[2R2 sz

LAV

2 HF—F U Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

gobbobbbuggoobbobbuodoogoboobbouaa

Construction of Rhythm-Fluctuation-Based Evaluation Platform of
Parkinson's Disease

o0 od

Leo Ota

ogo:0ooggogg,

gooooo:ogoooog,

OO0O0O:00101000,

OO0O0O0D0O:20160 30 260,

goooo:oggog,

ogoo:0g og,o go,00 oo, gog,0o0

Degree:,

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 1010001,

Conferred date:2016/3/26,

Degree Type:Course doctor,

Examiner:,,,,

Doctoral Thesis

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

o+ @
ATV AL b ETHESL

IN=F Y RO T T v b7 — LS

I

HRE S AT ARMFEI

KM Bk



AT AL b ETHESL

IN=F Y RO T T v b7 — LS

KM Bk



WK 27 AREE TR

BITY XL 5 EN2HES<

IN=F Y DR T > b T 4 — DS

FOXTERFPRFB BB L EIER FES AT ARERK

CONSTRUCTION OF RHYTHM-FLUCTUATION-BASED

EVALUATION PLATFORM OF PARKINSON’S DISEASE

A DISSERTATION SUBMITTED TO THE DEPARTMENT OF
COMPUTATIONAL INTELLIGENCE AND SYSTEMS SCIENCE, GRADUATE
STUDIES OF INTERDISCIPLINARY GRADUATE SCHOOL OF SCIENCE AND
ENGINEERING, TOKYO INSTITUTE OF TECHNOLOGY

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY

LEO OTA
MARCH 2016

FTEHE =% £ #d%  Principal examiner  Prof. Yoshihiro Miyake

FEBE A EZ iR Examiner Prof. Kiyohiko Nakamura
FHEHE W smc. #PE Examiner Prof. Katsumi Nitta
FAHBE AT HEsE FdR Examiner Prof. Masayuki Yamamura

BEHE  /NE O Th UEEER  Examiner Associate Prof. Isao Ono
© 2016 Leo Ota



S

N—=F Y PFEPD)NIEE BN LV RAEIIRETH Y, @HE AR TH D0, mEboly
RN D ZOBEROEKMEE N IAEND . ZORBOTEAERILEBFEN N TH S, Z DIERIT
e IHEAT LTV 72, Y a VT rIaR A LE L 0D, L LR b, TORKICE -
TH, HBITZELE DL ZEIINETH L7120, ZOEEVERORHIRE R, MrZWns iz s s.
BERRRZE TR L L, M2 EBRESS 0, ToEEMEMEV. £, BEZKZ21T55
B1E, Z< OMAEEB L KRB ARELZLEL T 5720, MEH2ECIERmEchd. 22T,
BHIR R, BEUOHEGRRZEARD SN TWD. 20 L) 2R LA TIL, PD B DR
DIEWR % E B OME R FIETIMET 5 7 L — LT — 27 OIRBR L THUTHESWEFHE T v b
T —LOEE AN ET D, FEE LTI, PD OEBFEN W ESHITY XL b EOMHED
Wrd 5. PD 1T Y ALEMRENWHPIFIEL, <R, IEBRT2REDBRIKRIERSHRE ST
BY, INLOERIIEEICEERMTHIENTES.

AT U X L% % PD OBENCBET 28581, 2 >OMlE»HED b TWhb. 12, U X
DD EDOHIFEE L LTOLEBRICV TH D, ZOIFEIIHITY XLAOEHOKE & 27§
HIEEETHY, PD BETIHZOENRKREL 2D RHESINTWD. 2 28I, @b X 0#ENE
BLELTORAT—) v 7Ha ThHD. ZOREIIHITY RLDPE ERHELZFHET 2F51E T,
FAEAER T LAHEOEZ RT3, PD BBE TIX 05 ICIIVWVEEZ R LAY A b ) A REEEZ RS L
HEINTWD. Zb 2 OOFEEIZZ O X 5 85I PD ORI EELE & OB~ T
7=y, JERORRDMEZRL TND EBZONDTD, WEEZ & BIZFHET 5 Z & TPDEEIC
FBIDHATY X LAERRBER OO 72T TE D ATREM R H 5. CV 1T TRICAER S D
g ) X LR ORI AREREORFE 2252 LN TELHEELXBND. —FHT, ol THIC
ERRESNDIBITH AT I 7 AOBEEREEDENNEL A D LN TEDHLEEZLND. ES
NI E LTHRITY R L ED NG 2 DOREEZMHAEDE D Z L2 &> T PD OBREDIE



B

WaEERMITHZ, PD ORI EEL ZZW T 2 RN H 5. AIETIE, 2 >OBTHERE

1ITo7=.

FER L TIE, BTV XLERHTHD7 Y eV EFEHL, BT XLDLED 2 SDOEE
& PD DKM EEEOMOBEZ 58T L, PD OEKMEEEE LA HOR TN HHE
Hoehn-Yahr O EEE /3 FEMH-Y)IZHESWT, BEEELZ DM L. FREME L TR Sla & b
B L72E 2 A, mH-Y2 LU RO PD B & ORI, CV & a ODRFIZBWTHEENALILZR) -
7. 22T, mH-Y2 LLF D PD JBE LR Ml 2 £ L5 &, CVIZEB W T mH-Y2 DL T & mH-Y2.5
DO & MH-Y2 LT & mH-Y3 ORICHEAENER S L. F£72, alZB8 VT mH-Y25 & mH-Y3 D
FICHBZED RO, LR >T, 2 DOMBELMEAEDE D 2 & TERMIZEE ORI EE
AN TE DL EEZT. mH-Y2 LLF & mH-Y25 LLEDEN & LTI, PD OfRERAIER DL
WENWOFEICEDS. £72, mH-Y25 & mH-Y3 OO TIE, BB EN DD H D HT
DEJEFEDOEBEDONIEEITO Z & ERIET D, TNb 2 BHEONSHET R, ThEnT 4 v
X — ORTCERI AT THIE) 71.5%, R — T X —< 2 T T5.5% D REE THEEMN TE,
HEZ MG 7 v N7+ — 2% HWD EBEDOIERN L HND mH-Y25 O5FHT 5
TR SN, F7, BICTCYRERL, BICa BNBOT A S RO, RS RO AR
RS EREEREITICRA G5 2 EAVRB S .

FEBR 2 TUE, 2 DOBITY R LOIEICET 55077 v b7 4 — 50 PD OfikiserRFAT~ 0
A& LT 3FEOBATIOFME T 572, 2 5I1L Y X AFHEERABISATIREE —E U X A
FHRAM TR L V) R LA R L WIS TR C o o 7o, MEATRIF CIL 2 SO O
FIZBRMB AR -720, U RLAFE W2 2 DOFIFETIL CV IR W TN RS A [
DR, —FHT, allEBET 5LV X LFHAEAENRBITIEE —& U X LR RBBATIIR D
FlCHEEN R SN, LLEXR YD ZNENOBTHIRROBIRZ T 5 2 LT, im0z
ROBOHIERTE .

AWFIETIE, BTV XL 6 PD ORI EIERE ZBWr 2577 » b7 4 — L2 8 L.
V=T 77N EINEET D 2 LIS Ko TRMEICEH L2 T U XD 2 > DFEIEN L
DEFRBPEIR 2 ERBANZFHE 5 2 LA TE, BTRINR O bIT A 72720, R R - ke
HIBWNINL D Z E RSN, S HICTNDDIEE L U X LA RMET O BIRR 2 0 A AEH OBl
L LT LTz,



Abstract

Parkinson’s disease (PD) is one of the progressive disorders and PD patients do not completely recovered.
Both of early diagnosis and continuous evaluation are very important for PD patients to manage the
symptoms. The purpose of this study is to construct a quantitative and convenient evaluation platform of PD.
We focused on gait analysis as a convenient quantitative analysis method. Stride interval was measured and
the severity of PD was evaluated using 2 indicators of gait rhythm fluctuation. One is coefficient of variation
CV, as a static indicator of fluctuation, and the other is scaling exponent «, as a dynamic indicator of
fluctuation. This study was composed of 2 experiments. In experiment 1, a rhythm-fluctuation-based
evaluation platform of PD was constructed. Forty-five PD patients and 17 healthy elderly people walked 200
m. Clinical indicator of PD, modified Hoehn-Yahr scale (mH-Y), is classified by the CV and «. PD with
mH-Y score 2 or less is differentiated from PD with mH-Y score 2.5 or more by mainly CV, and PD with
mH-Y score 2.5 is differentiated from PD with mH-Y score 3 by mainly a. Average accuracy of the 2
classification cases was 71.5% in Fisher’s linear discriminant analysis, and 75.5% in Support Vector
Machine. In this experiment, PD patients with mild physical disability (mH-Y2.5) is quantitatively evaluated
using the gait rhythm fluctuation originated from neural rhythmic activity. In experiment 2, the evaluation
platform was used to evaluate 3 types of gait training. The significant difference between 3 types of gait
training on o was confirmed. From these results, the mild symptom of PD is quantitatively evaluated and the
severity change of PD patients is evaluated. These results suggest that rhythm-fluctuation-based evaluation
platform of PD is useful for early diagnosis and for continuous evaluation of severity of PD. Therefore, gait
rhythm generation disorders of PD is suggested to be related to clinical symptoms, such as physical

disability.
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Fig. 1-1-1 Number of Parkinson’s disease (PD) patients. (a) Estimation of individuals over
50 with PD in 2005 and 2030 in the world. Based on Dorsey et al., 2007 [1]. (b) Population
of PD patients in Japan by age, 2011. Based on Japanese Ministry of Health, Labour and
Welfare, 2011 [6]. The number of PD patients over 60 is 121,000 and it is 85% of all
O LA L] ] TSRS PSRTRSN 3

Fig. 1-1-2 Main symptoms of PD. (a) Resting tremor. (b) Akinesia. (c) Postural reflex
disorder. (d) Rigidity. (cf. Royden Jones, H. Jr, et al., 2011 [8]) ..ccccocevveieviieiicieieccee 5

Fig. 1-1-3 Neural mechanism of motor symptoms seen in PD. (a) Anatomical structure of
brain. Neurons in substantia nigra is degenerated in PD. (cf. [12]-[24] and based on web
site of Wow Profit Packs [25]) (b) Neural connectivity in motor control. Motor output is

weaken by the low signal from Substentia nigra pars compacta to striatum. (cf. [[12]-[24])

Fig. 1-1-4 Typical progression of severity of PD. (a) Hoehn-Yahr stage 1: unilateral
parkinsonism is observed. (b) Hoehn-Yahr stage 2: bilateral parkinsonism is observed. (c)
Hoehn-Yahr stage 3: postural reflex disorder is observed. (d) Hoehn-Yahr stage 4: caregiver
is needed. (e) Hoehn-Yahr stage 5: Wheelchair or bedriden. (cf. Figure 33-5, p. 292, in
Royden Jones, H. Jr, et al., 2011 [8].) ..ooooiiiiiiiiieeeieee e 9

Fig. 1-2-1 Differentiation between PD and other diseases. Based on Figure in p. 287 of
Medical Information Science Institute, 2011 (in Japanese) [23]. CT: Computed tomography,

MRI: Magnetic reSoNaNCe IMAGING. .....coveeiuieiireeiiee it esee st e et e e reeareesreeasbeesraeeseeas 12
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Fig. 1-4-1 Gait disturbances which is observed in PD patients. (a) Description of
symptoms in PD patients. Characteristics of gait disorders are short steps, hypokinetic gait,
irregular gait rhythm, and so on. (cf. Based on web page of Schoolworkhelper.net, 2015
[82]) (b) The walking in “On” state in a PD patient. Gait speed is relatively slow. The left
arm swing is very small and his left leg is slightly dragged unilaterally. The trunk is

swaying and leaning to the right a little. ...........cocooeii e 15

Fig. 2-1-1 Coefficient of variation CV as a static indicator of gait rhythm variability. (a)
Stride interval time series of healthy young person. The variation of stride interval is small,
and the CV is only 1.3%. (b) Stride interval time series of PD patients. The dispersion of
stride interval is larger than healthy people, and CV is 3.0%. ......ccccceveviieiieieiiece e 20

Fig. 2-1-2 Scaling exponent « as a dynamic indicator of gait rhythm. (a) Raw fluctuated
data of stride interval. (b) Integrated time series profile (black line) divided into same size
non-overlapped box whose window size is 15. Short red lines are linear trend in each
divided box. (c) Integrated time series profile (black line) devided into same size box of
100. The fluctuation of profile from linear trend (red line) in each box is larger than shown

in Fig. 2-1-2 (b). (d) Log-log plot of fluctuation function F(n) to box size n. ................... 22

Fig. 3-2-1 Gait Measurement System. (a) Overview of Experimental situation. (b) Foot
semser and transceivers were attatched to both of the legs. (c) Foot sensors attached under
the shoes. (d) Tape switches inside the foot sensors. Based on web site of Ojiden co. [112].
(e) System configuration for measurement of stride interval. Foot contact information is

measured by foot switches and it is send to laptop PC wirelessly. ..........cccovvevviveiicinennne 31

Fig. 3-3-1 Samples of Time Series of Stride Interval and the result of DFA 1. (a) The time

series of healthy people stride interval with the smallest deviation among 3 examples.

Xi
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Therefore, CV is the smallest in this case. (b) The slope of DFA plot of the healthy elderly.
(c) Stride interval of PD patients with mH-Y 2. (d) DFA plot of PD patient with mH-Y 2. ...

Fig. 3-3-2 Samples of Time Series of Stride Interval and the result of DFA 2. (a) Stride
interval of PD patients with mH-Y 2.5. Intermittent large change is observed. (b) DFA plot
of PD patient with mH-Y 2.5. The slope of black line is the steepest among the 4 samples.
(c) Stride interval of PD patients with mH-Y 3. Large variation of gait rhythm is observed.
(d) DFA plot of PD patient with mH-Y 3. The slope of black line is the gentlest among the

4 examples. Therefore « is the smallest in this Case. ......cccocevvviiiiiin i 42

Fig. 3-3-3 The data distribution of gait rhythm indicators in each 4 groups. There were
not significant difference between healthy elderly people and PD with mH-Y 1-2 for both
of indicators. (a) The distribution of CV. (b) The distribution of a. The « of PD with mH-Y
2.5 105 higher than MH-Y 3. .o et 44

Fig. 3-3-4 The distribution of gait rhythm indicators in each 3 groups. The participants of
healthy elderly people and PD (mH-Y 1-2) were combined. (a) Distribution of CV.
Significant difference between Healthy elderly, PD (mH-Y 1-2) group and the other 2
groups is observed. (b) Distribution of a The significant differences between PD (mH-Y

2.5) and PD (MH-Y 3) are 0DSErVed. ..o s 45

Fig. 3-3-5 Proposal of classification based on the data distribution. Severity classification

based 0N MH-Y Stage IS PrOPOSEU. ......ccviiiriiriirieiiisie et 47

Fig. 3-3-6  Results of LDA about case 1. (a) The data distribution of PD (mH-Y2 or less) and
PD (mH-Y3 or more) on CV-a plane. (b) The result of LDA about case 1 in Experiment
1(cf. Fig. 3-3-5). The difference between PD (mH-Y2 or less) and PD (mH-Y3 or more)
tends to be differentiated by CV, because the slope of discriminate function is steep (91
[0TSR 50

Fig. 3-3-7 Results of LDA about case 2. (a) The data distribution of mH-Y2.5 and mH-Y3.
(b) The result of LDA about case 2 in Experiment 1(cf. Fig. 3-3-5). The difference between

Xii
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mH-Y2.5 and mH-Y3 (severity of PRD) tends to be differentiated by «, because the slope
of discriminate function is gentle (5.7 [deg]). ovovevieririieieee e 51

Fig. 3-3-8 Results of SVM. (a) Result of case 1. Almost all PD (mH-Y 2 or less, blue point)
were distributed in white area. (b) Result of case 2.Fifteen PD (mH-Y 3, dark green point)

out of 16 data were accurately determined as gray area. .........cccoceveerieeresieeseesesieesienneens 53

Fig. 3-4-1 Relationship between clinical indicator mH-Y and gait rhythm indicators, CV
and a. The x-axis is CV, which represents gait rhythm variability, and the y-axis is «,
which represents gait rhythm fluctuation property. Both of the 2 indicators of gait rhythm
are related to the clinical indicator mH-Y. From relationship between mH-Y and disease
progression, it is suggested that the gait rhythm variability increased first, then the

fluctuation property of gait rhythm approached to white noise property...........cccccevvreenee. 56

Fig. 4-2-1 Gait training system. Foot switches were attached to the soles of shoes. If foot is
on the ground, the switch is on state. The foot contact information is transmitted to laptop

PC via Wireless COMMUNICALION. ...t ettt e e e e eeeeeens 63

Fig. 4-2-2 Program of gait training. The training program was continued 4 days. From 1%
day to 3" day, 2 gait training trial was operated after the baseline walking. The change
value of CV and a was calculated from baseline walking in 1% day to walking without cue

gL - Y AT 66

Fig. 4-3-1 Training effect of WM gait training. (a) Individual trajectory and averaged
trajectory from pre-training to post-training of WM gait training on CV-a plane. (b)
Comparison of average CV between pre-training and post-training. There was significant
difference (*: p <0.05). (c) Comparison of average a between pre-WM gait training and

post-WM gait training. There was significant difference (*: p <0.05). ....cccooevvervreninnnnnns 69
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Fig. 4-3-2 Training effect of RAS gait training. (a) Individual trajectory and averaged
trajectory from pre-training to post-training of RAS gait training on CV-a plane. (b)
Comparison of average CV between pre-RAS gait training and post-RAS gait training.
There was marginally significant difference (f: p < 0.10). (c) Comparison of average «
between pre-RAS gait training and post-RAS gait training. There was marginally

significant difference (T: P < 0.10) . iiiiieieie e 71

Fig. 4-3-3 Training effect of Silent control gait training. (a) Individual trajectory and
averaged trajectory from pre-training to post-training of silent control on CV-a plane. (b)
Comparison of average CV between pre-training and post-training. There was no
significant difference (n.s.). (c) Comparison of average o between pre-training and
post-training. There was no significant difference (n.s.) between pre-training and

QLo XSy (- UL oSSR 73

Fig. 4-3-4 Comparison of training effect between three gait training conditions. (a)
Average trajectory from pre-training to post-training on CV-a plane. (b) Comparison of
change amount of CV between three conditions. There were no significant difference. (c)
Comparison of change amount of o between three conditions. There was significant

difference between WM gait training and RAS gait training (*: p <0.05). ......ccccceevveivvennene 75

Fig. 5-1-1 Extension and application of evaluation using gait rhythm. (a) More mild
symptoms (mH-Y 2 or less) is expected to be evaluated by extended platform for early PD.
(b) More detail effect of medication or rehabilitation on gait rhythm indicators is hoped to

investigated fOr FULUIE STUY. .........oiiiiiic e 81

Xiv



& B R

Table 1-2-1 Modified Hoehn-Yahr scale: Widely used clinical rating scale. Based from Goetz
(2004) [30] .eeeeeeeeeieieeet ettt 11

Table 2-2-1 Characteristics of tape switch made by Ojiden. Co. (Cf. Ojiden Co. [112]) ...... 26

Table 3-2-1 Characteristics of each 4 groups of different mH-Y in experiment 1................... 34

Table 3-3-1 Comparison of patients’ characteristics betweem 2 groups in each case of

classification based 0N MH-Y SEAQE. .....cccoiieiiiieii e 48
Table 4-2-1 Characteristic of each 3 groups of different gait training in Experiment 2. ......... 67
Table 4-3-1 Results of training effect of each gait training on gait rhythm indicators. ........... 70

Table 4-3-2 Results of change value of CV and change value of a between 3 types of gait

L= V11T TR PSSP 76

XV



JEE

it
Wb




;
o
]

1. 1 N—F2Vm (PD) &l&

IR—=F Y UPFR(PD)IX R 12 O DA T, HRTHIEFICETHNZVE
BTHD[1][2]. BIEHERNE 2 605 FZEEfamilia) TH 2 Z &b H DA, £<IE
FHEIZ PD BE M A S0 2288, IV (idiopathic or sporadic) CTd» D &{b23 1 DD
R L L TEZOHNTWA[2]. 50 Ll o 100 A2 1 ARNZ D PD BETHDH EED
NTEY[3], HHD 65 EDADD 1.5%2PD BETHD LSO TWDH4]. H
ATTITFRL 23(2011)4F 12880 T PD OHEFHEFE£7S 32,500 A[5], 5 Cid Ak 17(2005)
FEIZH T 50 MLl o> PD HERFERE LS 410 5D 460 HA L 7->THEY, BEDL
M A ENTWD[L]. BARMICIE, 2030 4F £ TITi A o 50 kL EOHERHEE K
WEIRTSH 870 T ARG 930 HAE 2 FRICETHINT S Z L PRI LTV S (Fig.
1-1-1(@)2M)[1]. Fig. 1-1-1(b)i%, FEk 23 £ PD @ HARIZEIT 2E T & O EE K
Z R LTV A[6]. 60 5% LA 0> PD OREFE S 121,000 A & 72> TH Y, 22K 141,000
ANIZx LT 85% & O TWDHT28, mmEIZZWERTHD Z LAl 5. T4,
FCAARZ LD & T 2 EEICB W THEIMEBEA TR Y, IV TH REA O
ELTHABBTHINT 2 Z LB PR INTND7D[L], EREOHRKPRIAEND.
ZOXI BT RND b, EEOEY, AR, HTAEwY, WIS T
DAEMBE, FELEENHIRE LIZ BT, BRBRAFI AL T ET v AT D
UNEYT—va URY, RRABORZ G2 ARNREBLENG, MkIhERE
Ffoe TRE 7oL B 2 B9 5 720, PD OIEROHEMR & Z N 5 DOJRKOMEH, 0¥
BHCi2 it « IR FIEICET A REZ L0 TMIREIT) ZERAK L > TV 5.
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Fig. 1-1-1 Number of Parkinson’s disease (PD) patients. (a) Estimation of individuals over
50 with PD in 2005 and 2030 in the world. Based on Dorsey et al., 2007 [1]. (b) Population of
PD patients in Japan by age, 2011. Based on Japanese Ministry of Health, Labour and Welfare,
2011 [6]. The number of PD patients over 60 is 121,000 and it is 85% of all patients.



PD D FEZIEIRITEEBFES VT H O BAITIRDNDCIREE 2 & D U X LAERFER W RBLN
LB THD. Fio, HERECEBER N EORBRHIN 5 F Wi 225 0E
RbROND. EFANTIE, REE, FENE, BEERIE, BESEENVO 4 KRIGEICHE
I TWDR[TLB]. 2D DFERIZO U X A4 E W 2 REEIE & & Q& RERALIC
A OWHRERRE L W D ZEEIX O 2 SOBLENSEIT A ZLNTED EEX
bivsd. i (DREBIEIE) ([2OWTOMRERNT, Rk L AITREIVAED S U XA
AN N TH D . REEEICAER SN H ROBBIOIRENEI G O X A F I 7 ARMEHE#H
EHEIRD EWVHIEIRE LTRMAMEZ S5 (Fig. 1-1-2(a)). RERITIULE, HRic BE-e,
FORIZENRLT L, BHEETRBICS CTHEAEL ZAZA LR TR I bND
r— U 7 iRER (pill rolling tremor) 23 H. 503V, Fo, FOIRDIARHEV H IO
JER EZEZ DD, 2D DX ) REFHEITIZA LN WIER) U X AR ER IR AR T
5— 15 C, MEREE) U X ATEL o0 RHAIZREE & 0E > TERT 2 L0 IR R
B, BT v T (BRI L e 2 S REEE K V2T 2 L 2157
DX D 7eREEBNN Y X AEEN E AT DB Y R ANREL Y IR TR edRE
DY XADOEEFDO /NS SN L o TR D2 ERFENE(LT 5 Z ERHE S
ALTWAII11]. U RLERRH A IV 7RB LB LIEZ A I 7 OFBNE LW
EWVVOERIE, BIERENR, EE), B D, BEEINAREHEI NI E VB RV EIX =L
THENT R R DIERIZ DN D & B 2 b D (Fig. 1-1-2(b). %% (O=ZBMEx) 12
DNTEEDD L, FEREAIZFFEDIERB A S, 25 TOEBOEALWFABIRN
N CTH MBI RN AL EICR D &0 D FRO BB BRI OB & ORER W E B 3
biILD. 1ol ZE, BATRDLELIERIFRLBIS D O, #AT L72RRC R & 5 R
FHEEDIN &) BRI 3N - 72 & I DB D M O R (Fig. 1-1-2(c))<°,
e BRI & O ZEAOICBIEN 2 R S 7 & ECBN W R IRBL D B R AT S
FER(Fig. 1-1-2(d) 23 R B 5. 23 I H AL OEB) O RE A 22 B D ELiv /e &
DR E L TIRAOND T DERFHEICB T 28 (b E LTHNLSD. 2D DIERIZOW
TliX H. Royden Jones, Jr. ©(2011)(Z L - Ttk S 4172 Netter’s Neurology 2nd edition [8]D
FRNBEIR 5.
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(a) (b)

Fig. 1-1-2 Main symptoms of PD. (a) Resting tremor. (b) Akinesia. (c) Postural reflex
disorder. (d) Rigidity. (cf. Royden Jones, H. Jr, et al., 2011 [8])



PD (IR 1 D TH Y, ARET & U TIERMMEERZ OERE & 7 < BIEd
DI D F—8 3 IO B RE & & 2 51T (Fig. 1-1-3()) [12]-[23].
PD Tlk R— 33 U ORFIBKATH D L R— 310 X AW ThI, HERZhTing
EX Ay, EPPINTND X2 A 7REL W) . FFEHRAZFCET 28I W T
8 ML 21 WoORLEAITOE I L AV RETITEN TN DR DORFRFEIZ T LT
EHUE ST FRBLRE R O A0 O FHEUZ ZEZD I o T2, A 7HREETIE, K2 & ITIER
EENT-HREFHOIE L XN B s TWH I ERMEEINT-Z &b, F—IF
A TR EIIRRARICBWTEEREEHZRZL TN LEZLNATND
[10]—[11]. R— 33 e & BEDS RO KRIMILERZ & 1X, 245 O KM ER O TREBICAAE

, BEEGEBNOFEI 72 LIS D MREEED Z & 2\ 5 [22]-[23]. FEHIFR IR O E
TCTIEHIDDOEMAICKREL FIFHZ LN TES. UL, Bk (caudate neucleus), #%
wk(putamen) &, #ZER O NN ALE 2 K& ER(globus pallidus) T& 5. HEREMI RS OVo &
DGR N2 8D 1T HR i HLE (substantia nigra)<° [ AR T 1% (subthalamic nucleus) % 1 8 CJA
BOKRMEEZEE SNHZ L bbb D, Pkl RBERE E L O TL U X, BRI & #k
ZEDE THEME EMES. Fig. 1-1-3(@)121%, KRMILER O h oMK, KIMEER )
B RIMBZEIZ W29 £ TR 3 5 BLKR (Thalamus), TPAMEVE & EBhH| v THE
P27 % & /NN (Cerebellum) D K £ 23 (L &R Lz, EERIZHGROBRICH H7-0
BIHIZIFR LT, FERZ2 i) A & BER & 2 DA FRIZ OV T, 23 3CEk[12]-
[23)3&& 127 5. EBHNH] (hypokinesia) 35 X6 Z D A W =X L &G T HET AN
BRIN TV D (Fig. 1-1-3(b)). REEKITITNET EAEINR BV, BEEN L IEEZ O )
LI & 72 2 YR BRIN B ~E R INBINERS & & 3 2 [EHEE & BRERIR DN & WA BRSO i
ERUR PRz U OB ERN NS B 5 MM ET 5. BRI, EBIRVE D D
ANEZFANDTET TR, FREEO O R— I v O AN EZ T 5. HHERK
([ZDIRIN DR DZRMRIL DL AR E TN, 7 TN a5 e Rl C B3 55
KD7= PD TIEERENDLDANBIHE > THEF L L TGEBNC DDA ES.
F7o, MERICORPDMEEOZHEMILY 7TV EZRT 5 LMl &b D2 ZHK
ThH Y HPMBENS D157 PD TIEHR FE~NES 7T A L, R L
T RAMHTEZ'E (Neocortex) 2> b OEENH AT E D L B2 b TWD. £, KIKETRE
EMEER, K TE, HKZN LIZ— 7128\ T PD TIEARRIE K DRI 2506 5 =
ENDINOOMIER Y U —2 ORI X 5T PD ORI Z 5] & L Z 3 LHL A & 7
TLHETVHIREIN TN S[24].
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Fig. 1-1-3 Neural mechanism of motor symptoms seen in PD. (a) Anatomical structure of
brain. Neurons in substantia nigra is degenerated in PD. (cf. [12]-[24] and based on web site of
Wow Profit Packs [25]) (b) Neural connectivity in motor control. Motor output is weaken by the

low signal from Substentia nigra pars compacta to striatum. (cf. [12]-[24])



PD IZ#EITHEDKRB TH D=0, BEMITh-» THIAEEN R A IZHET L T [2],
[26]-[27]. =ik, ARlESE, BHYEEE R & ORI S—% > = X A (parkinsonism) & FEE
N5, ZOREROBNTTIE, EAEPRKRE S, IREDEALREE L BBSBRTICED S
[EDANWMEAL R BEICRELS DT HND. ZONR—=F Y = X LTINS R HahD,
WATIERNPEL 725 LHEINTVD[R26]. 72& x1E, FANCEERS SN0, F]
EFOLAE, FEESONELRY, FORIINSLKRDHREL 2@ L
12K < 7257203 %. Hoehn & Yahr(1967)iZ & > TH DA ITHEIR DS 7L 53 D BEPE 1T A
T — /1kémkpmw@1+4w%@.ﬁ%®ﬁL LU0 BGHINZ BIER RS A 6 5
L3120, ZTRENOFERAELS 25, ZOREEAT— 2 & X5 (Fig. 1-1-4(b)
ZH). BESIHER WA R OND K IR0 EIEHE LD LT R AT—Y 3
2SS (Fig. 1-1-4(C) B MR). REIZ, MRH-> TR LM THITF DL AT —V 4
&2 B (Fig. 1-1-4(d)). =612, HRFFCOBIMBKEIZR-72D, BlEITRo720
THAT—UBICEDL L L NTHEIEZED Z ENHEE L 72 5 (Fig. 1-1-4() 2 /). L C
RAEANTITZEICE D . JBIRIC L > TERZEBES 725 2 LR THD N, ZOMR
b THD. E/o, PD OEEE LT 2 O 2T, EMRREIToTWDHNED
DEfE#RE L CEEICAND Z ENEELE 2D, IR A#%OBREEE 2 YGEDH
FIZFF > TS ZZDIZITANTH D Z ENLVD, PD DEITZEDOLDEZELEDH Z L
ITHEL <[4], BIRICW - CIZIERICNEETH 5.

FEMRIEIS E L L 72> TV DY, FEWFREITITRA N & 5[23],[28],[29]. 1 »
Hix, BERSRGE T2 RN N D720, HA2RE S ZREICARA Lt 2 L ER H
5. 2oR1E, ARXHEL[ R EDEWEMNRONLEVWS 2L THD. 3 2HIE,
F &9 5 & IEEER o B NS (motor fluctuation)°, REEEEF N LN D L 912
BT 0N 5H[28]. EEVEIRO HNEEBOREN 2D L LTUIELRALTHED
NFDFHERF DR 2 1T L TCWK BB TH LU =7 VU 7 4 7 (wearing off) 3% 5
[28]. F7o, BEDABANCAIZENTLE S on off X°, AR X hED 5 F TITRERHA
% delay on, HQRZh < 2% noon 72 ERd H[29]. Fz, HORBWERIZ L 2R
EEBTT ¢ AF % U7 (diskinesia) & FEIEIL S [28]. FDIED, EHOMAEMA DT
HOFEE U CEERIESCIMIZETH% (Deep brain stimulation; DBS) 7 & OGN &
N2 ELH20, BEOREIZEREDETIEEFHOREN KD 5TV 5H[29].
WTHUZ L TH R OEMPIRIESCFINZAT o 721E ) BDEWIRB R 6N D L vbi
TW5.
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Fig. 1-1-4 Typical progression of severity of PD. (a) Hoehn-Yahr stage 1: unilateral
parkinsonism is observed. (b) Hoehn-Yahr stage 2: bilateral parkinsonism is observed. (c)
Hoehn-Yahr stage 3: postural reflex disorder is observed. (d) Hoehn-Yahr stage 4: caregiver is
needed. (e) Hoehn-Yahr stage 5: Wheelchair or bedriden. (cf. Figure 33-5, p. 292, in Royden
Jones, H. Jr, et al., 2011 [8].)



L7ehy o TREPE R Lk R EAEE OBW 2175 ZENHEELR> TS, BHI5E
RZAT 5 T ENTE UL, EMIRE T, M A R ZESRIEZ RS OIEH L,
BFIREFDD ZENTE D, & OIS EIEE 2R 21T 5 2 & T, itz
JERSLPBE DT A 7 AZ A NMIZEDETIRE L TN Z &R,

1. 2 PDOEZMHAEDEIR

PD DEEIRINZ22WrFik & L CIIs kiR Ze BTN 5 EAIC L 5 M2 E&3 A
S AT — UAEEMNE IR STV S [26]-[27], [30]-[33]. Table 1-2-1 177 L7tk
7% Hohen-Yahr @ 4 % 43 %H(modified Hoehn-Yahr scale; mH-Y) X% O & 75 )i < B
RICBWTEH SN TV D BRREEEORZBIELEL o T s, Zhbid, BfICE
> TEBAI AR AT RE 2 D SEIR & [IR2 0idBh i A O TH B 2N BRI S 4, #E
HZERIRESEE OB T O 203, EEMEN 75 TiER <, BB RLIIRECH 5
EWVVOBURM B B . BARIIIZ X, Hoehn-Yahr O ESEE 3D 5 BefE D 27— 12Nz ¢,
LR DD ERBOFERICER LI2 AT —Y 15 &, BENHERVOMRAETH D
TV T A K (pull test) 2 BN THE T ZE L FTIIATH 2 W OO 23R F &R HTH )
TYHEHLZENTELRETHDI AT V25 24bYE AT EMO AT — U0
(272> TV 5.

7o, WWREFEOPE LEERMOBEE L OO T DI, PRI EG 2
Wi7p & D ABEZ O REBERAE M TS Z L 23 b 5 73[23],[34],[35], HEEMEEIT -7
GEITHEREN S FEL, MEEENRFBE THLZ b5, k2
Wr - FBEIEZRICIIRA & TH H(Fig. 1-2-1). 7= & 20E, MEBICHENT-BREN 5, 28
— X V= XANTIR LN DD, 1RE TR e D AT MEEZ I JRRE (Progressive
supranuclear palsy; PSP)-=CHM LG M/ \— 0 VY = X LR PR T& 5. L, WMER
3 1 @) % (Magnetic resonance imaging; MRI) <> = > = — ¥ Wt J& #% % (Conputed
tomography; CT)7¢ &%, KEREEE 2 H 5 DIz, MRI TIZ&E3MEANIZHLDIA F
NTWRNWZ EDOMERREDHEMN LOIEEGHSH. 72, CT°MRI TiE->& 0 L
M DFAZ TR D T- ODIERRIRE 2 T 5 2 e LD, Tz 5> LERH LT
RENTHS.
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Table 1-2-1 Modified Hoehn-Yahr scale. Widely used clinical rating scale. Based from Goetz

(2004) [30]

Stage Clinical feature

1 Unilateral parkinsonism

15 Unilateral parkinsonism. Axial disorder.

2 Bilateral parkinsonism. No postural reflex disorder (PRD).

2.5 Mild bilateral parkinsonism. Recover independently in pull test.

3 Mild to medium bilateral parkinsonism. PRD. No need for support.
4 Severe parkinsonism. Able to walk without any support.

5 Bedridden, or wheelchair. Difficulty in independent walk.
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(DExistence of
Parkinsonism

@Not drug-induced

parkinsonism

@No abnormal object in
brain by CT/MRI

@Observed improvement
of parkinsonism by anti-
parkinsonism medication

Parkinson’s disease

Resting tremor (4~6Hz), or two of 3
symptoms: rigidity, bradykinesia, postural
reflex disorder

Check the use of antiphychotics,
antimetics, anti-ulcer drug,
antihypertensive drugs

Vascular parkinsonism, Progressive
supranuclear palsy (PSP), Striatonigral
degeneration (MSA-P: or SND) ,
Normal pressure hydrocephalus (NPH)

Confirm the effect of L-dopa, or
dopamine agonist on symptoms

Fig. 1-2-1 Differential dyagnosis between PD and other diseases. Based on Figure in p. 287

of Medical Information Science Institute, 2011 (in Japanese) [23]. CT: Computed tomography,

MRI: Magnetic resonance imaging.
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1. 3 AWMEDHEIE

FRSNTREE LTI PD ORI AO-DOEMN RO LN TWD. ERIC L 5
EERAE N GEE OB CIXA WS TV AR, BHEISE R A21T 5 7-0121%, 2k
ORI, FHME, BEZ2EHODLZLER/ROLNATND

I HIZ, MERAIC PD &\ D BB OEBER OMITIREE 2 Rl 5 Z L RN nE L
INTWD. PD DIERIZEMICOT > TIHRLAZIZEITL TS EWO R H D, FiE
DRPUCBNWTRMBREN AN D56 bH 5. TR, fERFHINC X 2 EAELE
DLW ZATH Z LN TE D LI IRNE, BRI DT - TRERIICEIEEZW 217 5 =
ENTE, ERINMZ CHEHT ZENTERDOTIEREZEZ D ENTED LI
5. AW EREESCEAREZ D Z &0, IBRTHERET S ECTHLEERILTH
v, HREEZR EOFYIIROFEC, RHMZRERICSI 72 & & D PD OSEROEELT
EEBT LD ELEEZLND.

Z 2T, ARWFETIL PD & OE RN OREE 22 W A E 7R - o FIEIC L -
TEBTLHZ LA HEL L. PD OE Rl DOREHE 7o EAE L2 WM i 22 71k
STEBTE DL IR MUT, REINDIRREIT) 2ENTE LD, BVEDRE
RIATZ ENTE D, SBIT, MEMICEEERZB 21T Z &N TX 572012, HAx D
FLWVIERDBBIND TIRER A0, IBWROIREZRE VA TIHME L2 752 &3 F]
RELERD.

1. 4 WRASH

MR8 E LTS, FHUIES TERIZHON A AIRETH 5728, PD A OEEhE
MUWZTER L7, &612, BT ) XA0MmNr 6By 5 2 & & Liz. ToHHIE, PD
13V X LAERKIER O Z Z OREHNEBER & LTRIT 5 2 LA TE, TRV TR
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HI7EIR AN B D 8 B Tdb H[36]-[37]. Fig. 1-4-1 1Z/3—F 2 Y IR OAFTRE DN Z 3B
T 52O EZRT. PD TIXAMELZA L 720, FEeFENEE LT DN L
L LTORERROND LI, BITHESLHES/ NS <20, AHAIZR Y X DL H)
MEONDHBIT L 0 572 EORFZERMIBER) N2 — & LTH AR R 6N 5 (Fig.
1-4-1(a)). 129 < A2 [38]-[60]R0 NN A1 T[471,[61]-[65], /NZIA[66]-[71]72 & 23 . B0
LEMEINTVD. T AR ENE, HEHOMRE], HaZk#, RVIESCEDIT 72
FlZB W LD 1L BEHAMT Z LN TE o720, @B HEWERE TEZ T
HiEE 5720 LTLE RO Z & &9 [40],[56],[58]. Z DIERITHITY X ANR—E
IR T2 D &) BRI A IHE 95 & & % 5415 ([38],[45],[46]. & 7= Z OIER OB
BPEICIER T2 L, RUA b A REHEIZHOWTTIER L, 27— LHIRALT % 2 &
DHER SN TWD[39]. 7z, MTHOLELADHFMEDRNNA T HREDH L EBEITE
WTEL BN Z NS TWVWA41]. Fig. 1-4-1(b)iE A 2 REET D PD E DA
TEBANOLELIEERTHY, EORIRY BN/ NS EREV LT 5720, Kigk
FIZRELSES LTHTT DRI A ONTFITH D, HEITHZIZSWEK T D PD
BEICBWTEIT M E BT 2 HROMRERZRIZH 2L TEOREELIT S &
T2 EHELT D EVHIBIR (WEAT, Paradoxical gait)3& STV 5[21]. =
D K9 IR FEENLRARRREIC & > TOIREENHIE & 20 BEERERVEND LV
ITLARDAN=ALDETIVHIREINTNAH[50]. £, MEAATEE, FES
FEWrAREZ QW TIEA D L LT & SOl EN ER L TihEF < 220 L I3 BRiT
Ao THMBEI L Z DR o720, B L7V LTLED EWHIERTH H[61]. A
FHELIHIND Z L bH D, $< AR LEFAMKICHEY OBREIS LT EY — FIIZAET
LT E Y — REBTRER WV E B 2 5TV 5[41],[44]. & BIT/INA#H3{F (short step
length, brachybasia) & 1%, #3173 2HATIC L S RHEEZ L 220, B Y XA LR
(AR E LN RDFEIRTH VD, #fERRABTIRA VD & B 2 BT 5 [44],[47].
Z OMBTIL, EENMEK T AT (hypokinetic gait), MEE)[E#FE4*1T (akinetic-rigid walk), 5|9
0 A4 7(shuffling gait) 72 £ & & FEXIL 5 [36],[37].
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(a) Tremor

Tremor
flexed

Fig. 1-4-1 Gait disturbances which is observed in PD patients. (a) Description of
symptoms in PD patients. Characteristics of gait disorders are short steps, hypokinetic gait,
irregular gait rhythm, and so on. (cf. Based on web page of Schoolworkhelper.net, 2015 [82])
(b) The walking in “On” state in a PD patient. Gait speed is relatively slow. The left arm swing
is very small and his left leg is slightly dragged unilaterally. The trunk is swaying and leaning to

the right a little.
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N=F YV U IMEZ 2T 5 BEOAHROFEIILNT, Frm< 22012 E, s
D DOFDLH &0 AT, BREIT D & EITHERIA 0D 7 E DBATEE N O E FE ORI R
MEL 720, BTREPVERO LR COERMERE E L 2 EAREINTNWDH[72]. £
D=, BITIEET DI EDFEFICERREREZFOLDOEEILND. £, BT
IEBIHICEHAIFRETH Y, HERZWEZIT) 2N TE 572D, REERICEEKT S
EEZOND. BATORFEERICE T H2EENIBETHY, HHIZREEST S ETY X
LIEB T D 2 ERO DN DT, HBE RO TIHAR L, EE U XA EROBLE,
ODHEATITALE L THTERAD ZENEHEETHD. FFITHBTY X AT H N A
BNDIZDEDDPHEDRE I &R THIRME & R 2L OIS %2 R T ERRED T
HICTEH L THBIT Y R LAERICED D ERWOEEIT Y X DR EE A &2 AR A 34T
THZENAEITHDLARENER D S.

F7o, HEAETE OB A EICHTE 2 FEERFT 5. FERICHMTITHE LR
BB L MERL, R TRELEE L WEETH Y, B2l TEN S  fFAE
T H[73]-[81]. M FikE LTI, @3 ifmics#Et L & EOENEREBRHT HH 0,
i BEE-CHE RS 722 E O ERERE BT 5 b0, HELZBIST D L O, ISR H % R
BI2 b0 EREMMEENTETWAS. LN THTRHIZTERT 5 2 &2, 2
IZBWTHEMICHEZREEE T2 LoD ks EZ LS.

LLEIZR U2 & 91T, AW TIE PD OB DJER 2 E &I X 72012, EER
JERTHDHATY X LERFESVIZIEER LT, BTV XL 5 & OFFIERE & SRR
OPE D IWTT 5 Z LT, PD OHAT U R LERBES O EFGHICRH T2 2 & %
TgtE Lic. 200y =7 770t o2 E M LT ERFHIITFEIC L > THT Y X4
DHLIEFHMT DL EETL—LT—T L LT,
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1. 5 XREXDERK

F2EAB N—I)NTBW T, BT XL b E 2 MWD 2N B 2 Je Tk e & 7%
SNTREIZ SN TR D,

BRI N—INTIE, 12077 v b7 +—LDOREEITH T & TREKART7
B L A DRER 2R T, ST T -7 1 SDHDOERICHOWTEERT 5. BARMIZIX
BTV R8P B E % F D 2 & BRI ERE 2 O XIS BRICOW T B L, 7
— A DAV CTEIEEDO LT D2 & T, BTV XL 5 EDFRIEICIESNT
IN=F Y IRICEB T DT Y RLERER VOIS T v b7 4 — DER ATV, 8
JEDBEFIER 2 ERMICTHECTE 208 ) 0 2Ratd 5. £ LT, BRNEEE OHFT
MR L AT U XL A T = XL DOBURIZONTELET 5.

FAFEGBER—I)TIE, BI3BEICBWTRE LT 7 > b7 4+ — AZHESWTRE
fili L72IS B2~ 7. BRI, AN ORMEZ2GHMEZ1T 5> Z L2 BHR9E L, 165D
ROFMAEITS Z & & L. BT XL ERWL2M A et e Lz, U X LE
HE A DT TRIE 2 ol & U 7= B EAT O3 FA B 2 4B 3 5.

FHETIN—NIBWTIE, REBLLITY. 27 L —2U—27 L LTOHTY
ALPHEDITOES - AEICONTEEL, BRA~OIEHOREEEIZ DV TR~
% . tRICA I U pkflidih & 4547 U R AER A B = X 5 L ORI OBRIEICOWTE
BT 5. EB Y RLERD A B = X LEWRT D HEHA~KFRDO 7 L— LT — 7 H3ii
ATE a7 5.

%6 786 ~—V)TlE, FELEETOARMAETHOLNTHREEL L, SHORBEIC
DTS, ARV CTHR SN ES) ) XA ZEICEHIIL, 20X A F 37
2% Y ALPHEOFN) - BIFEEO W E 2 LI T2 &V ) 7 L—A T — 27 DISHO
FHEMEIZ DUV TR,

17






2. 1 HFTIVALPLEFEZANLDHK

2. 1. 1 FHHEEELTOEEHRHBCV

BT XL E X HWL2Hr e LT, LEifRE(Coefficient of variation; CV)723 & % .
iU, BTV RLEHAFTI T RE LTIRATERE, 20X A F I 7 AOFHIFEE R
HIENTELHETHD. BIRIZIE, BTY RLOEBORE S & L5 ETH
D, EERE CV Tl ugpe (KT DI R B D H DR E LTHRIHTE S,

cV = ;‘—d x 100  [%] (1)
Fig. 2-1-1 (Tfdt 54 & PD BHE O TE B O R R 51 0 RG] 2 7= 3. BARRIZIZEAN O
BT &1L E S9N 3 SRR AT Lo B lA T —F 2, v F THBILZ S
D TH D (FEMIE Hove, et al., 2012 [83]12 7). Fig. 2-1-1(a) 23Mat i #74F4, Fig.2-1-1(b)i% PD
BEEELTCND. Mt S1TE M [sec] TH 5. Mt 70T — 2 OIES>XZERT
% &, EEEEE(Fig. 2-1-1(@) 2 FR)IZ%F L C PD B4 (Fig. 2-1-1(0)Z ) DIE H R X <
2o TND I ENGAIND., CVIRIREWTEY XAEHNRRE N EaRL,
B TIXZE/ NS VR(Fig. 2-1-1(@)ZR), PD #2425 L EF N K E < 72> TV 5 (Fig.
2-1-1(b) & FR)[84].

F7-, EEEMESEH L TOWARWEB O PD BEICEBW TS REBROMEEN RSN 2
D, FMIBRMFER T ER I Shieb i Tidhn e &2 6h5[85]. #ic, LA
RADHERICE > CTRENRROND Z EBMESN TS [86]. LI~ T, #H{TY
A LD CV DE3HTIE PD OEEIER OFHIICAR TH L ZENBEZXLND.
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Fig. 2-1-1 Coefficient of variation CV as a static indicator of gait rhythm variability. (a)
Stride interval time series of healthy young person. The variation of stride interval is small, and
the CV of healthy person is only 1.3%. (b) Stride interval time series of PD patients. The
dispersion of stride interval is larger than healthy people, and CV of PD patient is 3.0%.
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2. 1. 2 EMEELELTORT—Y V5E#H a

— T THNREE TH LA — U U 7 o (T2 ED LTV D, 2l
R FIEE & L COBICET RMEEZFR L, L v RErEWD S & 5547 (Detrended
fluctuation analysis; DFA) &\ 5 FiEEZ W CEI S L5 [87],[88]. ZAUTIEEH 7R
FNZ &1 FTRE T d D LA RERSINCKT L TH A E RE SN TS hL v R
LD} L ZRHELZ I T D5 FIEZHOWTHEEB END [89]. @6 & &IXFHEE Y O
}AiRL, Py REFEROMMD Z & E2FRT. RO K5 725tV TE ORER I D
FE2RT OO EREORIEL LA —Y v 7R a NEHSNS (Fig. 2-1-2).

@O Fig. 2-1-2@) D X 5 BT E BT OV T OB gy, 7> S DFEZFESY L T2
FHy (k)% KD % (Fig. 2-1-2(b), () D D HEfR).

y(k) = {le{u(i) — Ugpe} (2)

@ yM)ZERBEnOERLRVXMEIZOE L TWE, ZRENOXEHNTOy(n) (Fig.
2-1-2(b), Fig. 2-1-2(c) D HHR) OB b Lo K&y, (k) (Fig. 2-1-2(0),(c) D#RHR)
ETD. ZORLYRDPLDRLEDOREZEERTWL XEBEFM)ERDS.

P = [REIL000 - (R < e ©)

7272L, ZZT, BBIZR > TT—FRENEHGTH L, REOXKMIET —FH
M2 E BB DD T, b Onllim =2 WKW OT — 2 1227 — 248
NIPLBRINLTZ DT —H N & LT D, ndV/hSWEORIE Y, %< O
WZFTHZEMTELLEOFFMIC L RERDDHZENTE, FM)DOEL/NE
K BRBHMAEBALND. EOnIWHTZ 2 WKEOT =2 HbmE 20 7 — 2%
N'DBELS END.

@ nlZHTHOLEDRE S FnDOREFEE o ZHHT % (Fig. 2-1-2(d)).

D5 XRIEF (n) & BEn ORI A 7r— U » ZRISSL L, R ORIz B
S Te A FRRIVIKIRH T v~ ECOMIZEIFERRZ fi/h 2 BIEIZ L > TR,
TOEE 2 X5 — Y 7 a L 5.

logio F(n) = alogyn+C (@)
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Fig. 2-1-2 Scaling exponent a as a dynamic indicator of gait rhythm. (a) Raw fluctuated
data of stride interval. (b) Integrated time series profile (black line) divided into same size
non-overlapped box whose window size is 15. Short red lines are linear trend in each divided
box. (c) Integrated time series profile (black line) devided into same size box of 100. The
fluctuation of profile from linear trend (red line) in each box is larger than that shown in Fig.

2-1-2 (b). (d) Log-log plot of fluctuation function F(n) to box size n.
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a BN 1LIZEWE Uf wHX, 05 [ZIEWEARYA R A XeRTEHRESNTEY
[87].[88], & & Tl 1/f ¥ 5 X[90]-[92], PD A& TITART A b J A RITHWREE 7
T LS TWD [93]-[95]. #AME T DRTOMM PD EFIZH L TH A —1 7
B OBNHE SN TWATD, U XAD S RO BT S—F 2 VIRTRIEE D
BIWERCIERVWEEZBND [96].

2. 1. 3 EBELEHAAE

LS, BB OMOFREEIZ OV TIE, MBS AT AL L CORME L FERIE L 2
T A E L TCORMEE ERIET 200 FIERNE TG T 5[97]. FIE AT AL x
T BROERVREMEI T, AL, BRI AR, L U EOREHEIEIC L 5 T
EELTES. FRIEEN Y XAEROBRNDEZD L, ZOXA T I T AEET D
ZLENEETHY, FHOREEZZ2HODOTHEETH oW, BEH¥ERAE, FEERE L
YUNREMTHD. 121, BMBREOREER L DI, SMUEZR L OJRFTHI 7R 25 E)
PEICKRTT D REERN S VIR CTh 5. BEICEA DR MAZRA D 72DITITTE 2RY,
FTOZEALDIE I SIUC S WVIEERAESC O BAEN L B2 6D, £, FHHEN
REFIUIKRENZELETHOKRE SIIRE 20T 0720, SEHECERL S g
WAz L L TR B2 ZBEMREL CV I KIAIC R RED AT U R L ORI R D 347
EITHOTDICE L TWND EEZLND.

— 5T, R AT A LR BRI OV T BET ILERN D H. £1L
DIEERFHEEIZ SN TOFERE 525 b DT, BEDHRFIFER) S WITEN D HHH
EORETRREETH L0 EMD HENBERINTWD. Iy hrE— U 77
THREIRENZEORETH L. BHIFEKY 77 7HEEOBE TR/ & o BN H S
SINTHEY, KB ZEMEOIEE S L THFERED 51T & TV 4[98],[99]. EHIH
WKV T T 7 7ROV TIE, 8BE L XBENFTV, DFA IZX > TRO LA
= U TR OFBEBRHE SN TVWDH[98]. H DWW DRRII Y —NZE T T 7 X
JVIRTE D on—A NMEELH [89]5° A7 R L4ESL B [89],[90],[100]) 7 E N FH T & 2 73,
IETIZEBWTIL DFA 27—V U 71 a DM b EAICHIV TN DS ~N—Z |
B H 28N 5FED 1 DThY, HEIEEH eRFRFIZH H TRE7e Adaptive
detrended fluctuation analysis (AFA) [101]-[103]i%, ~/VvTF 7 Z 7 X WER R B 572 ED
FERNZ2IEE T EN Do TV ALEEIE, Y &9 KiflzEREbE TCEAEZ DT T
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ST D, N OSATICHEA Li=Bl2s £ 7207220, Kirchner 51X A7 — 1 v 7484 a,
AN—A MEEH £ BIC 05 ITIEVER AT T THLAT VT v ) A RZHONT, BS
DENWRERY & 272 EE DR TR TO T 21T - 72[101]-[103]. o & H#T 5 & H D
FN05ITIEVMEZ R L2 DD, a, HE HIZ05 KV ITEVEZ R LT WD & A3
LM oTz. F, a 15 ZaRTIROVWERRHEBEN LN T 7 =7 v F— g
NZHKFLTOHDOEIZ 051725 & W) EHEANFAAET D Z & biE STV A[101]-
[103]. —H T, LV EHOT—Z NG oND5GEIE~NAVT 777 XA EITH Z
EHLARETH B3, T OREROEHEMENHR TE 5 RWVERERIIA R OB IC BV CEE
A5 2 & IFBUR TIZREETH 5[104],[105]. LA EX D, KA K RATREE B 5
THM AT 2R & L CHRBEB TROBZY THLDIE, DFA ICLDAT—U v I
BaThdeBEzbND. £iz, FRRIIEEICEIT 50 b JReIE, 2bx A A H36E
NERTELEZLNTREY, HICEREEIOS U TARSEMNICE(ET 5 Z L bRHCRD b
BTV R LR Z IS 2 72012130 & R & 2 B2 8= 2 95 2 & 3
HERETH D LB 2 HISH[106].

CV & o ([T B EATHIZE TIE, et A N MR IR EICAE TS ENIT X
S>THRHEEN TS [84],[85],[90]-[96]. = DIEDy, MEEEFHCY v v itic L 5 EHHI
WA B TI Y [73]-[81], ATEBIDOZEE) & & R A FHE & mlind O] CTHg
L7oFe st S 72 [107]. EORER, EFEFE D o Ik L TRE SRHE O o OIF
D MMEVMEZ R 2 & DR ST, T ORISR BEHITE 1R T X D S TR O R
& L7\ Td 5[108],[109]. o> 7 /— A2 X o T I L 21T 0&A
HIRGEE 2 D 572012, BIEDERMIC KX 2FH & B335 U7 IEEFHC L 5 E)
B DA TN T & TV 5[110]-[111]. Godfrey & [110[IZE K F13HAIZ4T 5 ¥ AT L
T 2% GaitRite TEHHI L 72347 EH & L5 H Ot DREOARNMIE) IS L 7o s R
2 X BHBATRABOLEBPEIC OV Tl U725, RIEEDERHHIC X 54478 H125 @)
(T FAEE D CV T 1.8%, &l O CV T 1.9%)D K& SDIFE ) MENEE R H I
X 2 AT R B (M B4R D CV T 2.3%, i mEiliE D CV T22%) DO RKEXE LY b
INSWZ ERfER SN, MEDOMICAEZRMEIIEZE SN TWD. £72, McCamley
BN, MEIZESE L7 ImE B s b A1 B 2 & o S 2 2 /e U, TR
M~y NTEHI LR E o Z=EZR B L, 2T EETREO 2%025 3% D i
ICIES>TNDHZ EEMR LTS, LiL, ZOMEWVD DIE, FATigED b s &
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NTWABIEEEOSITEI O CV 1L 2%0 5 3%FUr, PD HE D CV L 3% 5 4% Th
D, FHSNZEEESCBITHRE R PO LZZ TR0 WAREtE N S 5.

2. 2 FZAMMEDOEESD

BATYV XLDCV & a DFNTIUIDWTIZIPD BEDOEEE AR T LB LN TE
TV, BITU XL OFRENLAFEIIRZET 5 2 & amagt Lc. BARMICE, &b
TOHIHEED CV LD S EDOBIFEED a 2l & b HWD Z Ik > THITY X4
ARBEDNNOFE AT 5. CV 134 U R A TEE O REBAE) & 0 F 5 o & H IR e 4 2T
flid 2% 2 & 23 TE[38],[84]-[86], o ITHRBEENCENT-ATH A T I 7 ADENRNE L
C[39],[90]-[97],[106], U A LAERKOERIREIE & E O TRHMET 2 Z L3R L B 2 7.
A F 7 ZAOBIEEL, ZEIICEREE SIS T 5 2 & ROMEE IR A R O W
BRER R ON BRSNS TWE EEZLND. 2L T OBRNOSITT 5 2
& TE 7 Al Z AR A 08T C & 2 70 DR OSEIR 2 E |AICFIM C & 2 AragtEds
H5.

F7, BATRHANC X o CRIMERGHIHIEEZ BT 5 2 N TE DL LNt S T
To. BREEHRZZMECTEL HFIEEZRALEMAENZ Ao, iTH%
[84],[85],[90]-[96] & ¥, MEIZHAE LI EE L Tid 7y b E2HWL Z &
DIERTIETHLZ ERFHARND., 7y by D 1 HDELTT—T AL vF
(OT-21BP, A7 V) &9 BEDEEMIFICA U HE 2 MmIT 2 FIER S 5H[112].
SIET VBT EROREL LN A+ Tho THEIN L UL E CREEMZ M TE
HEITE OV REER A MISICESE ST H720 3 YO A XZ2HET S0 DT
KBVFEEEZ HND. BESITK 3N LLE TR Z B TX, MfEIX 1470N Th 5
(Table 2-2-1). F ¥ v Z UV 7 DY 7 b7 =TI L DBREICL > TRMRHIZ L 2 BB K
W 2UERHL. T—T AL v F X EFHEEERESANITEEZFD, PRI
50mm £ CHEILTHLEHATETHY, ES dmm LEWZOHO B b3S L THAk
ITEFEIZ LW ERER I TWD. ZORHAIHIEIC L - T, I T Aok
Rz N TEDEBZILND.
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Table 2-2-1 Characteristics of tape switch made by Ojiden. Co. (Cf. Ojiden Co. [112] )

Rated voltage/rated current

Withstand voltage

Contact life

Insulation resistance

Contact resistance

Operating temperature limit

Withstand load

Protective structure

Lead

Operating force

Weight

Contact arrangement

Non-detection part

AC/DC28V-1A

AC 500V (1 minute)

Equal or more than 1 million times (rileys 24V-0.3A load)

Equal or larger than 100MQ (measured by ohmmeter
DC500V)

Equal or less than 1.0Q (when pressing power is larger
than operating force)

-10°C~+60C

1470N (@100 pressing plate in 1 minute)

Drip-proof type (equivalent to IP54)

VFF 0.75m n1,0.5m (standard lengrh)
*lead length is modifiable

About 3N (15 pressing plate)

About 859,/ m

1 make contact

About 20mm at both ends
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2. 3 BHRSnhi=R&

FATIRDE L O EZIT T2 OOFEPKEINTNDL EEZBND.
WHAT Y XL 6 ZTHASSFHET T v b7 4 — LS

BTV AL DB EIESLSFHE ST v b7 4+ — 2R EZRAL L Z kb bnd. B
REITIE, BT U XL OFR R CV L BRREE o OWMEZ ST 25 Z L3 FHT
boEBEZBND. BTY XLE VDM & BRI EERE & OxHGRERE A O 2T
HZEBRDLENTWD. BRMEEEE LT, KAWL TWDIRETH HhE
Hoehn-Yahr O ESEEMH-Y) R G HLEE 2 BN 5.

BElT T, AT XL E AV 207 & BRI EIER & OXHGBIRIZE SN T, B2TY X
LD 2 OOFRIEN BERIRNEIEE 2 0T 2 HFIEZBETT 20 ER’H 5H. £ LT, BE
DIERNERINZ ED LI TE DD ERIET H 2 LT, 2 b 2 DOREDO/ A
BOEDRFHET T v 7 4 =L LTHEDTHDIDEHEND D Z ENRRO LTINS,
Z ORERDN S, BERAEIEE OMEITIRFE & BTV XLERA B = X L OBRMEZ B 52>
IZTHZENTEDLEBZOLND.

WA T > b7 o — L OBATRIFREAf~ oD 36

BRI EEHE & AT Y X A OFHREDO BRI S22 72 272 & 2 AT, fll AN TOFRHE
DEEZBZHZELEBELRD. BELLHET 7 v N7 4+ — 20 Af & L THRT
ISR 21T O Z N 1 DOREEMEE L THEXALND. BITY X AEZ W52 T
DT, BT OFHE 24T 5 Z & L OBIEREmWEEBEZXBND. ZD X5 A
(AL Tz & ENT, B DT AT L, £ ZN 052 TE 202 Z MGE L 72112,
T L DNREZ L TENRONDIDEDITT L EDRADRTFEEEILND.
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F3E HFTIVRXLRPLTFICEDICEFME IS v
DA+ —LIEE

3. 1 #%

[l

PD BEOFRMFE A L2 W IERLIETH L. ZOREOROT-HIZ, 2 D
OAEZN Tz, 1 DHITEENICHEEORmWZEEZ 32 2 &, 2 2B ZRFHF
BIZE->TiHIiT 228 THD. TOXIRBMEICK LT, AETIX, PD BEDOHT
JALDLEZWHSSFHT 7 v M7 +—LEEEZHE Lz, H#tE LTiX, PD @
EEEAVCER L, 47U X 0[S BEENEEE 22 2 Hikamard 5.

PD BEICEBWTHITY X LD CV[84]-[86] % /-1, «[90]-[96]iC & - T & EMIZ AT
TEDLWREMEAREINTE TS, PD BEDOEEE ZE &L 5 BB W TIET
URXLDCV & al ) BIRDBITEAT IV ADREERRHCON T2 2 E08EZ S
ND. WHZMHAEDE D Z & TREDBRKIERZ BT O ERBMICTHET 5 2 & A3 A
REE7%.

WITUV AL L XESSFHMET 7 v b7+ — L EE B E L, BT XALD 25
DFRIEZ W2 A1T 9. £ D 2 DOFEEEIE, BT U X LOFIFEEE CV & BiVFEHE
a ThH5H. TNENATY ALAERIZEB T D2 EFHIICHNOIEHORE I LA A &
AL DB R EDBEN VATl T 5 Z LN TEHEEZOND. IERTIEIRL -
TR 2 WA 72012, RO R IEO ) Z /7 5 Bk % Hv 72 [84]-[86],
[90]-[96].

TigtE LTiE, 7Y XLAOFFREEE CTh 2 LR CV LBIFRIE TH 5P b I
PEDFEHE a DWITT 2 A2 20T & ERIRHY 22 OIS 2 MR 5. T LT b ZflA
A oH THRAETIE S WO EREE BT 5 08217 9.



B3 BTY AL NS T T v b7 — LS

3. 2 A&

3. 2. 1 #H=TY)XLDOFHA

ARERRIL, BT IEREMILEAZESICL T, FEIARFALTHY, &2 TDHE
BRZINE L, FEBRA~OZ AN EmICTER & FZEREIZ L > TAAZ 5T, EmicT
FIEOERZMHR L-. FEBRSBINE L, #ernibni-.

SZINENL, FHOR—ATH L L ORRIE I 72 200m OFFE 2 — 2251735 K 9
fER &= (Fig. 3-2-1(1)). EDOFEIZ, MR OHLOEIZTFED O > ¥ (Fig. 3-2-1(b),(c))
ZEO AT, REICEEHE (S-1019MIF, A~—hEerHT 7 v v—) BNEESNT-.
toViZiE, 77 AA vF (OT-21BP, AT ) 23E I THE Y (Fig. 3-2-1(d)), &
PRI 2 R H T & 5. Moo k& & & LT 230mm, 250mm, 280mm F£E D 3 Y1 XDk
YYERELE. UL, YU AADI IO Erb v T —T k& O T
EE Sz, SITOFETE, FIK2 40 EOEBREDPM &Ko THE, FHOAME
DFEARPCHERE N K 5 120 BLE S 72 (Fig. 3-2-1(a)). ZDBE, FEBREOND 141X
/ — K PC (CF-W5AWDBIR, /X Y = v 7)) %5, i S 7 8RS EH
(WM-1019M1F, A~—hE ¥ T 7/ av—) (2L - T, BIE Ol & O L B %] %
BfS U7=(Fig. 3-2-1(e) ). Rl SN 7=BEZI D53 fiFREIE, 0.01 B CTh o7, = L CTHED

EIZENTHAE S D 1 FERIAO AT 2 £ TORFERCTh 25T R AR L
7z.
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© @

Laptop PC

Stride interval: Measurement of time duration

Fig. 3-2-1 Gait Measurement System. (a) Overview of Experimental situation. (b) Foot
semser and transceivers were attatched to both of the legs. (c) Foot sensors attached under the
shoes. (d) Tape switches inside the foot sensors. Based on web site of Ojiden co. (cf. [112]). (e)
System configuration for measurement of stride interval. Foot contact information is measured

by foot switches and it is send to laptop PC wirelessly.
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3. 2. 2 HIAVALPLEDOHDH

ARFEBRTIE, BTY XL 6 EDFEEE L RIKIELEE DR OBRIZ SV Ty 5.
ATV AL O XN EE LTI, ZOBTREMZSITL, 2 SOfEEZRDI-.

1 2>HIE, FEE L L COLBIOREX I 2RTEIMEE CV TH 5. EEMREIIF
PHEIC X T DR ZOEIS & L CHERE SN, ERRKREIWIFELEFR RSN LA2ET
(2. 1. 1B, 19<—). PDAETIECV AKX 25 2 L AMESH TV 5[84]-
[86].

L9 1o, BIRE L LTop b L2 ERT Ay — U v 7 a TH 5[87],[88].
24— v 7 HeE o 12 MATLAB 7.11.0(R2010b) TEIET % DFA Z AW THOHT L72(2.
1. 28, 21—). PDAEETIZa B 05 IESEHRTIA b ) A XeRKT LR
< B51 % [93]-[96].

TIHTRFD/NT A =23 EE LT, BEXMZY Y M LIEZOBITEMOT— 2% N
1%, B U EThoTe. 20—V U 7HREEZFENT 272D 2 n OF/IMET 10
kel S6iZnd7—2 L UTHERT ORERIEIIN2 & Lz, 7272 nAN T 2
XU HREVHEIZBWN T FNOBEHRIZS 72> TOT—FE N n 22> TLEW,
N=N/2DELET—FEHNBN=N/2 THR/NZRDZENDND. T —2 N BD IR
IZ1E, A7 — U v 7 HREOEEEZ BT 572010, BEROMEE 25K/ 2 FBIETRD
BROWEREL RAICEIEE 0.95 DL HICRREL TOTH 2L & Lz, ZORMEZEML S
ROEATE, nBREWVIEI OT =LA L TN Z &%, BIERIFERZRD S
72 DOT —H(n, F(N)DFADOES N4 T L ISR LT, B2 7 S oo 256
IXH 508, REO&F/IMEIX0.82 LI E, #5093, HEHE(RF 003 ThHd I & aMR LIz

W2 DT OEEE, CV, BED a ICOWTHIEEEIT-7-. AR EHBEDHT
JEHAOAE NN SEEME O SANE ) CAERERREI, & b1 1.0610.09s Th Y HERAE
TR BN o7 (Welch OXSE Lt REIZL D L, p=0.97). £- &4 REDHRTTE
D CV OB M) CHEHERR 721, T2 2.73%+1.09%, 2.78%+1.62% & 720 A
BAITR) o7 (p = 0.82). a OBNNE MM AL EIZ OV T H A Tl L 7=
2%, AERE2Y0.80+0.21, AEMN 0811022 THY, AEENRN-T=(p=092). ThZ
NOEEOSINE R FIEICABREBR LN o7o 2 &inh, KERTIE, LD
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HEF—ZEHNALZ LT 270, 1A4DRTIAERETIRALN N DODEE
DT — Z TR IR NN L Z > T\, HREOFHT — &2 261 L71-.

LEIRAATIRIE 2 53 HT T 2 72912, 1R & etk D 10 BATEBNE 04T L2 h > 7-. DFA
DIHTRERIZ, T LT —Z RIC K o TEBEXRE AR 5 7-D[89], (BHEXHEIZ O
TOWENFET D 64 BATHYILL LOF =2 20557 — 2 EOf/MEE L, 1 A
B2 O8I0 L% OBATEM O T — & £ OWEIE AR Z1L, 154123 fHTh -
72. mMH-Y 27— 3D PD % 1 A& mH-Y 25— 2 0 PD ¥ 1 ACHOW Tk
T2 b, REXFGID H LIRICZ i 96 AT & 97 TR & 7 — 2 B)
oo, T —2 BT 154 HE 64 ED 2 5LL ETH Y, 30 (85 5 223 ) D
FHANTH 5727280, VB L IXRAR S22 o7z mH-Y 27— 2 ODNO 1 41356
(2RO R RS L O Te DG B 20 TR 2R LIy, 810
L#ED 164 HOT —F Thotzizh, REORETHHEZEZLND.

3. 2. 3 ERKRMLGEEEDEZFEERSME

BAE, FHMLOBKRTAKHOWOLN TWDEKRWEEEORFE L LT, K&
Hoehn-Yahr scale (modified Hoehn-Yahr scale; mH-Y)(Z 7 H L 7= (Table 1-2-1 %
FE[26],[30],[31]. ZAVTIEBMER O EIEE 2 AL 725 5 Bt L 15, 25 /b2 7
EEE T INARNEBETH H. REWAT—VIZEHEEENE W L 2RT.
mMH-Y OZWHE, A ARMRZSICRE SN F—OMRNBIEMEIC L > THE S
7o, JEROEBIMEF L OHEMEITE .

FERBINE L, PDRBFE A5 (BVE 214, Ltk 24 ) LD~ v F LICER mln
17 4 (B 10 4, LMETR)DARF 624 Th 7o, FH4FERNL, PD BH T 69.8 ik (12
HlRAEIT 8.27%), M Eilnd € 70.2 5% (BEME(RZZ 2.8 %) Cho7-. 22T PD BHEIT,
IR Y PRIRRIE A LTS IREE TR AT o 72 EBRSIME SR L T
PN—F YV IRIEEEOREE S LTIE, VAR RN ] A RS, RAAI U7 d=Z |,
BLUU Y, TvraYy, BRI VEON, Dl b 1o E0EA G DY
Thoic. BARTHEHUBAMAD 2 FFFFTE CICHEEZIRA L T ARETH -7, PD
BRE ORI RRBRRIL, 47 4F (BEW¥FZIX 3.9 4F)Th-7-. PD HEDKZ Hoehn-Yahr
DEJEEMH-Y)IZAT = 1IN 14, AT—V 150814, AT—Y 2081714, AT
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—V25 N UA, ATV INIBATh . ERIBOETORER, HRTHRE
BT D 2 RSHTTE.

ERBNE 2 BIEE Z L\ 72 7V — T D, FRBER, MERIONRZ & ot
X Table 3-2-1 D X 5 Th o7z, TEBED mH-Y 1-2, HEAICHEERE O mH-Y 2.5,
WAEE D mH-Y3 IZ/ME L, R L CTHERDO~ v F LI miln g 2% L.
ANHIZHOWTIE, BEBICLTEREND 7 N—TIZEBNT 440 ENORIRT 11 4
UETHY, BLRLEEEICEDL S 7V —7ICBT 5% 0 1388 TIT 2. il L RR
ERITENENEIEE mH-Y D@07 — 7138, SEHEREVEICH S, ZUdE
FEEDPRZICHET L TS ZEWICEET 2 B2 05 . mH-Y1 & mH-Y15 147
DLW T2, FERE LTIE mH-Y 2 0EFE LW 2, mH-Y 1-2 D7 —
TLLTEEDE. mHY LIZH NS =% Y =X AN R 50, mH-Y 1.5 |3k
DVRIBLILD E VDRI H D5, mH-Y 2 LRk, BEHENS VIR O &
WHIERNALND. 2O 4O TO, BTV X LD 5 EDIED IOV T
BEDERGH DNE I ESIT 5. 2 LT, BEEZERNICOET 57200 ik%E
Bt 2.

Table 3-3-1 Characteristics of each 4 groups of different mH-Y stage in experiment 1

Group No Age Duration mH-Y
(M: F) (years) disease (yr.) stage: number
PD(mH-Y 1-2) 19 66.2+8.7 4.4+2.9 1:1,15:1,
( 6:13) 2: 17
PD(mH-Y 2.5) 11 72.4£7.5 4.0+2.8 2.5:11
(74 )
PD(mH-Y 3) 15 74.2+4.2 6.045.6 3:15
( 87 )
Healthy elderly 17 70.2+2.8 — —
(10:7 )
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3. 2. 4 #HEtom

AT U XL OFREED B IRRIER 2 53803 2 TIEOBE 21T 9 129012, 27 Y X LD
15 & BRIRRYEE B DFRIE O SHGBIR O T 21T - 7o, BARIIZIE, PD & 2 HAEHE &

LBl LB O 21T o 7=, FBIE L LTlE, < HWSRTWAKZ Hoehn-Yahr
@?EJE%(mH—Y)G:EE L7-.

ZNENDORECB O THTY X LOIIRICB T D 0 BFAE L TWZlew, 55H T
DX T AN w7 T FETH D Kruskal-Wallis 12 % IV CTEAEE DR 2 REO [
WCHEEN D DDE D IEMER LTz, ZOMEAREDN B 55512 Holm OFR# L4
WTCTFME E L COSELE AT 72,

HEH T ORE R Z R TERIE, AEAUEL 5%, HEMMOKEEZ 10%E L7,

3. 2. 5 T4viv—OEREFRIDH(LDA)

HWATY XLDCV & all Lo THET DRI, ENENDOHFEIZIIT 2 EJHRE 2 Hig
TLHETHENTHDL T 4> v —ORIEHIBISHT (Fisher’s linear discriminant analysis,
LDA)Z Vv 72[113],[114]. ZOFEIE, BEL, BE2 O & 0 BoO% LWIERE &R
ELT, T EARBEMD? 2 e RMET 5 MBI h() 2 F T 5. v T 7 v iRl
FLLTFOX TR SND. FER27 Przx=(V "L T2L,

D% = () — x®) 571z — x) (5)

HRIBEEL, ATORXThHHbIs.
h(x) = (O - %) 571 x - 2 (@0 + 7)) (6)

ZT, B i OFBEO, SEELSBATHIOMITIIST L T 5. h(x) > 0DOKHIHE 1
h(x) < ODKFIZHE 2 LT DR EOND.

IR AHEET 270 1 DI EEE Wz, Ziud, Sl — 28557 A
MEG LFEESIIHTFEES THRIBEEREZREL TT A MEGZ B LR OIE
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BR A FEE ORETAE & 9 D 2 =M (cross validation method) D7 2 NMEGE 1 S>DT
—H L LEHETHD. DHETEENEIDEHWT 5720, 2IETOEEETHLKE
BE, WEMIOIEERTHDRRE, EEMOEERTHOEELFEL L.

I HIT, ENENOIEED EIEE DS~ OERE & LT 5 72018, #R] B
OEEIZER L. HR1EAT O BROARIEZE M OB (FFEA~ 7 MV OER)D A r— /10
ZROMELZ R T DIZEBRICV & 27—V U 7 Hila TN E N2 EBRICEHII S 1
To T — X OVEIE L ERE R VLT O X5 R ME E X5 > X129 5 ERYE
AT 7.

%= X—Xmean (7)
Xsd

Z ORI U THIBHRNIBEEh(R) 23K D, 2 BEDHIBIZAT O BROBEHHR O Xz kD &
(RO,

h(X) =aCV+ba+c=0 < az—gCV—i (8)
ZDEMOMEE-al b i B L FERROM O L2 H I L.

180 a
0= Ttan ~3 [deg] 9)

Z D E OfED 90deg TS REWVIZEEIZHBIN CVIZE - Tt 2 2k L,
Z DOfE73 0deg (T < /NS T HITNESWIEEHRINEIZ a iTX o TITONIZEEZ B
5.

3. 2. 6 HR—FRHGAZ—TI I (SVM)

HREOR LEZIT)T-OOTFEL LT, ViR— F_T X —< 2 (SYVM)DOFE ] % Kt
9 %. SVM OFZEIZ S\ CLLFIZR9[113],[115],[116]. NEF*fZ LA FD X DI EFE L
7.

(x1,¥1), -, (X1, y1) € RN x {=1,1} (10)

T, YU ENTET = EADOY A XUTH L TxlE (CV, a)T & 9 R~
M OT—=ZEEDOEFZTHY, TNENUIKH LT 7 AT by, € (~L1IBHRIET 5.
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X EANTTF— 4 % 2 RIS BT A REE B 2 5. 7 9 AT LTS mH-Y =
F— DIBEM T bR TH Y, ~— VU BRI SV TP EERET 5 2 & T
ISEBREMET 5. 20T LTI N Z A LSS TEA SN TS, BTEEOHR
SIFALIC L - TRk SN S,

fX)=w-x+b=0 (11)

ZITfO)DHHICERTHET, V7 AZGHT 50l LTOMERH 57
Dy = sgn[f ()] &2 BB E MR, 2 2 Cwb bk s LT, BLFORD L 5 IZH]
foEm/MERIEE L TERfbaSnS.

2
minimize %mm +CYE (12)

yi(wxi + b) >1- fi (El = 0, Vi € {1, 2, ,l}) (13)

I TEFARAT v 7 B E DD, HBIRE ST L ZITIEOEETRY, ~~F T 4 —T
b, VT R ENIEZIHESNTEY, COREIIZESTT—VVDIRE
KT B~ =T NODIEAHLICE DT AT 4 —DEZFZRETHENTE
5. 9070 VaF R a,u 208158, ZOMEOT 7T Y 2 BEITRO X H T
5.

L@, b, &) am) =S lol? + C L& — Ty o i(wxi +b) =1+ &} - Ty wéi (14)

AREERAT & F/ IMERTE(12), (13)12%fii 3 5 Kurush-Kuhn-Tucker (KKT) 413 2L F T4
2Hhb.

a; >0 (15)
yi(wxi+b)—1+§ =0 (16)
ai{y; (@x;+b)—1+&} =0 (17)

ti =0 (18)
§=0 (19)
W& =0 (20)
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W, b, &\ T DT 7T Y a R OAERERME LY, HAREARY Mlw, BESf (0D
NAT Ab, AT v 7 BEEGIBET DHRIRMFTRO L HITRD DL LR TES.

oL

==0 - w=3Lyax (21)
oL
==0 - Ziiay =0 (22)
aL
6_fl=0 g ai:C—Ml’ (23)

Q)IZRY ERYERAT DL, wkbEHETHZLENTESL., ZORBET 7T
T 2 BAER O BRI R BL & 5.

.. 1
maximize  Lp(a) =Y, a; — 525=1 Yoy aiayiyi(x; - x) (24)

0<a;<C, iy, =0 (25)

a; # 0ODGEDT —Fx; PR — F X7 FLEREY, b x5 CHREMZER Lokl b~
—VUDEIINE L TWDE T — X Th Y, FHZIIIV R — hx7 ML OERILE
EFNR. ZDTOFR— F T R VOENAE S 721 BB O BRIV BTN D
RHEADICRAT D Z L TwaHETHIENTE, ROX I XA IND.

fx) =32, yiai(x-x) +b (26)

2T, WHEx - x; DG ICx, x; 2 ATV R T b R U 20§ — L BISK (x, x;) %
ﬁxfé_a_;of,%@m_#ﬁkwﬁ@@x@%ﬁmﬁé_g#@gb

S(x) = X5, yiaK (x, %) + b (27)

ZOFEZA—NV Y v 7 EFEIND. x% XV IRITTOEWZER A~ 1 EBH L TH
bNFEZ LD Z L ERFOEIETCH DL EEBERZBND.

K(x, x;) = ¢(x) - d(x;) (28)

2 CHEEBOFG( ) DOITBIRINIC R D 5 081372 < x, x Ak L CH 722 BIsk O %
WETDH LT, K, x) IXEHR &N 5. B KR % (Radial bases function; RBF) 4 — %
VAR LT,
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K(x-x;) = exp(=yllx — x;|I*) (29)

RBF 1 — %L D/85 A—Hy b C-SVM D35 A—4 CILHBGERICHEL 52 52
EMEZ LN, HRREZRKILEW) BIIOITLET, TNEND/INT A —X %
[0.001, 1000]D#FHCZ U » FE#{L L7z

R Studio 2.15.2 3 X Y R Studio ver.0.97.318 # I\ TH 047, LDA, SVM O45HT,
LDA D& OHEH #1To7-.

3. 3 #H#HE

3. 3. 1 ZEEREROH

R OB % Fig. 3-3-1 & Fig. 3-3-2 [Z- 1. 2NN OF D (a), ()BT O %
FlaRL, ZRENOKFD®D), (d)ITHBRTEMOR RSO DFA 21T > Tk RO 5
v b (diffusion plot) T# %. Fig. 3-3-1(a), (b)IXf minE (71 %, B OG5 7 —
2 TohV, [FERIC Fig. 3-3-1(c), (d)IL I <EREEAREIEL mH-Y2 & 27z PD B
(mH-Y Z=7 25, 70 5%, B), Fig. 3-3-2(a), (b)iX mH-Y2 £V 4 LiEfT L7 mH-Y2
Lol &7z PD & (MH-Y 227 25, 70 5%, BE), Fig. 3-3-2(c), (d)IXBH & 27k
WRHND mH-Y3 IZZW Sh7- PD & (mH-Y 227 3, 76 5%, BM)OXGT 55 —
2 TH5D.

F PR EEE IOV TA TV, Fig. 3-3-1@)IFATAM O RS2 £ L TE Y,
EEZRT CVRLI%E NS &8N 5. Fig. 3-3-1(0)IHFTEM O & T HFM:IC
ODWTHT LTIEREREZRT. A=V U R o lIZ D7 7 7OEBOME & L TERE
ETE, a DEN 078 THY 1 LIER L TROR/NI N ERFTARND. ZHUIHRY A
KA RFFEIZESNWTN D 2 &2 RT N, AT T HRBROBIMAHE ShTnd
[108],[109]. fa mlin s Cld, FRZ U A LOEEISN/ NS RD 2 e RHEINTEY,
O L ODORMREME L LT, U X AR O FMME 2 KT BRIE~OWIS /T ReER R E - TV D
TEEKMLTVWDLIENRBEZLND.
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Wi%, mH-Y2 ® PD #BE& Ol & <9 (Fig. 3-3-1(c)). MBS &ili# (Fig. 3-3-1(a))
EENIZEEDLRNBDD, PD BEDY ALEHNRRKE W ENFHEARND. £D
FERCVIZ27%E 2> TWND. BITY RAPHEDORKE SOHKIE, iR X LIEEO
B A LTV D ATREMED B D . FEERIZ mH-Y2 O PD BE TIIBRE CTlEH 2 b 00,
WO T T2V IRNT/S— 20 0 IR IR OIRER, [, BhERRIR 2 & OIER BN .
TR OB RN OEAVFHEIZER 7% & QIR EEHAHEEIC R LN TEY, o OfEH
LRV ME AN R & 4L % (Fig. 3-3-1(d)).  ZAUTHERHCEM O LB SN KE 20, a
Kol Z EMBZOLND. ZOERETIE, BERFENWVIZR SR NO THTIC
BT E A EER R L0,

mH-Y2.5 @ PD & OHFi(Fig. 3-3-2(a)) TIE, mH-Y2 X 0 BN K& W2 & BAFEARL
5. I, B EBBMROICA LN Z & CRAMAB SN ER AN LTK
LR, aNEE-TZEEZOND(Fig. 3-3-2 (). ZOEREICAR D L, PDDOHFTY
REDFRCAMEIZ 2 > TE 72D, BTV D & 0D LERIT REIRIZZ2 D & ) FER D
BELEND Z NS D BERIER VAR B D ARSI D23, H45 Tk
D ORI ZZIT THILHENDL EVIEETHD, o<V & LEHIBEL—7, >
0 ERIMEEE DA L2 T Y XA ERMNMTONTE T D AREMENR B 5.

Fig. 3-3-2(c)IZ7~ L7= mH-Y3 @ PD BE OBNZB W CUTAMEB N X HIZKE <, CV
ELTIE3BNLE o> TWVND. RHALZEGHBEICEE, TOEELZ WD, a DEN
ENOSMEL L THELL/IAEL, 062 & 72> T 5 (Fig. 3-3-2(d)). mH-Y3 @ PD
BE T, BBRHNERONEESNS. D0, MBS hEZ T2 L SicEnicsH
JE L CIERRSHE Y KNP ECIZS WIRBBIZZR > TWDH 2 EREX b, —ATED
BN TICHE G IERCIENC D723 D Z AW STV D . BEEFERIR, ATk
TiE, BE2FIT2 L SETTIERVNNABITO L TR D T ENA 6N, LiL,
I ENERHIMCTHITET D ENFARETH L. HEFfFo THEWED, Bl CTOBE)
D2 T DML 72D,
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@z 14— 0O

<b] N

= P 0.78

CV=1.9% 3 a=0.

= 1.2 0 8?_1

5 = A

2 10 | AW S 5

g 2

5 08 S

0 50 100 150 200 Lk 0 1 2 3
Number [#] Box Size log 1o n

©) = 14 20

Q —

2, e,

= 12 8‘3-1

5, i S

€ 10 S 2

© CV=2.7% © a=0.71

e, =

7 08 - 53

0 50 100 150 200 @ O 1 2 3
Number [#] Box Size log 10n

Fig. 3-3-1 Samples of Time Series of Stride Interval and the result of DFA 1. (a) The time
series of healthy people stride interval with the smallest deviation among 3 examples. Therefore,
CV is the smallest in this case. (b) The slope of DFA plot of the healthy elderly. (c) Stride
interval of PD patients with mH-Y 2. (d) DFA plot of PD patient with mH-Y 2.
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(@) = 1.4 (b) = o
q) A—_—
0, k.
12 S
(@)]
S s} A
(b}
£ 10 S 2
p CV=3.2% = a=0.84
© =
=08 S 3
0 50 100 150 200 & o0 1 2 3
Number [#] Box Size log 1on
(c) = 14 @<,
N’
. I,
1.2 S |
_ S -1
g o A
[(b]
£ 1.0 5 |
® CV=3.5% T a=0.62
© = 2
S 08 3]
3
@ 0 50 100 150 200 &= ¢ 1 5 3

Number [#] Box Size log 1on

Fig. 3-3-2 Samples of Time Series of Stride Interval and the result of DFA 2. (a) Stride
interval of PD patients with mH-Y 2.5. Intermittent large change is observed. (b) DFA plot of
PD patient with mH-Y 2.5. The slope of black line is the steepest among the 4 samples. (c)
Stride interval of PD patients with mH-Y 3. Large variation of gait rhythm is observed. (d) DFA
plot of PD patient with mH-Y 3. The slope of black line is the gentlest among the 4 examples.

Therefore « is the smallest in this case.
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3. 3. 2 HAYXRLDIBEDEFEEZ DL

BFIEE Z LMo E1T 72 2 A, Fig. 3-3-3 D X H 1272~ 7=. Fig. 3-3-3(a)lx
CV, Fig. 3-3-3(0)iL a DHAADOKTH Y, b, fEF &k, PD O mH-Y 1-2, PD ®
mH-Y 2.5, PD ® mH-Y 3 @ 4 BEZ NN D504 & b L7-.

CV IZBWTZD 4 HOMICHEEDNMER = (x*(3) = 19.3, p = 0.0002, Fig.
3-3-3(2)). FALHEDFEE, mH-Y2.5 & mH-Y3 @ PD BFIfEF &g LV bARICK
UM %A 7R L72(Fig. 3-3-3(a), p=0.022, p = 0.001). F£7=, PD EHD mH-Y A7 — 8 2
IFOEFMH-Y1-2) TIXA BRI CTlxdb o7 b 0D, mH-Y3 XV IHERVMEZ R L,
Wl & ORI TITAEED RO o T,

122 T b 4 BERCATEFED R S 72 (r3(3) = 822, p = 0.042, Fig. 3-3-3(b)). i
FLHELTYH, PDEEONAEDOER ) PR TE S, LALARNRD, mH-Y25 &
MH-Y3 DRICA 72 A HERR T = (p = 0.027). %72, CV & o ORFICH THER
B & mH-Y1-2 O OB BEZD IR TE o T-.

EHHDONTHET S & MH-Y2 OOMMICEEENR LN -T2, £ T,
ZO2WEFE O THMA T 25 2 L ailAhl. T<BED mH-Y2 LT OESEE D
BIMEFEEELDD L, Fig.3-3-4 D X HIZ mH-Y2 LI FD 2 —7, mH-Y25, mH-Y3 D
3REICD.

CV TlL 3 HEMICAHBEENHR SNIZ(x? (2) = 14.9, p = 0.001, Fig. 3-3-4(a)). FAME
DFEFIZ LV, mH-Y2 LLF & mH-Y25 OICAEEN R SN, £72, mH-Y2 LT
& mH-Y3 ORICAHE R ZD R S 4172 (p = 0.049, p = 0.002).

o CHEIEFEIZND L IBEMICHEEN O H Z L PRI (x%(2) =7.2,p =0.028,
Fig. 3-3-4(b)). EAAHICIE mH-Y2.5 & mH-Y3 ORICH B %MD L= (p = 0.013). £7-,
mH-Y2 DL & mH-Y2.5 ORI & A B 25 7 5472 (p = 0.079).

CV TiTAAEDIZ mHY25 LU L& DMICAEEZMHER T2 2 LN TE, £OHKIZ, o T
mMHY2.5 & mHY3 O OB BEZENER SN, ZORME - £<IEHT5HZ2&T, 2B
BEDOEIEENFN TE D ARENNR D D . ZOFT — X ARt » THEE ORI FEAEE
O FIE BT IE O 21T o 72
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(a)

co

n.s.

%

} }
}_

Coefficient of variation CV [%]
N

0 s | *%k i
Healthy  PD PD PD
Elderly mH-Y mH-Y  mH-Y

1-2 2.5 3
(b) 16
1.4;
5 n.s. _
-'GC-J' 1.2 o 0' |
§1 Or---4----- ;‘:‘;———%—-:{:_
x<'0.8[ | 1 , :
.80'6;___i _____ f'___ _____ _____ I
?0.2 .
0.0t
Healthy  PD PD PD
Elderly mH-Y mH-Y  mH-Y
1-2 2.5 3

Fig. 3-3-3 The data distributions of gait rhythm indicators in each 4 groups. There were
not significant difference between healthy elderly people and PD with mH-Y 1-2 for both of
indicators. (a) The distribution of CV. (b) The distribution of a. The « of PD with mH-Y 2.5 is
higher than mH-Y 3.
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(@)

oo

|

}--

o

Coefficient of variation CV [%)]
LN

Healthy PD

elderly, (mH-
PD(mH-Y1-2) Y2.5)

(b) 1.6f
S 1.4;

PD
(mH-Y3)

Healthy PD
elderly, PD (mH-
(mH-Y1-2)  Y2.5)

PD
(mH-Y3)

Fig. 3-3-4 The distributions of gait rhythm indicators in each 3 groups. The participants of
healthy elderly people and PD (mH-Y 1-2) were combined. (a) Distribution of CV. Significant
differences between Healthy elderly, PD (mH-Y 1-2) group and the other 2 groups are observed.
(b) Distribution of « The significant difference between PD (mH-Y 2.5) and PD (mH-Y 3) is

observed.
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3. 3. 3 FEMLGEEENEAEDRERE

2 DOFRIEEMAEDE T, BKRMWEREEE Ch 5 mH-Y ([ZHED W CHEBER O 5
5 2WEMNETHZ L ERET A, EENRGEFIEOREL LU, KIEEOT—
B DRV IED N RF HAT o To kbR, BRIRAEENEIRD 1 S Th 5 RESIH A
(PRD)IZIER L, Fig.3-3-5 DX 92 2 BRSO 21T -7, £, PRD 8 4E<, T<H#E
D mH-Y2 LLFd PD 24 & PRD 23 L 5405 3 mH-Y25 Bl B2/ $E L7, & 512, PRD
WAL TOIRKROBEICER L, BEDIERDOH D mH-Y25 &6 NRIERD
H D mH-Y3 D3 FEEITT-.

PRD OIEIR DL, EFEEIREIZL D 70T A F(pull test)iZ L » TRMr &, mH-Y A
TV OB SN D, PD AN LB E MR- TH L, ERABEOFZR
IZEAFINCEIK EVIHLDTHD. /S—=F Y net[ll7] &0 ) 7 = T _N—=I2BIT
DEBINEN OB E A R Z LN TE, VT A MORBICBE L THEICR L. 7
T A N OFHIZITAM R ISENGFIET 5. BED R ZEA M S 2o 728A13 PRD
LD MH-Y2 LLF & 72 50, R &30 2 SRR E T L 5551 PRD 235
DLNEW) ZETmH-Y 27— 25 L2EEns. 7T A NOFER, &EBH
FTIETTRLETREZ L THAOTIINLHED Z N TERDSI25E, mH-Y 27—
V3 LEMEng. ZoZKIIE, BET HANIEMICE > THA L2 ENRH DD,
FEREW S £ 523, PRD OERKAIRZENIT A AR FRITHE SR — O
EiZ L > Tz, HHEMERE .

Table 3-3-1 [ICAREBRTOBIMEORET L1232 & & ORMEE/RT. PRD OF %
SFET A Case 1, 3L UNPRD D ¥ 5 H1C o EHAEFE DIRE D4 I DUV T D Case 2 12D
WT, ENENFFDADOANEILIIFEETH Y 28D 5 LOLFHIIEED 2% TH %
Dm0 ITNS L, HRINZOWT 8T 5 2 M CTHEREN D) -7, Casel Tl
i & TREBHIFICA BN R SN2, Case2 TiX, Filin & BAMMICBOWTHLAEE
MELINIRD 5Tz,
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PD(rlr::gz or — PD(mH-Y2.5 or more) |~ —
| |

: PD(mH-YI2.5) PD(ImH-Y3) :

No-PRD :Mild_symptom ObViOl',IS symptom||

|. (mild-PRD) ) (obvious-PRD) |

Fig. 3-3-5 Proposal of classification based on the data distribution. Severity classification

based on mH-Y stage is proposed.
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Table 4-3-1 Comparison of patients’ characteristics betweem 2 groups in each case of

classification based on mH-Y stage.

Classification Case 1 Case 2
Group mH-Y 2.5 mH-Y 2 P mH-Y 3 mH-Y 2.5 P
ormore (n orless (n= (n=15) (n=11)
=26) 36)
Age (years, 72770 68.1+£6.9 0.01 725+6.7 724+75 0.83
mean + SD)
Sex 15:11 16:20 0.31 8:7 7:4 0.61

(Male:Female)

Disease
duration (years, 49+46 23+31 0.01 6.2+55 40+£28 0.35
mean + SD)

mH-Y score in 3,253 1.25,0-2 - 3,3 25,25 -

“on” state

(median, range)
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3. 3. 4 HITYXLIZLDEEEDEE1 : LDA

AT U R LAERRBESVICBIRT 2 2 DOFEECV & o THEHE AWK LT — X O0Fi%
AR LB, Fig. 3-3-6(a) ThD. FHINEBIOKRE S 2K T CV, fithhndp & Xk
BHRT a THD. HOSITEB S FED O (PRD) DN D mH-Y 2 LLF O PD B4,
RO SITA RO BFZE O R TIEFEED mH-Y2.5 LLETH D PRD DR 515 PD B
ERLTND., TBEDO mMH-Y 2L FO PD BE T CV AV NI W/ LT
0, BTV ALEEBHANINZ L ERT.

TR 2 BEAHIBI DR HIBIRE %L S Fig. 3-3-6(b) DR E L TR SN7-. fitdh &A%
I bICZ 2Aa7 TESMLSNTWD. SHEOBEIX, 74%TH Y, BRiriasnfan
ITATWD Z EDbhoTe. HRIEEE DM E A 91deg & KE W7, CV BEITHHIC
FHELIEEBZOLND., SOICFFREN 2% L 7> TEBVEED 50%5 0 b EoT-
7o, TLBER MHY 2O PD OF —X# TE Y EFEICHBITE S Z EAREBIN
7-.

WA BB BN (PRD)IS A 5 COEIEEDOBRELZ D L. ETIFcORr—
JAZXET BT —H O34 % Fig. 3-3-7@)IZRT . FRIERICAIAS CV, Ml a TH Y, IR
U SR JE B T RE AN\ & 5D mH-Y 2.5 O PD B, RO S D AR AR
[ERVDOR 5D mH-Y 3 D PD BEFEZET. HEAEE CH L2372 PRD AR BN D
PD 8% THD mH-Y 3 DEFE T a NMEVWEIZET LTS Z ERHAIND. W a
2 L0V EE XU DS EAFK L, PRD IZLEAIRE TH D mH-Y3 D PD BE TS
<HLND.

PRD DA % B th T o FIEE OB E (2T D4 MRS % Fig. 3-3-7(0)I°R"3. PRD
DF % T TOEIELOREERENVA R SN D mH-Y 25 TIE, a AEVMEIZ S0 L
TWDD, HLDRENONERFD mMH-Y 3 TIE, a MEVMEIZZ 9 LT\, B8
FIBIDOREEE L 69% TH YV, MIZHIBIBIE DM E OHERHEIL 5.7deg & /NS ho77z,
T a BOFUTEBRL TWD Z EnFAEND. Fio, RFrRED 55%I2%F L CREE D
80% L EWNZ D, KT mH-Y3 D PD DIEARNE N & NFHARND.
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(@) 1.4

I ® PD(mH-Y2
1.3 or less)
I PD(mH-Y2.5
1.2 or more)
2 1.1 \
S 1.0
% 0.9
© 0.8 .
2 07
T 06
@D o5
o
04 . '\.._/ NG =
1.0 20 3.0 40 50 60 7.0 80
(b) Coefficient of variation CV [%]
s 3 [ ® PD(mH-Y2
-— or less)
S o | PD(mH-Y2.5
c or more)
2 - s
é 1t o o 9°
2 4
" — 0 i “.’.) L
g !
N _1 o0 ©
g -
N LG | .
© Slope of discriminant
= R
g 25 | . _fur)c’_uon.?l[de_g]

-3 -2 -1 0 1 2 3
Normalized coefficient of variation CV

Fig. 3-3-6 Results of LDA about case 1. (a) The data distribution of PD (mH-Y 2 or less) and
PD (mH-Y 3 or more) on CV-a plane. (b) The result of LDA about case 1 in Experiment 1(cf.
Fig. 3-3-5). The difference between PD (mH-Y 2 or less) and PD (mH-Y 3 or more) tends to be
differentiated by CV, because the slope of discriminate function is steep (91 [deg]).
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&
w
il
S

(a) 14 t ® PD(mH-Y2.5)
13 | ® PD(mH-Y3)
S 12
1.1

Scaling exponent
o
Qo

04, e \ . . \ \ R
1.0 20 3.0 40 50 6.0 7.0 8.0

Coefficient of variation CV [%]

(b) 3 ® PD(mH-Y2.5)
S . ® PD(mH-Y3)
S 1 ®eoe
2oL
© ®

§ -1 ° %o . o
© 5 | ° .

N Slope of discriminant
g 3| | lfunctlion: 5.'7[de.g] |
@)

< -3 -2 -1 0 1 2 3

Normalized coefficient of variation CV

Fig. 3-3-7 Results of LDA about case 2. (a) The data distribution of mH-Y 2.5 and mH-Y 3.
(b) The result of LDA of case 2 in Experiment 1 (cf. Fig. 3-3-5). The difference between mH-Y
2.5 and mH-Y 3 (severity of PRD) tends to be differentiated by «, because the slope of

discriminate function is gentle (5.7 [deg]).
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3. 3. 5 HAYXLIZLDEEENE2 : SVM

F7, BEOMEEZBHNE L THHR— b7 ¥ —< > (Support vector machine; SVM)
D bIT o 72,

FTNEL mH-Y2 LLF® PD #& mH-Y2.5 L LD PD BEDS3EED SVM OfER% Fig.
3-3-8(a)IZ/RT. BB LDA OFER LA DL, =1, y=1 DL X ONFEBEIT 74%
Thoto. UL, FHREIT69%, EIL81% TH 727, LDA DA & ik LT,
BENE L RoTc  FFREIFMES R o725 DD 50% LV ITEWEZ R L TWD Z & D3
RTELYD, BBOLRAIELWHBINTE 52 LRI, #IHRIO LDA 1T L
TIHIZHIBNED 1 > Th D SVM OHBIREEIC LA oo Tz, L URGEE & IRE D
21X SVM DIE ) /N E o 72728, mH-Y2 LT & mH-Y2.5 DL EO4yEICH W Tk
FIEHIBIBEEIC L > THET D EDIEINEE L VWEB LN, 121EL, 14720
mMH-Y2 OFEFH T CV 23 6.6%, o077 DEFENEY, FEMORD Lo RRRNT &
ICHENLELELEZOND.

WIZ, FEEEE mH-Y2.5 & EJE mH-Y3 D53 HD SVM Of5 R % Fig. 3-3-8(b)IZ-~ 9. LDA
TITHEEED 69%TE S 123, NA /X=X T A —F DFREIZDONTILT Y v FEERIZK D8
BWLEIT TR C=1,y=0.1D & T SVM T T7%DKEE & &\ kS THOHMNMT AT,
ZIZC, FRELEEN 73%, EEMN 80% TH oMo, ZHHIZHBWTILLDA Lk L T
FRRENE LU, EEIZOWTIIE DS e o T2728, SYM IE LDA & Hifg L CIE
EERTFESEIZLEARHEREZMESEDZENTEREEZLNDS. LER-T
SVM DIFE 5 IR HIBIBE CH D70, A ThHH LB BND.

LEXY, DFNTIEHH0, DEFEORECLY, KEOR ERHRTE . #
B LR IZ O C LDA & BB LT, SVM TIEUT OfEA 50% L 0 b [RIFRFIZE < 72 5
RN SNDH720, SYUM TORFEIFAZ V—= 7 L LTEIEENDN LRV E X
IZPD DEEVD & 2 BEIZOWTH R ZRETT 2 2 L 2R T TeDICANTH D LB X
LD, L7edloT, Hfama s L CHEEEMMEZAT O BRIZIEL, SVM 2@ IRT5 2
ENHEHTHD I EIRENTZ. EHIZ, PRD WA SN D W TOEEE OB ED/E
x5 mH-Y2.5 & mH-Y3 D43 FEIZ 38\ TR 22 HIBIBIHUC X » TRE % T
DL BERE AR S ENTE D Z ENRENT.
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Fig. 3-3-8 Results of SVM. (a) Result of case 1. Almost all PD (mH-Y 2 or less, blue point)
were distributed in white area. (b) Result of case 2. Fifteen PD (mH-Y 3, dark green point) out

of 16 data were accurately determined as gray area.
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AHFIETIL, PD ORGKRIEIEE 2 & BANEHET 5 72 DI T Y X A OFREIZEH
L7z, SZBRIC PD TIX U R AAERKBES VRS FEAEBEER E LTI A 5N TEY, BT
A LDOFFIEIE CV EBOIRIE o ZMlA G Z L IX - T, BEOHEELIZBET S
WHIEZHALMNICT D Z LN TEDAHREMENH 5720, TS OHRE L PD ORI
mH-Y & DOBMRZ T L. Skt OfER, Z<|ED PD B#E TH D mH-Y1-2 & &
R ORI TIE, BTV X L O CV L BIEIE o IZAEEN R bR - 1.
ZDI®H, mMH-Y 2L T A2 E LD TIINOREE OMOEHED ZDIRE LT T2, £ D
fEF, B 2 EIEEMOSBICK L THEER S D 2 LR STz, Z OKRIIER I,
PD ORFEMIFGEARIEIR D 1 > DRI HEIRVNPRD) TH DH. T — X DARIHE- T, &
B2 PERHIERRE L, EEEOBREONEEIT- 2.

FNE, EEENDEORBE A2 L=, PRD OF % L #4553 ¥H(Case 1) TH D
mH-Y 2 LI F & mH-Y 25 LA DAY TlE, LDA T 74%, SVM TH 74%ThH Y, K&/
ZIR 6N oT. LaL, PRD OF LH TOESEEOEED /¥ (Case 2) TH D
mH-Y 2.5 & mH-Y 3 5% Tk LDA T 69%, SVM T 77%DHEE CH¥EEITH Z & A
TEiew, BB AITS LN TE 7. LDA ICB L TIX, Case 1 TiipsE
DAED 92% & En->T272, BEOIERZE L ¥ TE 772, Case 2 TIHHEDEN
80% & o772, S/ PRD @ mH-Y3 #TE L S TE-. SVMIZT 52 &
T, EEZ/NSLS T HREZN ESEHZENARETHH 2 ENHERINTZ.
B X0 R LDA T 71.5%, SVM TYH 755% L 720, R0 2N S W ETT
ITEMNTEID, LDALV E SVMDIEHINAEREEZ NS, 2D LI, FERE
TEHIBIBIE A W Z S KD RBSIOBERBEHE L TWDH EEX LILD.

S HIZmH-Y 2L F & mH-Y 25 LA EDO 538 E KOV mH-Y 2.5 & mH-Y 3 D538 %1T 9
272> T, BTV RLERBEN DO TH D CV BRI TH D a DZENE
D PD OEJEE ST H 5T 2EIE & kT 272012, SRR OB X ICEA L
7=. PRD OF DI TIE, MBI B O & ffkHiEAs, 9ldeg & FEHITK
TWMEZR Licizw, Mo CV A EICpICEH G Lz, — /T, PRDB&®LHFEOH T
O FHEFE OREE DO I TUE, SEHRIBI OB & Ok, 5.7deg & FEF 1Z/)N
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SVMEZR L2720, MO o DN EICHBUCTFLS L2 EBEZ DN L. EEFEN O OHELT
& mH-Y & OxHISBIfRD H[26],[30], LI CV DERMAELIL, ZDDHIT a DA
Abhd Z LRI En.

Fig. 3-4-LIZAEHEE L7377 » b 7 4+ — AT D CV-o F-1i & BRI 72 E B )3
WOESEFE & ORRIEZ AT, CV-a FHIE, FITHRY XAFEBICER TS L E 25
TV BEEDRNOBATY X LAOEENME, 18K D 5 ERHEIZONTOREOMAE
THERR SN TWD. 2y, PD OEEREFRAGEEE)N D 1O TH D PRD D7RUVEE
mH-Y 2 LLF, BEED PRD 23 A5 HHE mH-Y2.5, B 5237 PRD 23R 53 5 BE mH-Y 3
D 3 DOFEIIZ. mH-Y 2 £ TIFE#B /NS, CV AR 2%fTric <5 L, mH-Y 25
BEROMH-Y 3 Tl 3%~4%FHTIc %< oA 5 Z RPN o7z, AlE, o Ll
HEDEDZ LICLY, BEPRD AR5 25 mH-Y 25 @ PD BHIZH W T a A 11T
2725 Z ERHA LN ol Lo T, BE PRD ICRFA OAMT U X L ARCIRIEZ & &
ICRIE CE =B HND.

A BIOFER G, BEAR AV ESE L OMEITIER & BT ) X LAERK A B = X JZONTOREE
PEIZOWTELET . HITY X2 5 & & W THIRO LB B D 5 BRER Th
LRI BEDS WO BEIEEEICEAT 50T 2 72, BT Y X LA Y X AEEC
KT2ZENEHATHLEBZ N0, KBFEIZ OV TITHRICEAGDOHERTH Y,
URLEREHEEE L TRARD EEZ BN TWVAH[18]-[20]. AFEBROFER NS, U X LA/
BB ORICEER R O EBEZBND. 1271, RIS CVAERL, BRT a2
g DAEM DB BT T, BRRAEEE OMEITICE, JR &R O BRI 5
DOZEAEDBBLIT, MY X LARKRDS L IITHEREEHIEO 6 50 bREAWR R b
T, TOHBERH O ALERT D EEZRLTWDLAREERH D.

ARFEER CTITEIEE D ¥ 72 D H AN TOHBAT Y R LD & 1T - 7=, EIEE O AND
HEITIERE & PD ORBERIIRENH D = L BAME SN TV DA, FEEIC PD B 3k
FEHNCH TR A LRI E D X D RZAbLMN A B A BEEFHA L 72 b T Tl v
EWVWH T ENNR D, FDTeD, FEEITHT Y X AEMEN OO TR, AN
e LTRSS 2 P CEBRICHEES LD LER H D & B X biILD. fkfeh
(ZESEE DOEALDFECE 5 2 L3R EIND &, BTV XAD H R 72 5HIRS B4 Fl
ALT, BEEHFIIKT D PD BEDMGRIEN RV DERNDD AT ) —= 70, HA
2o S T IRIENRDOBRPUEN THZ ENTEZHAREERH D EEZLND.
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A
a Area B
Area A mH-Y 2.5
- (mild-PRD)
Healthy elder
PD with 4——“
1m!|-|-J 5 Area C
(no-PRD) mH-Y 3
(obvious-PRD)
>
Ccv

Fig. 3-4-1 Relationship between clinical indicator mH-Y and gait rhythm indicators, CV
and a. The x-axis is CV, which represents gait rhythm variability, and the y-axis is a, which
represents gait rhythm fluctuation property. Both of the 2 indicators of gait rhythm are related to
the clinical indicator mH-Y. From relationship between mH-Y and disease progression, it is
suggested that the gait rhythm variability increased first, then the fluctuation property of gait

rhythm approached to white noise property.
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3. 5 #

[l

% 3FTIL, PD OESEEZ FHIZWT5Z L&D E L, PD OFEBERNEAITY X
LOMEN S EREMICFHET 27 L —2 U —27 2BRZ L, THUCESWTHHE 7 » b
T A —LNEBE L. BRI, BT Y XA ZEENICZETT 5720 EIE CV &
BIFEEE o DM FIZER L, ENENDOGAAIZESNO TETNZREEE SEZREL,
HIB AT L » THFEEIT- T2,

Z DR, PD OREHIFERIEIR D 1 5O LB TE (PRD) D8 L DER A i EHIC
DHETHIENTEDHI L EMHERT DI LN TE . BB AT DRSS, ¥ 71.5%,
SVM OFER, ¥ 75.5%DHIE CTHRET 5 2 LN TE iz, X DICHREREE OMEST
WL & DORIGNBHEIZ CV I L, D% a NPT W18 H 5 2 LAVRIESH
7-.

ZDOZ L, BTV RAERIZB W TR Y X AR & B IRZEEAHIEIA B2 %
HZ2EG5-oTEY, EPHELENIENWVRELNIRD TH D, FiREMBEOMEIER b EEE
HOEEE DMEITICE > THE-ATLEI Z L EZR L TV D AREM 2 RIRT 5.

DI, TOCV & azkAEbE D 2 & CHEIEN VORI DRER & E &AM
TAHZENTELHZD, BHZWNIE L >EZE 2 605, SEIMEAFB COEIEE D
WND T EIToTel2, SRIFMBMANTOENE LTHMEZIT) 2 ENBEL BN,
H % OIRFS R 2 ERBICTT 5 2 & TE AN H - TR T # 2 ksl 4 2 7-

AN THHEEZD.
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4. 1 #%

[l

ARED HIIE UR LD EIEDSSFHIT T v b7 — L OBATIFRE A~ D
HWHTHS.

Tt LTI, BRRREIEE & OSSR ABH LN 572 CV & a G-
SO AF & U CTHITIRHME T A 2 2 &2 £, BTV XA KB TH
Lz, U R AP R TRIE 2 OIS 21T o 7.

Z DY R LPETRRIRITIRICOWT 2 DO FIENER SN TWA. 1281, Fa—
URXAEEBY) XLOMEEMRICEER L7 Wak-Mate (WM) B1T3ICH D
[83],[118],[119]. 2 2 HIZE, #&RT 5 U X ADRHEIZIER Lz U X AFEFEHIEL (Rhythmic
Auditory Stimulation; RAS) #1T3ll# T 5[120]-[124]. Z AUk, BERHIEZR L2kt 5
YALF a—%—FHPIZER L, TOH LN LORE SN AL EEDE TEEAIZ

BATEB Y XLEERSELHTIAEYT—2 a2 ThbH. ZOFETIE, HITU X
LEEEDWAD DR 6N D12 TR, BTV A0SR0, SITHE 72 & OfE A\ DRE
JI0BERE & BT~ D WFSEIC B\ TEZIME S ST 5[120],[121],[123]-[127]. L a»
L, BITHAF 7 ZOBLED D OFHIEIC I T DBEIFEEE o ICHOW TR L, AU A
kA XN E D Z &N R B T2[122].

FEATHFZE TIEIR — D5 N CHER U X L H a2 W2 B T b L—= 73T X
LD o DEFEIZOWTHFEHOMENH -T2 2 ERHE TS [83][119]. LavL
AR L 208 L TORO S RITWE STV R 727ed), AETIE, 20
2 DOIIEAMAE DR CV & a OZLEOEHN E L CTHTIIA PD BE2KIC S
2 DNFDOM 2l 2 Z & 25t & Lz,
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4. 2 Ak

FRPR A TR & O BIRANIA 5 2MZ 72 572 PD RE DHAT U X LD 2 SDOFEFEICEI L T,
U X LFERBRTAIREDS B L — = JHZE TED L D IZEL L7220 T, CV-a ¥
W ETOENE LTI 2 2 2B 5. AREITIE, OIS X LAERERTHIRIC
EH L7ZEE ERE LRI W TIRRD., 20o0b, ERIZSIML TWeEnis
PD BFH L AT T v 7T &, HATIRROREAM S 1E, ATRIRRO R R A R 2 #Eat
ST DN TET .

4. 2. 1 RBREHEEE

U X L RBRTRIR S L CIE, A v % — "=V 7 U X MM AAER %2 BB <
FEHTL7DDOBITIANEY T — g VREE TH S5 Walk-Mate (WM)Z{EH L 7=
[83],[118],[119]. ZFEBRIZMEH L 7= E@E DRk % Fig. 4-2-1 1277, 3. 2. 1(303—Y)
TEEH L7/ — K PC, 7 v MoV, MHEHAER, BEHSEHAEH L. AR T
FHAI L 72 5 SATRHANC BV T, R—=RA T A VT E D 72012 U X A FHRIITH
NRWEEThHo T, EREMHFAHHT 27201 — =~y R TFT LA~y 7
4 > (HP-RX500, 7 % —)% B\ T RBE CHATRH 24T - 7=,

J— R PCIZIZTWM EFT VLD 2 XA F I HVETNEEINLIZ[118]. WM
BT U, AARIRE) 2 L > TABOEE) Y AL EF2— U XLADOMHAS| &A% F28L
T5URXLERBTHD., TVa—L 1 L LTUL, MAZZIAAZERTIATHD
[128].

0., = Wy, + K, sin(@y, — 6,,) (30)

BV a—/L 2 & LTE, AMZED BAEMEICINERT 5 72 O B A A B RS w, 2 EIET
LR THDH. NEOHBITER Y XA L X a— XADOMTHE X IALNH 5 Z & %K
ETDHE, EVa— L 1LICE>TAREF 2 —DEMN —FT 55, MFHZE 0 IR
THEIERERN, 2D, T 2a—/L2 5% ITHI LT, AEMHEZEAGJNIINH &
w52 ENFEBLINT.

Wy, = —u sin(A8,, — Ab,) (31)
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A6, = 6, — O, (32)

FEEBROFIK L, SITHEERCHNN S D720, TEX LBV CHRITY XA05| &
A ENHBIEAEBITE 2 L o1, TREn. BEMICE, LTo X REAEN
ZIDBIZKIET DAFRE) - 252 7oLl o T0 D, 22T, EADONARE -0
FIOREAIREK,, 1T 5 LIFWICKRESREINTERY, AR Ofrad], £ EHiHn
afrad] & EFESNTWS-0, FEMICIT 1 DOMAEREET- & LTEI<. 612, 5l
IAB AR EBT D701, SN2 ES HRAE LUXEY 2 —L 1L OIS A/
D RPEHIFRFANZ BT D) AL ¥ 2 — L OB ONAZE L BN ZEDOZENFH HEAF A HE &
LCitik &z, XD, %0 FIAH 5 LEZRAT QiEB L1202 W) FEZITON
T, HLEOWAIFTHY, NNWBEZXTEIXDLZENARETHD.

O (ns1) = Omn + {0m; + Kin sin(86q;) + Ki (63, — 63} X At (33)
W (i+1) = Om,i + @ sin(Abg;) (34)
A8} ; = A6, — A, (35)

RTHF 22— ALOHSIE, WM RS BEADIFHDOHITY AL LEFE L. B
RECIE, 2245 ORFRE T OEA A IR Z KT on OPIHMEOR EIZ L > TEHL
7o. BHEIBAAATR 20 BPRIIZ U X A% o2 — PRI R ST, AAENENO 5 RSO
RBHBZINGHI SN D, ZOBO, AL ERENFCOWTHITRMOT —4 5
fED 5 HDERME L B/MEZBRWAED LRI EE on OFIWIE & L7z, KRBTSR E
H L OSITEME A DHHOBITY AL EEFR LN, by RIBTOMATHIZE
IZF1F % RAS BATRIFRICIWTIE, FANZEHI L 72T oG ®REHnwbsnd 2 &
NEolo. LnL, PD EBEITITMESTOIERE 2T 255055700, Zets
EXATCIORIRRERBRM L.

WM §:TlE, WM ONARIRE - OfE S REEZ R T ER K B L0 OEEEICT S
ZET, Fa— U XL LEFY XLOMOMHAL ZIAHLZFEET 5. BARRRES LT
1%, S TAF9E[83],[118]-[119] & [FIERICHE & 9B 1% Kn=0.5, £=0.32, BAEAZFHZE1E 404=10.2
[rad[iZf%E STz, F o —4R & R EHIORFLIZEIC L > TER I NDMAFHZEIC DN T,
BEEALFEZED B3 L < BN 2 GERBIRIED RO BB, Fa—2RLanE oI
7a s 7 MIEo T, FISMLERA T 7-[83],[118],[119].
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RAS S TlE, MAIRE) FORGIREEZ R T Kn B LI P Z 0ICRETHZ &Ik -
T, RAS BITHlfiA EET 5. S5IZ, RAS KM TIE, REEHIFEL & % o —HoREF
DOAAIZEN TN TS —ET VR Y RLFX 2 —Z R LFET 72808, WM & & B 5.
LS DOFRESRME, WM &L REETH - 7.

HE SRS TIE, BTSRRI OFHINTAT 5 25, MTAIORITTH-TH
U ZXLF 2 —%8R LRWRTIIZ1T O RMETH D, 72720, U ALEF 2 —34m
SN TN, ERFM 2 AT D70t — "=~y R TFT LA~y 7 4 %
HIZOTF T RIEETHATHH 21T o 72, 2 2ICBE 137> T, L IS &RV O
FEERE DN 2480, LADEEROBRME, LADEE LAWK S ICHFICLOE R -3 ICFELT
LCTHN ., ZOBCERZRNOFIIHZ 25 HATH 72, BEFICBW UL, 75 _<E
BRHICRGEZ L2V R D IcER Lz
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Headphone

Laptop PC
Transceiver

L W
=

Foot
switches

[o] F1mld {
- -

‘i Receiver

Fig. 4-2-1 Gait training system. Foot switches were attached to the soles of shoes. When the

foot is in contact with the ground, the switch is on. The foot contact information is transmitted
to laptop PC via wireless communication.
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4. 2. 2 HTYXLWYPSEIZKDEHITHEETME

HARBIZIZ CV & o ZMAE D THRTIIM A, AlfRTOT —% LIz OT —% O
ZALO®E & U COFHE EICRAITRTZEICE > Tili§ 2 2 &M RS T D
[129]. 38R 1 OFERD G S CV OJNIFEEEOLE, o OEINITD b R EDOUGEZ
KT, ZLTENENDOERMFIZENT, FHBERLFE L L. SEHELET, &%&M*
(2 & BRI A PD HE (25 % B A RAEE &2 2T

BROICHATRNFRIC B2 S & & OFRIBIEN R Z2 5l 9~ 2 7212, CV & a {220V THI
T OO EHEOEDRE LT 2. BRMICIE, FF%oEMtoREThd
Levene R E & 1T - 722 I BN BAZ R D72 WIGEI, BEMICXHED 8 5 t UE 21T
oo RERERIE, TCV B8 XN a IZ W TRl ATR OFEMEAFE LWV & L. 7272 L,
AT DA STV DRERNBLLTF O X 9 2% SRR & 2T, P75 F Al E,
B L OMHREC &> TR R OBFEZE L.

@) WM FIFEIZ BTk, CV 2N L, a 2309 5 [106-108]
@) RAS FIfRICIBWTIE, CV A L, a 2§ 5[84,110]
©) HEERTRIIC BV TIE, CV, a BWELT S

WIT 3 FFEZENENOIFEN R % il T 572912, CV & a lZ OV CHIRATHR OB D
Ble&EHH L, 3HMICE T 2ELEOEHEDOXEDOREEIT-T-. BARICIE, &
IO CV & alZ 2T 4 B BIZFHHI L3It o2 5 1 B BICEH L 7= JIiET o
a5V ThrEEEZHE TS, £ LT, Levene BiEZHWTESEMEN RS
NoDZ ErRER L. Z0%IC, BITIRRICE T2 U XAF 2 — DR HFIEICET 23
FNZEDRD R ONDNE D EHEND HT2DIT, FERNTIG 720 1K 3 KHED 4y
BT 21T 7. T Z CHEREDRNR SNTHEIE, FAREE LT Tukey @ HSD
BEZATV, ETOMBEDED 2 FHMIZOWTOFEEDEDKE ZIT - 7.

TP & LT, 3 /MM OUHHED LI 21TV, AERENRNDE D %2 FEE
L7, ZOWEIC X - T 3 RFROMIMEICAEREN R bR hiE, 3 Kk FFOE
fEEDHRZAT D Z & DREMNRIESND LB RT.
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ETOREIZBNT, fAREZ5%E Lz, 72770, pfEd 10%LL T DO 24 S
Db ELTHEL.

4. 2. 3 HTINETOTSLEEESNE

BT 1 7T NS 5 4 ARITH Y, ZIMEIZENENKER L LEMER F
TO 14 B e 15 B, 15 D 16 B, 16 WD 17 B 3 SORFME D & = 5o 15
DEFIHICE S Lz, TRENROSMEICKT L T4 B E S, B URRE ISR
AT ol WTROBMHEICB W T H /8= 0 Y VIRIRER 2 A LT DR it
LTV DRABIZE W CTESREETOSTEH £ 7213 ) X AR AT A 1T - 7.
Fig. 422 IR L72E2IC 1 HEDSL 3 HEETIER—RAT A4 & L TOEME LRTH
2 1E], F S TOENTRTHIST 23T Z 2B T 7. HEATHL 4 HH
X, HELOSTEOAREIT o2, TNENOHITa— AL, FENOEE FIZH-> T
RXE S 472 200m D2 — A TH Y, 3[ED 90 EDLYTE 1EID 90 EOLPraEie
a—AThol. L, FEBE 2 408 PD BE OB TIIRRICA &R a— 22 55
TENT D Z LICL o THHTRHIDM ThNTZ. 3. 2. 1 (B0 _X—I)NIRE L=k LA
B, LADGHABEEZBEL, b9 14N —ADRIESMEDOSHITIREIZONTH
SHEE L CHEIN TONZ, 1 BIOSTIX, 1 SDHOEBROFHHNE LFREED 2 505
3DOBTThoT. 7212 L, BESTHRED LA, FENLT < LEITa—R %A S
ZEDBWNETH ST, 2MEHZITS b EDOTTVNH LN E TO 120m DA
ITEFRD O 80m OHTAH ZNEI LRI OBATEHEIE L, 4 B OBTT — X TG L
7. L LT, RESTXEICEWT 90 BATEM D OS5 M TZ TWD T8, 4y
Ml BVZBRA Lr o 7o, BATRHAID DR OBATRHIIE TORIE, 5 59FRE D437k
HaE AT,

EERFIE L, BIRPIIFREOMIEEERIC L 2HFENMTON, AR EN7Z(UMIN [
PREREREEE ID: UMIN000009693). FEBR 44T 9 AlCHFE A HWTA 7+ — L Fat
v N &G ERBINE L, %H, LA b. EROME T, REETH
ARIZE VRO ERTICT —F 25N TERDSTRBED 3/ NN, T b0
KRN BRI ST NGB D72 WRBEN OB RIS TR 2 — R T3 E S h, A&
el U720 LD ISl E S vz,
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{stday | = |2Mday| = |3dday| = | 4thday

3 trials 3 trials 3 trials

Pr——
—

. 5 min. ; 5 min. ; i
Trial 3 Trial
Trial 1 =p break = Trial 2 = oreak = Tria ria

Walking without cue

Gait training Gait training
[post-training]

[intervention] [intervention]

Baseline walking
[pre-training]

Evaluate the effect by calculate the change value

Fig. 4-2-2 Program of gait training. The training program was continued 4 days. From 1%
day to 3" day, 2 gait training trials were conducted after the baseline walking. The change value

of CV and a was calculated from baseline walking in 1% day (pre-training) to walking without

cue in 4" day (post-training).
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FERBINF L PD B 24 4 Th o 7. FHFEEIT 71 5% (BEYERZ 8 %), B 1344,
TN A ThoTe, STIMOREEICEAT 2 3R/ FoZzNZENICT UV F LT 84T
F D YTl Table 4-2-1 |[ZZNZEND I IT 5 FEBRSIMNE OFlim, MR, HEEFE
ZNENDOFHME LR, mH-Y OFRfEL Lo P aRd. 3 BRI 21T
oL, El, FREER, mHY OZNZRICOW TSR TOMOEEMEOZEITR 5
72735 72(p=0.96, p=0.85, p=0.19). PERNZHSOWT & A 2 ThE ZAT VR O B 2 D bR
DFEZDONT HIRE LT A B ZIL A B L7 h- 72 (p=0.85).

Table 4-2-1 Characteristic of each 3 groups of different gait training in Experiment 2.

Group WM RAS Silent (n F(2,21), P
(n=8) (n=8) =8) @

Age (years, mean *

69.9+124 69.1+7.7 70.4+4.6 0.04 0.96
SD)
Sex (male:female)
4:4 4:4 5:3 0.34 0.85
Disease duration
7.3%+55 54+25 55+3.7 0.51 0.61
(years, mean £ SD)
mMH-Y score in “on”
2.75,2-3 2.25,15-3 2.5,2-3 1.81 0.19

state (median, range)

* F values were shown for age, disease duration and mH-Y, and chi-square value was shown for sex.

SD: standard deviation. mH-Y: modified Hoehn-Yahr scale.
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4. 3 #HER

4. 3. 168 X—=V)bH 4. 3. (12— FTIEENTN, FEICHIG LR
TR RICOWTORIRZ R, ZDR®RIZ, 4. 3. 474 X—I)NTB N T3 D045
FTRIFR D N R DO LUl 24T 5 72912, CV-a V-l _EICBIT &8O\ TOEL&EIC

THM LI BB K OFER ERRB A ONTZEEIC TAMRE DR R 2R L

rm

4. 3. 1 DHITIIFRFHE DR (WM 1Tl

Fig. 4-3-1 12 WM St DD FIRN BT W T OfE R4 777, Fig. 4-3-1 () D328
EEREL CV, MEhI A —V v 7 e THY, HFOKRHAIN 1 HH & 4 HEOBOEA
DHITY XLOIRIEDOZAL OB 2 £ LT D, KEIOMAE, 1 HHOBITY XA

, FERIZ A BHOBITY RARIEEZEZ L TWD. CVRBD L TWDERINENTLE

D, a DENZE L THWLEBINEDNEDN 6 4 Tholoiz®, DKRER & LT CV A
Do OB NS, FROFERIC K> TRELS NI RANL, 8 4 OZLOBEFD -
BB Cod 5. drailt 1 B H OFRERTONEEEDO T — 2, #aix 4 B BIZFHA L 723I%#
BOBITOFEEOT — 2 2R L TWDH. H—H72EH & LT CV DR E o OHINN
e T & 7. Fig. 4-3-1(b)IC BV THIFRET O CV OB D ik R AR LI/ T 7 T
5. Aigini(pre-training) N AR VWREIORE 5, Al 14 (post-training) 23 7R W REI O #& 5. D
BEHEZ 69 DAL EBIAR & xhii LTV D . EEEOZEDOREDRER, BRI Lz (p=
0.01, Table 4-3-1 ). [F4EIZ, Fig. 4-3-1(C)IZ a D FEIIME O FFHAT# O Hefsehs B4 77
P & U CIEIRT & bl U TR D o DI ) DNEVMEZ R L, RO ORE R,
AEIZHEMLTWA Z L RENT (p=0.02, Table 4-3-1 Z[R).
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Fig. 4-3-1 Training effect of WM gait training. (a) Individual trajectory and averaged

trajectory from pre-training to post-training of WM gait training on CV-a plane. (b) Comparison

of average CV between pre-training and post-training. There was significant difference (*: p

<0.05). (c) Comparison of average a between pre-WM gait training and post-WM gait training.

There was significant difference (*: p <0.05).
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Table 4-3-1  Results of training effect of each gait training on gait rhythm indicators.

Ccv Ccv a a
Group
in pre- in post- p in pre- in post- p
training [%] training [%6] training training
WM 3.7(1.6) 3.1(1L3) 0.01 0.80 (0.17) 0.93 (0.15) 0.02
RAS 2.9(0.9) 2.6 (0.7) 0.08 0.88 (0.22) 0.80 (0.20) 0.10
Silent 3.2(0.9) 3.2(L.3) 0.87 0.71 (0.09) 0.75 (0.10) 0.50

4. 3. 2 HITINFEFEMOIERRAS SH1TIIHEE)

Fig. 4-3-2 |2 RAS A THIBR DO AT G R &7~ 3. Fig. 4-3-2(a)1, AFTIRREHE Lok
LRI OB OB A2 £ LT D, FOVAROKENL, RAS Il E21T 5 RiOT —
Z DR, RAS Jlffi4 3 i CITo72% D 4 A BOFE LBTICET 57 — 2 03
REBRSTEY, MAOEICOBEMEZTARD ZENTED. CVREAD L TWHDHDON
54, a WAL TWDLDONRBE 4 ELHTH o7z, CV & a DIIFRTE DOFELIEDO A&
% LTZREIAS Fig. 4-3-2 ()0 1 A8 R OMWREI TR L, &K & LTH CV AR L,
o D LTV D Z & nsFis I . BT & FIiE 0 CV OFEMED2EZ T 5 &,
FE LIRS0, WY LTWAHEEAR 7 (p =0.08 , Fig. 4-3-2(b)3s L8
Table 4-3-1 Z:[R). FIERTHE D a OFIEDOXEERET D &, ARMBERTEH D H OO,
B LT MmN FHEA I 7 (p=0.10, Fig. 4-3-2 (¢)¥ L O* Table 4-3-1 & R).
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Fig. 4-3-2 Training effect of RAS gait training. (a) Individual trajectory and averaged
trajectory from pre-training to post-training of RAS gait training on CV-a plane. (b) Comparison
of average CV between pre-RAS gait training and post-RAS gait training. There was marginally

significant difference (+: p < 0.10). (¢) Comparison of average o between pre-RAS gait training
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and post-RAS gait training. There was marginally significant difference (f: p < 0.10).
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4. 3. 3 HITIHFHFHEOBRET ST

Fig. 4-3-3 ([ZHEF AT AT O Btk TD CV-a i EOEL OB % <7, Fig.
4-3-3(a)lZ CV-o ¥ RIZFB T 2 FIFATOAT & 3 B AT > T2 6 1 BIRIZA G
DHATE L LTZ L & OZ(LO#ME Z R LIZb D TH D . HITHEE 1T 5 R 5 A
2725 &EBEZBID. BWVBERPMENDOSITOELOPEIZ R L TN D, 54D CV R
DTN L, 1 AITIFEAERZETHY, 24BHBIZKEVEEZRL TV
PO LT I LIZHIED 4 B BOSTTIIEMAHR SN, £, a 2O T,
AZDMEIN, 4403 LTz, BLED L DIZ, CV & a DRFIZB W THR—7e 21k
O R SN o 7. EEIZERO TR ENTRANT 8 4 D CV-a Wi EiZEHIT
L EALDBI O TH 5. ZEDORE S & L TIHFFITHBE TH D CV H TN T
T NEWBIMERRICE L, FE LTE CVOLTNREER & a DT o 7B IO
23 5L b7z, Fig. 4-3-3(b)iE CV D FIKATHE OB D it R 2w L7z TH 5. F
PMEDOZZITx L THEEEFZORE INRKREL, FEREFR O -7 (p = 0.87,
Table 4-3-1 Z/8). 7=, Fig. 4-3-3(c)iLFANBRAT & ANBEE D a ONFEIE D&% ik U 74
REORTH L. FEMEE U TIIBEEZIHEM L T 523, ZI3ERERZE T LT/
&L, FEEITIMR SN2 0>- 72 (p=0.50; Table 4-3-1 £ R).
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Fig. 4-3-3 Training effect of Silent control gait training. (a) Individual trajectory and

averaged trajectory from pre-training to post-training of silent control on CV-a plane. (b)

Comparison of average CV between pre-training and post-training. There was no significant

difference (n.s.). (c) Comparison of average a between pre-training and post-training. There was

no significant difference (n.s.) between pre-training and post-training.
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4. 3. 4 HITIEFTMOERDLEER

4. 3. 1254, 3. 3ETIZTEBWTHTIIMICET 2842 L DR EMAEL T
T, BT TENRENDOROMIZEN S L2008 9 0 ERGE L 7= (Fig. 4-3-4 ). Fig.
4-3-4(@)1%, ST L OV 2R LK THDH. ZOMIZHWT, WM FIEIZBT
B EALDOBRI ARV FR TR ENTKEL, RAS RIEICET 2L OBBNIF > 1 A8
BT SAVICRAL, SRR 22 LOPBNIBR VNSRRI L > TREN TN D,

DI CH D CV ICHEH L TE(LEDOEHMEO I 21T 5 (Fig. 4-3-4(b)Z ).
AFHRTOHAATEE D CV D EHIE & FfHit: D CV DO EHED 71T Fig. 4-3-4@) DT NZEh
DRHIOFHERR > & L TRIN, ZOELED M E U TTEE SRS/ TIX 0 4T
DENTIEDfEZ R L TWAHD, RAS S8 LT WM F{HIC K- TEOEITFEfE &
LTARDEZRLTWD. FEEOEZ1T 5 & WM EFEDIZ 55 RAS #4ELD b
CV DD NRE N ENFTAIILZ. 20 3 LUEFOLEEZITH EHEREIIRLN
2o 7= (p =0.11, Table 4-3-2). LxL7223 6, FfAGHE D CV OO A B 72 )
b L <A OFEMRR U X LERBATIIRETH 5 WM BR1TRI, £721% RAS #
TARICRB W TBIE SN Z LD, BTIIERIC Y X LEREAT O 2 LM Tl
TRl & b U T T U RAEEME A SRR HDH 2 L 2med 5.

I

WIZ, Fig. 4-3-4C)IZ5MFET L O o OELEOFEMEE i L/ R 2 7R9. WM £
TECIE a DM, RAS £ TiE a O, BEEXFREIFTIDT N o D EABR SR
5 DOOECIT /NS N ERFER SN, 2D 3 &M O kER & S EHTIC L -
THFET D & A B R AR SN (p=0.04; Table 4-3-2 2[R). FREIZL > THE
DB DHEMEOMAEDERH DN E I DERGET 5 L, WM &ifE RAS E&EDRIC
HERENERSN (p=0.03). SHICINOOELDIHT BB S TH 72 &)
5, D 2 DOBITIIRD G2 20 R T510 Tdo L FIREMES R S v7z.
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Fig. 4-3-4 Comparison of training effect between three gait training conditions. (a)
Average trajectory from pre-training to post-training on CV-a plane. (b) Comparison of change
amount of CV between three conditions. There were no significant difference. (c) Comparison

of change amount of a between three conditions. There was significant difference between WM
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gait training and RAS gait training (*: p <0.05).
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Table 4-3-2 Results of change value of CV and change value of a between 3 types of gait

training.
Interactive  Fixed-tempo Silent
Group F(2,21) p
WM RAS control
Change of CV [%] -0.65(0.71) -0.31 (0.56) 0.04 (0.63) 2.5 0.11
Change of 0.13 (0.15) -0.07 (0.14) 0.03 (0.14) 3.8 0.04
=~
4. 4 EE

CV & a ZAlAGDE THTIIMRI R LTI L7 Z & 2%, AERIOMERLE2D. WM
1TAECIX, AEICHITIRIED CV & a lZOWTHER TE 7273, RAS A{THIfCIx
CV & a ZNEN~ONRPEBEMATH Y, WMEAHITITIIEAkE L ToR—rH
MIE AR B0y > 7. Uchitomi X206 DFI#% 1 B Z & OZALFEN GFHE L 725
BRIZE>THEL TEY, CVIZBIT HHEBIDOINBEOZEIZ OV TS STV
Do 72[119]. ARBFFEIZIIT D087 TIL, 4 HREIRIKTOCV & a ZNEFh O LEZH
HL7272, FHBFEEOMEHMEDS Uchitomi & &l L TRE V. 207w, EO k

—=U 7R ELTL, M CTEAZ L ERTIENTELEEZLND.

Fio, BARDBTIMTIE, B EE T EBRERINT. BAEMICHAT 5
&, ISR TIE, BRI DMEM AR o7, U X LEZFRT D WM A
1TAIfE & RAS BATIIE TR CV ICB W TR LN D Z EvRENT-. £72, WM #
TRl E RAS BTHICIX a IS 22N TH D Z LRSS, T,

Uchitomi & & [A] U\ 27~ LTV 5 [119].

PERDBATRIFEREAM & Ba72 2 20T, BT Y X BAEROBLAUINL > T, BT XL b
FNWESWEHME T 7 v b7+ — 22T mTh D BITY XLAOFRIEEE LTo
CVEBIMIEIEL LCDa % & BICRHMEL7ZAIZH D, 2D OFRIEIE, 5 3 F(29 ~<—

INZTBWT PD DOERRAEIEE mH-Y SEENH D Z L AR L, FRKRAERD 15T
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D LI EDI W (PRD)Z B0 5 BE L & RrlZ B~ 5 2 & AR STz, §iUfats CV
BT AT LE L TOEBMEEZRTIHETHY, MAICEEDY XhE ENET—&
LCROZENTEDINERTIEIETH D, —FH CHIORE o IXIERIE U AT LA OLH)
PEORHE A RTIRECTH Y FIRIE & IR AR L, FHEZ1T O L CIERIE T A
T 5 E L TCORMBETIEOEEME N/ STV DH97]. BIFEEEIL, WROEEZ DY X A
ZEOXITERT D E WD AL R TIRIET, BOHRIICH COZ(bE ARk
L2 ETCHREICHIGTEDNEWVWI ZLERTLEEZLND.

AN, PD BHICE X 5 AR TRINROMER 2 508 L7122y, 4%Ii%, LV
RHNCDOZ0, ZINEBEZBRSELZLICED, BIEEZ L OFIMRIR LIS 2 2
ENTE, HNZH S TEIRROBIRICK L TARBRARZ/L LN TELHEERADBN
. ATHIRRICIR &3, EEVRIE, EWFRIESCFIRIE e & 2 @RI ORER & AiFA X A
ZEDE TRIRT L7202 B H O ETRIZ I ki iIR2 W o 72 O Rl F1E 2
ML SND Z EnEIfFshn .

N
ol
i
[l

B4 F(B9 N—V)TIE, BIETHE LI 7 v F 7+ — 20 HE & L THTII
A 23 2720 D FEBR E ZONHTOFEFIZOWTR Lz, 3FEEO R 722 5 B TRl %
EiaL, TNENOHROFLEIT-T=. £, TNENOHEO AT 1. S
FREERT DY XAXa—%48RT 25 WM BT, —E7 RO XhFa—%
2T 2 RAS BTHlH, U A LF 2 —2fnE T D0R%21T 5 BESTITH 2.

ZORER, HITIEORE RT Z N TE. BRI WM TCV, aThEh
TOHRERYE, RAS TiL CV TIXSGEMM, o TIEE OGN, HEEFIHETITRh RN
R CEedole. £, BRI OB COHROEEZRTTHI LN TE D L2E
RENT-. BRI, WM TIEAZ—U 7B OEMN, RAS TixAr—1U v 7t
BOWAMEN PRSI, WFITEAIIRNERD Z LRI,

PLbEXY, PD OBEJEFEDFM T T v b7 4 — BTG C @A T 5 2 &N
RENTZ. EHICZEORPEOENS R TE 2. WESITIF O RN SEANTD
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7 v b 7 4 — ORI~

ATV R LDZEIE 4 BB O T 7R Z LM N R S 7en 2 & 23R
ni-. —J4, UVXLETREITH WM & RAS TIE CV A ET 508 o TIIRNEN W1
W27 AR R ST,

SR, T D OBITIRIC & o> TEERRNP I > T RRICOWT, RIS
T7a—=F LTHA ST ZERHIfFIND. TR OMEERNT, MR
AR 2Z"Z 7 ¢ —(Near Infrared Spectroscopy; NIRS)7x EDIEH N/ END. 72, &Y
ALERREND Z EOEKRERFT 52 L bROLND LB X L, FEREMMME S
MG VEMRINC X 28T U X SRR O TG B G O 325 & & oW TIThil D
ZEMHIRFEND.
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5.1 HTYXLZANLFHEEBKREROE R

AHFFETIZPD BE OBITY X LERKEE D D B PN FHARTEEZER 2> D B
HEEN RS WO BEIEE 2 5l 2 72D DHAT Y XL b ENESWEFHE T 7 v h 7
+— LEREE T . BARIZIE, PD OEBENS WO EIEE ZEBOBITY XL 5
T ORI & BYARIE 2> HEFN L 7=, BRRIFEEE T 2 mH-Y & Otk 4 i3
% & Fig. 5-1-1(@)D L 5 72 3fEIkIC /1T b s Z EAmRai. KPofEk A & LT
FEOFERE EBICHHTE 2 Z EVREN, B AT COH 1AL 27

UATHAT Y X 5% JH 2 3 & BRIRBYRER & OXHGEREMR & U CTHIEE OHETT & D%f
SRR S, CV SN LT BIZ a BT DA R OND 2 ER3bn, BTV
IZ L DRI ~DIEH Z DT 5 2 ENTEREEEZEZLND. ARIDER 2 (3H
ANIZBIT LEFFRERTH o722 3 REBOERTILREMOBER IR TE o7z
728, SRIFMEAND S SICEHIINIHEG R Z25HI 24TV, (H AN TEAEE OHETTIZ
STED XD ITREBZER LOEBEBR RN 00 EHLNNIT 52 LIS D.

SHITE SITREZIERICKT 25677 » b7 4 —LIZHRERE - B L T Z &R
HIFF &5 (Fig. 5-1-1(a)). FEBRIZ PD B TIXAMTHICIREN Ao b 2 &bl s
TUWAH[129]-{131). F£7=, BATEEN T OLEL OHFAEOIK TR ENMEINTETND
[131]-[133]. L7=23~>T, BfRRARE LCiE, MU OEECERGEO U XAZHER LT
FRAJTEIE &L BTRIE A/ G hE 5 2 & T, @ &ing & mH-Y1-2 ® PD B& DR O
SFAFRRICT 2 2 E IR S LD, MRS, KV EERFHNFETH Y, LA
DORFFIFEE 2RI Z D Z LN TELOAMEEZEZLND. 2O LitkoT1
AT R OAFE R Z R ONT T2 Z LN TE, IR LOBEEEFTOFNL RS &
25712, ZERINC A LTV D U X ATEB O WG Z S L T Z 2tk > TH
1TV RLEREDVOREDIERDOERILEZFREE T HZENEI LS.
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Fig. 5-1-1 Extension and application of rhythm-fluctuation-based evaluation platform of
PD patients. (a) More mild symptoms (mH-Y 2 or less) is expected to be evaluated by extended
platform for early PD. (b) More detail effect of medication or rehabilitation on gait rhythm

indicators is hoped to investigated for future study.
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5.2 HITUYXLEZRAVLZEEZDIEARREMS

AENE, 7T v R 7 4 — 2 OIS RS E U TR TR IZ8E A L7 R ofs R 2R
L 72(Fig. 5-1-1(b)). A RIOEBRSME X mH-Y 155 mH-Y 3 ETOERETHY, 7
VA LZENENDORITE Y YT HNT., 2D, PIIEMEE, EEiko 3 RiEx
ST DERREORZ RIS L TR Y, FIIREBICEERZTR ool Lz
Mo THIRKRTA 4R, R AR L T RO G Mm% MR T 2 L PD BERERIZE 2
DIEMZE DT DI LN TELEEZLND. ERICHKH T L O R A2 MRS 52 &N
TE, BT RLETFABATIID 2 SICB T, BARLEERZ D ENTE.

SBITEDORBEFIEOTHRICHLEA LT ZENTELEEZOLND. -, &
YO E LT &0 EREORER 2 # IS E AL TE D AR Z R o TV D I
DR GRRFTT 5 2 & T, i 22z S DICESITITH) ZENaiEL b, S bIT,
HIERE Z L DR OEDREZITH Z & T, HADATEARZ A )VLHNEEOIREEIZH -
TIRREEBIRT D700 FERIERA SN Z En#ifFIns.

IO XD AL, BATICR ST, PD OEEREERAEEER CTH D IREIC OV T
DHWICHIFEHESND Z EBNWIF SN D, PDIC AL DRI, #1E R & 17 iTh,
Z DR TOEERNIAEEINCAER S ND[7],[29]. D7D, XA F I 7 AL D00H
VEEARTIR & 705, HEEENCBW CIIRERNCER AR AR L TWD EEZ LT
L. XNFT T ZAMEE D JFETE KO BURMEDO RS RIZ L 2B b2z 5 2 &
TPDEBFICB T ZEMEOEN W & ZEMEDOREN VOB OBIREF HNCT 5 Z &R
TEXHAEEMENH S, Geman G [134)IXIREED B ORI EO TP A~ /L2 7T
L TITo72. PD ORINCEKT 2 EIEEOETIZ~v L a 7ET LV EHND LEFRITH D
TENHEENTWVWA[L3E]. DX HIT, HRELZIEZD Z LT, PD OJERIZHT
DRH ORMEZ ERBLTE 2 eMEN & 5. B E OEAITIX PD O BESEE O 3 8EICTE
MENTETEY, PDOEIEEOFHICHISH SN TN Z L3 HIRF S 4 5[136].
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5. 3 HITVALEREFERETBDOEE

AT RLARIE, MR A ATEENCER L TEL D B X HNDHH, — T THRRY
R LIEE) & HRIEBIOMOMAERNBEE2EEZ R LT 2R TFHRI AT
%[137]-[140]. L22L7ed &, ZOFEAEH BIES NEOHBT Y XL ERIZE 2 5 %8
BN D T2 DITEFE BTN O LN D IERITITRA D & 5. BATICBNTHTY X
LEFHAT 2 2 &L THATHR OMRE U X NGB A LD O EREGS N TED L
ExbD. Fo, BEASGHITIRICEAOEEEL ZX L Z LN TE DD IKERD
WHEZEA D 1 >OHEE LD EEZBND. PD TliE, BTY XALAEMENNZT T
<, EEHENVPRD) L R HN 5720, TOMOBHRICOWTEZ D LRk
EROMAEERICET 2HMANEOND EBX LD, MR Y X AIEE 23577 5 e
B RO EEBEHIE 21T 5 BEREIIIMNE L7230 & L TFEE LTS Z & 5 [18]-[20], #*
1TV R LARBED N E PRD SN L CHEITT 2 2 L 2RIEE LTERXD.

FEEBR L IZBWTHITY XL 5 PRD IS b S HEITZ 2120, b ORICE
WD D EEZ DI, HTY XALERETFHERT 2D XL & BN WZ 5 &
T HREB ORI OMAIERNHATY AL ERICHEE 52 IometEnd 5. £, &
B 2 CIXE IR & Apik ) X ATEEh 2 F8 AL RIFR S 28 X & FF> WM BT BV T, a
DUEDPHER ST, XA T 7 2258 L i, AEMEROTFEEIZ DUV TR
TERWED, BITY ZLDXAF I 7 AL D5HmA, ANEOHBATY X LARIZIB
THE & FIROMBEAERANFIET D ATREENHER SUT2 720, BTY XA &0 9 ki
FER T HIEE OFEIE 208 L CTHIRREN VD 1 SDOIBREL Z 2 b PRD OATHE & HiE
JEDOWRE D ENT 2T FIRRENR H 5
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5. 4 CV: abHIT)ALERADZA L

HATIEBE O LT 7 D088 Y X LTEE) 2 5538 3 2 F I #1775 38 BF (mesencephalic
locomotor region; MLR) & 7 B38EHil48 217 © IIE #% 251 (pedunculopontine nucleus; PPN)/
N L7280 & U CHFE(E L TR U [18]-[20], AT U X AAERRBEAI N & BB HFE A3
ML LU CHEITT 22 L 2RIHEE LTEZD. o725 L, 20 OMICEEN ST
1TV A LB EFRT DA & BEKINEN W Z 5| & 2T H RO M OMA/E-NE
BRRE RS 2 L ARk S, FIREEORE ThH2 PRD 2R Y X ATEE~T
A= RNy 7 SN R L LTEX NS,

EFNE SO OEEATIZHE S TUHRDIZ CV 2N 2 WIRetE R S, U X AR RRAT
FFET CV DWW BT CV ITHBITH O U X LIEE) O FRA 2 E M (E 71,
REM)DHAEL UCHIHATE 5 2 L HRME S 172[97],[99].

IHIZ, FEBR L TIE, BTV LWL 2ENC LD EEBFES VO 1O TH D PRD
DESEEDBEDIEEIT o7, ZOMRE, i) X LEBOFHNZEMEZ KT CVIZ
EoTOREEDBFENTED LN Z LIRSz, 2O LIE, BWITHNL L 7= HHE
T DRI SHT Y X DAL & FIRICTEAR ORE ST OBED W ORI BEE A AL
BN L EBRT L. 2070, HIRIEEN DMRY XAEEI~D T 4 — KNy 78
BATHIAFAET 2 2 LB L TV D ATREER B 5. 2D Z LIk, RIMIEIEEEC KR
F, kR, MIKE OB L 5T, THmERY X ATRE) & S IRIFEIORE A Ie X o —
JZBITHHEAEAERN—7RNBITHRIZER SN TS Z & EEET LA BMENH D
[141].

E7o, ElCCV AR L, ZEEROMAMERICELOIIE L RE SN TN D a 23E
NWTELT 2 Z &5, ERWVOEITIZHNE - TR & RO BAEF OJES &£ 72132 5
FE O EMER OREDOZLABIR LT 2 ATREMENE 2 51 5 [141],[146],[147]. 34,
IMFEME S —F o Y IR OIMEH PR e AT IR N O BIEE % 6 B AT — 2T 7
Braak iR 2MENE S 41[148], MR DIRAZICKIMEZE b a2kl L v —/MEE W H
WVE DSARFRARAZIEB L TV B X BN TE TR Y, ZERMOMEENEH ORGSR
KO EAEH OREIE DAL KL & TV DIRIED a [T KM ST ATREMEDNR & 5.

MAT, @b TRHEDIFEIEIZI W TER) ) XL L F2— U XLDOMAEEHOFHEDE
WA T2 Z L TE 220, BHATH O & HIEOMBEAEMIZET S IREBOENIC

84



Rl
1
it
&
op
It
s

L AN EDOENE L TWAAREMER H 5. 51%I1L, WM & RAS ZhZFh o4
THEA N = ALTR IS TWENEIMEHLNCT D Z ENEIfFESNS.

AEIOMETIEAAT Y RAEREROVOFHE 7 L— AT — 27 & Z UKDV TG
7Ty N7 A —AEEEAEL LTCEER, 20X 97 L— AT — 7 XA OEE) A
FRS0E DFEBHI BRI 35 1 2 Fnilk O RIFEIZ I 1T 25l 2 95 72 DI T & 2 mlREME
Db, M7 7 v b7+ —2OHAFE L TR LEEBTI AN T —va g, A
VEHE=R=YF RN EAROBO)H Rl a=r—var ELTIADLZ EN
TED., OB AM-AMa I 2= —3 3 2BV TR LN EERA 72 B (K EH)
DORIF & RO LA I T HHER 2 DOFLR & XHE L T2 [EEMED & 5 [149],[150].
ZHEFAMOaI 2= —v g v o 2 B E TN TS [151]. 10 BIEBRIEIE T
HY, TIXFERICPVIY SN2 EWRAMERZ S 3 HOM I T, fHx D AHA
RN ED XD 2 EFF> THWDNEVIREEZHZDL EWHIIETHD. 2 DHIT,
R TH Y, HFHRALD Y STV DIREEICRIT 5 ¥ EE OIRSIISL- T, H
O & fihE & DM OBMRIIEREZ 55 L WHRIE TH D, 2 I a=r—3 3 ORI
L, a32=7—varyOANTHLEROEE, SRAEEMNZED X D REFE -
FHEETF XY IV EHOTER L CGRALENEHRT I LI s THOrans DI
LT, aa=r—a X OFBRAEIE, HEERIC ES2WIEROILARESH
F & O BMR & RISLEIR e EDIEROMER ZAT O eI E R A &t DR %
WRTHZLIZE o THITESND EBEZXOND. ZOWMFOMEZIR‘ADHZ L TaIa
= —va VOFHEBEMC R END EEXBND. BIEITT X TORRIZI VD T
ETHIENTEDN, BEIRROEOHT TOHAC & ME TN ENORERE & 20
FOBRE LTLFMZIT Y 2 &N TE RV, BT H R ITREA % 2 L AR L T
D, ACZRIT 52 LIFER SN TIPS TEHERICARMNICRDZETHY, 20
HR A2 FERT DO ER SN ERAIHEROL A F I 7 A2 LI TNDHEEZD
N5, 207, ala=b—ar LIZFithOMEx OREOZE( & Z FHIEIEIC L -
TEEITHEFICEEEDLT, aIa=r— a3 UPThIL TV A E & E O OBt
PE % R 2 2L OB FR (RER VI &) A BIRIEAEIC Lo CERILT H 2 L L) 2 &
EXHG L, AR THW 27 L—LA U=V 2 L7z a=r—va VOFMINTE
HAREMERB AN TNWDDIELEEZ TN D.
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F1EAR—V)TIE, el RE B - H#tE2R L7z, PD ORI A - Hkero2 bt
EARELTHFHME 7 L— LT —I DEBRET Ty N7+ — LR EREEEL L,
fEZRFHANC K> TRE DK EIEE 22K+ 2 Z L2 L Lz, e LTiE, PD
DGR EAE 2 EB SO DRl d 2 2 & & Lz, BRMIZIE, BTV X Aol
5 TE B O EICEHEC X DA A RET L, EEOMICEA T2 & & L.
T =AU =27 L LTE, BT U RLERDOBUEN S XA F I 7 ZADOFHIIZSWTHEHR
L, H7 U XL 5 EDEDOKRE S &R THIEE & 2L OIS 2 R T BRI 441
HEDLEL T LN, PDOBEEEOFESEE LTEETHL ZLARLE.

218 ~N—)TIE, FATHIRICOWT L & 7. PD A DOHIT U X LA RLEN
WIZOWTDYATIIE 2 £ L 7z, BARRICIE, BTV X L& B CV L BifiEHE
alZHERL, ZNENPD OZMICAEZI THDH Z EI/RINTEZ. CVrLIZPD DY
A LAERCEMR & D 1k U X LJEB) O BF & 5 MR TE B O BN 72 ) = 2 51l € &,
a M5 1E PD OHRIGE) & OBIRN b ZERC EBI N ER SN D R 2 A b TR T
VRALDEAFT I AZFOTHZENTEDLHEEZELZLND. LnL, BTV XLDZ
B Wi 2> 5 [RIRFIZ PD OERRIEIEE 2 3HME S D Z L1322 o7z, BLEX 0 AT
U X L OFEEE L EERTER & OBMRICESWCHEIEE 2 0T 5 2 & &, TOiHliEE %
W TEEED PD OFSEEFN~EAT 5 Z &2/ E L TEREL, ZIE sl
THEREIToT.

% 3 F(298 N—)TIL, ATV X AD 2 SOFEE L PD BE O KM EIEE OO
B IC OV TR EEE ST A 1T 9 ERICOWTR L. KAFEBRTOREIZUFD 2 A
Thbd. LOHOREL LT, BTU XAD 2 DOIEREIL PD ORI ZRERRAIENR O
1 D ThLHEBHENNPRD)DEIEE A DT HZ N TE LI RS, HE
BROT — X DA IESNT, EEMZR 2 B0 HE1T 9 Z £ 12 X - T PRD O
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DIER % E BINCFE T2 Z ENTE D Z &2 Lis. BIBHBISHI(LDA) 12L& - T
FNENT—A L T4%, 77 —A 2 :69%, Y R— 7 Z =< (SVMIZ L > THr—
A1 :74%, 77— A 2 TI%DREE THTE 2. SYM IZ XD 50FDIE D BRREED
B RBMEAN A LN, 2 OBOFRE LT, HKMELEE O TIERE & OXfERf%R
DD CV BRFEIZE L THve a PENTELT 2R RO Z L E2R/EB LTz, L
L7226, ZZ CIHBARMEIEEORR 5 FERSMEOM TORKTH L Z L6, [F
—{E AN TOEIEEDOE(LOWMBELFHIT 2 Z LA RO BND EEZ B,

%4 F(598 ~N— V) TlE, 3 ETHRRIER & ORI &M o TR 2 A A
bdZ LI Lo THEE LMY 7 v b7+ — A DO FEEOMENZ( L OIBFR O FEAR
~OTEAF E U THITIRRO 2 R4 39~ 2 BRI DWW TE & DTz, 3 2D R 5447
AFZATV, ENENOFNHNR LT D5 Z LN TE L0 E D E Rk LTz, AR5
THOLNTZ 2 DOEEELLTIZRT. 1 2HO WM BT OFI% T, CV, a OEHE
ICBWTHERENR LN, 25 HO RAS H{THIFEO R TiX CV 284 2 ik 23
HoTb DD, a WIRTA N A RFEICE S Z ENRSe. BEERITI T,
CV & a D FIZH L THERENRONIRNoT-. 2 DHOERE LT, 3 20517l
RO DN R A Ll L7oRER, WM BTl E RAS BATHIMOM T, a DELEOH
EENRON, ZNENOELD RN R THLHZ Ehrnanic. UkLv, F—
TE AN T DO ENEEE DZEA Z AN R T2 Z & ~DISHNRTE 5 Z LR ST,

BS5ETI X—I)TlE, 2 DOFERFERICOVTOREEZ A2 /R L. PD ORFKRY
HIEE 2 ATV X LNAERBENS O ORI T IEIZ DWW T, Ak &5k S e8I OV TE
EDTET, 2 DDFFIECV & a DENETNDOERIZOWNTEL LT, 5 3 (29 ~<—)
DFERR 1 OFER L0 BREAIERD PRD OF O /MEIZEIZ CVIC L > THETE 2.
— 5T, ald, EIZEED PRD & #5237 PRD OFHICB W CHFGENFE N2 &,
BELOY XL BT 1T 2EB) ) AL L Fa—U XLOHAEEHO A
Lo TEEDNROFANE NP R LN ED, CV & a ZflAGDED 2 & TH-
(CEEE 2 EEER OIRFEZ EEANRT Z LN TELEEZLND. BITY X LA A
H=ANE OB E LTIE, HRIC) 0 D% PRD OF BT OEIEE DAL U X LE
) LIRS DD LTI X LOEEN LA TE 127280, ATHIZE T D80k & KD
HAERAPR OGN D AREENRINTEEBZEZBND.

88



WO b

SHOREE LTI, AFETORMREZT T, 3 >OHEEFT.

1oBIE, K VRERBRIERZHE L SFHiT S 2 EBTED LD ICHHET 7 > b
T —LEPRL TN ZETHD. TODITE, FHlT2MHELZLHR LT Z
EREHELEEZOND. SHICRMMICHIZITY, wva7ET7VE2iEHNL
[134],[135], fEAIOFEM 7 BAE KL DO ZAL & MkERIZRHI T2 Z L A TE UL, S HITH
Winto PD OBMTETREL L, PD OIFIEO =2 kB —L&{T ) DICHRN Th 5 HE
WD HEEZBNL. TOFRTHZEMGROFI T AT L~OYLHR & R FHROF
B AT AOBEBEZ LD, BIFEICOWTIE, MR BIEf A & OZefiE R
BEZHND. BRI, MEOESFHR/GEOND L, SMTEED LFITKI>LE
Z6Nn5b. —J5T, B E TROBMBRICOW T HImaBITICI 1) 2 Sk & B
T5ZENHE SN TEY[13]], PDAETIIET DI RN ELLND. ZEHINE
B S — AR OEBMEICHEH L CRHliT 5 2 & T, KVEED mH-Y 172 & TRG
D IEAFERFRIRMER » ORERZIEZ 2 Z LM TE L AREMRH 5. BEIZOWTI,
£ 0 R ORI BV CRIGOHEE &2 9~ L, BHIICHEIT 5 2 & TE O
Bzt L, PD OFRELRIICENLTD Z LN SN D,

2 0HIE, IVECHEAEROTOTA 7 a7 nbEOERERZME L TV X
ININ—=FRT =T L LTOV AT LAHUREZIT-> TN W) HAHETH L, 4RITIRIC
ERERIL, 7S—F Y URICB W TR b TS EBRERREREZ R OBAT Y X LARFER W
Z BT 2 $RADHEAE CV & BYAUTEIE o ICTEH L7o. BlRp U OREE L < Bt~ %
M TE D FEERF LIERE, 7y NAA v FICL D REENORBEEZHRA L. 1
DHOFEIHE S THIZENHEE S, 2L OREIC L > TRBIT2 2 8I2k->TU XA
BRHERBEOR T2 L COHEEEODFRELZ DL Z LN TE SRR H D,
HHAERICB T 2R TR EE2 LV fEICT DL 2BE LI — Ry = TICWR
LT ZERBZLND. ZOZLIZE>T, PDOAIT IV —=2 7 fEATES &
722720, EFDIR D L VMO TE D X512 o72 0, MGG 2 2
& CHIEE Z L0 LI IRIRGIEO RIS T 2Bt s 2 LN T 5L E X
54 5[135].
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— 7 = N OEEBVAEROFHMMIZEH T2 W) ZENRBXLOND. AEIOT7 L — LT —
713 PD B DTV X LAERERNE LT 572012, BTV XL EROBLE DB
TV RLPEEL VW) XA F 27 AT LT, BT L SIS 2 RN 95 2
CNZ K o THEHMICEREN W EZ BT 5 Z & Tho7=. FIEEE, MADY XABED
KHBWVHERFF SN TV ENE W) Z L b= A0 Z2ERT H LI X
STHOLEIZ LD LT H1EETHD. BB T T Cc X 25HA 134 &S LT
ENZTHED LATEM LN W PR EELZ 52X 5. ZORENGH O 4

cE T EE LCOHCETMMT 2 Z ENAREE B X b D . EHMHCIAEE, £ 0
EHBORZENINOOEICINGEL, HE L TOMRELIZ D ZL1CkD. —5T,
ANEINEATDENS ZEZREMICHALL D & L LXITE, Btk 28 %R
MTLHLENRDH Y, FHRICHTECE R EIT) 2L CREL OBREIRZ L Z &N
T & 5[106],[149],[150],[151]. EAEAL STV HHFERAY, HRRRR TN 2 %« & B2
HENTWAEERNT DI ENRE LD, NIRELED S BAUE, BEx %l e LiES)
HERLTONDIETTHY, ZALOIRK %58k 5 72 OI11EZ OWRER AL O EIZE R
T52L, 0%V, BNEEICERT 2 ERMEARARTH D, HRMEEZEMT 585
FTEIHCE RN L OBURMEZ R Z D72 DICEETH Y, BIFEEIC L > TADOHED
SuERT DREBEFMET 22 R TE, NEORBRIAREE I 2= T 1)
EiHIT 52 EMTEXHDOTHS. SEIOY X LErmRIBTIRICERT5 2 8T, A
M1 ANOE D IZTENZENDOLGZ KA L 2 & NEHIZAERR L TWD DS, BWIZ0 00 & 9
FTIELN D AR NI K15 ATREMEIC DWW CRMI T2 HiE & L CHRERFIREE /347 2
Ashe&Ex b,

ANFHHTREEIAYICAEE TV D O L FIFFIZ, ZERICAENSN TS, ZOXHICHEHD
HENFRZ237- B & L EERIE- D E D 2 SOMMR RS 2R - THREZRZ D
EWVWHI T L —LU—I 5, ANH-Afflalia=r—var, vy heDaia=r
—Yar, NI Dt a—~< A V¥ —7 2— R BT D HAIOFE~LISH SN D
eIt ESND.

90



T

RESCE, BORTHERY REPREE TR s 2 7 LR PR O & LR
BIOEELRRBIZBENW T2 £ L Db O THD. ROMELZHEET HICH T2
D, FEZEIE L, FRCIY, FRICARK T HIATL Z L O TE 58 L BERREBEICD
WTRDEZHEZ T EIVE LEEEHE Th L =% £l BR~ORVEHRHOE
ZRLEFET MEVRABAME L T2 54EE %2 L THD0MI% LTRSS
TN, EOXITHE DA Z ERUEL R D0 ERHIITE R TRL, RRZIXEBE
TRLTLKEEWE Lz, REEHICEL EFTRY £9. A TR T +—F
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WLTBY ET. £, NF— 82T Tl < HEE L EBY ORI, NAEIZ OV TEAT
BRAEFE Y/ VIFRR), VAT AOEZ T &V BHiLA L stk v b T — 7 ofifk
BHERCOWTHIREOREFE 2Bt T RS o 8BSy BAEKRZIEIIRH#H L
FFET. MREEESLY NE Y T — 3 e v X —RFGEFTAFSE R & A EFSL T ESL Y N
v F—va st EIE, FAOMEOBEEZ R L TS EESWVWE LR

KH O BEE e (CHILERT RBIFE), 1A f—B A (ZHILEXRT
BiZ), IMUEAESIEE I E LR E D> T E S o ZH TERFE Y AT AFL T
(B 27 AT ORRE, 725 NIFAE, OB OERRICIE, FLOA OO ERH & 72
HZHITINE Y T —2 g v E ZOFMICONWTONEELTH-DDE > E2 52T
BNTWEEEELT, REEH L TR 9. BIfEIL, A7 LB Aafs
BlouA fh—B8 AT, BOFE L WS TERY: VA7 AHETEE (H
VAT LT I S AT AR TORERICENT, g AF A (R
HKY %), KHEAIII=4 k0 BAEGEFRTE WER)EHM LTS,
FLOWMFED I b FHs & 72 2 N OEBHEICE E D Uf b E~OBEEZ G| kI L
TLEEWE L. Yuri lvanenko 5233 L 72 B TRED R SEDHE O 2/3 power law &
THDBHFEL TWEZWSBHOOEDIZsTnET. B Ft g (rkeE
SRR FTRICHE I 2N TE, DL EDHKREZ X HZ N TEE L.

BRI, FADEZTTROMRIZHONTE - L ASF- T, AR Z I E TS LS DR,
HZ A RERATEICKIE > TS DR, €2 ERDEFITHONTR AN & &
BATINDE, DEMETHOBE L BT TS OMBHIEH W L TR Y £,
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