORMEL, GRENBELL THITT D5
DOHFREHREL WD, —FT, M BHEEHREREDO RN TS HFHE
B o RBERITFIZE < (Yoshimura &, 2009), HHEELFEIC X KB E

BOETHITEHHFECLEELZRET LEZONLD D, FRHEREZAT D

N

HEEOBITHIEOKRMIIMAL N TR, RITHEANZED DO HEIC
ODOWVNTHMLINLTWRW., B, KX Tl BTN 2H1T7TEH
TOODEERL, BITOMENLRBEZ R THEIXTHITEMHE] & T 5.
Perry (1992) &, ANDOBRTEEICBRVWTHERKZBH ST L2&E %2 L o
THREEBREraE—F—, BRHROLTHLORBZRFET L LD ER
HETHLDHHE, KRB0 LELKkaz Nyt Py —LFFATWS. Perry
(1992) BT 2 X HICHITEHFEEEAMICEITRICL2ESHTH D 72
W, TNETOEZ OHAITEFEICEHT 2 TIE, EIXTROE) )R
HIZEBLTWS L) ThHS.

H4 6 (1995) 1%, 1131 4O EEmE 2 X RIC L CHRITENEZ X726



F, M I WSITEE S X OHBRITH (BiEEZ27 A7 ATRLZME) X
KFL, OO =V EFNAABITECBEBITT2EHMELTND. BEDL
(2000) 1%, 644 H DO E A & 46 HDEFHIT BT 2 BT EIEL S L
e R, M ZEEZRS T2 ERDITVT NS HBICET L2737 X —4
LEZDN, mlmESTICET 2 BT HEMRT O E R IE TR ORI
Fo2boTholc@HEL TS, MHAL (2004) 1%, 2494 O &E i H &
MBI, BITEEICE TS THRES O hZ2HNMEFE 2R /R, BITHE
BULIHEKRO EAFEIZ65mD 86 £ TOMICK 13%DIK F xR L
R, TOBERTOR T0%X2EHEHOEFORT ThoHELTND.
INHLORITMHENPDRBEOHRITR N EZED D P L —= 7 1ZB W TIX
FRIc R Em 20k L, SIREMRKSEDLZLENEETHD LB X
B TWD.
BATBEIC BT D R@BESBICHER LM LITDRL TS, Muraki b
(2012) %, 2215 A DO H A NG E 2 X RICHITHE, FHELE, EHE
JEORE#E 2 3HFEMICE Y aim & L 72/, SITHEOIR T & 6 5o/
CIHBEAEMERREO NN, FHEEAR EEREOMICITIEEELZ 6 R
Mol b, GEEICBT AEE D X 7 3B XL T B o E B
EOBEENRBN L AERBLTCWS. — )T, Kado 5 (2007) IZ X % 1883
LDOT AV AANGEBREEZNGL LEFREEBELER LER Y 227 I12HT 50
T, BHEICBT2HEREESER I ER, K&, THE, #HYE, A
R EERES LOBMREZEOREME LHEL S 2EREZBRVEED,
BE Y A7 E@mDLIMME LEERTHY, FHROEREMNMICKL D HFENR
HRNEEICENDLIAEEZRB L. 72, MBS (2013) X, 42 4

DEMEEEREICRBTLIFELR L STEHREOMGZ 2 L, FHELE®E



EOLGEIHITHRE~OREBITHLEV 200, ERNEST LK O[T A

o

ERREL RDEEHTHEFIRFTLAEZLHREL TS, 2D 0 EITH
X, BHEEAREZAT 28BE CEABR LB oL LIcH LT TFTROBIEL
WIN S D2 EDRBITRADOMHMFICE S THETHDLIZ L2 RIBL TS,

L LAaRs, RBEBOENESTHE~RETHEEELE AL T AT =
J AW LEMRIZFEFT AR, amEd "KL oLzt LT
EORICHIE L THEITL TV D23 52 Tk v, Neuman (2005) 13,
BITHEICRB VW TCHRBORBEF I TRoS X ICEEE 52, KEMH
REEE OB MK E Vo EEFERIARBR OB LB EOREICR D &N
TWa., ERICEFTEFEZIRICKRLZMEMN ST THITHELIT - 20
7% (Saha &, 2008 ; Leteneur », 2009 ; Kluger 5, 2014) TIi%, &
NN L BIT TR XFRHoBEHE A RELS R, FICKkEEGEDL OB
MMV IBIOMVI R —DREERY - PRESERLELERES
TW5. ZOLHIChBEBOENISITHEICEELZRIET EEZON
L0, WTFNLOMELEFEZHFRZIZLTWWLDOT, FHEERZAT 55

E N BTN EZGOLILEOOFTREMFATT2CE AT+ THAS .

1.2 MBEBENBITHFECKRETTREBRBICET 2T AN =27 AW
D i B
SHOBERBHICEVWTXERCN#EZLEL T I AFRAEICH X T
W5 PR 2 EEERAGEEBAEICL D L, BXESE TIX TBEH KR
N 20T%THRHZL, WNT [EEICKXD2EB] M 15.4%ThbH. b E
? 2005 47> H 2007 4 0 F B Hi KB O % FH 5 (Yoshimura 5, 2009)

TiE, KRMEBEEE, ZBEBEHEE, FHEED S b — 2L Lo #En



b D NIX, 40 Ll ET 4700 H A TH D L HEE S, 7o T K EHE
SiE O R EIE 40 L B TIX, BMT 80.6%, LT 64.6%& mWI &R
wEIhTWD., LT, 2ok Ed&H ORERTAIRERKTH LR
EDOICHN#EZ T HRITRIDOEBETELIWVWIZZOERNH HKEIT R
AET AT TR —LAEERSN, TOTHIELERIEOHRSLD B
2RO B TWwsd (Nakamura, 2008).

TRMEEHIEREZ TR ELE ML == 7 BT DL ITK
MRBORELZHME L TEY, 2D O TR EGEO R
fkzdnbhétLlibhb—=v 7% —E0MMMkET 2 2 & THREGEihZESEN
KELE®EL TS (Bansal 5, 2014; Ball 5, 2009; Benedetti
5, 2008 ; Katzman 5, 2007 ; Sinaki &, 2002, 2005 a, 2005 b)).
Lo L’ s, BHAROBENREREFN, KBRLBOLEIITx LT
THRo#BHEcz Ll ICEL S ENIEHRITRRADEZMET LI N TE, &
HITHEHEBEBTEDIN L Vo LB AT DRI RLS, HEHTEORH L &
WONRBIRTH S .

UEboXS5FEREREZAT2EE OSRITHIEORKITH L TR
X, BITEAZEDDI DO FREICOVWTHHLS ATV ARYL., KoL
BEMMICKH T THEEFOLERICER L TCHITEEZ AT AT =7 2T
METL2Z81F, FREFEE2AT 28T ORTHEORMEN L T
HELbI, BHEERICHEI BITRDOKT P, HITERAOBIK T LT
WOLBFHEABREOTLODHRNR ML —= 7 HEEZZ L5000 AR

RIS EE X A (Figure 1.1).



A Some studies have investigated
effects of the aging on walking.

Walking
ability

There is little information
on effects of spinal
deformities on walking. Specific training to
The objective of this study improve the trunk
was to investigate effect of leaned waking.
the trunk posture on gait.

Aging / Spinal deformity

Figure 1.1 Influences of aging and spinal deformity to walking ability.
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KO BWIE, FREEAREZAT I ERAE, #FE AR L OREFF
HOBITEIEZ NA A AT =7 Ao L, @ EE% oL HTaEE
~RETEZBEZNALNICT LI LT, RBRORBEAIIHT D FTREED
BWIREWOBENPOHERELRZzA T 28580 EOSITRENDZ®ED 27120 OB
TR, Ok, BLXOCMEROENRED M —=2 7 HiE~DmRER

gD L ThHDH (Figure 1.2).
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— R EFEREOEE RN EITT R, KRERE<EMNL, SITEBE~D
HEBOLRELS RD2LEEZLOND. AR TEERBOREEILDORET S E2HE
BLTHIEREEER FE2RELL. L, BB KRS A LZIRE
TOBRTIE, BEEFEEL IO/ SHE 245 L L Eeln gk es
BATOFERTIHAN, FHEERITDH D6 O OERBMER /NS WHEITIE, EE
DEFHEFEMEEBRE 2 S & Lo BRITERTH .

AR OHBZERT D7D, LTO 5 OMBEHRELYHLNITT D

Z L7 (Figure 1.3).
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Adaptation of the lower limb motion to
the changes of trunk posture during gait
in an elderly with spinal deformities.

» Efficient motion of lower limb

» Muscle strength

» Using a walking aid

Determination of the relationship
between gait and trunk posture
on biomechanics study.

Figure 1.2 The purpose of this study.



Spinal deformity progress

|

Gait analysis where subjects were Gait analysis where subjects
healthy elderly and young people. were spondylosis patients.

Issue 2

1-1. Effects of the trunk inclination on gait.

Issue 1
2-1. Effects of spinal deformities on mechanical

energy flow between left and right legs during gait.

1-2. Comparison between elderly and
young people on adaptation of lower limb
motion to trunk posture change.

2-2. Effects of the spinal orthosis (so called

“Rucksack-type Orthosis”) on gait.
J

Issue 3
Suggestion about training methods.

Figure 1.3 The issue of this study.
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1.5.

HERZI5MOMAEN SR ) v 78T A FET IV ERRT N TE
5.

HEESEERBIFEREATO DO TERVA, HEEZFICLBNT
IR (1996) ICK2BAANT ZAYU — FOFRER, @ilEICB W T

i H & (1996) ICX2 B ARANGSHEOREPEHN TE 5.

2 —ikfk - HEAAICHET 5 R

KRR OWBRE L, EEMEFHEEET CETEME 14, KHE 44, &F
S ECIEEEIA, K14, REEEECEEMLI0LATHD. Z
DEISIERMEOHERE LIS LOERNMNRBEL TVWDLDOT, KRFED
MEMPOBLECODVWTIRNT I LTI TEARV. £, BAARSE
FOERMETFHEORBRIIIMENLME LY &% WA (Yoshimura &,
2009), KWFE TIHAMEBRENZ VDO T, BoONT-HMEO —BLIC T
HBICHEISETHOLEND L.

RFRICEB T DEREFMHERZT L S5 L0 THDL. - —BHK
ERHEFHIETERORE ISR —VIZBAENDV, ftho i %R
RERPAEHFLTVWEIHALDD. LEB-> T, AHFETH-> T
FEHEBORZIRNFN S TOBRETIE, SITHIFEORKRML B2 25 Ak
ERHY, BOoNTEHRO —RLICITEEICHEHIET O2LERD D .
AR CTHREEEFEETBLIOCRET S BE ZHBRE & L CREN R KSR
AR BT EIT> TWVWDR, EREQ@ TR LS ICERMEFHERA X
KR RBOENDOL LT THREGOEHHEELZEMH LTI LA
bdhd. LN T, BEFICI2EEEUMNREBRERSIT L, FHEE
BZMmA T TFROBEE B HRHRSOH VIRT, FRERREO2T O
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W2 = SC R A 48

2.1 BATENME L Amr LE BB 5 %

TRER RN E B2 ME OB ET 2L, HEHEITAE, WHET®HE, E
HEIXMZ 22 L CWVWT, BBIEMN30° AL Twd. Zhicx L TRME
B, FHMNRAMBLEEPRFICHRLEY, BALED LTWDLR
BTHD (F116, 1999)

e (1985) 13, HHEAFEZMHERE & EHEATZE O & ih o 8 ol 7
AL o THEL TS (Figure 2.1). MW 1T g HE % 2 88K L 72k
BB (B), MMAHIXMHERE &EMHEMBRIE R LERE (C), &5 TMH
EEHEN L BICHEB LR E (D), BF I EMFETITESE/ L, I
BATH OB B TIEEELXERLIZRETHY (E), 20N TH
MEECMBEORAEAHEN Y. HEZERLEEBEBLF R E TITAES DA
AL IZZ2 0+ < (M6, 20068), KB2AMBELE LR EilHE Tl
TR L 2, ERIIBICFER 0, B, HiTH, v —F —
REDHBITHBELREZHOWTHI T ~TY 0L L THEITT L2 LM
oD, FEMAETCEMHEEB L2 EIRORMBE RS2 CETZO, @
FICHEHERIB 2D 2O T, S TIEEHZA T ~EEHLEE®GEZER
BT RTF 0.

fmHE> (2013) X, tMEEwEICKS T L2HEELSHAE & BITHEE OBEK
WZOWTH 7z, Zo/ME, K oniEAEITEEMNE XD T 218K
XL, KROFIEAENRKRE VIZE bmg KBHATEE T/ NI o7z,
Fo, MHEZEMLMBHEAAT bmEx KRAITHE L OBFERNL L RN
ZEND, BHEAEIWHEZEOH RICE EEL20 0 HITHED MRS
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(A) Normal (B) Thoracic kyphosis (C) Thoracic kyphosis
and excessive lumbar
lordosis

(D) Both thoracic (E) Straight thoracic
and lumbar kyphosis and lumbar kyphosis

Figure 2.1 Different types of spinal deformities.
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NRFT WA, BEHERTZE 3D LR e o pi il M B A K& <25 &R AT e R
BFLR IR EBRITWVD.

R RBOEADBITEHE~NRKIETHEZ ANA T AN =7 AWITHHT
L7zihgEic k% &, Saha b (2008) (%, EEEFFEE OKGAIHE 25° F X
O 50° TOBAT & o Ll wi &, (e a3 A7 T3 32 W 8 oo e B8 & Jat it
R EM s L OREEHEREARESRY, 202 LIEIXHFH ORI X
D EBRE®ZR G ~51< & T, KBATIC XK 2 T IKED O T AN 2 H % T
Ll ThAHI EHEL TDH. Kluger b (2014) %, Saha ®» (2008)
CERIBEDT =2 2HWTIF R T 0 7 A EIiTo7-. T ORE, Kipai
EAENREWIEELHBICR T 2 EBAEME MYy & KB IEMfFD K
ELL,INEFHRBRIEERB 2RI D720 BTV 5. Leteneur 5 (2009)
X, Saha b (2008) ¥ X O Kluger » (2014) DH#FJE & b~ T/ S 2k
BERAE (K 5°) T, BELEEFILBTLI2RBORMMER L O%E OB
TaRGH L. ZofR, R AR 1T TSm0 o KB MR s L2 p
REL, MR BESIT I oORBEE R s L7 B RENo T & @RE
LTW5.

L 5 (2002) 1%, HAITHICRKRRENOEKBITMD D E— A MIES
B - ffRE— A FOMOKIENTHY, EERADEEIX, £
FORRMBMEEME - HREE— A BN FESMMB LR, TOMITIFEALL
Er RO REENTITEARICIFTEAEE—A L FBMb LW &R
RTWN5.

de Groot » (2014) X, MHEHEBEBIC LV AR E LS L2 L 2 &M &
&R R W A BT 160m (S K 5N e AR AT P oo f ek N B A SR L -
FORR, BREREZAT I EEE TIEXANT A FEMOEBRES KX
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KB NF—vo—BMEIEIm, KRB MEEOENLNZ — X REH
> THEY, ZNLLbOZLoHERELTHWMHEEBER CIILEBRFOL

(R R R L B RIEG SO RB R KT DD TH A D L
HZLTW5D.

IR ORITHEE, KRBORBICIVBITEHEINET DL, K

DERBREFICITFICEAGHHHEOERBPEETCHLI I LERBLTWVDS.
LirL, @& ick T2 hkaRe8 o n BT P okEE, BEHSRL LT
RO BEICEOL R ENEELLSE DD, T FTHEBEES O3
HOENPNKBORBRFLEBITHEOHFIZED L) R RBEL RITT

REEZTEEBNICONMLELDITHEL LRV,

2.2 HITBHIEO NFHNT X LX—IZHT 5%

Cavagna b (1976) 1%, BRITEIFEONROMBIE L L THREE T L O
B LX— LI ERSHT XX —OEHELZ/RT %Recovery & R, ik
N TIEREE 4.5km 737 23 i  %Recovery 28 K & <, i 1C & 2 4 M {1 F 23 &%
INE DT, BWEICRE LR L LBHITHEETIE, EHhExRELADICHA
LT ER_RTWn5.

e (2003) 13, HATEEICK T 55830 — & %Recovery % & i &£
PELEHEFELETHKRLE., TOME, Sl TIX—BmIZAELT D5KFERTT
~OHREEANEFFHEIOREVW D, A—@EEICBS T 24030 —
FEEmEIPEFEHE LIV ELS, HEM RS RI2EFEZOENRIRLE
&, %Recovery O F KAE X il # 1C 221X 22 Wy, & s #F O %Recovery 13X = i
HWELIIVLEVWEABIOHWE S TIHBEEFCRTLEZ E2L, AlE
TIEBITHEZRE T 2B E T LTS LTS,
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Ortega & Farley (2005) X, BiTE{Eick T2 KEEF LD LT H
DRESLEEHNZRXALVLF—HEOHKRZRLILD, REEFEHEIZIBT D
WA ST EREETLO ETEZEY 69%F T/ &< L7 BHAT
(Flat-trajectory walking) & it L 7-=. % @ %, Flat-trajectory walking
DA T AL —HETERELPOLREET TONTADOSRITHEIZE W T
bEASITON 2M/HICH20, EORKO— 20 %Recovery DK N ITH 5
el E@mELTND.

Mahaudens & (2009) (X, 54 &4 O #HFE MR REMZIEBREF T T 545
ITENED SR, NS, Rt FRBLIOUOBBEEREZ I E LEHEIT O
RIZEHLTHEHANLEL. ZO0MR,F ST HEETOANEE XU MEFEIT,
BEEPEEEHELY 700 22% K<, M ETITEBTHENREEH LY
To 13%E <, MEERETEEHEINEEEH LY 30% K& <, KtE
CMEBEREOUENL RO IEHFTONRITEEFM-NEEEELY 30% K2
oz, ZLT, HEEFEEMBRERE OSTCIE, HiE, FEREEFO
O LETH, FTHEREAHOTMEBRI /NS WO L ORNAHER DS L
e B s, RER O M 5 BAL OB KIS RIS L TR R K OV KRR M o> f B A K

ZLEHT L2 TMEEMENLRELIARD, R ELTHITOHEN
KFTF LTS,

LEowrsEid, Es, GME L O0MEELHLE LT, ks H —
DEHFICET VL (HERETIVIE), FITHT CEHLRENL, fL#E
TANF—LWHEEGH T L —DOERES, NFENLFLBERRREO
o ELEFEMLEZLOTHS. L, EHAET VTR ERESHT X
NF—RWHMEOEBZTLI8FH O R L F—FTEHEEIND DO TEED

HEREHICEB T L NI X LF—Z@E/NCHEME AT <D (HE,
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2008). F£72, BEMHEOFAMIZ, FHMN XA F -2 TR ALF -1
EHTHIBBEEGALELOTHY, FEZNBA»PLHEOHBEL VWL S
B, MAOhSINTENFHZRXIAX—RNEDOLSICHHATELNLZ2 77T HDT
T &b, L E BRI (1996) FEBHHEIFZFMIT 2HHEDO —> L
LT, SN FEHNZRXALX - R T H2EBBEEOZERED 5V ITZE
NICHEBRT2AEDRNFEHNZR LT -0 (WFEHZXALX—FHOAED
PE#6 %%, Effectiveness index of mechanical energy utilization. LI F,
El) #8282 L TV 5.

Ml H 5 (1997, 1999) 1%, BEHiIC X 2 MMk F & BB EEE O L5
EIZHILT, am&FLAFEEORTHIELZERLE. ZOo/R, amH
THHATHENRRELSRD2IEFILEEFEFLY EI RR< 228, A& T
FIEMEE O EMfFLE RS oOAFoOEMREN RN, EHEE O EMEL
RS OAtEER/ ISV EAEREL TS, b, MELIZEEBE & &
FHEEMFL LT, TICHITHEL HF0MLFE, EIOBEGREZBRFTL TS
W, BATRE O R EEIZ D0 TIEIR R T W2,

BEINEZNFHZ XA -2 EHRECIECTCAHADCE DK
RO—2L LT, HRHEAETONFH XL —DRNOFANS 5 (0]
L E BRI, 2002). BAITHEICBYTIEAALA FTRICBT 2 N FEH= XX
—OMHIEHEICR>TEBY, ~FOFTKOZRIALF—=NHRTLIE, &5
—FHFOTFTHEOZIT AL T2, EAOTFHETEBEEZMNLT
NFHNZANALXF —DEBEENRELTNDLIEEZEZLND. T LTE2HDOFH
TRAX—OMBPICETEES L7 ICELD =X AF —DRAE LRI T TR
<, MEHEHEEB ML 27 X 28FBB ORI N X —DOIRENEEL T
WnEEN TS (Winter 5, 1978 ; Robertson &, 1980).
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BATENEIC R T 2 B o) 13, AiE O K0 H BRI o H X & B )
FTmFEINLIZLFZVR, EATEMTHOFH XL -2 T, &
DWIEBETLIEOOEFROBHEITHAT IR ITA 2. L (2007) 1
BRI BT A H KMo N ZEH = x L X —mEICHET 2H%ET, KR
AT H E & AT T D T2 oD (T IF IR 2 I 0 D E I e BE AR R b oL o
BrIUOBMETOBAGENICEID, ERM FE2S FHZML TR X
N —ZRZELIXFRHORGERELZ RE LIXFKREZEST LI ENEA
BTHY, WK Z®%GICHEESE S5 EE ML OO RIS
ODOWVWTHIHMLTWD., 2O XS ITHITEETIT TR L B8 G ICH
CZETHFEMNZXALXF-—PNENCEEIND EEXDE, FHEERICE
S THEMHEAMHENKTFTL (M6, 2006), FHRoOEENHRIND &,
EATHEMONDFHZAIAX—DRANCOEEZRITAREERNH D L F

Abhs.

2.3 WBATENEICIR T 2 TR O &RTICE I 2 0%

EHSTICBT S TEGOENOHEENKER Z2HLNIZT L5 L %2R
MELT,HBBRETLVOYIalb—VvarEHAVEHEI TR TN 5.
EWHHEOHBITHMEICRT2H5K0 XS XA F#EICHERT 2 E
B OB, REM, TEG, KRBIKH, 7 AHBIOBERH b5
XA, SCMETE S RHICR W T, REM B X ORI IR 2 H K
DKREH TRy EmE EFRE2ECSE D L THEE RS L O HE
ErxBEIERRLEF~FLLEFS. 2L T, UHEHNTITIL 7 AHB
FOMEMEF RS M R ) DKERT R EE EFR Ay EAEA LI DL LT

HEEETLEMMG~IMEL EH~FDH L 5. B 352 M AT 2 5
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Mo EEETLO EHFMEICEB L, S TIEaT s mE I b H Rk
L TW% (Anderson 5, 2003 ; Liu &, 2006; Pandy & Andriacchi,
2010). F7z, BEMHICIFIBITPTORNAMBEDONT A E 3 br— )b
TOMEAHY, PEGVLHMALEL THEREEFTLONMMNEEICE
RS2 2&T, H, LHETHORBIEG, SLHEH O 7 XM X OB
ME A IC kDR E &+t L T d (Pandy H, 2010).

Neptune 5 (2001) 1%, EME KK HHO > LHEHFH TH D 7 AH
CCHEmTHOIMEROT TN, HSITHORBB IO TEO HEN
TANLNF B EDOIIICHEMRL T DI N E#_. ZO/E, LH®%
MTIEIe I AMmEMEROIERNLRERLRL->TEBY, WIFnofbikez B
~IMEEELN, TOFEREFe I AHFTEIDREL, EEH L2z x1
F—DEZL T T~ ZEInNBERAGZEHl T2 X5FH LTV, 2L
T, E7AMITHB /Y E2EL T TROMNEZ M2 BB oL ENZ &
DOLBMEEATIOIH THLDLI DD, BT ABBIEEINRLZE AT LXFHR
ODBEFNEZHSTEDODOREEB N LEIIRDLI THAI LHELTND.

Arnold © (2005) %, HMZFFHIIC I 5 MBI & K OB & o 4 N
HEICHT S, TEAOBAMOBE#BRZM 7. ZORE, SZHAH ik
KRB kB v s 2, RIBAHG2AREASEME MM 27 2E0 3
D0, KREMIZRKBEMGLERAEORE S CHREHSMEMNZOAERKICH E
BRLTW/., 2L T, YHIPHMTITERICHEMGETHRMEE © T X020 KE
HEBmEEasmESE W, ZHEHTHLINLRANY T, KBBEM
BEXOBEEM L, EMXFEHCBTI2BEGEAMNEEDAERICTHEVE
ML TCWwZnrol, ZHIE_MEHLIBEEG ~OXKS FROERY AT 512

WTHY, HlzIE LA RN) U7 23 EESMENNZ EBEESES N
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7 EAELCSEDLN, BEESME NV IXRBEE EBBEEOm S & MRS E
5. HL, ZTOUHL ORI EFEHEITEZoMLELbO TH LD, HHEIER
RMPEREB 2 A+ D5 N TH DD FEE AL ToH4T (Crouch gait) @
B, HICK2HEEANEE~ORBLELILT LI THLA I BTN D.
Sasaki & Neptune (2010) (%, MBI T 2 F A o WG 23 Ik BE
fi (KERELIEE) OEMADICKEITEZRECOVTHATL., TOMR, B
EE MDD I T 2o =2 B3H 0, H -0 — 7 I HATH T E
ICKERIEfH OUAEIC & - THELT, B 20— 7 37 %5 < WkE - o IUHE
TALTWE., E6IC, REMBIOE 7 AHMITKEHESHZEHEL T
B, TNOLORTIEMENK DA RS LM ENZRERIC L - TR B
il J DO RICEB L TWie. 7, MHEEICRE W THEE oz R x<
D ERMEFOFEH P mE BREHEM I zHRESERL. Zhbol L
Mo, EREMEBEESESRE CTH LD BT 2 M A E O
Mk, BMEEEMDEZRBT2-00 K THDL EHESH, L —=V
JTIHREFHLEEe T AHER b L TCRIBAHG EBEEFOEHZ2IMA 52 L
L, BT OBRBEEMDBEBICHORNE LAV ERRTNS.
RRLBITHEICBIT D THRHFOBENKEEICE T 2MELITbOALT
W%, Liu b (2008) 1%, KENOmEETORRLIBITHEHEICE T 2
REET OO G MES X O EFMEICH T D FEMGOEBKIZ DV T~
L. FORER, OKRBE, KBIE, ~"AA RNV F A, EEGBLOE S
Ak, HAITEEOBKICHEWCTEE RSP L ORI INE B KO k70~
ODEBRMPEE DN, FEFIISITHEREICLI s TEILLRZLo. £, K
HWATOSHATH CEMmoEmRIT/NSL, XFHPHIPE-ESICRDZET

HAOHKLTWE., Z2LTC, REENLHT@BEEZIZRLIEICIE, FHREE
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PO EHFMECH ST 2RKBIEHELE T AHOBEMRBBEIAICTHE KL TV,
Liu & (2008) O#FZE T, HEHE & .0 O§F 5 INEL & O &5 m@E Izt
TOTEBOERIZBITHREICK > TEL LR o oh, HimK ) oKF
WA R 3 (642 TR o Bk 2 i <7298 (John &, 2012) 12X %
&, BATHEOHE RICHEWIKBEE A EHE (TERHSICNAEH) XD
i S DKFERNMR S ~DEBMDZ &S E D 2 &T, FEDOHNIMT DA
FJAExarbha— LTz,

Neptune & (2008) &, HEMNSLHHEETORR DI BITHEIZ LW T,
WD ZF (EhFm&E) SaiGm®E, WoRv LIk T 5 TG OEB
A NI ZORER, BITHEREOHMRICHWEKREGRO XK (EFM®E) B X

CHIGMEICHK T 2 7 AHOGHmMMgEEMLENERLL. 2, Hi@)

£

E (1.2m/s) TERETAHOBEEZXALF—FHARRKRTHY, T OHE
FHITORNMBEBY 72V O X VX —HENERDICRDLIHEE L —KL .
¥, WoOROVHLICEBEMSOHMBRMEEMAFRNEICERL T, &
FEZBWTIRBESAEEHOBEMOE TA2REL TV,

Sasaki & Neptune (2006) %, REEIZB T DHHITET =07 %k
L, RO EHFMELATFMBEIZRT 2D FESGOBEBRIZ DWW TR
ZTORR, BITLT7 = 7BV THRLBEREWVITIE 7 XM OHE
bole., Zry=v 73BT LB LT, B 7 AMHITKDHEDRFTHMNE
DEBMP/NEL, EFME~OEBHDBDRE LT, ZhidHiTe 7 =
T TCHXRRYT AV ADBRRD7DTHY, HAT T H o KFFT Tk
AR RIERDZAI 7 TRBIEIFEROBETICMEST 20, Jr=v7
TEHEHBPEAERDO FIZMNEBTZ2OTE 7 AMHICLHIEBRZATFME I D

PEBE 1X IR & 7.
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EDORIZ, HEKETLOYIalb—va izl THiITHEICE
5 THGOBENERH ZHEXT-ZLOTHDL. 2o O IXER HFEE
DEFELITENFZLLTWDID, miiEOSRITEELHL I T 5 AN
HELELLTHLEETHHSAH. flzxid, mmEHITORMD —>TH DLW
BMIcRT L REEER M O T ESITEEORMLY (K45, 1995 ;
P S, 2000; MBS, 2004) X, FEEEFLomEFMEL L O EF
MECKT2HERB L O 7 AHOEBREKTFEMRN TN TE D,

EEERNEA LSBT CEXFRHoOEmRARE D2 L, TREH L
JORNTHRICHKEES R - R M7 OREANAZY - BN RELEMMT
L ERHMEEINTWS (Saha ©, 2008 ; Leteneur &, 2009 ; Kluger
5, 2014). EESTORBMIFHICKT 2 KEEME N7 O AEKIZIE
FIZREMPEBRL, "AA MY U7 2AOFEBRIZ/NAZIWE D (Arnold
5, 2005). LU, @aiMic L 2&EEEHmAEOHRKIT LAY
Y7 AOKRBEEBRHICEBITLZE— A T LB KRKIE, REMHOE
— AV T =2 FREAT S (Hoy b, 1990). 72, HENEZHWTEHA
AT LR AT A AT & s U 72 R 98 TUE, IR AT AR AT CUI Sz AT B B
FoH2NLANY 7 2AOEBBEAHIT LY KRE o7 (Hashimoto &,
1987). T HDOZ LiE, BHER THEBNEA L TV 5 &g & e
FE LT, BITEBEICET D TRHOMEMERINRRD Z L2 R®T
L0, MmEMENEBROEBEMEDOLIICHIE L THRITHE X MR L C

WD D IEH S TR

2.4 FIHEELRICH T 2L BRIEICHET L%
FHEELR ORMARIETIE, EYRiE, EHRiEL OB RED? —KRH
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Ths. Kt Hoaelx, (1) FHEESHOMIE & ZE/R, (2) FHE~D
fEOER, (3) EiHolki#, (4) FHEIOBE - #E, (5) LEAMM
R, (6) ot LTHREMDE, Y7 R RETHD. BHEBEBER TIX
MRS R (Ko vty b)) 723V ay sy 7 BIRBELNLS
shad (R Z, 2014).

=Lty b EE, MALERMBMED A vy a2FME2EHIT, 2B
TIOAF v 7 HMOLEEHWTERLEORMEZ GO ZLDOT, E FH»D
BREHEZHOEISOICEET S22 L TEREANED ERIZX %6 EBED
EEFRAE EREMNE L DO THLID, KEa vty NTIEHEHEES %
BECTER VWO RBEENHE L, EEBEICKT T 2HBDEND 20
ZEREMINLTYWS (HH 5, 2000).

Vaw 7Py 7 BlkegdE AL X, Watanabe b (1995) BNE R L - F
HBEERIC T IERT, AREARRS (F—2Xrarty b)) L#xdA
NIEERBy THEKINL, TEOHEVICL - THhKBpLREIELZ L2 H
L L7z A Th 5. Watanabe b (1995) 1L, FHEFIC LV K& A H
KB LD 42 Z0FBEICY) 2 v 7y 7 REKBREELZRH VL L Z A,
AT O RSB EMEBE N L EL, AREEBERR IR E@REL T
5. FlBEPS (2000) 1%, FHEBEBLREE 15 HCHLTY 2y 7Y
y 7 RRMAE R 2 VW R, MEROoWE, 1 KHEMUEOSALE 2 T8k
IToRFREPRBO LN EHE L TS, Ishida & (2008) 1L, HFHZE
BaxHAdTommEICH T2 2y 7y 7 BKBIEAEOHRIZONT, £

HHEMZA T L., TOfEK, BITRICET 2FEESLD (F 5

/

JEHEDO N E) OIEEY, HEREFH LUK L CEEFTITAEICH D L
ZEWmELTWS.
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CoEORC Y a2y s Yy JRRKBRAIFELEREZAT 2R E OL
RS fTeESEL L LB, ERERZEBEBIEIDRNLDL EEZ DN
5. LaLl, REMEFMHEEZ OSTEHMEICEVYTY 2y 7% v 7 Ak
KHRA B ZMBIEDLETE A P2 EOoREAL SE D% E &M IZH

REFRITRY =50, 72, Va2 v 7 RKBEEOERY BT

Ok

B E B RICEESINLDIZENZ VWD, BRRL2EVMETCELOYDR

LB LM LHMLIZRY TIEhol

LEoXoic, s, damF s LOBMEET LR EL T, HITHE
BULIKBRBOEMIIER LEFAXAYT A7 A, IXT 47 ABION
FHTZRXALX -0 ENITOA TN D.

Ll s, FHARZAT 2&EBE TIE, AB0o BB LT LT
THESFELZEISSEL2 2D, BITRNVOMFICLE S TEETHDI LE X
BN, KBEMCHT L2 EmE L HEFEE COHEIS TIEOENY, Tk
BIET CRBELIZDFHN T X ALX -2 HHICHHL THEITT 27200 HIiiIZ
SWTEHBELMZERTWARWYW., £, Vay 2z ¥y s Bk, &
BXOBfTErUEIEDLILLLI, BRE2BEBIEL2ORDE L HE SN
TW2R, Vay ¥y 7lE@REEORNLWWE INDIEBHEET — AV
FOWREZEIZHPD T ERITHALONRN. ZD D, KFIEIZE N T,
HEELRBE BT I2ERBEMNSITEZRKE LN T D2 L, ZEEERHMH
JER B OHSITEMFICBT 2 IFN 2 v F—oiintsnoh+228, £L
TV ay 7%y 7EGREENBITPOEBRE—A L PCRETEEL Y
42283, FREERZzAT2aBEOLRTRERIDZED 2R L
— =V T HE~DODREWR R TRBIIRDLEEZDNRD.
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3= U3 ik

AKETEHEALL TEICHBT L7 -2 INE, 7—F7 08, HEHEAB
FOMMEFTELZODNTR~ND.

#eBrE, RSt MALBEIZOWTIEAEETHEMIIBERD.

(B

3.1. 7 — X IL%

ARG R 47 AL R BE R 4 R (Figure 3.1, 3.2) O U2,
HFX3KLE—va rFx 7F ¥ — A7 A VICON 612(0xford Metrics
B, % 4, 5 %) F£ /21X VICON MX T-series (Vicon Motion Systems
L, Fe, TE) VT, HBITREZMVHATLEISICRELTZ 8 B0
A7 MM LE (27U 7 38 250Hz) . FERICFH = U 7 R
HBELE 2607 — A7 Z v b7+ — A (Kistler tL#, 9287B il 5 &
W 9281C AL, H > 7V v JEHE % 1000Hz) I XV ELHORICERT 2 H

M 7y & GH L 7.

3.2. 7T — X

STt G IC B W TR AN E LT 5 A B o B £ M A S R o0 Yk o B BE
EFTO1IHBATEBZ oG ®@EE L. & 607 3K oo B EEE X5k E 57D
Mgl &0 f dm b 8 3 % & 8 L, Butterworth digital filter (2 X ¥V 5
~12Hz @8 Wr J& 3 B T ¥ L L 7= (Winter, 2005) .

ik L7e 51 (REZRLOLAIE 47T 5) OFHH A6 &K 2 85,
AR, FAE, WA o B, mifE, FE, KB, TR, B2l X OEENDL
% 16(ERR2LOELAIT 15 OMEY 77 vICET MILL .
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NGO AW R

Right hand
Right wrist lateral side

Right wrist medial side

Right elbow lateral side
Right elbow medial side
Right shoulder anterior side
Right shoulder posterior side
Right shoulder lateral side
Left hand

. Left wrist lateral side

. Left wrist medial side

. Left elbow lateral side

. Left elbow medial side

. Left shoulder anterior side
. Left shoulder posterior side
. Left shoulder lateral side

Figure 3.1

. Right toe
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34,

Right metatarsal V
Right metatarsal I
Right heel

Right ankle lateral side
Right ankle medial side
Right knee lateral side
Right knee medial side
Right greater trochanter
Left toe

Left metatarsal V

Left metatarsal I

Left heel

Left ankle lateral side
Left ankle medial side
Left knee lateral side
Left knee medial side
Left greater trochanter
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36.
37.
38.
39.
40.
41.
42.
43,
44,
45,
46.
47.
48.
49,
50.
51.

. Top of head

Right ear

Left ear

Upper end of sternum

C7 Spinous process

Right lower end of rib

Left lower end of rib

Right anterior superior iliac spine
Left anterior superior iliac spine
Right arm lateral aspect

Right forearm lateral aspect
Right thigh lateral aspect

Right leg lateral aspect
Orthosis upper right side
Orthosis upper left side
Orthosis lower right side
Orthosis lower left side

Locations of reflex markers.
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(a) High back orthosis

(b) Low back orthosis

(c) Pelvic orthosis

Figure 3.2 Three different types of spinal orthosis.
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KT ELAEOME T L~y —I —DF HIT &> TEEE TR
HaE Lz, ETEROMES S LEAEEOmMMICHAMT L~ =T —of R
EL, REBSIZOWTEBEBRAITONMMEZOMTELZ S LICHE T L2
HELEL (BF 5, 2003). MEMEATICH WD KB E ORFZMEIT 5 BT

STERBEOYEHMEE L.

3.3. EHERB LI UOEWH HIE
3.3.1. % %x~T 47 AWMEKOHEH
(1) 43 M7 s oo 3 BE F8 o O n g g

MASOENMNT — X 2R CTHREMY T2l T, HEBSIOM

3>

5

(2) &5 L5 o EOAE B L OVE O, B0 E

FIgAL LI AR T — 2 b BHEFITE W IR S (1996) @, & #E
EBWTIEMBAS (1996) O F KMo BEEFEEEZHA VT 7 X PO E &,
BEPLMELIOEEEETE A P2EHLE. BEOE &P ONEI
OWTIHEEHDEYOWUBIZHMN LE~—S—0F 8t LE. £, &2F
BLOH SO ELMEZHFH TEMEMS T 22 LI0L-oT, BELHEL K

CELMEEZZFE L.

B) RO E i AES L OB A E, AHEE, fA40EE
Figure 3.3 I H KoM AELS LI OB AEOAEERL T . KK\
EBWTCAEABERBAGORREEAEMEG O S2ESHENNE &3 ME

riRwmEoMES L., EAEBGOR R EELEMBEO T R EZMSR%E L
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Upper-lowertorso

Hip joint

Knee joint

Anklejoint

Pelvicforward leanangle

- AnteriorSuperiorlliacSpine

Hip joint

Pelviclateral leanangle
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Z
LeftHip joint
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X Y
Z Tﬁ Y

X

Right Hip joint

Pelvicrotation angle

Left Hip joint

Right Hip joint

Figure 3.3 Definitions of the segment and joint angles.



it 7 A b, EAEMBEORRLERKBEESO T HE2HSRE TRt 7 X
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JF,x = may — JFux (3.1)

JFpy = may — JFgy +mg (3.2)

JT, =la — JTy —tax JFay + Tay JFax — Tox JFpy + Tpy JFpx (3.3)

TIZT, XBROY ITEERS, mIEE S E &, a XS E L OMNEE, gl E
T3 L, JENEHB 53 O AL Y O B & S, JFgIXE 4y 0 1= AL v oo B ER ) (2
DOWTIFMmE R D), TIEH2POELEDLY OEMEE—A L M, dIflio D
INGEE, JTAX A O BE v 7, JTa3 @AM o B s v s (Rizon
TEHARL), nlEMaOEL, DA E TOMHBE, X0 o ELH» D
AL £ COHEMECTH D .

£(3.1)~(3.3)% &, FTH, KBOEICM 2Lk T, 2R TICTHIT
B, RBESis L ORMEESOME rr s 2R L. ok, B ML
O/ FEMESIVCERNPE, BEHBIOEENALRD X HIC/KHTO

B W AT o T2

(2) THBAE Fv o XU —
&I b7 U =P XNB. XV HEHLL.
P =T, - w (3.4)
IT, JIFBEE BT 2EE My, oI B 21T D B A

Th 5.

(3) MEI ANV —B LB ET AL b b7 XD —

BIET ) U —(FP)B L O 7 A v b hv 7 8D —(STP) % X (3.5), (3.6)
TV EHLZ.

JFP; = JE; -V (3.5)
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STP; = JT; - SAV, (3.6)
2T, JREBAE O S, VIZBE J o EE, JTAXBEE j o B b

V7, SAVIXE Sy s DA E TH D .

(4) THBHH 0 )7yt =F
BEi b7 NU —ZIELATHACHRBES T 22 & T, KEH, BEHE
fiid L O RBEE O Nt FE (EE, EAF, AdF) z2HHL L (KX

(3.7~ 1(3.9)).

w, = [7|p|dt (3.7)
PW; = [(P) de (3.8)
NW; = [7(P) dt (3.9)
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N RT =D, MR ST — D EDE, BE AL T —0f
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%Z Figure3.6 123 3< X(3.10), B.1DIC LI VW EHLAE. &5 1417 8H
BT L2EFE A MORKKRKEBLIOCHEHSMEZ KD .
M, = -1, xmg (3.10)
My = M; +1, xm CGA, — 1, x m CGA, (3.11)
2T, miTEE, bk, K& (LT, Head + Arm + Trunk : HAT) ¥ X
VR (REZEOHLEHIT0) OHE, M HATB I OEEHOEEIZ L - T
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Figure 3.4 The sum of vertical displacement of center of mass during

one walking cycle.
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Figure 3.5 Free Body Diagram.
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CGA

z

CG head + arm + upper trunk (+ orthosis)

—
CGA,
Lower end of g
upper trunk
r CG head + arm + upper trunk + lower trunk (+ orthosis)
z
Lower end of
lower trunk Z

Figure 3.6 Trunk weighted moment about the lower end of upper trunk
and the lower end of lower trunk. CG, Center of gravity at HAT (the
head, arms, trunk, (and the orthosis) ); CGA, Horizontal and vertical
acceleration of center of gravity at HAT; ry and r., Horizontal and

vertical moment arm.
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BT O ZFIM T 2fFAE L LT, DFEHNZ 2 LX—FMHOHDMEEK
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Az ciERB.14)~@B.1TNEHWWTCEIZ#EH L -

Eq =5mV3 (3.14)
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AEynj = Expji1 — Exnj (3.15)

Wy = X} AE (3.16)
— Wu
EI-MG (3.17)

22T, m Vy, Egy, Wy, WiTZhZhHKEE, FEEET.OOKFHE
E, SEREETLOKFEEH T R L X —, FEHEREE T LOKEER T R
¥ —OZLE (M F), BEH L2 N -tk 2t ETH D, ni
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EEichshicidtFokmfo 2 & Lk,

AW o EI X, i FREBEMHIC L2 RESEFEKRKFEEH 2 LE—0
ZAb & (MaxftF) ok THY, EINEWIZE TRKIZC L 2 FNETH M

~OBEEEMFICADICHEONTL Z &L 2RT.

(3) hE¥FMZ XNV —DirER
KRB oMo NDFEHN 2 LVX —0miER (LT, T,) X Pierrynowski

5 (1980) O FEEZHWT FREROR(3.18)71 5 (3.2 W EH L.

AE;j =E;jj — Eyj (3.18)
Wywp = Z?_1|Zf(AEi,j)| (3.19)
Wy = 252?_1|A5i,j| (3.20)
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3.4. B R 7 — % OHMAL L BATEED /il o
1 BT %Z 100%ICHKILL, 1~20%F TH2 S HETH, 21~40%F T
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EFCEHIEMBZH E L (Figure 3.7).
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Figure 3.7 Definition of movement phases during one walking cycle.
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[ FEFEICBTOEBORBENBITEIEO X X~ T
4T ABEILRXTRT 4 7 AT KIFT &

4.1. HH

HATEE XM IC L 2R EBE2Z T 50T, FHEELAREZAET 2EEE O L
TEHEORRBEHOLNICT 200, HEFICBTHIEBRESZOEMLN
BITHE~RETEELRFAL TBL IR EES2LEZOND.,
HEEEFGLE L TKRBRBOEBMDBDBITIHE~KRETTEREICONT
ME LM% (Saha &, 2008 ; Leteneur 5, 2009 ; Kluger &, 2014)
TIE, B ZRBICLVBITEFEIELL, THRORLTHRICKBEE MY
7 DEAC K E N T LB IR ORI R I3R I B RO & E S E
HCHHIERNTBEINRTWHD. L2rL, MBREBNELEHITEIEIC
BOWTFHEBE FL 7 BLIO ML R T —DRESERREAY - OFE
b2y, KO RBEFEHITHEOHMFIZEO I >ITHKL TV DI NEE
BRI OT LIS DIEHLILR .

AKEOHMIL, HEHICBTDZERB R OLEANBITEE~LITT ZE
ZFTFEMBE& bLY - DAL AR —BIXOKBEHEE—A MIERHL T
fr4s&ebic, KBREMRNBITEFICET2 hFHN LT —FHAOA

IR ETRBEZHALNICT DL L TH D.

4.2. Jiik
4.2.1. B &
WBREIX, BE S %4 104 (FFl 25.424.9 5%, & F 1.74+20.05m,

KE 68.0t5.0kg) T& » 7= (Table 4.1). EBRIZH L > THBREICHER
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Table 4.1 Characteristics of the young subjects.

Subject sex Age [yrs] Height [m] Body mass [kg]
1 male 23 1.80 73
2 male 24 1.80 73
3 male 26 1.74 68
4 male 23 1.69 63
5 male 39 1.66 60
6 male 23 1.72 65
7 male 23 1.77 65
8 male 24 1.72 73
9 male 26 1.77 66
10 male 23 1.73 74
Mean=*=SD 254+49 1.74+0.05 68.0*+5.0
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4.2.2. R

10m O EH#ESITEZ 3 ODOREEMHETITLERL. £4 1 IXHBRE ORA &
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L, RRECHBEHEH E RIEFE2BESMIPMERE R TAHAET, A
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AT AY 25° B XL V507 EFE LS RKREWVWHEAIC O W THREF L TV B2, EEE
DEKROGHEEZEZD L, TNOLOMEBITEENTITRWVWEZD, KHFZET
X, B AT 10° B X OHM 10° &AL (REEFHOERBIZ OV TITHK
W) AT HE IR E S EE ISP E &L D WAL L, R 2 R 1
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FTREXSATARTOLLLBREPHB LESEIZILVELSEEL.

4.2.3. 7 — X IN4E

HBIWICRLELGETT —ZNEEL L.
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Figure 4.1 The stick pictures of normal and trunk-leaned walking.

Normal, Forward and Backward; Averaged motion in 10 subjects.
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(1) AT O F R R 2 5%
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Figure 4.2 |2 Normal #, Forward # ¥ £ 0" Backward # @ 1 217 J& #i
BT H2ERBHSAEOENNRY - ZEHETRAT. M EHOOMEB X
W XENE, #7121 Normal #, Forward # 3% X " Backward # O[] TH
BEENOLLZLZRL, UBROKTHRK TH 5. Forward #f, Backward
L bICERBORME 10° , %M 10° 2o FRE<HEM L T T, AL
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Figure 4.3 |2 Normal #, Forward # ¥ £ 0" Backward # @ 1 217 J& #i
B D TR E DL — &R E TaRY. Forward # TIZ,
Normal Bf & i3 2 & XBEE A EIL 1 AT A28 L T/ 10° & il 23 K
L, BEGHAEICHFH B TEZR2MEME RO TRBRERBIAM Th
S, REAMAEICAEREEIT RN

Backward #t TlX, Normal # & b3 5 & B BIHEi M X 1 ST E %
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Table 4.2 Basic descriptors of walking in the young subjects.

Normal Forward Backward Diiffgzr;ce
Walking speed Mean 1.56 1.52 1.42
(m/s) SD 0.13 0.14 0.13
Cadence Mean 115.0 115.7 110.1
(steps/min) SD 5.4 5.3 55
Step length Mean 0.473 0.459 0.450
( / height) SD 0.024 0.029 0.028
Brake di.stance Mean 0.186 0.158 0.193 F<N, F<B
( / height) SD 0.019 0.016 0.016
COM Z-displacement ~ Mean 0.054 0.055 0.046
( / height) SD 0.010 0.009 0.011

N, Normal; F, Forward; B, Backward
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Trunk Segment
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X Normal-Backward, p<0.05
Figure 4.2 Averaged patterns of trunk segment angle during one

walking cycle in the young subjects.
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Figure 4.3 Averaged patterns of leg joint angles during one walking

cycle in the young subjects.
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Figure 4.4 Averaged patterns of leg joint torques during one walking

cycle in the young subjects.
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(a) Hip Joint
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Figure 4.5 Averaged patterns of leg joint torque powers during one

walking cycle in the young subjects.
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External moment about the hip joint
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Figure 4.6 Averaged patterns of external moment about the hip joint

during one walking cycle in the young subjects.
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(a) Hip joint torque * P<0.05
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Figure 4.7 Integral of torques about the hip joint in stance phase for

the young subjects.
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HICHEZEZN 7o 7o Backward # 1% Normal #IZxf L T, Ik B2 1.39
FTHEBICREL, THREZMEEEGHD 120 THEICRE o L.

EfFEMIZOWTH D E, Forward # TlL Normal B2 xF L T, KB Hi
N 142 THEIZ K& )Mo 7=. Backward # TIiX Normal #iZx L T, B
B2 141 THEICKE Do T2,

AfkFEEICDOWVWTHD &, Forward #f Tix Normal #1Z%F L T, % B
7 0.65 5 TH EIZ/NEh o 7. Backward B TiX Normal BEIZ % L T, &
B A 25 1.84 ffF, BBIFEI2Y 1.15 6%, T 3B AR 2 1.23ff THREICKRE

<, RBEEN 061 THEIC/IHNS L.

(2) W=z vx—FHoHHMERK (ED

Figure 4.9 AT HE & B 2 KA@M To EI & O B4R EZ R . it
N EIL B ABITHE TH L., WTOHEITO EI b ARITHE & O R ICH
BRI~ N2 T,

Figure 4.10 (Z Normal #, Forward # ¥ X O" Backward # @ EI % %)
fil & fE MR # T/~ 9. Normal # (X 0.77+0.06, Forward # % 0.74+0.05,
Backward #£ 1% 0.54+0.08 T, Backward # % Normal # 3 X O' Forward

HLovAEREIZNS L.

4.4. B %
4.4 1. KB DORATHER BATHE~RIFTFTRHZEBIZONT

Forward #F © 2 I #1Z d (F 2 Ik B & dh, B B &6 8 A 1X, Normal #f K
WA EICKE o7 (Figure 4.3). Saha & (2008) 3 fd & A o & & i {5
fy 25° & 50° TOHRITE o L, (K@al i A17 TIEEA BT L0 Lo
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Figure 4.8 Mechanical works of the leg joints in one walking cycle for

the young subjects.
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Figure 4.9 Relationship between effectiveness index of mechanical
energy utilization and walking speed of normal and trunk-leaned

walking for the young subjects.
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Figure 4.10 Averaged EI of normal and trunk-leaned walking for the

young subjects.
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e B EJE b, MRBIEI Edh, RS EEAI RS, ZHhEXEMEEM LT
BHRAEH T~ E, KBROFBEICE > THERELDAM FICMET 20 %M
By sl xTWaD. KW D Forward #f TIX /K% mifH /4 £ 21 Saha
5 (2008) OHFA LV INENoTZ bbb o TRMEEEMEIILE/LL AR
Do Teh, EBEHEHERBEEHLEl L CEBEZF A~ W THERELDENA
CMETS2O2HBELTVELEEZILND.

Forward # CT!&, MMM » o P Hick T 2 KkMEE&EME ML 7B
Normal # LV A EICKEL, YWY ORBEEME L7 O S HEIT
Normal B D) 2 5 TdH - 7= (Figure 4.4). F 7=, ®HIZKEEHE £ v ORHi
i€ — A > b2 Normal # £V K& <, Forward # (2 3 1 2 Ik B4 & fif & &
T DM DS T ERBORBLLEFEOTZ DO DO O TH o7z (Figure 4.7) .

Forward # TIi%, AT » 6 RS2 IEEES A K E R IED b s oS
U — %~ L7z (Figure 4.5). Z O Z & 13 ik BE & i B/ B 23 K & 7o BLME PR UL
MK DA —ZREL T2 arnd. LB OFTH» S HTix,
B BRI R A RE DS XFEM &2 % 5~ A A v 7 LK O E O RiTE % B & 72 )
> EKRER G ~BE SH 5 (Eng & Winter, 1995). £72, EROMEO H
HEGFSHMoOKMEEME VY, EO ML RU—RRKREL, ZOZ L
LRV EBOBEORNBELZLEER~OAMERBPIETCWNDL LEIND
(BRJFR 5, 2008). Zh b D &b, Forward BTk 2 AT # 2 & o #)
B WT, KBRORMBEZERBERFLEEEXFRWEZR G ~AA 7352
LTI KB mE NN A ANT =R RLTEEEZILND.

Forward #1125 W CI B M th o T REE) F L 7 28 Normal #£ L 0 A &
/N E Mo eoix, % BMIZIH W T Normal #f & A% 0 K& s ok B
e hv s R BEEIND L, SHICEBORMBENRE T Z LITR Y ENIZE
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HE—AVIPRELBRDIBNRHDLD0T, 20O L %< 72D kB
e Fv 7 ORBEIMAONTEBZ X LD .

BE#EICEIT S EIl IBHHELEKT L2 MEN TV DD (M
5, 2003), AMFETHWESEERED LOKFEER = X LF—0 LA
® (fxtftFE) 207280V EITIE, WTIhoHiTo EI & BT E &
OMICHBEERILIA LN > 7 (Figure 4.9). EI # F¥fE Tk L 7=
ft &, Normal #f & Forward # I A E ZI1L72 > 72 (Figure 4.10). Z @
Z &1, Forward # T Normal # & [F % & F KB & o /) % 89 {1 3 T 5 A7
WELZMRFL WD Z EERT.

Kluger (2014)1%, fl & &4 & & 5t % & L CHE A ST & RE AT &1 (A
i 25° L 50° ) B L. ZO/ME, EeaiaE I H KT 5 & EICk
B E T e 2ESAMERIHE R LI LD, KEBATH AT CIEE A 5
TEVHBRPzXALF—a X P RENTHA EHELELTWDLH. LL,
KAWL O Forward B O K 5 TR AT A KL 25 10° TodH N IEL Normal Hf &
xThiaxfhF IR PR =8 bicAEEN R, EfFR X OALL
FOTH=ZMEGOAHTEWTHOAFEER ro. HL, EffFLIV
BEFEICBTL2ENOME TCOHFRMAFITREZR2> TEY, Forward B D
EA S %, Normal #f & R 2 & BB T 1425 & A RICKE o 72 M8,
BB &R ciz/has<, ALFITB W TIX, Forward # o ik B i 1%
0.65 fF & A EIC/INE o7 (Figure 4.8). 216D Z &1, Forward ##
TEHZHAH 2T 2 BEESME M 7 OEANAY =R RE, X
MWEMICK T 2EEAEBEHR b7 0BT =R/ N EBEILNLD.

Mot R ) DK ERT R R L R RSP L ICx LTI ET T L —
XN, CHEBYTHELD LD, TV —FhEHETOZNZEND T FE
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MWELLS DL, BEREEFL~OT L —F Ll 5N RZ S AT
FEIXZA L L7, Martin 5 (1992) X, HAfT#E2 -~ L LT, #R5
AT v TRETHITLEBOME R HIZOoW T, TOME, 27 v 7
ERREVWRE, XFHFEMH, 71v—x7), #HEHNBIO®ZNLLDONEN K
X< 7oz, F7-, Peterson b (2011) %, #4738 E O &b & #iw K I,
THEES v 7 oBBRICOVWTHARNTZ. ZOoE, 7LV —x 0T FEiTH
ENDONFELY OHITHELBSEMKRL TR, SITHELZBESE D L
IRV OoNEEBHKRKESE, MEIELI LT EZTL—F DT
ez T, 2 LT, IkBEEMmE MM ERBREEME N7 O NI
TLv—XNONBEABEREOBER D o, THEMGHEOMEK T ~DE
BREZR AT IEIC L D e, SE AT ISR T D KER & KBRS # o #h9. i
M ) OKFEH TRy (T v—F%7)) L8ELEHFRTOAERICEBRL,
GHREREFLOM A EELZBESE EF~FHHEF 5L EN 5 (Anderson
5, 2003; Liu b, 2006; Pandy & Andriacchi, 2010). A#F % O (ks
AT 4T ClE B B B h v 27 K & < (Figure 4.4), 7 L — % JJi3# K
ToHRNBBDL. Lnl, 7L —FHEEITE (Table 4.2), J) O A{EH K
M2AEMIN 2O THEOHERITRLS, BT HFmMEEOBEIT NS, 7B
FHTANLX OV EMZD R TEREEEZILND.

PLE®Z &2 6, Forward £ Tl3 Normal # (2 kb~ T B B & 1F 1 95 23 8
iy, KEGAMLCFORMELIMH S D Z &, AT M EE O RE %
/MELF %52 LT Normal B &A% O N © %5 CHITHEE %

MEFFLTWEEBEZLND.

442 KB DO BREBBATHIE~RETFTEZEIZIONT
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Backward o ST 307 2 I B &b e, R B ETE dh s & O e B
J£ X, Normal #f XV & IC K& 2 o7 (Figure 4.3). Backward B3 X
FHOKRMEEMEL TROKREZRAMEICIVERZMMF~HTZ & THIREK
HEFLPHBEFICEDIOEZ®EE L, £ 7 Figure 4.1 020 b 005 X 912,
Backward HECIZ TP 2z X VAT F~#EM LB oKL LI B E LR LHD0T
B ZRESEMLTHEKZMAFIIBH LTI LTWVWEEEZEZONS.

Leteneur & (2009) (%, K& AT TI3z % 812 317 2 Ik B i )
i b7 BRRELS, THIEKRBEZ LT~ i+ THO, M EEEH
s X R EHESE LD ERRITND. KRFRITBNTDH
Backward # 13, T2 6% Ik 2 B KM ~L 27 25 Normal
XV AEICKE»->7 (Figure 4.4). A L, Backward £ T %Mk B i =
b O%MEE— A2 b Normal Bt XV # 12K & <, Backward # (2B f
LB E i by oM T ERBOLRBRFORLDLDDE D TH I
(Figure 4.7). Backward # T, 8o & Bic g KREE L2
N —PNRERADMEZR L (Figure 4.5). Z O Z & 13 iz B &1 dh 75 #E
MRERMBEHENHEIZL Y ANV =2 LTVl tard. EXSHTO
SE O 2 B R S B W TE, I Bl i B A% B B B o0 3t BE oo b R A& B
<L &N 5 (Eng & Winter, 1995). Zh b D Z & 25 Backward # Tl,
M AL BEHICENTHKBROBRBELB AR L E KBS O®E D
MEZE S EDICKBESERE LY « PLZ XU =B RLEEEZ LR
5.

Backward FEIZ M I 2 B &I E M v 27 2% Normal B LV T E
WWREDo., ZRIFEBLELSIC, BEDPIAFICBHLLT ST 572

OIZHEREES 2R & Ml LR, BBEEAMGT ~B8 LKA & #mKX
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JTOFRER T EDEBENELS Rolcl®EEZExbNnbd. £, SHHICE
JARBEERE MV BASLK oD, TRAZAMES Y 520 E B H
IR FED M7 B EMRA T EEZ LN D.

Backward #1235 7 5 EI 12, Normal Bt 5 X 0" Forward Bt X v A &2/
X /o 7= (Figure 4.10). Z ® Z & 1%, Backward A% CTiX Normal # ¥ X
O Forward &R UAITHEZHR T 2012 L0 K& FTERBH O LT
BfESEPMLETHDL I 2 RT.

Backward #f @ # xt {1 # X Normal #12xf L T, KB&E 2 1.39 %, T
SHEEARN 120 L FEICREL, EAFCRHBEMEEN 1415 A8
W R&EL, ALFETIIKBEE 2 1.84 15, BB 1.15 5, FTHREZHH-S
123l A EICRKREL, EBEEN 0.61 f2E A E T/ X o = (Figure
4.8). Z® X 52 Backward # TIZIkBEE o EA S, REH O AMLF KR
<, Mot E TR =MA&HGFOEADHEFERREILoTWE. THh
D Z & i¥, Backward BT VHHMIcB T 2 MEEEE hr s 0o/ T —
LHEEIMENLZOEBIXTANRT =R RENVTEDLEEILNLD.

¥ 72, Backward f13 Normal #£ LV & 7 L — X HE I K& VW, 27
vy 7RISV &b (Table 4.2), Backward B TII 27 v 7R &8
KT 22 THRBHMBEICEIDZ 7L —FHEHOMKEZ I T, #EITH W HE
DFENRELSBRLERNEIICLTWEEEZILND.

Lo Z &2 6, Backward B Tlx, @0 B8RO 2 ® 0Kk ME O
BEFEPRESIRDLIIE, XFPOREZEMEBFEOZDICKRBEH O EA
DEFENRELS D LT, MELELTEI N Normal BEL VWKL 22 o 72

LEZBbND.

64



4.5. &0

@

AETHOLONLEHREFE LD L, UTOXSICRD.

Forward BEix, MM 25 P H CRASROMBLREZEHELARDDS
XFEMEBR T ~NAA 7T DO REEME NV OENT =R R
L 7. %7, Forward B ® EI | Normal # & f% T& - 7= 7, Forward
BTG EEREME 2D, REHAMLCFEOREIIMZ L L,
TR =B A O FrFE I Normal #f & R % & 78 o 72

Backward #E1EL, I F A S ZMIC T CTHRBOBBES ZHREFL -
FEBRMBEOREOMBEF S ZOKBEE B ~L 27 0BT — 3
KU7%. £7, Backward £t ® EI iX Normal ff X W (&<, HiT#HE O
MEFOLZDIZITEY RERTEBEGHO NFHEERILETHY, Zh

BB ORBRFBIOVIFHWORESRBEMHEFEOLLD TH - 72,

Uz &b, KRN EAT L LM IcT2EEE LY - bL

78T —DIEAS = BREEL, KES 107 M T B L BT 8 {E

D El ~OFE T /I VR, KN 100 BEIT L2 E RS R TEKBEE O P

FfEFEN"BLELELRY, EINKTT L2 L0800 oT.
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75 5 A SR T D RE AT BATEED ) = v

X —FI O H B RIE T

5.1. H#

] & (1997, 1999) & E & FFEHEOLITEMFELZILLEL, mkd T
IHEITEENRELSRDIELEEZELD AFH I LX —FH O A DM
¥ (EI) DR 252 L, GMEFECE TR THHEIND W FHHEFED
OLIKBEEEE S EHS A FoORRENRE S, 2HH EAFE LKA
HAMER NSV EZREL TS, MALTIEEHE EHELELT SR L
LT, ZECHITEELNFENMLEE, ETOMBEMRFTL TWD R, HBITRO
R EBIZ DWW TR R T W2,

FBA4ETIE, HEZFCBOWTKRBEENLILT D& THREEONFMME
FHLEMT D ERN oD, MEALAHREL VWD LIICHBE LK
FHECTESITHEICET 2 THRESO D FHMEEOTRENR R D Z L %
EZXDHE, BITTORBRBOLENMICH TS FRBEOHETIZONTD,
B E CEHEEETTEVNCRIODIENTHEIND.

AEOHMWIL, BEEBE 2R E L THRBOBEA D HITHE~KIET
HEE, ABRMBEAEORE I L THEMEODFENEESHFH T X LF
—FHOENEOEENPLH LN T L LB, HFAETHLATZIHA

BT H L THERLLEREDEVIZIOWVW TR T 22L& THD.

5.2. Jiik
5.2.1. ¥ Br &
WEBRE XY e Emm A 104 (BM o4, M 14, £ 69.7£3.4 5%,
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B K 1.64+£0.05m, {A& 61.1+=8.2kg) T » 7= (Table 5.1). FBIZ % T
S THBRFICHZERN, EBRARF, T—2O0ORVFVREE2HHA LT

T B AT T AN ZE T B B R O B R B R SR
EYHRaERtEy Y —OmBEEZBERORR (BNESHE 9I9S) 2/

HLDOTh D,

5.2.2. M HE [H & 2 B
BATEEFRF ORB Z i EBICEHET D7D EHERETEE L2 HWE.

HEEEFETF2o0 77 2F v 7R ELZEZW L 24048 E X

HE

=

HTHERELEZLDO T, EIX 786g Th D (Figure 5.1). A% H % g &
OEFTHEEBEO 2HEMICBEET S22 & CHEMELEHAMICEE L. K

HoOMKRIZEEDPRS TRMEFETRBKBIES L ICEEL L

5.2.3. FHR

10m O EEHITEZ 2 >ORE LM TITbE 7= (Figure 5.2). &M 11%
R FE O E A #H1T (Normal #) & U, &KfF 2 [ ZEHMHBE EEE 2 H W TE
e 2 JE B AL B E L 2R R T o R e AT AR AT & U 7o . IR AT AR AT 1 R
B M EDOKRKESETEBHIC 28 (Forward(large)# & Forward(small) &)
e (GEMIE#E). ST HEEIIHBRE L EFICHRE LR L2 EEL L
THRICH A WIE RIT Lo 7o, BEBRE X EA BT, KeSaibBire b

W2 AR AT B A 1 e B HBULLSFENWT T+ —RAT Ty N T+ — L EH

N

RIpEN & TS A, ZoHDAR L 55U EHENEE. KRB OMLBETIC
EBRBREICENLIEDIEZD o h#EE 2 IToE . 582> T 5EHOD
REZITo2D, BITFICEFLLABREREPRLENLLLERESLCABARTHL D
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EREBES/HBLZEAEICVELSEL.

5.2.4. 57 — X N4

HIWTRLEFGETT —ZNEEL L.

5.2.5. 7 — Z B

F3ECTCRLEFIETT —FLHEEL L.

5.2.6. A & H ik
B3EICRLIEFETUTOHERABZEBNL .

(1) k@ o £

(2) BITOEMHER (BITHE, AT v 7R, Y4170 2ABXO TV
— % M)

(3) FHZBAHE b2

(4) THeBAE F v o XU —

(5) T Kk BA & o 77 0 4

(6) )My 3L x —FJH O A %MK

5.2.7. %t 71 AL B

Normal #, Forward(large)#t 3 £ 0" Forward(small) & o Lt #6133 £ &
HhuEERETIRVELODIHADO TR ESHE ST ZITV, AEED
DT —HIZDWNT Tukey Ik TEZ BB E X IT o 7=. oM H B KO RE &K
Z A %120 IZ Spearman DJAEMAHBE AR 2 HH LZ. WIFh A BEKEIT

5% & L 7=.
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Table 5.1 Characteristics of the elderly subjects.

Subject sex Age [yrs] Height [m] Body mass [kg]
1 male 73 1.75 62
2 male 67 1.67 61
3 male 66 1.63 54
4 female 67 1.60 56
5 male 74 1.62 60
6 male 72 1.59 53
7 male 71 1.70 65
8 male 74 1.62 62
9 male 67 1.64 82
10 male 66 1.61 58
Mean£SD 69.7x34 1.64%+0.05 61.1%8.2
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Figure 5.1 The fixed lumbar brace used in the present study.
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Forward (small)

Forward (large)

4
1
1
|

:Ground reaction force vector

Figure 5.2 The stick pictures of normal and trunk-leaned walking.
Normal, Averaged motion in 10 subjects; Forward (small) and Forward

(large), Typical subject.
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5.3. f R

5.3.1. F X~ 7T 4 7 A

(1) Kk L OEBO A E

EEEATEBAATIC OV TIEAEBRH o MEORE SITE ST 10 4 O HEER
Fra 2oL, AiEAEOREWIEL2S AL 54 (LLF, Forward (large)
W) & FAZ 54 (LLF, Forward (smalD)#) (2 # 4 1J L 7=. Forward (large)
BETHR/ANOKREBE S /41X 18 T, Forward (small)BE T & K O K& 45
MEIL14° Thole. ok, BASITCEHEBRT»AEORETIDOEL D
ENNED o O TS TIZE T 104 T Normal # & L 7-.

Table 5.2 [CE A HITB L OKRBAIESETICBT2KBRLEEROMED

THES L OCEERELZ T . K

pai s

L4y f4 £ 1% Forward (large) Bf,

Forward (smalD#, Normal # ®JIf TR ATM 2N K & <, L-TFMHMEIX
Forward (smalD)#t 3 X O' Forward (large) B2 Normal # L » K & < Ji& #h
L CTWw7. Forward (smalD)#t & Forward (large) B CH EZE X » 7=,
BRAMEAEICAEET RO N> 72, Forward (large) # Tl L v

bEBEARESCHMBEL TV LIBEmMA AL T

(2) AT O HEER B #H

Table 5.3 ICHITHE, AT v 7K, 7 ATV ABILOT7 L —FiEREO
FHEBLOEEREZY T T. ATy 7REBIO T L —XHBEIIHEBRE O
HEWETRLTWS.

WATHE, AT v 7EBLOITAT UV RAICHEBEEITRAL RS20,
7 L — % X Forward (large)# 2% Normal Bf X W F B I2/N & o 7.

728 Table 5.3 IZIX/R L TWhA W2y, LMHEWHBRE 14 0BEAFAHRITICEIT
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Table 5.2 Averaged angles of trunk and pelvis for the elderly subjects.

Trunk segment angle  Upper—lower torso angle Pelvic forward lean angle

(deg) (deg) (deg)
Normal n=10 04=+24 172.0+5.38 -45.9=+6.1
Forward (small) n=5 -11.8%1.7 160.2+8.5 -444+43
Forward (large) n=5 -255%x7.6 159.2+10.4 -53.6+6.3
N - F (small) N - F (small)
Difference p<0.05 N - F (large) N — F (large)

F (small) = F (large)

The values are Mean = SD

N,Normal; F (small),Forward (small); F (large),Forward (large)
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Table 5.3

Basic descriptors of walking for the elderly subjects.

Normal Forward (small) Forward (large) DIEZ;%%C(E
Walking speed Mean 1.30 1.12 1.33
(m/s) SD 0.18 0.08 0.18
Cadence Mean 108.7 103.5 115.7
(steps/min) SD 8.4 5.7 8.0
Step length Mean 0.43 0.40 0.41
( / height) SD 0.04 0.02 0.03
Brake distance Mean 0.17 0.14 0.11 N - F (large)
( / height) SD 0.02 0.01 0.02

N,Normal; F (small),Forward (small); F (large),Forward (large)
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HHATHE, AT v TR, T AT A, 7LV—XFHEIIFT N 1.61m/s,

o

0.49m/height, 123.9steps/min, 0.20m/height T, ZW L OEIF VT H
2R D Mean®=2SD OFIHAN TH Y, HMHEHEBRE OB RITIMD 94 O F %

WERE L RERIENIT RN -T2

5.3.2. X X7 4 7 A
(1) FEBHE b2

Figure 5.3 IZ Normal #, Forward(small)# 3 & O Forward(large)# ®
1 AT RAMICB T 2 TEMEE hv s OB Z — 2 DK E % & KE &Y
7= TR

S RETEI  b  Ic B 2 BB b L 71X Forward(large) B,
Forward(small)#, Normal #EDJIE TR E <, %M ICH T 2 & BEHEE
#i L 271X Forward(small)Bf ¥ X 08 Forward(large) B » Normal Bf X ¥
AEIC/HE o T,

OB RT O B 5 BB & M B b v 7 1 Forward(small) # A
Forward(large) #f X 0 A B 12 /h & <, ¥ ) % # T 11X Normal #f &
Forward(smalD)#t CixJE #h v 27 %, Forward(large)# TILfE b v 7 %
L T Wz,

S ETET B R ic B 2 RBEEIN K N L 27 1% Forward(large) #f 2
Normal #f LV AEIC K&, YWHEHMICH T 2 RBBEHKE L7 OV —
7 1% Forward(large)#t 7% Normal #£ 35 X O Forward(smalD# L » H & (2

INE o T

(2) FHR:BAEN b v R U —

75



15 7 soes L e o RSP
R A AR AN

AR RANAWARAAANARAAANARRAAANARIAR

Torque (Nm/kg)
o
o 6,
<
/
/
/

| Flex

0 20 40 60 80 100

Normalized time (%)

(b) Knee Joint

Torque (Nm/kg)

0 20 40 60 80 100
Normalized time (%)

(c) Ankle Joint

1.5 1
. Swing
2 11
S
£
~— 0'5 -
]
3
g
2 0 - ———
i
1
-0.5 - Dors '
0 20 40 60 80 100
Normalized time (%)
e N O M al = = Forward(small)
e e = Forward(large) O Normal-Forward(small) p<0.05
X Normmal-Forward(large) p<0.05 A Forward(small)-Forward(large) p<0.05

Figure 5.3 Averaged patterns of leg joint torques during one walking

cycle in the elderly subjects.
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Figure 5.4 Averaged patterns of leg joint torque powers during one

walking cycle in the elderly subjects.
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Figure 5.4 |Z Normal #, Forward(small)# 3 X O Forward(large)# ®
1L BATEMICB T 2 TEREGES V27 U —D B Y — 2 O E % ik
BEYED TR

Forward(large) #E 1T BEFE I E 2 I K& 2 BEEA U — 2 FEL T\ iz,
SERET 2 & I 2217 T Normal BEIXIRPBEEI IENY —v b ANRTY — I
174 27, Forward(large) # 8 X O® Forward(small)#f 1% K & 72 % B & 1 X
U —&FE LT TV

SR IC B T A BT A XY — X Forward(large)#f, Normal #f,
Forward(smalD#EDIE TR E o/, YHEMICB T 2BHEE AT — X
Forward(large)#f 2% Forward(smalD#t 3 X O Normal #f L v HE 12 K& »
o 7.

SO AT Bl B 17 5 2 B i A Y U — X Forward(large) B A
Forward(smalD# ¥ X 0" Normal #f LV FEIC K& <, S o & B i
BT — 1% Forward(small)# 72 Normal H X DV A ElICkRE<, M EH O
PR EIIE XY — X Forward(smalD)#23 Normal # 3% X ' Forward(large)

HLvAERIZIHS Lo,

5.3.3. 1 F W= R )L F —

(1) FTHBEE o %t H

Figure 5.5 IZ Normal #, Forward(small)# 3 & O" Forward(large)# ®
L BRATAMIC BT 2 TR oS EF, EdFEs XA FOELEE
FOHFEREZFRKEEL YD TRT.

o # (a) ICB L T, BB I B\ T Forward (large) B iX Forward
(smalDBFICX L T L6 CTAHARBICKREN -2, THREHESAGIICAHEEIZ
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H BT =2, Forward (large) B Tl X W K& W Th - 7.
EfHE (b) ICB L TliX, Forward (large)#t @ % B &i X Normal #f (2

L T 2.2%,Forward (smalD)IiZxf L T 1.7 THEIZ KX 5 o>/ .Forward
(small)#t B X O Forward (large)®#t @ & B &i1X Normal #ficxf L CTZxh ¥
nO0.THE, 0.7TfHETAHEIZ/IES T,

fBfEF (¢) (B L TiE, Forward (small)# (¥ Normal B2 % L T % B i
TIHO04AfETHEWCHSLS, BHEHIX 1.7/ THEICKE 2 > 7. Forward
(large)# @ E B #i1X Normal BEIZ %t L C 1.4 %, Forward (smalD)# 12 xf L

T19FTCAHEBEICKRE -T2,

(2) HFH = 2L X—FHOF MR % ED

Figure 5.6 [Z B T HE & R 2 K& A To EI & O BLR 2 =9 . fit @
2N EI, BN BT HE TH 5. Normal #Tix EI BT EEOMICAD
MBEBEBRERAL R,

Figure 5.7 |2 Normal #, Forward (smalD#ft 3 L OF Forward (large)ff
O EI # V¥ fE L E%¥EFZ% 7. Normal #1X 0.66+0.06, Forward
(small)# 1% 0.60+0.11, Forward (large)# %X 0.47+0.08 T, Forward

(large) B 1X Normal B#F L W A E I/ E o T2

4. B
54.1. KR RIHEAEOKRE S L NZEHNZ X AVX —FHOA %M OB %

AETHFHEAEARCLIO2EBROAMBES 2 EET S0, @ &RAE

k

CHEMEE EE RS L RSB AIE BT EIT o2, HBREME THRBE S
BEDODITLODENKENLoT-. ZTOZLDHERKD —>E L THBRE OKK
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Figure 5.5 Mechanical works of the leg joints in one walking cycle for

the elderly subjects.
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Figure 5.6 Relationship between walking speed and effectiveness

index of mechanical energy utilization (EI) for the elderly subjects.
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Figure 5.7 Averaged EI for the elderly subjects.
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CMHEEEERLOE AN+ Thhol I ERBEILNDI D, HBRE OH
£, KE B L O Body Mass Index (BMI)/x Forward (small)# Ti% 1.62+
0.4m, 59.3+4.3kg, 22.3%£0.9, Forward (large)# TI% 1.65+0.5m, 62.8
+11.1kg, 22.8+4.2 THEZ T, MBICKKE LOMHEIT RN 5
Zbh b, bk-FFAEIX Normal B 172.0£5.8° (Zxf L T Forward
(small)#f T1% 160.2+8.5° , Forward(large)#f TI1¥ 159.2+10.4° TH VY,
Forward(smalD#t & Forward(large) BEICH B ZIX A2 bR o 724, B
i1 4 T1X Forward (large) BE A3 &V K& W ) TdH o 7= (Table 5.2) .
X 5|2 Figure 5.2 D A7 4 v 7 7 F ¥ —% # 2% &, Forward (small)f
TEHTMTHRA#MB T TERAEZ XViE L THITLTWDHA, Forward (large)
BT FHEAMBELEMEZEbICRELLFIELTVWDE ZERDbRS. LE
Db, KEBRTHHWBEMEREE B IZIHRE O LR & TR oML
BEAREKICEELTWE OO, THOMERNEREICL > TRRLDIED
I, ABRESAETEIEREB TORELDENKRELI Ao EZLLND.
EI % V¥ Tl L 72 % £, Forward (large)# Ti% Normal # Xk v %
B2/ & oz (Figure 5.7). AW OHERHE 104 (K 94, L
1 4) OVFHHFEEIE 69.713.4 T, EASITOFHHITHE T 1.30+
0.18m/s T » 7= (Table 5.3). &% 5 (1995) 21T - /= & v & O # B fe
JJH A TR, MBET B 656~69 % (n=134) O VX HEATHE T 1.24m/s
Thole. 2NHLDZ LT, RIFROEBRE OBITEREIZFEHRMIETH Y,
Normal # & Forward (smalDFEIZFEE O FEE&G O N FETH -
7223, Forward (large) BE CIX BT HEMFFIC L K& 2 FTREME O %M
HEEIMLETCH-TZ L ERT.
THE=ZE&HO N FHMEFICB T RERHBEENL LN O X KBEEE
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fEH e BEEAAatETH Y, Forward (large) B @ % B i 1F & % 1T Normal
BEICXE LT 2.2 f%, Forward (smalDBEICK L T 1.7 fF L AEICKZX L,
Forward (large)#f @ B i &1L % X Normal Bf %t L C 1.4 1%, Forward
(smalD#EICX LT 1.9 & A EICKE o7 (Figure 5.5).

Figure 5.8 (XA A ST 6 L KBTI B ST ICB 1T 2 B E EfFl L O
BESALFEZERERS L OSITHE TR LULMEE, KRBHSHE O
ERLIEbOTHLD. KEHEMLF (a) 1T, WTFHLOHETITBNTD
EHATEHAERNREWEEWMRTLI2HMIZHL. O LDERE LT,
1 BAATEAMICB T 2BEE FL 2 & PV I NT —DENNRE = BB D L,
SN AT b kT S RBEEME L2 OENTY =3 Forward
(large) B, Forward (smalD#, Normal BEDJE TR & W\ 2 & 25, g R
A T 2 12 B MmE ML ~OBRBBEPRELIRDIEDLEEZLNLD
(Figure 5.3, 5.4).

R AMLE (b) 1T, KBREHOAEL 0° b 10° H72Y TEHEHE VL E
fELZwna, 15° LETIEHE AL TS, 1 HiTAMICB T 2BMEE LV
7 MV I RT —DEALNRE — B D &, SCHETENIC BT D R R
KV 2 ©F 38U — % Forward (large)#, Normal #, Forward (small)ft
D JETK &\ (Figure 5.3, 5.4). £7-, Figure 5.2 D A7 4 v 7 ¥/ F
Y —% H % L, Forward (small)# T % 3 £ i i #h © K & £ 1% Normal #% &
RERMHET VWY, #ERK X7 PVIFREEME (X7 4y 787 F
¥ —2 2~vH) IZBWVWT Normal # CIERBRHEBGOLH TA@EBL TWVWD
DIz H L T, Forward (smal)ff CHE B & LZ2@E#H L TW5D. £
Forward (large) # TIE R M A K & < b U, & &£ #i s o Hu i K )~ 7

FLEBEAGOR T EZBEBEBLTWDS., XHEHKREASE S 5 2 EEHm» L
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RE#Z#METIE (A7 4 v 277 F v —0 17256 2a~vH), BHEGGMNHE
i RED 1 AAT A M O 72 Tl b R < IUHE L, M K00 X D B i b e
— AV MCHEHRT LR L ST 5 (Neumann, 2005) . Forward (small)
BECIX BB B R R o R IS W T K S K D B R —
AV IR SL 20 TCHEHMBRE M ZICEIBEGAMEL NS R
5 H, Forward (large)#f TI&, SCH M RBIEI o K & 7 i dh < i & 7 12 &
LHHEMEHEME— A FARELS R L50T, BREMHSME M7 OAHEER
KEL ol tE\EZLND.

Figure 5.9 1%, EA H17H X KSR AT SRITICH T 5 EI & K& A
EOMBERLIEZLDO THL. ELIZEBHSHEL 00 056 10° H72H T
ETHFEVEALRWVD, KEGFTEN 15° T R&E< 25 & EI N{KTFLT
W5, REAEifE 15° 2EELTCREIBNKRTT 201k, THRoxx~T 47
ANBEHFICEAL, FICKBEHEAFLBRMEHAMLERHRT 22D TH
LR, TOZELEDODERITWS O >NEZLND. —o R, HITORKET
DNT A& DH2H T, Saha 6 (2008) &, 24T ®1F T I3 44k ¢ Al 7 /4
ERREWVWZIEXFHBEEGE OB A REL 2D, ZHNIETERE® T~

e THhBRAMMEIC X256 EETLOR G EMZHET D720 &k ~T

(Y

W5,

“oHIF, —HEEHTHLI NN ANY T RITK DKM B X OB H
DA EHEOHIRTH L. KEGAEH T2 ENALR MY T AEBEHTH
DA RS BN NN DD T(E—RA L P T —2ANEL25D),
NEHANY 7RI KD REEMME L7 ITZRELS LD (Hoy 5, 1990).
ZOEIENALAN) T AFEBRATEES 2 XHF T L2000 LG

L CEY (Neumann, 2012), HEX Z H W CTHEBEIESITITE T 5 N A
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Figure 5.8 Relationships of the trunk segment angle to the positive
work at the hip (a) and the negative work at the knee (b) for the elderly

subjects.
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Figure 5.9 Relationships between

the trunk segment angle and

effectiveness index of mechanical energy utilization (EI) for the elderly

subjects.
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ANV T ZAOEEB R TIE, A HicBs T A AL ANY T
ZDEHAEAHITLYREN EBHER I TS (Hashimoto 5,
1987). — G T, NA ALY 7 AT FE 4y 72 il ok ME Y 72 Wk BB TR R Al
MRELZVBMEDLE, "AANY 7 20 Z & OFEM TEIEEM O
R N S o b mBERNH 5.

SoBE, BEEHAELREEL) ZDBEEMER NV ORE S L OBRF
Thsd. BER»OBEMEEANAME E TCOE— XA M7 —A510F, Hih 30°
M 60° ORI THROBRKELSARD. 2OFE—A VY MT —LARRKERDA
L, BEESHME MM 7SR REIBEINLIAERBMIT KL T
BV, TOAEHMEAANTIIRES caMBEM TR ILLIME LT DK
2fEoMME MV ZREST L LMK S (Smidt, 1973 ; Krevolin &,
2004). Forward (large)® & K#EHFF (R T 4 v 7 ¥/ F vy —2a~H)
OB AE XM 45° THBH. o L b, Forward (large) Tit K
X/ MEBAEIE bV s BRI L TV D 0%, T B R AR~ o AT M T
I /S WA RN H 5.

MAT, RMEOHEBREFEIZIHEHNRAFAEAEFEZL TCWLHIETE SKE Cd
D, UM REBRESEITTHL L BEETHILENDH S D . Forward
(large) TIE K = 72 (K& fif HhE¥ TCXRHoEihzZz RK&E LTk, L
ML s, RBAEERICHT 2R 22 TROEIEFELZZLND.
Bl Z X F I A H o HIE T BT, SMEAETE S P T R
KBRS TREZZF~SEHFEL2 LI L CHBEE2MEIYE, i
KOk oBEEGMEE A P2 REL$T 252 LT, BEEMEGFED
NFEEMZ D52 ENAETH S (Neumann, 2005). HL, Z DK H 7%
KB OB X TIEST %S O E Push-off T+ 012 T&E 722w, S % B
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BIOIHEEMB IR 7 AHONMITHIEOR T ME~FH KEHEBL
TW% ® T (Anderson 5, 2003; Liu &, 2006; Pandy & Andriacchi,
2010), ERATEIC L TXFM L2 E - B IS IE @IS ik Tk, H17
HEMKTFTT 2L PHIND. EE, FRAEECHRBARSSHM LS
WmED, BICTFE2rRIIXFHEMIZILERETCOD -V EHRITT DT %
BT DL DD. AMMAEOEBREIITEG WK DB H L DT,
Forward (large) ® £ 9 72 TR {F 0 &% TR S ATE LS @IS L, EA &

TERIFOSITHRELZMFE T2 2R TELLEEZXLND (Table 5.3).

5.4.2. @l # & B FH T BT DK AT AT O M

BRRAEBITEZ XA A AT =27 Ao LEXITH % (Saha o,
2008 ; Leteneur &, 2009 ; Kluger &, 2014) T, WL b %425
HEFEETHY, GWMEBEICOVWTIEIHLNTR o . AKHE TIX KA
BERBITHE~LRFETTEBEBIIBEALT, ARELEFHEOEVERTTT S
=T, KEICK T D & E O Forward (smalDRE & 5 4 32k T 5 354
% O Forward # % H#9 5. LLF ClE&EEE O Forward (smalDFE % &
ME R, HHFEH O Forward BEZ HEERE L T 5.

Table 5.4 LR EHBIOEFEEHICBT 25T OEMOER 2 FY
EEIOEBFERETRT. FITHE, X7 v 7R, FA4A TV ABIVT L
— X HHEE, FEEHEIEREFE LV ABICKRE o7, Figure 5.10 (2
R EMBLOEEERICEIT S Bl 2 P8 L OEERETRYT. &
EEHOEIIIEHMERLYFAEICKE -7, Figureb5. 11 IC @ &HE B
FOFEEEHICB T THR=ZHEEGEGHO N FHMEFICT 5 KEH, KE
s lLOREEHOR G2 FHMEFEEFAETTT. AilmE BT 25 KE
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Table 5.4 Basic descriptors of walking for the elderly and young

subjects.

Elderly Young D;ff:gg.rac;e
Walking speed Mean 1.12 1.52 "
(m/s) SD 0.08 0.14
Cadence Mean 103.5 115.7 "
(steps/min) SD 5.7 5.3
Step length Mean 0.40 0.46 "
( / height) SD 0.02 0.02
Brake distance Mean 0.14 0.16 "
( / height) SD 0.01 0.02
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1 * * p<0.05
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Figure 5.10 Averaged EI for the elderly and young subjects.
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Figure 5.11 Percent mechanical work in the individual lower limb

joints to the total work done for the elderly and young subjects.
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HiEfdEEEEHGEAMEFIEFEEHIVABICKRE N7, £2L T, A
BERICET 2 REMESEAFLBREHGAMLFIEEEHLIVABCHSI o
7.

EHEFEFHICB T2 EEGEKE bV &L bV I RNRT —D BN Y — 0 %
H % & (Figure 4.4, 4.5), P HIckK T2 2EEHIER ML 27 XU — (%
EolZvw., — 5T, BWMEHECEIHTY cCRBEAHIEKE hLvs oA TY
— N RKRELIBHEEINLTWD (Figure 5.3, 5.4). & 5|2 Figure 5.12 (27
L7 1AfTAMICB T 2BOMETMEEOENNZ =2 D&, S
HH (1 BRATEM O 337005 38%) I WT, RMEHCEIEFERL b
M D X A I IR FRICEL, EFEREB NIV ENGND.

W X RIS B 0 2 ke oo b5 N B & OVET 5 R kF 3 5 R B i
JiE 5 BE OB BE R FIIZ B 2 MF %8 (Neptune &, 2001) (2 X 5 &,
W O(BATEAM O 30%FHIT) B ABEEM B T AT, HFRERMEE L
TEBVZRXAXF—DEAFT VDY, XFHEAEABOMO TR LX —(RiEL
BT THRBROATHEICERR T2 L and. HEFRETITZH S H
TRMEESERGHENERMENMEEL T 252 L THMROAEZIZ &, [
CHE S HIE A D EEAN C R FE AR ET SR E T D 2L THIRMNAT G~
EIND EBZ 26N, @& H B T3 2 B E R M BE 25 ok M e &2 L
TWHOTHBADZ A I I7RELSRY, 202 L NHBITHEEOREL
EIOKTICoARRN o tBE2ZLNS. MO E LT, Kl AT
TIHEEBRICES T2 7L —FHBERELS 20T, GlE CITEHEA
HTFEL2RESLK T L2 THROAIGTMELZIMZ, ERICHEMEZ L TV E

LbFZEZXOHND.
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Figure 5.12 Averaged patterns of vertical velocity at the heel during

one walking cycle for the elderly and young subjects.
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Jie BAEG MR R A RE IR S AT IS B W TR MM T 5 2 L THR B R
REF LD XFWE®R T ~AA 732 (Eng & Winter, 1995). &
A CTIIIKBESOEAFERESSTLHI L THRBMBEESLMRFL, &
CIZRBEHEH OELAFORMD ZM-~TWWELEEZIDLND.

InNboZens, ERFIHERICEBTEEE NEFEE LFEFOHLT
WEZMRFFT 5, LV RS TERESONENMEERILEL 2D HE
M2 XF—FHAOAEDIMEITETT 2L, miE O K@ AIT TIEK

FEEMEGHHE~OARBBIEFEELV O RSV LRIk,

5.5. £ &

AEOMREZELDDE, UTOLOICRD.

@® Forward (smalD#f & Normal B ® EI X% T& - 7272, Forward
(large)# CTIX Normal #f X W EIRHEIZ/h S oo,

@ e ORiEIC I 2 FEMEE O N FrM SO LT kB EAF LR
iRt F TRE <, EEpalMHAEOE K e &b I2 Ik IE M4 #1388
RUED, BESAMLFEITERRORBAELS 15° L R& b &
RLZ.

@ mE L EFEFEOKRBABESATTIETREGH O W FEOEFENEZERD,
s E TCIERBESOAMLFRARENWI &L TEIRNEA L.

UboZ &b, KREgaiMEMAEN 15° LEicRd L&, Ko BHIRE L

XMoo RERBEMEIFEICHTRT L5720 TEREES O FRAFERRE R

D EI "R T 922 &, & Om A 30 al A E L ST # P35 FEE

CRIBETH > TH ELIZIRLS D2 B holz.
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#6 = R FHEIERET OBITHIEICR T 224 TEHEOD

T 2L X — D

6.1. H

BATEIECII AL THRICET 2 WFHNZ XL —ONMHERHITR > T
BYV, —HFOoTHEOoO=ZxAF—RNFRITLIE, 72— FOoTFTHEo=Zx ¥
—lZEALPTL2Eenb, EADOTHTERZNLEZENDFH XL — 0D
EMAEL TS EEZX BN TS (Winter 5, 1978; Robertson 5, 1980;
%EoJ6, 2007).

BATEFETCIEI TR EFBEI I HBHVICHS 2 THFHZRIALF —NF
MIImESIND EEZ2LE, FHEERICLE THHETEENKTL (&M
5, 2006), FERoOBZTLAHRINDLLE, EATKHEONFE T XL X —
DN b EEZRIETARERELDLLEEZIDOND.

AETIIERHEETEHRIELREZZ2 LRI, BHEEEISITTOLEL TKEO
NFHZXINLF—ORNICKETEBEZH LML, N¥FHNTZXILVF—%

AHCHHLTHETTLLLOOHEINMNERNZHAL NPT LI L2HENLE T

%
6.2. Jiik
6.2.1. ¥ Br &

R EIL, BEAEFEHIEPIBL L TV MBERTRER 54 (B 14,
Tt 4s) OEBHERMHEREZBEMRLL, EAFIZIEELFALCRE
Hamisa &Lz, L, @ERBEON—LHITERETLI2HLET 7144 F
WMENTERNP>TZDOTARKETIEIHRE2L LRI L. Table 6.1 [ZHBRHE
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DY ERFFMEEZRT. R0 E ORI EREL, THROZLPEEEE THRWIE
HRELVWERZRD D b0, FHEBESS, TEAEI, TH5HERES
X425 FINEHR, BRECEBHHRENIRET SN LMkt L MR E,
EERE AL MM ERBELH DD, Toftt, HSITEFEICEELZ KITT
AREMEDOHLD2KEEOBRERNH D b DL Lc. FEBRITHESL > THERE TR
HEY, EBRAR, 7—ZO0WMOVPVWLREE2THLB HDOREBICET 2E4
EARTC . e BN IE T BB B K R G A R R E R A E R

F—DOMBEELZBEZOAR (BAEFHEIL) 2H-bOTHD.

6.2.2. BT 7 A4 A v b OFEAME

FIET T4 A FOFFMTIX, =274 A —F =27 FAEEdh i (5 6%
BL¥EMHR, T 4F 4 7% —, Figure 6.1) ZH W\ THBRE O % F
ST OFEEEHAZRKIC L — A LZ(ER,1991). 2\ T Milne 5 (1974)
DFHFEIZIEREMO K& 24 E&({LZ. Figure 6.2 2777 X 5 (T,
KWREICIBWTHE 7HMMEE (LT, C7) o % b BEMHEMZERE (LT,
L5) ZiSEMREZ L, LAFTHED STEHELETLIHAE X L LT, C7
b X £ TOEE% Thoracic length (ML T, TL), X 25 L5 % T o HEk
% Lumbar length (LLF, LL) & L7%z. 2L T, STO EHZ#hoELA»
5 TLIZ F3 ®EAOEHEA Thoracic width (LLF, TW), S5 d FEZE
ODHEMASH LLIC F¥ ®AHA O BB % Lumbar width (2L F, LW) & L T,
TW # TL TR L7-fEx# MiEZA % (TW/TL), LW Z LL TR L 72 %
JEHEZ dhf5 % (LW/LL) & L7, 7238, Figure6.20)0 X5 ICHFHOEE
BN EIT LBEMEME A HAL TWDL2H G, LW/LL ZF# TE R 0nwo T
ARl AN EE &L T2
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Table 6.1

Characteristics of the patient and normal subjects.

Height Weight

Subject Sex Age TW/TL LW/LL
(m) (kg)
1 F 75 1.49 55.3 0.103 UM
2 F 73 1.50 405 0.176 UM
3 F 83 1.49 56.4 0.180 UM
Patient 4 M 81 1.64 70.1 0.147 UM
5 F 84 1.35 49.3 0.147 UM
Mean 79.2 1.49 543 0.150 UM
SD 4.9 0.10 10.8 0.031 UM
Normal Mean 70.0 1.64 61.1 0.077 0.051
(M:8,F:1) SD 3.5 0.05 8.7 0.025 0.026

Difference * p<0.05

*

*

*

UM ; unmeasured
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Figure 6.1 Measurement of spinal alignment by the conformateur type

equipment.
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(b) 7

L5

Figure 6.2 Evaluation of spinal alignment. (a), Normal spinal
alignment; (b), A variant of spinal curve with no lordosis; L5, Fifth
lumbar spine; C7, Seventh cervical spine; TL, Thoracic length; TL,

Lumbar length; TW, Thoracic width; LW, Lumbar width.
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6.2.3. B &

WBRHEIZ 10m O BEHEAHITEIT L. ST EE IXEBRE @IS s
BEULDZHEEL L CRHICEDPOVHIBIZLZ2»o72. #HBREICITSHITHARL,
L LB B HEUESNWT T+ — AT Ty M7 — L EARREE TH A
Wi, ey 5B BB, FREOHKBATICERRE ICTEN
SELO M EETOYE L. HBRE TS RIOREZT o2, BT

PIZHELLABRTHL2LEBREIPHBLEGAEISVEL I Y.

6.2.4. 7 — X W4

HBI3ETHRLEFIETT -2 INEE L.

6.2.5. 7 — X P

F3ECTCRLEFIETT —F0HEEL L.

6.2.6. G B & HH Tk

B3EICRLIEFETUTOHERABEZEBNL .

(1) BITOREBHERE (SITEE, YA T2, AT v 7R, SR, 7
Lo— X BB, ST RER, EMRER S X OV E KB B D o 8 B L)

(2) Kk L VBB O M

(3) i b7 BRIV XD —

(4) EEi AW R —BL®E T A R LT T —

(B) FURFMAYDONEHNZFI AT —BLOHFERT MO N FEHNT R X
— DR E &

(6) N1y x L —FH O fF %MK
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6.2.7. % 5t AL B
2D ZEOKEIZIE Mann-Whitney B E &2 H Wiz, W HEEB MO BE%Z
H 572 WIZ Spearman QA FHEGEEZRH B L. WIn b A EKEIL Y%

L.

6.3. i R

6.3.1. FHET7 714 A b

Table 6.1 (& g ft 2 it f5 %% (TW/TL) * L OVBEHEZ i f5 % (LW/LL) =
T. TW/TL A REWVIEEMMHEZE N KE NI &%, LWLL K& W0 IFE
BEHRMBNRKEWI L ZRLTWD . TW/TLIZEHF R T 0.150+£0.031,
% & HETIX 0.07720.0256 CREMNPAEICKE o 7. LW/LL X #H
FHHE T 0.051£0.026 Tod o 7= 2, BF#E TiE Figure 6.2(b)IZ 7T X 9512,

BETCOHBREICE W CTHEHMERMBRHEHELL TBYEHUAETH - 2.

6.3.2. AT O Ky B R

Table 6.2 IZHITHE, ¥4 T v R, A7 v 7K, &R, 7 b —FHEHE,
SRR, EMIRER S K OV R E &L 0 8 E AL O SFE B E 3 K OV Y R
EETT. AT v TE, KR, T —FHMEBLOHEEETLOHEE
MIIHBEOHERELTRL TS,
SITHEEBLOCHERERFLOMELEMIL, EEHEIEEEMHLIVAR
/N E o T

728 Table 6.2 21X R L TWARWR, BEFHEON, BHEHERE 14 0
BHRITICBTL2HTHE, AT v 7R, 747X, 7T —FHEEETEN
Z i 1.35m/s, 0.42m/height, 117.6steps/min, 0.17m/height T, T 5
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O ITVTN L EBEEHELSEKRD Mean+2SD 0B AN THY, BHEHBREO®

WEITM D 44 DI ERBRE & REREBENIT R o7,

6.3.3. kit B X ONEE O M E

Table 6.3 (Z (R ¥ 43 /4 K, b - WA 4 B, B 8% Al 8148 B, & A% 00 ) 4 B2,

HREIEAEOFHHELS L CHEEREZ RS, KRl oMmE, E-TIRMAE
BELOEBAMMEA LT 1IRTEAHO M T, FBMNIEMES LR

AKX 1IHTHBOZEMLEDOMTRL TS,
E-TRABEITBRERSETEH IV ABICH S, BEHO KRG LT
ERELVLEMM ChHo. BRATEAETIEEHIEFTER LIV ARE
MNEL, BEBOBBIEIREFEHLIVOHMEL TV, BHRMNEMER X
OHBREEAEITZ 2HB COABERET R o), BEMITEFEHELY

INEWH A TTH o T

6.3.4. HFH T )L F —
(1) hFW=xrxX—FHoRHERE, HFHHEEBS LT EESHE O
T XX — B EE

Figure 6.3 IZ 7% M = X L X —FI Al O F 2ht #5 (ED & 447 3 £ o B 1%
oS, ftwh Ay EI, ARE S BRATEE CTh H . fEE E B CIL EI LR T E
OHMICAERAOHBBERL 2L L.

Figure 6.4 IC EI D E X L OIEERAEZ L2 =~ 7. B F 1L 0.4520.12,
fl W FH L 0.66£0.07 T, BREMTITRFTEM LY EINARIC/HE o
7=

Figure 6.5 (2 EI & N0t (Wwb) D B4R 2 /5 3. fitdih 28 EI, #idh 2
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Table 6.3 Averaged angles of trunk and pelvis for the patient and

normal subjects.

Patient Normal 5”::5;%06

Trunk segment angle Mean -0.9 0.5
(deg) SD 3.3 2.5

Upper—lower torso angle Mean 150.9 173.4 *
(deg) SD 12.1 3.8

Pelvic forward lean angle Mean -31.7 -45.9 %
(deg) SD 15.1 6.4
Pelvic lateral lean angle Mean 13.8 17.6
(deg) SD 3.4 2.8
Pelvic rotation angle Mean 124 17.6
(deg) SD 2.6 5.1
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Table 6.2 Basic descriptors of walking in the patient and normal

subjects.

Patient Normal 5":;5;%06

Walking speed Mean 1.07 1.31 "
(m/s) SD 0.16 0.19
Cadence Mean 108 109
(steps/min) SD 8 9
Support time Mean 0.70 0.67
(s) SD 0.06 0.05
Swing time Mean 042 0.44
(s) SD 0.05 0.04
Step length Mean 0.41 0.44
( /height) SD 0.02 0.03
Step width Mean 0.06 0.05
( /height) SD 0.02 0.02
Break distance Mean 017 017
( /height) SD 0.01 0.02

COM Z-displacement Mean 0.08 0.10 "
( /height) SD 0.01 0.02
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Wwb ThHod. Wwb IHEEREYSYZY TRLTWVWS. WTFhoftd EI &
Wwb & ORICAEZRMEBRITAD N0 o)y, BER CIIRETEERL
Fl% o Wwb T ETIZE W1 TH - 72

Figure 6.6 (Z EI L H{AH MO = 20 ¥ —{zZ &(Th) D BF &2 R~ 7.
fithh 23 BI, #dh 728 Tb T 2. Th I ZHEKERE ALV TRLTWVD. WTh
O#EH EI L Thb L OMICHERMBEEKEIALN RN -T2, BHEHTIE
EI LR UCX2ICTh /& 0o,

Figure 6.712 Wwb & Tb ® F¥fH & L O MR £ 2 K E &Y 72 ) T
T . Wwb |3 B # B Tl 1.21+£0.26 J/kg, fd % # £ CTiX 1.53+£0.42 J/kg T,
WMAEICHEEET R P72, T IXBEFR CTIX 1.1420.31 J/kg, fEFHEHERET

X 1.88+£0.66 J/kg T, BEMTIHEFEHEELDY Tb XA EIC/HI o7,

(2) NFEHT X LF—Df N

Figure 6.8 ICEBFEMB L ORFEEHO 1 BITAMICRB T 5 ¥~ X v
F—DOENNY - OFKHEEEZERERL 2D TRT. Mo LB (a) IF
LB OB+ W B+ ks (LT, HAT) T, Mo FE (b) TAEL
ThKTHh 5.
PHBIOHFKREL 2O NFHZRLX — O RKE I IL/BEFEFHFEN BT
IOV R&Ehol, NFEHZIAX—OE Y — 2 FBFRE & BEEN
THEREWETZRLS, 2FTE 1HTHAHN T 2EHOEES Y, HAT T
REREAT R o7, THRONFHZ R LX —TEL TAMENIZIEHIC
Ro TRV, ZHMPTIEINASERNHICRL EBBIIREIRosTWVT.
Figure 6.9, 6. 10 B EFH B LOREEH TN ETAD 1 HITEHICB T
LDRBE, THRBIORHO HFH L —E{E (dE/dt), B A |
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cv 2z XU — (STP), BAHI H XU — (JFP) OEALREZ — L OVHHE% 5
HREEYZY TRT. dE/dt O E O fE D NFEH T R VX — NN L
ot E, ADMEIEEA L EERLTWD . STP @ EOfE B kv
JIE o TEHEBITHFHN XA —BNW|ALEI L2, AOEIXWKMH L =
ZEtAERLTWS. JFPOEOEIZEASE NICL > TH T HFHT XL F
—WWALEZZ A, ADERERKHLAEZZ EZ L TWV5D.

dE/dt, STP, JFP O R & ST FHEHLS 2K L L TRE W, Bl X
— BEMHLLEBEEHE CHERENTI R

KEBICERT 2 &, BEM, FEHELL 1LHITEAM 2 E L THEHE A
T—NE T A MMV RT =30 b REL, EHATH CIIKMEE LY
EEBEESAICI D R X =N KB AL, %Y CIREBEES D IC X

DRB2LHLZ X AF =ML TV,

6.3.5. FMBIOKMEESICBITLZFR~YT 427 A« FXT 427 ADEAN
H—

Figure 6.11 7> b Figure 6.16 1Z 1 4T AW IC BT 2 H ¥ X OB ©
FRIT AT A XRRT 4T ADEANRY — v % FHMETHET.

(1) B e 3 X OvIE] BE f4

Figure 6.11 (Z/H 8 ol & A # & (a) 5 X O JEABEE (b) D EA(L/S
F—rampRT. KEmICE T2 KEGFGEL oMERE L ATHEEICB T 5K
A ELVOABENEDOEZRL TS, AN AREEEN LD LT
AV, MR A T 6%, 15~24%, 57~58%, 67~79% CW I b BE

FEDOMEN/NE L, FEAME CTITZ T0~T4% TCEEFHOMMB /NI o T2
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1 4 ¢ Patient O Normal

E 0.8 - Ellj 0 Normal
= e o e —
% 06 - * e g r=-0.73
4 | p<0.05
2 04 *e
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£
w 0.2 -

0 T T T T 1

0.8 1 1.2 1.4 1.6 1.8

Walking speed (m/s)

Figure 6.3 Relationship between walking speed and effectiveness
index of mechanical energy utilization (EI) for the patient and normal

subjects.

108



1 * p<0.05

o
0o

0.6

0.4

Effectiveness Index

0.2

Patient Normal

Figure 6.4 Averaged the EI for the patient and normal subjects.
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1 - ¢ Patient O Normal

é 0.8 - S -
[
2 0.6 - ’DDEh = O
()]
g 0.4 ¢
20 * o
o
w 0.2
0 T T T T T 1
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Wwb (J/kg)

Figure 6.5 Relationship between mechanical work (Wwb) and the EI

for the patient and normal subjects.
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14 ¢ Patient O Normal
x 0.8 -
Q
5 AN
2 06 - ¢ D@ )
Q
S 04 *
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Q
W 0.2 -
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Figure 6.6 Relationship of mechanical energy transfer between

segments (Tb) to the EI for the patient and normal subjects.
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Figure 6.7 Averaged the Wwb and the Tb for the patient and normal

subjects.
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13 - (a) e \Whole body (Patient) e= e HAT (Patient)
12 - —— whole body (Normal) --------- HAT (Normal)
114
%D 0w\
> 9 e —
o O
g 8
w o e» oa»p oS GBS o GE) G GEb G G G G o
7 .
6 -
5 T T T T 1
0 20 40 60 80 100
Normalized Time (%)
1.5 + (b)
w1
=
>
20
o
£ 05 - | |
e R |eg (Patient) == | |eg(Patient)
— Rleg(Normal)  --------- L leg (Normal)
O T T T T 1
0 20 40 60 80 100

Normalized Time (%)

Figure 6.8 Averaged patterns of the mechanical energy change of the
whole body, HAT (the head, arms, and torso) (a) and both leg (b) during

one walking cycle in the patient and normal subjects.
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Figure 6.9 Averaged patterns of the mechanical energy change for the
segment (dE/dt), segment torque powers (STP) and joint force powers
(JFP) in the thigh (a), shank (b) and foot (c) during one walking cycle in
the patient subjects. O early stance phase, @ mid stance phase, ©®

final stance phase, @ early swing phase, ® final swing phase.
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Figure 6.10 Averaged patterns of the mechanical energy change for
the segment (dE/dt), segment torque powers (STP) and joint force
powers (JFP) in the thigh (a), shank (b) and foot (¢) during one walking
cycle in the normal subjects. O early stance phase, @ mid stance

phase, @ final stance phase, @ early swing phase, ® final swing

phase.
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(2) M B8 & o

Figure 6.12 [CI B EE ORIZ KD (a) BL P EKST (b)) OE1
NP — v RRT . Hi%ER S OEDMIEE G ~OEE LY, $hiE kSO EDME
T EF~OFHEZZNEN TR L TWVD . MR EBEENL D IR RIX
AT K 20 Tix 1~4%, 24~32%, 52~61%, 70~76%, 83~100% T\ 79 1
LREROMMA /DS, BEKD T 15%, 65~73%, 96% TV I b &

FEREOMENB /NS oo,

(3) % B A

Figure 6.13 ([CIk B & T O HitZ sy (a) B X OFE LS (b) O AL
S — R d . B S OIEDOMITREEICIHEMN T 2HmE 0, &iEKD
DIEDCEIZEAFOBREH NZZNZENRL TS, AW RAEEZN A LR
7B E, BT KA TIE 5%, 49~53%, 62~63%, T1~T4% T\ h b &
EROMMA/NEL, HEMED TIE 4~14% TERE-EN /NS, 24~26%T

BERENRKREXL, 62~66% TCHEMEN /NS o T-.

(4) Bz BAHEI )1 "D —
Figure 6.14 (TR XU — OB AN Z — v 2md . M2 AEE
NN AL, 4~5%, 62~66%, 96% CWVW I b HBREHOMEMN /NS

Mo T

(5) MBI &I N ohEs b v
Figure 6.15 I[CX & NN EE b v 7 O BAL R Z — v &R . IEOMIT4H

ks &2, ADEIZAREB MV Z 22 Eh Ll TWD. Rt A EE
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NN EIL, 2~3%, b~16% CHEEHONEE L7 /&<, 31
~36%, 38~39% CHEHOHNIR N VI BN RKREN-T-. BB CIZRKE R

HEWIX oo

(6) BRBAFI N ER b Lo XD —

Figure 6.16 I[CIXBE&H NN b L 7 XU —D BN F — v 2T . IED
EIX NI L= F VX —0EEEZ, ADMIZMHMEEIIC XL D=
FNAX—DORNEZNETNRLTCWD . RN ARFEEEZNADL R AIL,
17T~22% CHREHTITANY — 2 BEHEHTCITENRY —Z2RHELTEBY,
61~64%, 67T~69% CHERFMCTIXIENNY — %, EEZHTITANT — &%

L TWi-.

6.4. & %

AR TIEHFELEEORE S 2 ERIALT 572 OIC Milne b (1974) O
ErxHwk., MHEEEO RSS2 R T MHEZSMERITEERE @Y E KX
VHABICKREroT., S22 TOREOEMITIBRBELE LAHME N HE
KL TWD O THEHAESEZRIZFNAETH o7z (Table 6.1). S
(1985) OHFHERO AL DL, 2HRBIMMHELIEHEN L BITHEBEZE
ELIWKRET, AL EMBFEEIPES/ILL TNEEIEZEBEELER LLLRKET
HDH. BEBHOR/)NTYH Subject LITMHEZHMBEBHEN/ NS VWO TAE I
JE X 4L, Subject 2, 3, 4B LV HIFABRBIINEINDIEZZOND.
BT ORBESIT, KB LS A MAETIEI@HEMTEVIERLS, O
THLERBLEREBEMICEKRFEFL TV, BEHETIIERTEHELID OEEDN
BEL, W EBLTh ot EBBROMEEMNIITEERCTAEELR

117
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Figure 6.11 Averaged patterns of angular velocity in pelvic lean (a)

and rotation (b) during one walking cycle in the patient and normal

subjects.
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Figure 6.12 Averaged patterns of horizontal (a) and vertical (b)
velocity at the hip joint during one walking cycle in the patient and

normal subjects.
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Figure 6.13 Averaged patterns of horizontal (a) and vertical (b) joint
force at the hip during one walking cycle in patient and normal

subjects.

120



Hip joint = Patient = = -Normal X p<0.05
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Figure 6.14 Averaged patterns of joint force power at the hip during

one walking cycle in the patient and normal subjects.
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Figure 6.15 Averaged patterns of joint torque at the hip during one

walking cycle in the patient and normal subjects.
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Figure 6.16 Averaged patterns of joint torque power at the hip during

one walking cycle in the patient and normal subjects.
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b oo, BEHTITERME, BIEEL HITHELEAMB /NI VIR
Td - 7= (Table 6.3).

NEFEHNZF AT —FHOAEDMEREE (EI) OF¥EZ ki LR, &
FRHCIEHEFERLY LA RIS o= (Figure 6.4). 7=, —&H17H
Wick T2 57l FE (Wwb) IWBER THEZIZRVDE, DF¥FHT XL
F—BEE(TH) FEREHEIRETEHFHELIV AEIZ/NHS o7 (Figure 6.7).
IhboZ i, BEHETEIFRBOMTONFEH T XL X — DR EN /N
S, BELEIFHNZ XLV —DAHIFHI AT RN & 2Rl T
5.

CNETOBEBFEHITONENZF AL —OEICET 2% TIX, o
HEESEID THONDZEH I AL —DELLARETVESRLTWVD
(Winter », 1978 ; Robertson &, 1980). AW FICH\TH HAT (8
HAEg+ B o hFzxArX—0B T FTELIDb/hEL, THED
NFHZ XX — T ERIICRD &M KREL > T (Figure 6.8).
FREATHROWFH XA —BloMEIRIZES IR, TR, £FA
THETEBREZNLENFHZFIAX—BEENELTCVEILEZRERT 5.

EATHEBTONFHTRXALFXF —[mFEIZOVWTHRFTT 52O KB
NFHT XN X =B FIZEHT DL, BE ANV —NET A NIV Y
N —IDbR&EWY, BEHTCREMATNICBST 2 EOKBEH T —
LHERNBEHICEB T L2A0KEG NI ANV =P 0nFhb@EEHELID /S0
- 7= (Figure 6.9, 6.10). Z ® Z L XEMATH CHRB 5 KBICHENL D =
FAX—&, HEHEHTRBASEBRICHENLDI TR ALF =B /AIholZ
LExRL, BEHCTCEARBENLEAATEM COZ R A —{REN /NI
MoltEZExobnd. MBI —FHEGHERELBEAH HhoRNE R0 T, K
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BT )N —DEALIZ DWW TIX R B E & IR B ) o B 2 i3 5 %
ERHD.

f5 B o> Rl % 380 RE 100 M AT & AR IS B B Rl G E S R ERE T
A B/ &< (Figure 6.12), [ B & 71 o\ 1% Bk 53 13030 W Al 812 B 0 5§l
M EONNBERETHEIC/NHNS o7 (Figure 6.13). F 7285 % [0 g f4 &
B, BEMTIXERATHICE WY CERMEMESZA S ~BEH ST 25 RE
THEIZ/NES o7z (Figure 6.11).

BBE OMEHEEIXEMWAMPIcB TS L EELEMBEHICE T ST
HHEENEBEFEH THEIZ/NE LS (Figure 6.12), BB i 71 O dn i Bk o 1330F
MW Ick T2 LmE o WP BEEHETAHEIC/NS 2 o>7 (Figure 6.13).
F 7o B MR 00 f R BE X, BROERE T 30 D AT T UC 38 W O B B B BT S 2% B
THRE TAHBEIC/NNE o7 (Figure 6.11). Z O X H ICHAERE TITHM®E
Bl fE d5 L OV i A & FE 23 /h S 2 & ClE AT S 35 1T B E I A% BE &l oD R
FBIOLEF~OERENNELSRolEBZOND.

BAT B VR 3o v T A A% B G o0 g B 5 ) o R U OB T S B RN E &
ik, FICZHMORBEEAEHEICLD b7 ORE S & IUHEERXDOE
fLicE > THIB SN 5. EHEBITTIE, HEMH» S L EEME T HE
I 0> 7= 8 (& SRR 5 BE R A% s A BE S R 9R M ULHE L (Neumann, 2005), 2
JEE BZ b B 0 F e B T b N B R B AN s A RE S AR INRE 9 5 2 &
WX Lo2BEMBICK > TEMNMKEEEH22HDS EF 55 (Neumann,
2012).

BEBHOKRBEHSNE AL 2T, SEWATH CTEREFTEHRIVBAEREICSS
<, WP CIEEFIHELD A BEICKE o7 (Figure 6.15). F 7= f

WERECTIEZMATH 26 i THRBEENE SV 7 BRANT =6 Ik
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N =~ B D0, BEBTIIZIMATH» o %M E CKREAGSNE L2
DA NRT — NV TV (Figure 6.16). Z O Z & b BF R TIX, M
MOSDEELEPBHEM T2 I TIZEWTYHMOKRMEENE NV OA
N —zZ R ML TWD0T, BERMAKEE O LT ~o®EIZ/hs <, KHE
HAaNMLEZERSBLOEMM KBS0 X LF—REDNSLSRok B R
bivd.

BEBRSLHB I TCRESHAEE I L2 OARNY —ZRHELKT D
HRO—20%, KBAGABEHHEOH AWK T THLLEEZDN D . W FH
CBWTEBEE AR N L7 BDANRT =5 ENT —~ L BITT 55178 H
D 10%0 5 20%I%, MO SO FELEEM L CTHMXFHH A BELRE TH
v, EESSNE NV OKRE S IFEY—2127% % (Figure 6.15, 6.16). &
iR L L D DN NV ICEAT2MREICL D L, KE
HiAWNEALOHAET 21 EHEL D 24BNV 7 IXETL, KEASANIER
10° &xk L THhds 10° T B&E S b7 ™K 70%E TR TFLE
(Neumann &, 1988). MERE TITKEHENEM H2A5H <, £ DIkE
fazNIEIELnoiE MLV 2RELTWEEZSXND.

R E AR HEEOMm DK TFTICL 2 RESHITEL T, BIK T
Trendelenburg B 17 X° Duchenne B{ 1T 72 & i Bl 722 {4 6 o (] 7 &L 23 70 & 7
TW52 (BHL, 1997 a, 1997 b), AWFFE OFE R 2 & & B sk dis 75 )
DT T2 EATEMONFHNZRALF—DHRNABIETT L2800 H D
NI I N

EWHATICRE W T, TEGIEEHE 28 L CHRE &S0 o PR E E
DAERICEBMT D22 LT, BITFORNNM M DONT v A& ar ba— )L
THEENHHLEEND (Pandy 5, 2010; John 5, 2012). Orendurff
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5 (2004) I, EEEFHFLEZNBLE L CRRLIBHITEECHEKEEZTLO
niE T AN KON T BN 2N EORE R, BAITHE N RE
VIE S E T M AT RE <, RAI G M AN TSR Kxbic, &
ITHEDN /NS WIEESHEFMEMIT/ASL, RNAMGFREMITIRELS o
o, LT, IRHESITTIHARBBEKRT 228, ZhITWM KT 25 KE&F
LOWNANMEMEMZa Ly br— LT 5D THAH EHLZL, KREHAT
TR 2B E L TVRARODPEEEIEDIL D ORRHEB LR REND D720
B EZB 200 b L2V ERRTND. KIFROBERICE T 55

EeHEREREPFLOMEEMITIEBEEEHLIVABECNE o £,
BB CEHBEFTEZHIVBHARITIAL, CHEREMITR S, BB ITEY
fE 2 57z (Table 6.2). & b Bk U7z B#H BEIC BT 5 B B i 4 s

NV ORERE - OB EEDLE TCEXDLE, BEMTIEEWVWEARIZ
BOWTXRHHOKRBEEGNB ML 0BT — 2R LT L2 & T, LW
R Z RS LTLEEBIZHAIT LTV LEBHRTE S .

U Z &b BEHTIE, EMROSEENEMT L2244 7108
WS BB AR RV 2 OBRNT — R L TV D 0T, b MK
BEi O L~ W E /&, RBEESAEN LIRS, ERMMN KR~ x
ANF—BENNSILSBRDLIIEN Lo, Ko THEREEROD D & nE
MHFEORWBHITEIELEE T HICIEEBMEAEREL KRS T LH5H4ENRN
Y, WBEHNEDG N EZRAT DL & b ICHRITHE TIE o E SR E AT
LUFM AT T CHEMAIREE A B ~Sl e T B EE2ESG T L L

MESLDEEZBND .

6.5. £ &
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RKEOFEREZ DD E, UFOXHTRD.

O BEHOHITHMFETEIKRBOMTONFEN T XL T —DIREN /NI
<, BELEDZFHNZXAX=DBAHCHHA S TR ENRES
.

Q@ BEBTIETZMATH 220 PHICKBEENE L7 OEANY — 3 JEHE S
T, B A8 R B 3 & 7o o 3l B B oo | 7GR B 3l & <
720, E M AT TR R s B E A ORBR ~ WA 2 KBS D N T — h &
< 7o,

UEDZ N FEREERO D L&l E B BAIATEHEICE N THFERHT X

NE —Z MR AT 277202, - F Jc B E g7 2 DB AT B 1 T

MBS Za L ~slEHIT B2 EHBG T2/ ELO2LEEZEALLN

.
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TR ERMEFMEERE OLTEHIECKETTI =2y 7Py
7 Bl KOV b ARt B 4 R

7.1. HHY

Uow 7%y 7 BIKEgE R, (K

53
A

LHE S (F—RArvanrty b)) &
fhax AN EER > THESL, FEOHIVIZL - ThBRasMREIEDS Z
CEEMELEERTHD. Vav sy 7 RERERTIFRELEREE O
RARXLHIT 2R HESIEDL L LB, EBREZBBIELIODRADH 2 L @GS
L TW5% (Watanabe ©H, 1995; HH 5, 2000). L2L, V=ayZ ¥y
JRIEBERLIZL > THRBEZHRBIEIE—A VIR EOREAL, &5
CEEHHHE~OAEN CORERB TE 52202 EEMITHEEF L 2%
RYTohw., 72, Vay sy 7B EGELOEDY L& HoE X

FRICEEINDZENZVDN, RR2BIVMETCKAEOHRZLEKL L
WEIE LWL IR Y T o 7o,

EOHRMITZY 2y 7y 7 MBIV FRIKSIEE BT 5EDY

FWE%

MEOEWS, EREFHEELREDOSTHECETLIRBHAEET— AT,
NEHTRXAFXF—FHOEDERLNFHN TR LT —DRALICK T TR L

HoNhiZT22LTHD.

7.2. FiE
7.2.1. W B E

FHOeEICRLEHEBRELFALTH .

7.2.2. KAk H
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Watanabe & (1995) NER L7V 2y 7 ¥ v 7 AKBRELTIIEDD ©

MEITES TH DN, KFIETITEYD OMBENERDES

=
M
m

fE

oi

[ 4& B
BLXOBBRIELEALD 3B ALIFEMR L7 (Figure 3.2). LB IZ S 4 v v #
DRZAFOHEWICHEE 1 kg, it 15.5 cm, #i 4.5 cm, EE 0.5cm DEDY
FH 77y AT — (BELLTE_AZ7n80) TEVMHTEZLOT, #BRHED
Mg HESBICE O A ET A L oI L. BEHELI®MEa2LE Y bOFEIC
YWHERELFEFEOEY 225072 b0 T, WHHREOEMHISICEY P ET D
XIriclL. BHREREIRMEa Ly POTEEICER 1 kg, i 10cm, 45
7cm, B 05 cmDEY ZMITLLDOT, #HEREOMEHICTED MNALE
THEOICLE. ERICEKN~— -2 L, HEPLOIMEZFH T
5 XolCLz.

LLFTix, REMHICBOW TEAELZLDOEMNE%Z P(Free), HWHEHE A O &

(i

g

% P(High back), M3 E o &4 % P(Low back), H i H O LM %

P(Pelvis) & L, f#% & # 1% Normal & 7 5.

BB F I 10 m O EESIT 2T D2 (Figure 7.1). 17T #E X # B &
DIEEICRE LD EE S L TRICHMDWEIRIZ Loz, #HBREIC

T BTG %, PRy 5 HEUEHENWT T+ — AT Ty N T — LK H

/

R CTH AR, iRk, Y Lb s HULEENE L. £ OB KA
Ot B et BREBRITEERIER
DHEfTZEN TN b ET o, @FEHIEA ST
ZBHREAToN, BITPICEHELIABRTHLI EREAIPHH LGS IZR

DIE L SHET.
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—_—
—_—

Normal

/ /
Patient

(Free) | |

// // //
Patient //
(High back) / { |
/ / /

Patient | |

(Low back) /

—_

Patient
(Pelvis) Y
Figure 7.1 The sequential stick pictures of walking for the normal

subjects and patients with and without an orthosis.
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7.2.4. 7 — X N4

F3ECTCRLEFETT —FINEL L.

7.2.5. 7 — X WL B

BI3ETRLEFETT X0 E L.

7.2.6. HMHERE L HE ML
B3EICALIEAHAETU TOEHBEZEM L.
(1) BT EBENER (BITHE, 74702, 27 v 7Rk, %R,

Lo— X PR, ST M RRRD, 0E A R R 38 K OV IR B b L o i B S L)
(2) Kk L VBB O M
B) EIATHBLOTM N MELY OKGHEE— A b
(4) FTHEPBEE o /) % tE =
(5) /1M = XL X —FH o F %

(6) HIKF MO N FH T XV F—DRER

7.2.7. % Et AL ER

BERE D% &1 (P(Free), P(High back), P(Low back) £ X 8 P(Pelvis))

D b Tl Friedman R E % )i L, H V> T Wilcoxon 5 5 IE L Fl fj & %

Bonferroni ®fiEZ B L CE M L7-. BHEHOSLtLEREHL O

# TlX Mann-Whitney # & % Bonferroni O ffi lE 4 @ H L CT%RfE L 7=.

TR AEEKEITSF%E L.

7.3. fE S
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7.3. 1. AT O LR EH

Table 7.1 \ZHATHE, ¥4 T v A, AT v 7&E, LE, 7L —xHd,
SRR, EMREMBS L OCSEREETLOONEENMOFYERS L OE R
EERT., AT v TR, R, TU—FHEBLOHEREEFTLOHEZL
fLIEHBREOF R TRL TN D,

FIREEPLOHEZENMIT, P(Low back)B L& U P(Pelvis)?® Normal X

DHEBIZ/NHNS o Tz,

7.3.2. KB X ONE & O A E

Table 7.2 (TR &0 4y /A K, L-F R & B, & 8 Al 6a E, &8 0E A,

HREIEAEOVFHHELS L CHEERLEZ RS, KRl oMmE, E-TIRMAE
BLOEBAMMEAET1IHATEAHOFHET, FRMNIEMES L OF &R

fEfEE 1 HTHAMOLLEOMTRLTNDS.

E-FiH A E X P(Free), P(High back), P(Low back)¥ L 8 P(Pelvis)
725 Normal XV A EIC/NHES E-FTRITEEAN CTH -7, B8 EAEIZ
P(High back)?”? Normal X YV HEIZ/NS oz, F¥EGEMAEIT P(Low

back)”?® Normal X W H EIZ/NE o7z,

733 EIM Tk XTI FEMEDLYY OKBEHEE— A b

(1) TE—A FOMEBER XK KHE

Table 7.3 I P(Free), P(High back), P(Low back), P(Pelvis)® L O}
Normal @ 1 BT HAMICK T 2 LI Tk XTI FisE bbb oK EH
E—AYFOBOMEBS LR KRMEEZ FHESLS L CFEERETCRT. Th T
NOMEEHBREDOKELTRLTWVDS.
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Table 7.1 Basic descriptors of walking for the normal subjects and

patients with and without an orthosis.

Patient Normal Difference
Free High back Low back Pelvis p<0.05
. Mean 1.08 1.06 1.07 1.09 1.31
Walking speed (m/s) "o 0.16 0.11 0.15 0.14 0.19
. Mean 108 108 111 112 109
Cadence (steps/min) SD 8 8 9 10 9
Support time (s) Mean 0.70 0.68 0.68 0.67 0.67
SD 0.06 0.04 0.06 0.06 0.05
Swing time (s) Mean 042 043 0.41 0.41 0.44
SD 0.05 0.05 0.04 0.05 0.04
Step length Mean 0.41 0.40 0.40 0.41 0.44
( / height) SD 0.02 0.01 0.01 0.01 0.03
Step width Mean 0.06 0.06 0.06 0.06 0.05
( / height) SD 0.02 0.02 0.02 0.02 0.02
Brake distance Mean 0.17 0.17 0.17 0.17 0.17
( / height) SD 0.01 0.01 0.01 0.01 0.02
COM Z-displacement Mean 0.08 0.08 0.07 0.07 0.10 LN P<N
( / height) SD 0.01 0.01 0.01 0.01 0.02 ’

F,P(Free); HP(High back); L,P(Low back); P,P(Pelvis); N,Normal
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Table 7.2 Averaged angles of trunk and pelvis for the normal subjects

and patients with and without an orthosis.

Patient Normal Difference
Free  High back Low back  Pelvis p<0.05
Trunk segment angle Mean -0.9 -1.1 -21 -13 0.5
(deg) SD 33 3.6 48 49 25
- Mean 150.9 1515 151.1 149.4 173.4
Upper—lower torso F<N, H<N, LN, P<N
angle (deg) SD 12.1 10.7 12.7 8.1 338
Pelvic forward lean Mean -31.7 -32.9 -36.6 -335 -459
angle (deg) SD 15.1 13.2 139 6.4 6.4
Pelvic lateral lean Mean 138 12.3 12.7 148 11.6 H<N
angle (deg) SD 3.4 29 3.8 3.6 28
Pelvic rotation angle Mean 124 14.9 8.0 13.1 176 L<N
(deg) SD 2.6 44 3.6 24 5.1

F,P(Free); H,P(High back); L,P(Low back); P,P(Pelvis); N,Normal
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Table 7.3 The integral and maximum values of the trunk weighted
moment about the lower end of the upper torso and the lower end of the

lower torso.

Patient Difference
Free High back Low back Pelvis Normal (p<0.05)
Integral Mean  -0.23 -0.22 -0.23 -0.22 -0.15
Forward (Nms/ke)  sp 0.07 0.09 0.09 0.08 0.07
Lower MMM Maximum Mean  -037 -0.35 -0.38 -0.40 -0.34
end of (Nm/kg)  sp 0.08 0.09 0.10 0.10 0.11
Upper Integral Mean 001 0.01 0.01 0.01 004  F<N, HSN
torse - skward (Nms/ke)  sp 0.01 001 0.01 0.01 002 LN, PN
moment payvimum Mean 0.08 0.07 0.06 0.07 0.25 F<N, HYN
(Nm/kg)  sp 0.08 0.06 0.05 0.07 007  L<N,P<N
Integral Mean 008 -0.07 -0.08 -0.06 -0.17
Forward (Nms/kg)  sp 0.04 0.05 0.08 0.07 0.08
Lower MOMment '\(ANa);T;? Mean  -0.34 -0.33 -0.31 -0.28 056 L pen
end of g sD 0.07 0.10 0.13 0.12 0.14
Lower Integral Mean  0.13 0.15 0.14 0.17 0.14
torse - ckward (Nms/ke)  sp 0.05 0.05 0.08 0.09 0.05
moment \avimum Mean  0.49 0.48 0.45 052 0.65
(Nm/kg) gD 0.08 0.06 0.14 0.15 0.16

F,P(Free); H,P(High back); L,P(Low back); P,P(Pelvis); N,Normal
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EFIHTHwHEDLVICEBTLIBMHEE—A L FOBEDER LUK KEIT,
Normal 78 P(Free), P(High back), P(Low back)® & O P(Pelvis) L V &
BlIZR&EhoTo.

T T ELVICE T 2H1EE— A FO&K KfEIX, Normal 7 P(High

back)®B X O P(Pelvis) L W AEIC K& o T2,

(2) E—A L POHRDDEANZ —

Figure 7.2 {2 P(Free), P(High back), P(Low back), P(Pelvis)¥ L O’
Normal ® 1 BT EAMICB T A T FmELYVOERBAHEE— A NOE
fbXs — 2 EHETRT. KoM EENENICLDE— A M,
EAmBEOKEREZE GO NICLDLDE—RA M, EKROE—RX L T,
TNENOE—A L MEIEREKRTRLTWVD.

HAOWLEDHE—A> FiX, Normal CTHEHmMEE—AY FEHEET— A
MR HIWCA T Tz s, P(Free), P(High back), P(Low back)® L O
P(Pelvis) TIZ 1 AfTAMZ B L CHICHEMBE— A FBRALTEY, FiZ
P(High back) & P(Pelvis) CIZHRMBEE— X > F B KE o 7.

SYE FIMONICEDE—A ME, WThoBK{TTHfoE— X2 k&
e U CIEFIT/hS o T

KEFIEFMONICEDZE—A L ML, HOE—RX 2 PO KEL, E
KOET—A L PICKELSEEBLTWE., WTFROKITTYH 1 HITEAHO
50% & 100% fir THIEE — A Y FOE—27%,10% & 60% it T#%MHE

— A DOV =T R LT,
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7.3. 4. MEK HERREGEHREERLLEORMBEHRBLXOHEEREREFR L F
LY OHER IRERSICEDE— XD

Figure 7.3 I P(Free), P(High back), P(Low back), P(Pelvis)® & O
Normal @O S HIIZ 31 2 #im s 1E M A & RE & & ol iEEEo
AL N Z — o FHME TR T EOEIR S RE &L s M ) ER R K
VLB FICMBETDSZLE2RL, AOMEIZSKREE .02 #fEK 5 EH A
LV RIAFICMNET LI LEZ2RT . ENENOHEBEIIHFRELETRARLTWND.
BEBHETEIWT oSBT O ME R DEMNRE FERE &0 L ol iR
ICE WX R o T

Figure 7.4 | P(Free), P(High back), P(Low back), P(Pelvis)¥ & O
Normal O {HlicB T2 HKEEFTLEDLY OME K HERE KD I XKD
T AV NOEALAY - ZPHETRT. EOMIIHEEEETLE DY
CHAERPAIFEET ST A b2 L, ADIIHRERETLEDY IS
FEPNETEESTLIE—A P2 RT. THLELOE— XA MEIAELT
ALTWVWS., BEBHTEIVWTIRLOSITTHLIEADE — A MZEWT RN

> 7z

7.3.5. FH) = R )L F —

(1) FRePBA i o J) 81k 5

Figure 7.5 | P(Free), P(High back), P(Low back), P(Pelvis)® L O
Normal & 1 HATEHICE T 2 THEE O F, EdFs L OatF
DEXEL L OFEERAELEFEREREY 2D TRT.

M EE (a) KWBHALTHE, WTIFhLoBEBETOLAEETRALNLR ) -2
75, Normal IHMBEAHB IO TER=ZFAHAFICEWVTMED K& WEFR T
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ol

EAF (b) KELTE, WFhoBEBE TOLAERZITZADNRD TN,
Normal ITHMEE B IO TR =ZMEEFTF TV TMHMIY K& WEHm TH -
7.

BAEFE (o) KHLTE, WIFAOEE TLAEETADALR D > TN,

Normal IZ @2 B filcB W T LV /NS WHE TH - 72

2) hywzxrx—FHOAMMERE S (EI) BLOHEB MO 2L

—fz#E&E (Tb)

Figure 7.6 IZ EI1 ® ¥k L OV E #E R %= % -~ 7. P(Free)lt 0.45+0.12,
P(High back)i¥ 0.45+0.11, P(Low back)!Z 0.44+0.09, P(Pelvis)i% 0.44
+0.09, Normal IX 0.66+0.07 T, P(Free), P(High back), P(Low back)
B L O P(Pelvis)ix Normal X W HEIZ/H S 2o 7.

Figure 7.7 {Z Tb O FHEB L MEHERELZHEREE YD TRT.
P(Free)lZ 1.14+0.31 J/kg, P(High back)i% 1.11+0.20 J/kg, P(Low back)
IZ 1.13£0.24 J/kg, P(Pelvis)iX 1.25+0.24 J/kg, Normal /X 1.88+0.66
J/kg T, P(High back)® X O® P(Low back)!Z Normal XV HEIZ/hE o

7.

4. B

Uay 7y 7 BRegiE B A2 E% L7 Watanabe © (1995) 1%, K& ai
HAHEITEZL T WD 424 O&mmE I3 LT, BEICFEY 1.2kg DEY & fF
Fe ) ay 7Yy 7 RGKREREZIE T D L, AT R O N A S

)T 31° WAL, ELICHEAEARIEBNLIVRIZRZoTmEHELTWVS.

139



Gravity

0.15
Backward
o
<
S~
€
z
o 0F
c
Q
€
(] i
>
Heel contact Toe off
Forward
0.15
0 20 40 60 80 100
Normalized time (%)
Vertical Force
0.15
Backward
o !
4 1
> !
£ !
z !
R L
c '
Q '
e !
S
>
Heel contact Toe off
Forward
0.15
0 20 40 60 80 100
Normalized time (%)
Horizontal Ant/Post Force
0.55
Backward
w0
vl
S~
£
Z
PR
c
[
€
5]
>
Heel contact
Forward
-0.55
0 20 40 60 80 100
Normalized time (%)
Net Moment
055

Backward

Moment (Nm/kg)
o

Heel contact
-0.55

Forward

0 20 40 60 80 100
Normalized time (%)

@D (Free) = = P(High) — P(Low) ----- P(Pelvis) ==N
Figure 7.2 The components that contribute to the trunk weighted

moment about the lower end of the lower torso during one walking

cycle.
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0.25 - e D (Free)
== = P(High)

Posterior — P(Low)
eeeeee P(Pelvis)

=\

Anterior

Heel contact
-0.25 - Toe off
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Normalized time (%)

Distance Anterior/Posterior (m/height)

Figure 7.3 Averaged patterns of the distance from the
center-of-pressure to the center-of-mass during stance phase for the

normal subjects and patients with and without orthosis.
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Figure 7.4 Averaged patterns of the moment about the center of mass
caused by the vertical ground reaction force for the normal subjects and

patients with and without orthosis.

142
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Figure 7.5 Mechanical works of the leg joints in one walking cycle for

the normal subjects and patients with and without an orthosis.
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1 * p<0.05

o
o0

*
*
* -

o
o

Effectiveness Index
o
D

o
N)

P(Free) P(High back) P(Low back) P(Pelvis) Normal

Figure 7.6 Averaged effectiveness index of mechanical energy
utilization (EI) for the normal subjects and patients with and without

an orthosis.
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* p<0.05 *

P(Free) P(High back) P(Low back)  P(Pelvis) Normal

N
(6]

N

[EEY
[EY %]

Mechanical energy transfer
between segments (J/kg)
o
w

Figure 7.7 Averaged mechanical energy transfer between segments

(Tb) for the normal subjects and patients with and without an orthosis.
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Watanabe & (1995) &, Vav 7% v 7 BEMEBEOLRE L L T, M
ODEYVIPIHEREBELMEBLZZ FICEMIED EEHIZ, BHEBIOKRBEHEIC
MEET—AL FZ2ALSELLEHRLTVDED, ERICHE»DZR TR
W HHR D (2000) X, MEMEEAERTICILIFERBELRERE 15 41

LTV ay 7y 78 EHERL (E& 0.8 056 1.2kg) #H W R,

BEmI G EIN, 1 FHU EONMELITHITNAIRICR ST EHE L
TWw5. Ishida 5 (2008) 1%, FHEARLZAT 2&HE 2 HBE L LT,
BATHOFHELH (F IMHE, 6 3B XU 5 BEHEDOIE) OIFH
ZRMEHEKIZEY, Vay sy s RBifkegpiiH (E& 1.0kg) O FHET
ke L., ZofE, EREOFETHEITOr A7 2T E T RWVE, #F
FERANEA (55 5 EHEDONE) OB T BB AN RESE/F LY HFE IS/
S, BRI THRELH ~OABEPERLEZLEBEL TS, Hf
5 (2000) & Ishida & (2008) (T 44T Iy o BT &6 5 #F ~ O A HH B D %)
RITHOWTIX Watanabe 5 (1995) L HROHELZEAZ L THY, BEHEDDY
DE—A MEIWSLNTRW.

KWFFE T, BITPTORBRHHE~OCANEZEEMNITELRIDLDIC
FATHBLIO TR FTmELYOKBAEE— A PEHREHLEZ. 2L T,
BHHE~SORBHNRANEORIEL LTE— AV NOBENHELZ, RKA
WMREOEEL L TE—AL PORKMEEZ ZHL ZN RO (Table 7.3).

FTEHEDLYOBBEE—A > FOELSEL X O&x KMEIL, Normal 28
P(Free), P(High back), P(Low back)d kX 8 P(Pelvis) kX W A &I K & »
S, TNERFHEHETIT1IATANLZEL CLIARESAMTH D DI
LT, BREBHCEIEEARESFMELTWELZDEEZON D, T T 5

TV ORIMMEET— A2 O &K XKML, P(Free) TiX Normal & A & ZE N 72
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7%, P(High back)$ & 8 P(Pelvis) TiX Normal X W FE I/ & o /. &
NIZEDE—A LV FOEMMARNZ - 2hDE, BEHTIET 1HTHAN L E
LCHICHMBE— A M2 A L THE DY, 2 P(High back) & P(Pelvis) T
IBBE— AL FBREVMEN TH o7 (Figure 7.2). BERICB T 51K
MEBERDE, KBREBIAETTNLOLRMEICB N THH 00 THR®BIX
EYLTHDEN, FEEIEZEL, E-THAEIVWTALOLEGICE N THH
150° CTH® XTI Tdh o7 (Table7.2). T DX I R ERERIBBEER L
TTRECKBRZEN S ELBEHO XS T, HATH &9 00X T T 5w &
DOBIT~MELTHDIAN, EHELLERERZERT D LENIC

BEHE— A PRWML, EROFIEE— A FPRBALEEEZLND.
7%, P(Low back) TIEE NI I 2HMBE—A L PR HRLTWARN. =
ix, P(Low back) TIZHBAAMMB L CHESAMBEMAERHRLTNLIOT

(Table 7.2), HAT E&EH L& TR FiE OE— A2 7 — 470 P(Free)
FovdbEWZH EEZLND.

Vay sy 7 AK@RERFTEROHEBEICL > TENICL 2 HME —
AV MERELSTHIEEZHVWELTWDE RN, —FTHRITHEICE W TIX
KEFIEFMDONICEDZE—A MR, BEHICLDLIE—RA L FED bEK
TR REVWILEICOLERTOILELNH A S (Figure 7.2). KFEAi#& T
M ONICEDE—RA L ME, WTHROBHITTHET RO HEENBET S
W R CHRBEE— A O — 2 &, ET D SR TR T —
A bhOVE—27 %R L. £ LT, HATOEATHmMNEEIZEAKRT D517
WE, yA4 70 A, AT v TR, 7UV—XHEHLEOBRITEBET — XTI v
THhHOHITORTHLAEZN R (Table 7.1), K¥ERIZFMW D NIT LD
FE— ALY PFOEWVWL RN, BF)IIS (1997) 13X, KA 21.5kg O
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Vo 7 W A-THITEEEZ DN LR, Py 7 O0FELMENGNIFE
BITPOEBEIRBEL, BRVWEESTOT L —FRFEICB T D2EKEK N DN
HARELS ol bBELTWVWD., AMETCHWEZEAEOEREIT 1kg TH
5 (1997) OO L ~T&RS, EHOBEBVMBIC L > THRBLEEBICH
BEEERLS, 7rv—FEHLEZ Lo, TV —F Rl TOREENK
EWEHITHELXMHER T2 ICEZT0oROMEZREL LAATRIET RS 20V,
RERBFMEIZ L DEBAEE— A PO RIL, BEHGHHE~OAH
ERELTHZEIZRD., KoTVay sy 7REBERIZEITLEDY
MEELHEEZ, FSITO7 L —FFHE THEN RS RV E I v X DG
TOLENDDLLEEZEZLND.

Fl, BHREERONRY - PRECIEIEAEZERNH Y, AN KGHHETE
— AV PMNNRIETEEBLRERDILICERTILERL A . HEED
(1985) OFMHEROZEHICL DL, 2HEBITIMMHE L EHEN L ICTEHEBE
BLiRkET, BE T EMFEEDIELILL TANEERIEELR L I2RKE
5. KB D Subject LITMHEBMBEE LN/ NI VWO TRABTICHTEIN,
Subject 2,3, 4 B LU 5T ERBICHEIND & E X615 (Table 6.1).
%AELEE N EE Subject 2B X 3I2BT S FIH T Eb D oRijHEHE —
A PORRKMEZ, BBERTEIREESE LB LTETAEN 0.47 5, 0.56
fEe@mAP L, ko AEEITENERN 1.5° b 3.7, -0.2° 26 0.77 ~

EHRMBE L., —FTHREBEEDNZNEKRE 2 Subject 1B XUV 5 0F

o
M

i

fiiing

ym

X, AiIEE— A M X EFENEFR 1.13 7%, 1.14 fF KL, ki

<
SAEIXTFEFNLEFRN 0.1° 1 5H-0.2° , -6.8° MnH-9.5° ~LEifEL~. F

ELP

72 Subject 4 O EHEH TIX, K KAEE—2X > FOEITELTH Y
(0,91 fEWA), KpEosAEOLENLENLTH-7= (0.7 225 0.6°
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NEBMB) . ZOXDIDITHFERBRBLEDNRE WL AIZITE BRI X o TERIX
HE LBV G 22 bHERIND N, ELEICK o> THRSFIE A P KR E
KRVEBRAMBEE A PP REL DAL o,

Watanabe » (1995) X, V =y 7% v s BEkgiElog ke LT, %
BEOBEYVNGRELMBLZ2HZEFICEAMSEDL BTV D. HEEEDL
MENEAFEMT D ESTHBETE CIIMER DERSICED L EZ
THMIZERNTL2E— A P2 RELTEL0@EELXHL. LrLL, K4
FeCIT M DAER R IR R PO E S ORT % EREOZL S — i
WHIZ X 2EWIER < (Figure7.3), £ EEAEF L E DY O MHEHK S
hERDICE DT — A PLEHRHICLDEWIE R o7 (Figure 7.4). =
NEAFRECHWEEEOE IR kg THRELEXTRWVWEZD EEZON
% .

Vay 7%y 7 RKBRELEREITHIECES T 2 DFEHT X LE -1 R
FETREBELRHFAT L0, THREHiONDFUMLEFE, HFEHT XL —F
MoAZMEESR (EI) B X OFEE2H O 2L —{xERE (Tb) %~
. TORER, TKRE&GO HZMLESL EI TEIVWTAoEREICTBW TS
K& 7 ZEAbiX %2 » > 7= (Figure 7.5, 7.6). L 2> L, Tb 2 Tix P(Free)
& Normal ® R iCA & %1% 7% 2, P(High back)® £ O° P(Low back) T i
Normal £ W F EIZ/N& o> 7 (Figure 7.7).

Figure 7.8 12, & #BE O To 2 FK'HE &M 7=V TR T . Subject 2 TIZL

=1
H

o

AR A S L OEEEEOVWT RO REEFE LIV KL o2 F 72,
Subject 4 TIEFHEME LB L OETEE N REF L VK- 7.
Figure 7.9 I &% # B H O 1 HATE W2 B 2 B 805 M4 3#H E B L OE bE

A E DR KIE %7779 . Subject 2 FAIEAREICE N THEHEREL LIV
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Figure 7.8 Mechanical energy transfer between segments (Tb) for the

five patient individuals with and without an orthosis.
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(a) Pelviclean

B Free OHigh back ELow back EPelvis

N W B U D
o O O o o
J

Angular velocity (deg/s)
[EnY
o

o

Subjects

(b) Pelvic rotation
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Figure 7.9 Peak pelvic angular velocity during one walking cycle for

the five patient individuals with and without an orthosis.
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Figure 7.10 Patterns of joint force power at the hip during one

walking cycle in the typical subject with and without an orthosis.
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JER RN REE L VIES, RIEARECESONTEBER, EHERLBX
OFBEEPVTNA O RER I VBHEZFIZEL - .

Figure 7.10 |{Z Subject 2 ® 1 BT A MIC BT 2 B H XU — D &AL X
F—rERT. WTROFMFICEWTHREEH N RT -0 &% — 12

BEREWNE VWS, THER, EWEAESIOERERTIE, > x ki

iz

HBFICHB T HIENTY =L ERERICBT2ANTY =D REF IVIENL -T2,
FOeETHLHRANT LI, FITHETIEIEROB DN EL TKM O %
TR LX—DORNICEELZRIFILTCEY, BRRAEREN NI R D LEE
A EFKBEONDFHZx L -0 b /S < 7o/, Subject 2 TiTiH
WKETHZLETHEBEMBAREL LOERIEAREN/ NS R>TBY,
ZOZ L TIKRMEE AN —=BETL, R KBOHFHT XX — DI

W /hSLS ol b HERERIND.

Uay 7z ¥y 7B EgdEE L, BE~0AENEHINDL Z & THRHEW
BTN I D L HE &N TV 5 A (Watanabe 5, 1995; HH &, 2000),
AKHFFE D Subject 2D L H W HITHOBFHROE X N EEH L > THIR S H
L&, REG AR —ICXD2NFHZXALF—DRNAN /NS L RDDT,
THEHE~OAHEIREI R ELEZZOND. Lo T, TEMHIDPKT
LTV @ElmECHLTY a2y sy 7 BEBRERLEZLGT 55 451%, &
TEFEZ2BELT, KACIoTHERBROBIVPHRI AL TR VKR

LHMENDDHLEFEZDND.

7.5. &
AEOMREZELDDE, LUTOLOITRD.
O WFhOEATHLHRITHORBREELBFICAERLILITAR L N 2D
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HEFRLEBETIRBORBEE— A FBEAD L.

©
Nl
TRF
<
%?F

SATENEIC B W T KR Fmo hicksE—2A 2 PR ENIZ

@)
o

F—ACPFPELDVOBRRTH MRS, EROE—A MIHRD KX
KEBEZRIFTL TV,

@ WTHhOEAETH THESHONDFZNEFELS L OCNFEHN = XL F —F A
DAEMEREICABERELIT RV, ERICXVFHEOB BN/ S
BRLEHERMOMONFH T X ALF —REEN /NI RDIMBPNH -
7.

Dbz s, HHERLEREAIFERBELRRBE OSITEHE

BWTHEEHHHE~OAHZBBIEL20RDNHLLEELAOND. S HIZ
BEEAORBERIDLLHTHELZE L CEAOEYVMELFEAEG 5 2 L

T, Vav sy 7 BEREBROEAEMITILIVMETD LHEIND.
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%8 L —= 7 HEICETLAZRBICONT

FEHEAEAR AT 20 EOLRITENZEHD IR N L —=20 270
EERET 210, MRS LXOKRBRLOLALNBITHE~REITERZL
HONICTA2HERS L. KRR TEHEBRORBEICKT FTHREIEOE
RICEHRBLTHEREALARZA T 2mmd, BBESHEBILOCEEE OLTH
VBB NA T AT =7 AW L.

AETIE, FA4PLTETHLOLLZMAL, ZTRLETIKHERESAL TS
EREMEFHIEEERBLI O RN GRHEORBSSHITORHFELRNE L
Fr—=v 7z L, FHEKZA T 25BE0L5 TR N E2mD 5

oD ML —=V 7 HFECETLIRBES T

8.1 M@pLRHDODKBEEZHM LT HWERD ML —=0 7 Hik
ERMEBFEMHIERE LR L L L —= BT 2D %<0, &K
MmRBOKEEZHME L TS (Bansal 5, 2014). Ball & (2009) %,
260 4 D LMEEXRIC, FlL FHERORESLOBKETR DL LD
W2, KR MEGEHEOH NBLIC L s CTEREEROEITEZELE D Z &N
RECThornrzamitlLiz. TORME, FHIPEVANEEFHEERS RS LR
50, FRIZ 5006 B9MOE THEMHEALAE N RESEITLEL., £ 2T 500
559 mD LM 35 AR, KpMmEGFELBRIELT S L—=2v27 %1
M, W 3R OME THEM L (EHEE 154, FEFEMAE 204 ). T OR
R, FERBECEIHEEESDCEITR, WHEB T 9% K L7z, =E
i BE UL SHMES dh X 13% A, MHEZ T 16% A Lzt HmELTWD.
Benedetti 5 (2008) (I, @i Z& a2 & 25 156 O KB L&
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CEF¥FEE 71.56+4.3 ) Zxtgic, KA XPBokELANL LE
L—=v /(R EEoMmAl, KM, REESEGHELS XL A b
Vo 7 A0FRMESE) 2 30 AM, B 2@, 1E 1KRMOEECTERL
. TORER, MALREOKGgEEESEN N —= 0 FERATICHE T 13%
ELLEBREL VD

Katzman 5 (2007) 1%, ki B8 %2 & 2 214 o &M (FHF i 72.0
4.2 %) AL, KBRERBRBLEBOXBELZEHNELENL—=v 7 (0
MR, FEthls X OREESEMREO R MLy F, KHRMEBHES L OFF
H RO )ik, IR X OMHIR CONYAA RS OME) + 12 R,
W2m, 1| 1REOEE CTERLE. ZORMKE, BHEZZ I 1% L,
Kapf b7 O v — 7 X 3% M R L7z, LaL, SHITHEOE|ITR
Mol b WELTWVD. 2O XKD DRATHRN, K fEHIO
iz LETH N —=v T —EOMBMET D5 & TIER®E
BENEHBELELEHE LTS, L2ALABL, BIELEOBIE NN L
BEDN, KR OEBENMICH LT TROBEZ2 L0 X ) IC#IE S FiEs
TN ZHEFIT D2 2N TE, SHICEUETETINEVEBAICED
MIEix <, Pr—=U 7 HFEORLRVWONRBERTH L.

Sinaki » (2002, 2005 a, 2005 b) (X, ZJEMFHIE B & O K@ L5
DI BTN T P AREDEBHIZER LN L —= T ONEEIT -
TWs. BREMEFMHIERSE 12 4 (CFHER 76.015.1 %) & & A
134 (CF¥FEE 71.054.65%) 2 xRIC, TEHAOLHITHMNR E % i
Lz, TORRE, EEMEFHERET CIHEFEME L0 b e EmER
TOTEMBEOMH P EL, BITHECEYTE AT vy 7REMELS, BT
WENMELS, BEDWLZEEIBRTEHETEIIEREETOOMG EAL K
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GZDREONRT 2R L TEHE LT WHMIZH D Z LRI k.
SHIZEROEE 12 A2 RIZ, NTUARLHKITOUFEZHARNE L 4
HEOE® Ve 7 I L5x2FE L., E& 7w 77 50NEIX, KRG
feosmf (1 BHIC 10MXE), XNF AP —=rv27 (1 HIZ2H, 1]
10 43) B L Ok %k B (Spinal weighted kypho-orthosis ; WKO) % %55
LizREEToHEIThL—=v7 (1 HIC 2@, 18 30%) THd. kb,
WKO IZAMIEICK T LY 2y 7y 7R KGERLFEEOLOT, &S
X 1kg T, EOVMETIEHOF 10 WHELHH 4 EHEOM TH 2. Sinaki
5%, WKO OMRITIBEAEINAKRBLEE~DHMEELEHDOLILTHD L
WANTWD., E# T o 77 LAEZEOMEK, FITHRENERLLS, ZHhiZ
TATUVADHRIZEDBDTAT vy T ROEMMT v oTe. AT v TR
DEAL Lo BRELT, EH7r 772 TFTKoMH h@mibnss En
TEb, EEHH T v 7T L0%MATE T IFERBDICENRPsTZToD L
HELTWD., oD REFIFEREERZAT 2mBECEBNTS L —
SV Ko THRITHEERH R TEL2ZLE2RLTNLIN, ELICKRBRE
BOZNICH LTTITROBHELZHICSEDLLIORMNr—=0 7 %179 &,
LVBITRNDIUBETIAEELNSD L2 RBL TS, LLFTIE MK
W ORBEMNMICKT D THBEOREIE] EWIBALL, HITERILEHED

oD N —=v T HEREZS.

8.2 KO KRBEIIZC TIHEIELZEIESIED ML —=v 7 Fik
Sinaki 5 (2002, 2005 a, 2005b) OHWIETIL, 4 BEOEFH I 7 F
AEICEDBITEREOHE KIZ, Y141 T A0 KRKICED LD TRAT v

BB IT o2, xR mmELSITORRMKEDL B+ 5.
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I ESITORBIT, FCAT vy T7EORTAZERETLI2HITHEEDOKT
ThHhy, r 47 2 CHLTEEEF LR RBENTRNLEEINLD (F4
5, 1995 ; P 5, 2000). [@HE (2001) X, @EHESITCTAT v 7 ED
KTT2ERE L TEHESEREEOK FTAZEML VWD, AL, EBEE
B AR M7, BEiAERES L O@®EENK TS5 T, 28
HoONRT—REREKETL, TOEODAT v T7ERKTTELERNTN S,
Z LT, mlmE OBITHEE 2 MR - BT 23 2 B K 8 S RE O )l
b 2BEfIEFLYOZHEEZED D & L I, BITEETIT B KEIZ
LT oMim OBy 2 EFHKL, RKIETHEL ZEx2HREL TS 25 (2005)
X, M EOBITRRAOCE TZMEI L, KAOMFOLODOHBIT ML — =
70O FED—2L LT, RIRIZ] THEMNLEHMT L1 BXY TH%E
ATZICIRD L) VWO EBFEZEBMUICHFAT L2 LT, FEELZILKS
TLMENH - EHEL TS,

FBAT, B EICBWVWTIAET L Bl E OKRBATMHEBAITZ o0 LR,
REAE AR THITT &I E T3, SEEBIC W TR B KRGO E
fTHEORELZ2MZ, ATFEZHRSEL L THROmM T MEZ W%, K
BATEESICE I EEMEFEO T L - FHEOEMRICHEIN L, BEITHETL
TWaAZ Enmmesink (Figure 5.11). Lo THIT bbb —=>2 7 TIiZ,
(b HrzE L2, Z#H CHmZRIBY 2w LEET L L
BHEBEEZLNDD, KRBEERBERBEETCETRVERSE CTIX, 2O
Push-off # il LM ET 2 WHNRRWE AL H DH EFE 2 bitd (Figure 8.1).
e O R ER AT AT T, RBESEAFRIERTS 2L TRBEEML
HOKTFTZRELTVDIEZEXIONDLIDT, KRBEBENFEETERVGS
Wi, THAEM L 2OE CHmE 20 2E5 X9 LTHREZAT~EDR S
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LRE T 5 & T, SEMETENC T D Ik B TR R A B oo BTG ME I HE & R 9
HILERHRMEBEZOEND. £, KBATEAEN 15° L K& b
EREBEIfE FL s OAMEELH KT DO T (Figure 5.8), K@ A K& <
ATABE L T U 2 i B C i i B 6 0 R 5 RE oD A A 1R R (2N & O BE AR R
EEDOMEMRINMEO R I ZH/HEFET LML —=0 7 M BICRDEEZEZILN
% (Figure 8.2). & Mt # O 5 2 #i 13 5 B AE B C 1238 /5 Ak I W TEE T
b, TOLOLHONY =FHERNEFTLLTS, mA O Y —@ED b
L—=v 7 LT, BENMLHFREOAM (1 Repetition Maximum O
40%7 5 60%) THEWHET 622006 10ROB;EEZ 176 3y MTIHIH
ERHELE X LT b (Baechle & Earle, 2010). {H L, &M & HEIE B H
TEEERBEEER SO FTREGEBEE2 AT 2B bHLIOT, L
— =V I DHAOEAR N R EOEBENLETH A D
FRESAE ChASRBRBESB 2 L2808 BE CEEBEE ) 27 BEH NI &
WA N TWwD (Kado b, 2007). Ko THRBRATBHEITE T 2 &iE O
L == 7 TlE, HRCEHLZ TPHTL2O00LEMOENOHBEFTT D0
BRHH HWEOE>NTO DI EMOBEE N H DA, Murray 5 (1969)
X, BITOHERM BT 2 0F ORI OKE/NE (7 N2 U T T R)
rEE CEEETHET L, BREOT Y P2 U T T AT EREE X
Db REL (DERMEBIEV), GHE TCEITLZREOLLDLICHWEICT v b7
U7 7 A% RKRELLTWHERTWD. HES (1998) 1L, 644 4 O
B E L A HOEFEHREERMNBIHITHELZFWL, Ty NI YT TR
COoOWTHRHLEZ. TOME, SEHOT v b7 VT 7 v 2 XHEEL
IOV REL, MBIZX27y b7 V770 2ADK TR EE2RLIE.
RELEmE CIHERNS S TRESH B LI W LomEs LT,
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Bl 2B OEBEITY, TORBRLELT Ty N2 U7 7V ARKRI
NTWsAEEzREL TS,

E®FBITICRE W CHEMBIICI T 2 BB EEdh X, 122 F 5B Hahic 38
HIh2KEH B L7 I RBOROVEBLICKETAHEL ZZEBHR
BExCchbrlEnd (BEHD, 1997 a). % 4 %, F 5 B CHRBATE ST
T, MM oRBEHEIER CL 7 ORBEIMZOND Z LRGN o
7z (Figure 4.4, 5.3). X o C#MELRAEHMBE LS L, RELWOZEHH
nBEMEEEEAEAETC S S, S HICHESL (1998) BNEMIT 2 X957
EHHEHETHEOMENFSICHRRZVERBEOLAICTIX, MEWRE X
RI<BRD2EBZIZOLND.

BAT P ICHRBICM D 5T — A > Mk, RIIRE N TIEAER OB R -
MEE Ay FOoMOKIEATHLZ b (LR, 2002), K& FiH
RBZRFLEEECOERBMMATOKMEEREM v 7 o2 K& T
50, KMo Eai#Hick i ok ME M7 oREELRELT D
BN D . Koo TR B R A RE O BLHE MR O b IX B X 12 X D
DFPFHIZHHEELDEEZEZLINLD.

HBAT O W S F BT W T, ATAE R X% AW E oAb
v, %M E TR X OB )M 5 (Figure 6.13). i @ % B
fifE b7 B ARL, BMoOKEERM L7 REFELST RS L,
E AR R B o0 w5 OGRS R L, BRPBEE ) N T — 0T K D IR B 3 AR
E~DOHFH T X LX—DHNLSRELS LD EEZELZEND. Lo THITH
L—=Vv 7Tk, MEXHERIcBNT TR EBZMo RERZHAAT X9
L&) LHRESTHILT, KHRERBNRLEL THMMAAS ~5 & H
IndELpiz, EATEBONDFHZRALF—DANRKRELIRD, H
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WEMBOLLDOO TR XL X —FHOAENMEEZ®mD D LITENLD
LEz2bn% (Figure8.3). N 6D ML —=v 7 0D HIL, &imE N
HLLTWEOICLRTLOIMLEIDAY. HlxIX, FMb—=v70OHH
TIX Figure 8.2 R L7 L) R HEE OA 2B 2 M HE 2 EB) 2> & FEHi L
BN T, HBMOEZALBIEL Vo= HBRM AT Z2EHFL TV 2 &
MR THDLEEZEZDILD.

B EDSAVDIHEITHIED 2Dl AR =D =R DH. VI NR——
T AU ET, N R, JL—LA, Ay RETHERSH, EITHMT
BITONELZEGERESREREBEABH T I2BICHVLIbOTHD (LT B,
2015). Takanokura (2010) X, ¥ A X—H —OfH HFEZ2 -V —D H
KRMHEICKGFELTBY, HABKTFTLTHIBEAICRs TV D 2 —F —D
A, " FAMNEBEEEKS LOoOOb AR AR OREA LN T 5
X21CLT, vZehvrrdLocnnryFre@EHLTITTFsZ T, E¥
LT~ hAaHEZzRB TCEL2Z22HEL TS, S HICT—HKMAR
BSITHBAE L LT TEROMNS D, TFEHOR S KT, YRS CH
B2l 30 BickhsmS, FRLEFIMEBBTCORETFOREIEN, M
BTOAESHARFIZIEL TCRIORERILETHL LS D (THH, 2009).

BhETIX, KB ORI AEN 15° LEChd L, BBOBBHERELX
FHOKRERBHEECHIET 2720 FREAGO HWFHMEENREIRDY
NFEHEZRNVE—FIHOAENERIK TS 22 & B85 o7k (Figure 5.8,
5.9). Lo THHR®BKELEBEATIAEBE N Y L AN—F —X T FH % Fl A
THEHAE, KEBaiEAEN 15° L FIZRbd L) v v N—=T—D,2 Kb
MESCHORESZZHETDHZET, HSTHECEIT D2 HFHZ 3L F —F
HoBFENMEOLERHETELILEEZILLND.
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Characteristics of the trunk forward leaned walking

OThe positive power of the hip extension torque increases to maintain the trunk posture
from early to mid-stance phase.

OThe negative power of the ankle plantar flexion torque at mid-stance phase increases to
adapt a short braking distance.

OWeak push-off is caused by a decrease in the positive power of ankle plantar flexion
torque at late stance phase.

Suggestion about training methods

»Emphasize that push-off at late stance phase.

. »Increase the ankle joint torque power (Improvement of
Possible —> . .
N ankle plantar flexion muscles strength, joint angular
velocity and range of motion).

Trunk posture
correction

»Emphasize that support leg swings backward by the hip
extension at early stance phase.

v »Increase the hip joint torque power (Improvement of hip

Impossible —>{ extension muscles strength, joint angular velocity and
range of motion).

> |f trunk forward lean angle were to beyond 15 degree,
knee extension torque power should be trained.

Figure 8.1 Characteristics of the trunk forward leaned walking and

suggestions for training efficiently.
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Hip extension with use a sling equipment.

e —

Hip and knee extension with use a sling equipment.

Hip extension with use of a weight.

Hip extension with use of a balance ball.

Hip flexion and knee extension with use of a weight.

Knee extension with use of a Resistance Band.

Figure 8.2 Muscle strength training for the hip extensor and the knee

extensor.

163



Coaching points

O The scissors motion between left and right legs
during double support phase. /

Trunk posture
stable

Front side leg \ég I Behindside leg : ‘e&.
Hip extension torque o LHip flexion torque | A
Ve e - == /
L
Swing leg can propel . /|
/ forward safely
7
/ /
/ A
Heel-contact of front side leg Toe-off of behind side leg

Figure 8.3 The scissors motion during double support phase for

improvement of the walking in the elderly with trunk leaming forward.
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AR TEEBRECB T 2HRBRESTEM TRV, Ko TUTFT
THEARTHONEEFE BT 2RBEBESRITOMENSE PL—= 7
HiEEERD.

RHRBESTEIIHT LSBT THRBOBRBESZHREEL L
FERMEGOBEOMEAY DKM EE MLy OANRT =R KL
THREEE G ONFHMEELHMRT 20T, SITEREMFO DO F
B XX —FHOEDEITIRTT 52 &850 o7 (Figure 4.8, 4.10).
LA (2000) 1%, EEADFETAICE D KIERG OBEMNT %17, KIE
Az mi S EEERSIOERICH LTI INEIR - ZEHT D
EHZALTEBY, N\OEBEY ZZ2BTICE LZBE, BELF > TWD N,
MEHE 2 RIER OFEM NI Ko TR 22 L1, BHEICZ KRR DFEH R B
LAZAEL, MERLLTEREBOHEMBAALVL=T 0O X5 REEEHC SR
HoHELTWD. KBBEAITCIX, CHH o REE RS by 23 @A 5
TV RE N> &2 5 (Figure 4.5), KIEEM O/ 1F 8 X E A H17 1 I

NTEWAEEND L. 20 ik, K& EHAT BRSO HE R~ =

N

TOFERD—=DIZRVELHILETRBRTDLHEZEZOLND.

KB EESOEREY, HHETOEZO K& 2&MEGEH by 2%
HTERWHAIZIE, THRORVHEH LA S TR0y, BEWEZES
DI TR E2R ETC&Eehrolc ) LTHEHIRALEODLIEDEZXZOND. (K
MEBEEERE L VT VWM ME X, WHEZZHMICK 2 EFOFE %<
HS 72O REMICERNTZS 2RO BB THY, £, MERREOE
HOBTBERELPRBEXFOKEE TR L VDI s (KEHSH, 1985),
R G A REC AL B SZ M B O 0 sk e LT XV R A EHERT A & 55 0 1K
HHEMEAELE/NSS T LT, KEGEMHHEOKRSBRERARFE~OAR
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BB ST L &, BITHEMFEOLZD D HFH XX —FHO A
MrdHESEL L LB, BROBACLCEHICLIZI2BHOTHIZANTH

5EFx b b (Figure 8.4).

ERHEFHIELREZOBRITEFICEBWVW AL FHEMTHEHNT XL X —
AT, HBOWVWIELBETLILOOFTHOEHESICHET LIETMEIREAZH
MW, FeETIE, FHAEAREZAT 28 EOSITEFETEITIERBAHMT
DHEMTINFE—DEENDNSL, BELEAFMT XX —REHIC
FIHEn TWh Z LB xSt (Figure 6.4, 6.7), 2O Z L DHERK D —
DL LT, SEHATH» S PTHICRBEESNE L7 OIEASNTY —REHES T
(Figure 6.16), & & M JE A 3 B 25 /N & W 72 o il ) 1% B8 & oo & 5 8 L s
/INEL 72 Y (Figure 6.11, 6.12), F I alH 4 & 2 & 0% AR Rk~ 3 7
LZRBAEI )N — DN EL 72D E RNy o Tz (Figure 6.14).
IhboZEnLHETNL—=2 7T, DERBHO X 4 I 7T
(AT CE A BE LB 2wk L3 vn) 20T T£BMOEE%E
Mo Ll g T IO LTTTRERIVELZ2S W] EHET 52 L T
DA i B & oo i ) e N ES 2 B o2, IR PBEET ) N U — T K D IR O E R
BEA~DNFH T XL X —DHNANPKELS TED LEE X BN D (Figure 8.5).
DX A I TIEE WA O EBEESE GRS 1 BRITEM O R TR b K
TR ML L T, WHEXDPEELOHEEE~EZELT 20
T, IREEAAEGEOH ML TR I LT a—T R EE A TIKBEENE
T ~O ALz 2 F KRBT, AR ZMEENSEMRME~EFR Y
DWE2D ML —=V I RoRBEZE2ND. £, FHEEEIRE O
AllCiE, THWZRMNL—=2 7L LT, HENY RO+ —F — Ny 7 7R
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Characteristics of the trunk backward leaned walking

O The negative power of the hip flexion torque
increases to maintain the trunk posture from mid-
to late stance phase.

O Elderly with weak hip flexion muscles might hard to
swing leg forward.

Suggestion about training methods

O This posture demands high hip flexion
torque, thus excessive lumbar lordosis
should be decreased by strengthening the
trunk flexion and extension muscles.

O Strengthening the hip flexion muscles to
prevent falls on obstacle.

Figure 8.4 Characteristics of the trunk backward leaned walking and

suggestions for training efficiently.
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Coaching Points

OThe pelvis must not lateral-move too much for front side leg during double support phase.
OThe instant of toe-off, the pelvis on swing leg side moves upward.

The negative power of
the hip abductor torque
N2

Impact absorption

The positive power of the
hip abductor torque

N2
Lift a hip joint on swing leg

Heel-contact of front side leg  Toe-off of behind side leg

Figure 8.5 The pelvic motion to increase mechanical energy flow

between left and right legs during walking.
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Adaptation of the lower limb motion to the trunk posture change

* Subject walks with * Subject should learn * Trunk forward leaned  « If spinal deformity
putting on a water-bag how to propel the hip walking demands were to get serious and
or a weighted ankle joint on swing leg side strengthening the hip trunk forward lean
bands to increase the at toe-off, because extension muscles. And  angle beyond 15
load of hip abduction increase in pelvic lean subject should degree, the subject
muscles on support leg.  angular velocity at this emphasize the scissors would need the

time helps to motion during double rucksack-type orthosis
mechanical energy flow  support phase. or a walking aid to
from support leg to * Trunk backward leaned decrease this angle.
swing leg. walking demands

strengthening the hip
flexion muscles.

Preventive training Maintenance or improvement training Use a walking aid

Mild Spinal deformity progress: Serious

Figure 8.6 Training methods for improvement of walking ability in the

elderly with spinal deformities.
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