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BHBOFTENGRE L, EZEABLTHSWDODOE
FCOER (LT A7 v 7)) ICER L2gesidh 5V, 78—
¥ v V9% (Parkinson’s disease : PD) BEHTIX [ AR
[FEMES | & WO IEIRDEAR SN D H, TS OREIZSAT
BIGO—RHDRAT Yy FIhH b EZONDL. Z 2 TRIFE
T T3 AR R [ PG MR OREBENE R M3 572
O, A7y THEIIEHL, WFO 2820 RHKE L.
1) PD L EHZEEZWNRIZ, ¥—4 Y bNAPSTAT v 7§
LEEEWEL, PD EREFEHEDOAT v THRHOENEW S
PICT B, 2) FORKREIY, 25y FEBE TV E I, PD
OBHBEIZONWTEET S,

MR ETE

L x5

L, IR PD R 12 60 (B 10 B, Zik 2 #D),
HH 1I3HI(BESH, ZHESH), Wi hdbHEETH-72.
T2, WITNORTY AUBTOTE RVE, BOREIZL S
JEBYRE S 2 4B L T\ A%, Mini-mental state examination :
MMSE T 23 piLL T ORBAGED H 5 Z BRI L 72,

PD BEIZ X4 7T1.8 £6.9 i, MMSE F34 282+ 1.7 55, f#
HREETIYEM 68150 %, MMSE ¥4 285+18 SiCTH -
7z, F7-PD BEICK L TIE, FEREE % Hoehn-Yahr (BLF H-
Y) SO T, EH)REE % Unified Parkinson’s Disease

Rating Scale : UPDRS @ Part IIT @) I <, 3 < AR
DO % 3 { A Y M 5 freezing of gait questionnaire :
FOG-Q? CaFfii L7-. 46, #FE)NRLEEEZBI %o
72, BHEER%E Table 1 13-,

2. Fik

(1) #HE

90cm % 180cm X JE & 24cm O % KFICHE &, RO EIZR
¥ — MERA Vb (start point) OWEDRER L, HROT—V
ARA b (goal point) DR (Fi) front 30cm, F 7213
lateral 36cm) % Hiv 7z (Fig. 1). #ERE ORI B X OHHT
Wi BB, AR EDHDED X ) IEET S L BBk
FHIHR L7

AT v TRE

ATy TIRHT - WD 254 THEI ol HIT~DZ
7y 7N, B OBITHERIFUL, WHNDOAT v 7, B
EW) T & WS B ARATERCEM S S LR E L7z IS, il
OEINZ, WIH~OMBY X ) SR, LY HEN LT v
b — VAL B R LA L7z, TR OEBNOHE DR
BrBats 5720, SUELME, TFR] & THIR] o 2 5&04:%
¥ 7. AiJiBAR FO (front, open), i Ji FR FC (front,
close), HIJ7BAIR LO (lateral, open), I J5HAR LC (lateral,
close) D4 B % BT o7z Fio, HEE EEI#HW]IC
DWT 2 &M ek, BEEE] TR, & ICAFDOPD
5 \WIREToES) %, FEE[H O &MATET~ D F 5
eEz 7
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Table 1 Clinical characteristics of PD.

e st GO ey 0Y, U roc rocq G otermetans

1 78 M 30 45 R 3 17 + 9 300 Pramipexole 2
Amantadine 200

2 70 M 29 05 R 2 21 - 2 0 Cabergoline 3

3 76 M 25 17 R 25 14 + 9 300 Cabergoline 3
Amantadine 150

4 59 F 30 4 L 25 15 - 2 300

5 76 M 29 4 R 3 30 + 100 Pramipexole  0.625

6 80 F 25 15 R 2 8 + 12 100

7 73 M 28 55 L 2 20 + 11 300 Pramipexole 1
Pergolide 0.25

8 73 M 30 3 R 2 11 - 0 0

9 77 M 28 10 R 2 30 - 2 0 Amantadine 100

10 67 M 27 7 L 2 19 - 2 300 Pramipexole 4.5

11 73 M 28 45 R 2 13 9 300 Pramipexole 15

12 59 M 29 4 R 2 11 + 7 300 Pramipexole 15

Mean 718 282 55 174 6.2

SD 6.9 1.7 44 7.1 42

MMSE: Mini-mental state examination, H-Y: Hoehn-Yahr,

UPDRS III: Unified Parkinson’s Disease Rating Scale motor examination (full score = 108), FOG: freezing of gait,

FOG-Q: freezing of gait quwstionair by Giladi et al¥, DCI: decarboxylase inhibitors of aromatic L-amino acids (benserazide or car-

bidopa)

TIBEHITHOR L7z, BEREE [T ] &v ) AL K
W AREZRFEZEMGTOEL S»RE SR AR, TE
LZWE)ZORMOPIENBEESL ELHICAT v Tililh %
BIhH)EHWHRL HIROBIX, A& — bO&H & [AE:

ICHIRL TS, BESINRABICEZ2BEHDLLHI2A
FYTETHIIHBRL.
3 S|

BERAIZA & — bR A ¥ Mz R R & b8 Cor
L BEELVTHIHANAT Yy 95 L) ICHR L. 2O
T, BWEKTTEZE S 0cm, 2cm, 5em DE%E A
F— bR BEORMOMICES, B2 XHIlA
FyTTHEIERL

ATy THE, B E B ICKEF 6 RITTO T VS AL,
A7 66 MifTE Z %o 72 FEBISHEATIC A B AN & HEAT 1 113
DOBIHWVHATIRER 2 & 2R L 7.

I S

AT v TEBOFHIIE 3 KICH M EFHI > 2 7 4 FAS-
TRAK® (Polhemus.inc.) 2d bW TBI o7 AFv T
JEB D goal point |2 base sensor % A& (% & & T 13K D 5
) L, #ERE o4 RS 1 Bk 1 measurement sensor % %
# UEEE Lz, GHll 7 — &1, il s—yFrarda—
% (LaVie, NEC) IZfRfFL, 7 — ¥ fi# #1213 MATLAB®
(Math Works #1) ZfifH L 7-.

(2) f#HT

HEET— 5 2 ROBEDOEFT L7 a) A — FOHERH»
LAR LY RO S £ TORMH GEB)ER), b) KAES)
WL, o MEYREE CREEHEAL L 7o i KRB 5 5 e, d)
LRYVENT 2 ETORM GEERR), e FEHEHER

D3 (FEHETHOLT =), yz BB, HE - A - R
(FRRE & T RE %2 055 L 724 T, SEB) O 5 7 & % £ 345
TH5b).

w R

ATy T, BIREOR R, kD 50085 A =512
DWTOREHER, PD OFEMEEFHIE, #FEHL PDOy-
z WLE, HEE - T - BE T T 7 A VOIS

1. A7y 78

HBD 52D 85 X —F 2o\, Filistt - W&tz
neEhcHlirg (%%, PD) xHESMAE I, PR x
WS (i, H) O 3BERFAN 2 B ko7, TR
1 Table 2127k L, E¥ZMZ Fitcitd.

(1) HiJi%tt FO, FC (Table2)

PD OEBFHE I ZEDZF NI HREBICEL (<
0.001), Z72PD OEBRFEIIEF B OZ NI HRE RIS
otz (p<0001). RARHEE, RAHEIET HHEH, 3
FEMTOLT —IIPD LEFHICAREI -7

UTO2HTREEHE AL DT, EERER ORERE & &
KO HAR % A & 072 (p<001). HAEERFBE DM
F,OBEE [l HE [#e] Wi Tdh, PD OmEERH
BEFEHEDOZN L VERIZEL - 72 (p<0001). F72F5E M
TOIT—DOWELEM L RLOMICKEARZA LD (p<
001), HHMIERRBE DML, HIRCTOMS O HH IR R
HREDLED o705, BIIRICBWVTIEEE (3] oFA5EE
Wil] LOAERICTT—2KEDP -7 (p<0.001).
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Fig. 1 Schematic representation of the experimental apparatus.
(2) M J55A4+ 10, LC (Table 2) BOBSICEDEEA TP
PD OEEHERIIBEEDO TN OREBICEL> 2 3. PD D EFEEE R
(p<0001), F7-PD OmKHEIEEHFDOZNIZL HRE PD BH CH-Y2 8%, 25 (2#), 3 2#) @

S12H < (p<0.001), PD D KHPBEITE T B R 3R # &
DAEICEL (p<001), PD OEBHIFEIIMEEH L D FEIC
Hh otz (p<0001). FEHMTHOIS—I13PD LW EICH
BEE o7, WITNOFHETHREMEHIIALDRH o
7.

2. HERR#E (Table 3)

%ﬁ@Sowﬂix—ywowT el (%, PD) x
B (B L =FO &E &, BdHYHES 0cm, 2cm, 5cm)
®2¥®ﬁ%‘ﬁ%£;&ot TR G 1% Table 3 127K L,
BEL R ERRS.

PD OBk E OZh X ) FREICE < (p<0.001),
PD OBAHEEIET GBI BEZ LV AEZICEL (o<
0.05), PD O EB) R IZEHEH L ) HEIE» o 72 (p<
0001). A LFEHLTHILT —I1IPD LBFHIHE
I otz

ROFE ST L TIE, mAREBEIZHB T 5em O 2%

12 BREREEITARITH D - 72 (p<0.05). HwmAEEIC
FET ABFRITIE, B LI2< 5 0ecm (p<0.05), 2cm (p<
wm)5m1@<wm)@ﬁ#mk£§ iﬁéﬁﬁﬁﬁi
R o 7o, BN, EHRR, FENMTOII—IZBLT

SHICHT, EIEREIC L 2EWEMRET L. H-Y 25 B, 3D
SEGVEA A T 2 o 72720, S RNIHEHENITIE B Z b
EVER R HIRTIC & &7z,

EEHFIICE L T, EEEATIIERWETICH Y, F
TEEIEE L, EAERFAE I SRS X B —E Lz
ZAHA NG o7z,

II—ICHL T, BEEEICLZ - LENEASLNE
ol

4. WLEDHHT

fltiE & PD OMEE - IN#EE - E 127 7 4 V% Fig. 2
\ZRT. PD BEOHFTIEPD7 23R L7225, PD7 & HERD
2R L7z DIZPDI2 B 8 HlIcAEDTED, h#%
RFp e L7z,

vz FLUEIWCBI L Cid, & PD TS 2 REEA LR
Loz,

HETSTT 74 VI Wi PD, @EEELFE S B
DTHLOIZHL, PDOFMREFEL ) EEOY — 7135
{, POZOMBEIIMEEHELVEFIMEL TS, HIZ
E~7%@ﬁﬁ@ﬁ—7®@§u%&&01wé.;h%m
HETaT77ANVTAHRDLE, LB OE =2 25PD
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Table 2 Step Task.
to front target (FO, FC)
main effect post hoc interaction
. . subject: Lo visual
. visual . . visual . . subject: Lo
subject P velocity subject o velocity visual . condition:
condition condition o velocity .
condition velocity
a) movement w kK * * ok PD> open eyes moderate NS NS NS
latency control *** >closed eyes * > fast *
b) maximum * NS ko NS — moderate NS NS NS
velocity < fast ***
) time to maxi- NS NS * ok — — moderate NS NS NS
mum velocity < fast ***
d) movement *x NS * ok PD< — moderate NS ** NS
duration control *** > fast ***
e) reaching error NS * K ¥ * % — open eyes moderate NS NS %
at the target < closed eyes *** < fast *
to lateral target (LO, LC)
main effect post hoc interaction
visual subject: subject: visual
subject o velocity subject visual condition velocity visual Jject: condition:
condition o velocity .
condition velocity
a) movement w kK ** * ok PD> open eyes moderate NS NS NS
latency control *** <closed eyes * > fast *
b) maximum * ko NS * kK PD > — moderate NS NS NS
velocity control *** < fast ***
¢) time to maxi- * ok NS * kK PD > — moderate NS NS NS
mum velocity control ** < fast ***
d) movement *x * * Kk PD < NS moderate NS NS NS
duration control *** >fast * **
e) reaching error NS * % ¥ NS — open eyes — NS NS NS
at the target <closed eyes ***
NS; non-significant, * * * p<0.001, * * p<0.01, * p<0.05
Table 3 Stick Task.
main effect post hoc
subject stick subject stick
a) movement latency * ok ok NS PD >control * * * —
b) maximum velocity NS * — no stick <5 cm*
no stick <0 cm*
¢) time to maximum velocity * % * ok ok PD >control * no stick <2 cm*
no stick <5 cm* * *
d) movement duration * ok ox NS PD <control* * * —
e) reaching error at the target NS * — NS

NS; non-significant, * * *p<0.001, * *p<0.01, *p<0.05

DHPREFEZ LV EL BoTWVD.

SHITHEICOWTIE, RARHEEE L R KHBEZET 2 R
MEFHH L PD OMTHELED S - M) 54 (LO, LC#
NENHER N - FHBO 4 40F) T, PD OREMIEEHD
FNUIL BREBICKE o7 (p<0.05).

£ ¥

CCTRAT Y THEBF L OBEER L, AWET
LHWFHI EDRT XA —=FHIC, 5KY%2IBIE, ZHELAA

7 THEBEF NV (Fig.3) WZif> TE87 5.

a) B

PD OEBRE S, FUSERORMEE LTHRA SN S, A
T, TRTOFEICBVWTPDORAY — bOASR»SH
JEAS DY) IR 2 F TOREH GEBEI) XBEHOZEN LY
HEICE,Po7:.

RUFZeRE R & FRR 2R H A Rosin 521 &L o THE ST
Wh. S IZRATRIA &R AT SR TR ET LI F
TLEFL, 35X ORFR % B EAEMIE 1 GEBhFRE) &
BYPERAT R GEBIIEH) (20 CTRE LT b, #R, BifE
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LO fast velocity acceleration jerk
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Fig. 2 Velocity, acceleration and jerk profiles.
Continuous line show the profiles of PD No.7 (73 y male, HY 2), and dashed lines show the ones of con-
trol No. 5 (64y female).
The dots ( @ for PD and A for control) on each profiles indicate the time to reach the maximum
velocity.
All horizontal axes show the standardized movement duration.
LO stands for Lateral Open, referring to the condition where the subjects step right diagonally with
their eyes open. LC stands for Lateral Closed, referring to the condition where the subjects step
right diagonally with their eyes closed. Fast refers to the condition where the subjects step faster

than normal velocity.

SIS PD BEQ T DMERBRE X ) A I A h o T
By, PDEEMTREEEEI e, o7 —7, BIEZETRHEIIZ
PD LEFEHEOMICHEEE I R o7

Segura 5713 PD ORISR %2, MHEBEMZMH L TEZEL
72 OHIE PD LEEHOLE S IEANEBLRRMEIRL, 20
2 PR EPIE - OEBICHBE 1IRE B ET5 L9 12#
RL7z. EOBRO ISR, FHiEX, 4548 5 FF#HIEO Somato-
sensory Evoked Potential (SSEP), B & O"FA 4 1 {5HHI O
Motor Evoked Potential (MEP) % &l L 7=, 1% & & Motor
activation time (MAT) Z2&D k) flik LTEHRL .
bbb, EHRBOEK (BEXRWATI) % 6 5 ERANEE)
LD 5 F TOHER: (Premotor reaction time : PRT) 75,
EHE AT D SSEP o &, EHI I D MEP O %5\
7-fE. 2L T, PD LMtEHO MAT ZHIEKL 7.

ZOFER, PD O PRT & MAT BREEDZNIZL 5RE
FACHER L CT\727%, SSEP B L O MEP O##d PD & it

FHOBICEEZE I o7, ZOZ L5, Segura 513 PD
D MAT ORER L, HHER RABERE D2 LI B3, BYfER
TR BT 2 AL OBETH ), ZIUT PN U E
BYEA 7 = XA DOREREREEIC L 5 LR L T 5.

Segura 5 DL E LD AT v FTEEFIZDOWT H IS RE
THHEWET S %5, MAT & Fig. 312 B 1F % L8 51w
(Planning for Trajectory) #*5EBjf§4r (Motor Command)
FCTORMEZEZ SN, PD TIRFEFRICL D EER D02
TR EPREEINLG. ZOBRBRITEH T r7II 070
AR EZ 5N, PD T RS UEBIME X 7 = X 24 Rk
KFICkY, EHTUrTI L rOBELZALED S ERIBE
N5, B, BIEFUSIIHEMIZ X 5 HEOENL N T ¥ A
B X AEIERIBOEN D S TNBEEZ LN B, &
b, ZOBEKNZHETELF—FIEIILTVRW,

%72, HiaR o Rosin 5 O TIXARMZEHEH & FARIC, #
FHEM A ER I D o 72 b OO RFER AT T LB e
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Planning for Trajectory
Central Movement
. . . latenc
nervous Kinematics v
system
Dynamics
Motor command
Musculo \
-skeletal Motor cox}trol M ¢ Maximum velocity
system of lower limbs duor\;iilz?r?n Time to maximum velocity

Reaching error at the target

Fig. 3 The model of the ‘step movement modified from Imamizu (1995).

When we step forward, we first plan the trajectory by visually locating the starting and end points.

Then we compute inverse kinematics and dynamics before motor command is executed. Inverse

kinematics changes visual coordinates into joints kinematics, and inverse dynamics changes joints co-

ordinates into the power needed to move the joints. Finally, motor control will be realized.

BRI EETAHENICH o072, TDZ L2 SR oMETIZE
BB OIERICKMENE Z EATRIBENS.

b) FKGHEE, RAHEEEIET HHER, 3B X OB
ATy THHEM &M B VT, PD ORAGHEE W&
DZFRNL HREBIHE P o 72, AT v TEEN ) 50t & 4
PEIZBWT, PD ORAEEISET 2 RFHIZRTEEOZEN
12 GREEIZED 572 (Table 2,3). $72 A5 v FHER )T
ek, M5 4etE B L URREEIC B\ T, PD O ES) R I3 %
FZDZFNIL GREBIE Do 72, TS DREHRIL, BEED
BN HE, WA REEIRET 2% 5, PD TlE I o 0EE)
HEASIREAL SN TV RWS E2RIBT 5. AT v FHEM
J5 4l & BT, ORHEIE &, SRR ICE T B B I PD
LEEEHE OB TEEEZALOZEICELTIE, b
DEMTIE, BEOHFTO L R TIEORT IO L 5
N X R 2B AR S, R, PD OEBEE LY
HBLLR o2z EZL 5N

PD IZBF B REILOBED O E D3 EEIZ BT 2 E DM
WEREICH L LARBEIRE. EETa7 74V (Fig
2)&HDE, PD, HHINCIRKHEEITET 2 F TOIMESEE
IR & i d e, — 7, KRB 72 o 72 pi e & 385
B AR % B 2 T ORI A S 1B IR D155 E % A

5L, PDOZRIEEZICOREL ZoTWVD. 2D L
1% PD oD 8 8l il 0 ) RV fe R L LT S a9 2 BRIC
HELTWBZEITRIBEENS.

7, BEEPDOHFPMREZLIRELS RoTAE. Zh
13 PD Ot 10 OEBH O S h SHPEFEH L D RIF T3
ZERRL, TOZENSY PD OEBHIMICHIEND B S
EAURIEE NS,

S ObNbNOFED X 512, PD OBRITROEE T 1
7 7 A NV EFERNCIENT L, T O R o EE I < E B o #F
SNEDREEIZOVTE R LM EICR L, HanRk
ATHo7.

ATy THETORELUORRICE L CIE, SRk
FEHOMBEIBOTHBIROENA NN, Zhbid
PD LEFZHEL DR LENTH 7. 2O E05, PD
BT T 1 — Ny 2 2800 L7280 — S B 17 8
BH RN THDB I EATRIBENS.

SO LRETHEOMELD KL TVE. EHD
fMRI 58T, T O E—E B3 (/< S TELE 5B 5
THEMEESNTWSY, PDIZB LT Glickstein™1&, )&
EE)DBZ A7 L LT, PD TIIHERIIIC X 0, Rz 2
T WNENOREBEAIRG L, ST 5 L FRL
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Twb. F72, Hanakawa 5YIZPD DO MLy FI VT2 B
ol A, FLy FINIHEANEROBERIEO
TC, PD /MM PERIZIRIGEIL L TEB Y, Glickstein O £k %
YHEHTLLDOTH 7.

PLEX D) PD oEBEEX, 2T v THEEE TV (Fig. 3) 12
BULHEB 70T I 7R GREERE) LEBHIER (A0
TRFERIB) (2HBZ EARIBEND.

BT, TS 2 ODROREEITET 5 BRI
DWTHELT L. K E—HEA N — 7%, BT ORGRE
1k - BEEY) & AR E BRI S L, AR
Sk, HERROFE, HATO Y X L ER 7 L EEE Bk S
% HEERBRICES 5 L ¥ BY. KK E—3E R
V—TOHTYH, —KEEHF2LMEF 55 70— 73 HEE)E
RFEFHE &\ o 7B FATIC, EEYRTE - whE S B & 2
JEREFEST 7V — TIGEE) 71 T L R By e LIS
B35LEZ5NTNW5S,

P EORATHEr HEET 5L, PDOEH 7T T3~
7 ROREE AT ETE - fiEEE) T & R R T —
T OB TISRRK L, —J5, Sl 5% o RS — RE B B
EHERERBAYT TNV —TORBRTICERT,EE2 6N
7z.
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Kinematic aspects of the step movement in Parkinson’s disease

Mayuko Mizuno, M.D.", Kazuyoshi Fukuzawa, Ph.D.”, Koki Soejima, M.A?,
Satoko Tsunoda, M.A.” and Makoto Iwata, M.D., Ph.D."
"Department of Neurology, Tokyo Women’s Medical University

“Department of Psychology, School of Literature, Waseda University
YTUHW Mita Hospital

In an attempt to understand the fundamental mechanism for movement disturbances in Parkinson’s disease
(PD) patients, we investigated their straightforward or right diagonally (laterally) steps and step over a stick.

In all tasks, in PD patients, the movement latency was significantly longer and the movement duration was
significantly shorter than those of the controls. In the lateral step task, the maximum velocity of PD subjects was
significantly faster than that of the controls, while the reaching time to maximum velocity was longer. Moreover,
in the task to step over a stick, the reaching time to maximum velocity was significantly longer than that of the
controls. In the velocity profiles, in PD patients, the deceleration after the maximum acceleration was rapider than
that of the controls. In addition, the PD patients’ jerk was significantly larger than that of the controls. These re-
sults suggest that PD patients have deficits in motor programming and motor control which may be due to dys-

function of the cortico-basal ganglia loop.

(Clin Neurol 2010;50:74-80)

Key words: Parkinson’s disease, movement latency, movement velocity profiles, motor programming, motor control




