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fedht TR —VETFIL) T, KNEEZICE T 2REIRE
BvRMEFLREDEEREG /NI —h, BHICEELLE
WOEEZY T2, BEBRHEICEDEVWSHDTHDY,
ULHU, COLSBEERF/NNI—VNEEZRETDIA N
X ALlE, BRI UBHBARETIERWL, AfeElE, choDHEEE
mh, KREEEDEBICHEKT 2 RNEEZOBNZEEDE
{ENL DARBHTIERWNEEZ, TBIREBITETIL ZREL

9. FRFE TR, COBREHETILICEDE, EBHRRE
DREEBEEGH—NICERT 2L E2RHB 5.

KEEEZEEEDEREEIET L

AMEEZIEEESEEOLSICOY MA—=ILLTWSD
IEDWT, FAlcBRAMEEZEIRHL, RENEEZOEN
B THZHRERANE - REEKBTHERINZIGEEZFIND
ICUTHRANTER (Fig. 1). RMEEOBXHRBIZ AT T
HBD, FBEEEHICEL TRNRENHEET 5 & ZRMLT
WdEEZ 5N, EERRETIE, KINFEZEETF, HI5ERT
FLREDESRBUICED, T, FoEsE FlbebhThH %
BIRANE - EEMRBICEVWTREWEE (Fig. 1B, #158), 04l
(8), BWEE (&) HMSHK2 IHEOEENS ERRIIN
3. TN?ThoORD I, KNEEZOETEL IRE, I4b
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1A)7)““),

N5 3REHHERESZXTORICEHREKRICEBVNTWVNS &R
ET2E, UTOLSHHENEZ SN S (Fig. 1B, C)9?. [
BEHERHBLEISETDE, ETNAN—EEBEENT IR

(Received December 8, 2023; Accepted January 15, 2024; Published online in J-STAGE on May 30, 2024)
This article is available in Japanese with an abstract in English at www.jstage.jst.go.jp/browse/clinicalneurol.

©2024 Japanese Society of Neurology

o0ee


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ja

EERBEDEREETT L

GPI/SNr [--+---=---- ‘

T
g =2
GPi/SNr 38 38
activityp 33 o ST
s3 3
23§
3
3 Stop
5 A
R S N Motor threshold
- L 5 _Time
K Go

S0 100 ms
,Cx Stim !

c / v \
SV Y4 0

Reset
cortical activity

v 0
Release movement

movement

Fig. 1 “Dynamic activity model” of basal ganglia functions to control normal voluntary movements®-®).
(A, B) Upon motor cortical excitation, the Cx-STN-GPi/SNr hyperdirect, Cx-Str-GPi/SNr direct, and Cx-Str-GPe-STN-GPi/SNr indirect pathways
sequentially convey movement-related excitation (magenta) -inhibition (blue) -excitation (green) to the GPi/SNr, which resets ongoing cortical

activity, releases an intended movement, and finally terminates the released movement, respectively, in the time domain. Open and filled arrows

represent excitatory glutamatergic and inhibitory GABAergic projections, respectively. Cx, cerebral cortex; DA, dopamine; GPe, GPi, external and

internal segments of the globus pallidus; SNc, SNr, substantia nigra pars compacta and reticulata; STN, subthalamic nucleus; Str, striatum; Th,

thalamus. (C) In the spatial domain, inhibitory inputs through the direct pathway and excitatory inputs through the hyperdirect and indirect

pathways form inhibitory-center and excitatory-surround spatial organization in the GPi/SNr. Reprinted from the figure in the article of 6 with

permission.

WEEAABEIRNE - BERKRICSIZRI SN, 8K KK
KBRSz, BEZXTHOERICEEL L AMRE TS Z
Uty kL, RICKZESERIANDERKEZT S, RiC, B
ERZ NI 2IMEIAABEIRAE - BERERIRICSISEISh,
BR— RN EIRS = id U, @YaEseatey 3y

BT7OY T BE, RBEHICELLTWBZ EICEN DV
(Fig. 3)9. T HHLERMERZOBNESHETIICE>T, E
BEEEORELEEBIME—WICERTEZZEERLTWVS,
BUTICEZ OFSHEEEICDOVNT, EXTHEW

o YR VAS
seiisReT. B, MERENTSEEENKERn 7T
B - RE@EHIC| SR Sh, BR-AMRERNEINL, -k VVURE B B0 SRR Hel 53

BERICL->TE|ERISNIEESZANY TT 5.

& 23T, BERENT DMHILREIRNE - BEERERIO
BN E K RSNBIRICIRIET B DIC U (Fig. 1C, B),
INANR—BERE (1) PREER (&) 209 2HEEIFAVE
BICHKIELTE D™, KERAE - EERKTICEVNTHD
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Fig. 2 Schematic illustration of cortically induced dynamic activity changes of the GPi/SNr in the normal and diseased states®).
The height of the dam along the time course controls the expression of voluntary movements. Its alterations could cause akinesia/bradykinesia in
Parkinson’s disease and involuntary movements in hyperkinetic disorders. Reprinted from the figure in the article of 6 with permission.
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Fig. 3 “Dynamic activity model” of movement disorders to explain their pathophysiology and the mechanism of stereotactic surgery®.
Various movement disorder models and their cortically induced response patterns in the GPi/SNr are plotted along hyperkinetic-hypokinetic

(ordinate) and hypertonic-hypotonic (abscissa) axes. Reprinted from the figure in the article of 6 with permission.
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EWEENHA L TWz (Fig. 3, Dyskinesia)'”. 97215, L-
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EPMEERETEREEN, PHICEVWTIE, &< ITBREENS %
BIRNEICRE T 2R -2 —OVHEHEL, BREENSHK
BIRNE - EEMEICRATIEER -1 —OVIEENRTE
M2 AL/ NEYVHBERNEZRAWT, BETFHREY
T 2 DIFEE— KBRS (B —2—0YZERENIC
BRET D E, BETENRI DI EMNED, NYFURNVRED
TEHDOETFTIVNTRAEEZZZENTES. INEYTVRIEH
WTIE, KINREESE ORI EERIBIC R WEE & ]
HH5TH, EBWEEIEHEKLL W (Fig. 3, Huntington’s
disease)?. Ffc, HILDKEIRINEIIC GABA, ZRED 7O Y
N—THBEV TV IUPHNIVEFANTDE, BEER—KE
BRAVEIES (BER) mE2 7OV 932 EICiRD, EXES
ZE|ER TN, Fiabb, REEKERNGREH R
E-JOvraInd &, KBERANE - BEBKINICS I 2 KK
RERRDEWVEEIELL, —B5|ESRISINESN A~ Y
TTERLIED, FHEEEHICEDEEZS5NZ9,
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% GABA, ZSREDIEBETHZLAVE-ILIFEAILED TOY
793E, BAFRIENINYUZLANELZO, DK SRIRE
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FRTETHD S, BRITROBIELC 7Oy 7k D%
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BIREEIET IV E REHERE - RPN -2V DEL

FHEEIETIVIL, EBEEEICH T D REGBEEPRET /Y —
YOEBHATEZ N LAWY, NK—=F >V URICEW
TIF, REKRANEMICHE T2 RMEEEROBEENBALICE > T
W3 (Fig. 3, Parkinson’s disease). Z DEEMNHEL THERKS
ns&, XERNEOBRAKFEENENT D LICBS. [
BRI, YRARZFIEWT, KBEKRNEICE T2 R EBEXR
DIFLEIFNIE, BRFKGBENRLTEZILICKRDZ. —F
IR—=F 2V VR TIHE B HEFMR, YA N7 TE 6 TEAR
BE, EEEBE CIIMRAL BRRIREENHAEIRAET - S8, 187
IR THEIND V92 KINKERROEREEIOE
N, KINRRE &REIRAED - S0, RRTRZP, BRTRZ—#%
ERNESOERZZEZR, COLSBRIREBZSISEILTL
5EEZ5NB9N,

EHEEETIVICE > CEBEBEDORBEIEZH—MICEH
BBUTERED, W OHLDEHERIF, NEFTOETFTILTIE
SHEATERL, D55, K—FV Y URORBEHEBEROR
EICDWTEZTHEL,

kO

IR—F 2V VIRORERREIE, EICETREORMBD 4~6 Hz
DEEE - BMHOREEICK > TSI IND. KNE
ERTHREINSERFHORER (13~20Hz) »%, BEDE
FTRRBOEDICAEDRBICER SN, REZRILTWS
EEZNETHDN, FRIFEBEMTIFRWL. MPTPIRSICK
DIEBELLTo/X—F 20V VIRETILHIL T, KINEEZHI FEIR
EEZRLTWTS, TRREICEESRWD,. —%, K-
FUYURBETIE, REICHELCRREEBDEKR TZCE
PRELITVIm (RIRFREEAIRK) THRESIN, cnS50%AiI%z
RET 2 S REASEKT 2 2 &N 5993~ ZDEESH D\
FEEREBO—EER>TWD I EEASNHTHS. LML,
Vim [ZINBEMNS AN ZZITTED, KINEERISIEANZS
FTWRWZENS, REICIENNEESET2EEZ25N13.
RINEERZICE T 2R U RIREED, RRTZ—BZ—/\
MEEICED 2 ¥+ 7 ZIZRE Z N4 U TN — 1ZFRR B IR
D, K=F2VYURDREERILTWZDOHNE LRV, &

EERBEDEREETT L

W E, KIMRE - KNEEZIL—7ICH T 2RIRIC L > TN
SRIREMGIERI SN, KN —/\BERIC & > TR N T
WBDHNHE LNEWLND, IREICEEL IESNIE, HIERTIC KB
REZNUTERICES.

BRROEE

REAMAIE KIBIND/\—F 2 Y VRO ER D ARE L
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BOEESHEREINFH T 20, )\—F2 Y VFETIE, HER
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EBRD/IK—F VY VIEOREICEWTIE, RIS VEFTIE
B, EARZVD /LT RLF I VR EFEI DERGEYNE
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Abstract: Malfunction of the basal ganglia leads to movement disorders such as Parkinson’s disease, dystonia,
Huntington’s disease, dyskinesia, and hemiballism, but their underlying pathophysiology is still subject to debate. To
understand their pathophysiology in a unified manner, we propose the “dynamic activity model”, on the basis of alterations
of cortically induced responses in individual nuclei of the basal ganglia. In the normal state, electric stimulation in the motor
cortex, mimicking cortical activity during initiation of voluntary movements, evokes a triphasic response consisting of early
excitation, inhibition, and late excitation in the output stations of the basal ganglia of monkeys, rodents, and humans.
Among three components, cortically induced inhibition, which is mediated by the direct pathway, releases an appropriate
movement at an appropriate time by disinhibiting thalamic and cortical activity, whereas early and late excitation, which is
mediated by the hyperdirect and indirect pathways, resets on-going cortical activity and stops movements, respectively.
Cortically induced triphasic response patterns are systematically altered in various movement disorder models and could
well explain the pathophysiology of their motor symptoms. In monkey and mouse models of Parkinson’s disease, cortically
induced inhibition is reduced and prevents the release of movements, resulting in akinesia/bradykinesia. On the other
hand, in a mouse model of dystonia, cortically induced inhibition is enhanced and releases unintended movements,
inducing involuntary muscle contractions. Moreover, after blocking the subthalamic nucleus activity in a monkey model of
Parkinson'’s disease, cortically induced inhibition is recovered and enables voluntary movements, explaining the underlying
mechanism of stereotactic surgery to ameliorate parkinsonian motor signs. The “dynamic activity model” gives us a more
comprehensive view of the pathophysiology underlying motor symptoms of movement disorders and clues for their novel
therapies.
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