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The Role of Subcortical Regions in Speech Production
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Background: Speech production requires accurate coordination of the speech musculature, and is dependent upon
cooperation among cortical and subcortical structures. Multiple subcortical structures, including the basal ganglia,
thalamus, and cerebellum, are involved in several parallel and segregated cortical-subcortical-cerebellum circuits. These
circuits serve critical functions in integrating neural networks that modulate speech motor behaviors. Previous studies
on speech disorders linked to subcortical lesions have been limited to perceptual evaluations of speech in patients with
lesions. However, more recent studies using neuroimaging have confirmed the results of the lesion studies and provided
further evidence of the important contributions of the subcortical structures to speech motor control.

Methods: We reviewed recent research literature on both behavioral and functional neuroimaging to reveal the role of
subcortical structures in speech production. A review of this topic was conducted by searching the literature and
electronic databases.

Results: Based on numerous articles, we found that the basal ganglia, thalamus, and cerebellum make different
contributions to the modulation of speech-related variables. The cerebellum is the structure that is most strongly
associated with speech rate, complexity, and timing.

Conclusions: We conclude that the subcortical structures may play critical functions in speech production. The function
of each structure involves the stimulation of cortical regions through the neural circuits and neurotransmitters. Thus, the
function of the subcortical structures should be understood within the paradigm of neural networks.

J Korean Neurol Assoc 30(1):1-9, 2012

Key Words: Speech production, Basal ganglia, Thalamus, Cerebellum, Neural circuit

N o= o] oA WAlolck uhe slel] AP Sl ol
whAle] 4174 Bo] BabElofo gik o] B3 2L A3el-<lo]

o 93%75, ol A A =S B3| 7fjele] A7k} 74 (neurocognitive—linguistic), 4173A&(neuroprogramming), 417
5 H

o] YRR #Eoh= FESILE gt S{neuromuscular) O] TAE EFRICE A, A Q1A -<lo]

APl = A2, o=, A7 5ol o] 47 (spoken language

Medicine, 50 Yonsei-ro, Seodaemun-gu, Seoul 120-752, Korea

Received October 1, 2010 Revised June 30, 2011 symbol) FHEj2 HIIE| =), JLo] AL 7} Jfjolo] &3) ALS)
Accepted June 30, 2011

* HyangHee Kim, PhD, BC-ANCDS
Department of Rehabilitation Medicine, Yonsei University College of A= 25417

oAl TEE= Adojeh] o] HrgEct B4, AAAE
AQL ol A W 2F(speech motor)©] Al2]=] =

AA
A A] ?—%ﬁ U429l S-&(phoneme) o] T AFES ¢

Tel: +82-2-2228-3900 Fax: +82-2-2227-7984 ’ ‘—]—
E-mail: hkim@yonseiackr TAA £ AR HsbEe TS AR A, AT

J Korean Neurol Assoc Volume 30 No. 1, 2012 1



=
IR SRS W L A AYOlet B U L% A S
%25 713 4% vk Wd(Directions into Velocities of

Articulators model, DIVA model, ©]3} DIVALLEY of! T3}

of s olat elph A Almew thewt g w85
g AR, 5 2 AEE Al geire] AEE A (Erontal

operculum) 2] H &7} (Broca’s area)ol|A] A|Z}stc} A|ZFE]
Al E8 ol ol (feedforward) 2} &M (feedback)S A A &
&1 (motor cortex) 2 AETE ol A-suH
(premotor cortex), YAE-51] & (primary motor cortex), 4>
|(cerebellum) 7} TofstH, HHUol= 354 =] (inferior
parietal cortex)¥} AF=51]2l(superior temporal cortex)ol
Trofstet, oFH 2 2k XSl (speech execution)S AEd= 2
& ArR, HHee T o) AdEt o tigk HHE ot
A S A2 220 oaks Jdgit ot =Y
o A= SegdolA S ol HAlEEnt KA 9
aff Aot Sk e T F sH 7o e HgEel o] oel
WAL W E TAOA WAk @75 gsto] =g W
of FolAIA] kL AetelA| AbEE =S Flt,

5 Al IS sliEehA] oA Avggt DIVALL e
o] THsHS Aok 78 28] 7143 (basal ganglia)
Al (thalamus) o] &gko] sl 2344 m IFslAl= AA3tA|
El]— 0_]§]—6]— ol /K}Z o) O]OH/\i‘—- ]:Hj]:] ]Z]_,] HB:];_(_—I' =i O 1? /(4_117}‘
o] jdstol A AHs] 285l SAlof 1HEE Haert ke o
of itk e Z=sielel. 531, 1980 ) o] 9= o] Sk
o4 7hs e &4 4 7e] A 4 325

mlo

FJO“

o

oo
o oy
Loy
12 ox
‘ié
oz
o
HEE
B o
2 g
e
U dr
o
23
e
ox o
o
rﬂé}j
e x2
i
°

gnw_w o 44 (2
i E(rate EA (complexity), Al7] 4
Biming} & 585t 7% W olahg sk T, ol
Ato s, it wFste] W ARE A AF FOE Hoprtok
o e ANJSlLA T,

N

CHgrM et nI3oz M12, 2012

oo T8

L A= A3 2%

o) G ARgBlo] T S-S AT RStk e
Azl 2

Wow e, Ao el e ofst
Mool el ‘Pubmed & 2-8-31o] ‘basal ganglia, thalamus,
cerebellum, neuroimaging, speech’ 2] &4]of(keyword) = A}
=5 Akt T1E|al FoF A4 APlES] Hha(google) 2
ke M allRlel ‘googlescholar’ 2 ARE-51o] ‘Pubmed of A]
SR ARS FHEA) R S kel

LEOL FX & AHE JIN

L3 ide 3=

T E Rl yofele AAARE A Feles
(pyramidal tract), I]2}v|=9Q]= (extrapyramidal tract), =
Z 3)ZE(control circuit)® HF3kc}

WA, o E e AES] QALENY, e,
42l STl (posteentral gyrus)ollA 4170 &7
t} o] A7 T A ¢Ia=E(corticobulbar tract)g} Ee]i= Al
CPS RalA Baslo] BaAlel WA sl Eakh

Seful el TefulER e} EUsA il I HolH
shof WAl ol mEshARE St v A etk
Hol Thr), o 4ol n A vleti]=olze) ojgke At

Al st olalislA] FBkANE # A IEE (corticoreticular
tract)@} T A& 2 (corticorubral tract)?] daHAJo] A|HA]
o7 Huggie’

24 3|2 2 WA & 4 o] &5 3ol Holol=
A7 RS sl 285ks AT JEtith e s
of mlepn| =] 27} whzAlg Rl il dof 25 os 4170
L2 24 3lees ol9f vhaA] S5 ] 3o o
AEIth= Aol Zpol7h Qlek, 24 3|2 =7 7IA 3T Al
s ok 714 2l Blmet aleF AV e Al
SlR® WeRIeh, o] F 71A8 24 Bl o] a]oflA
Sl A RS ASAAA W AES 288k Aor o
Aok =, the7E Ak flsl Ba oo m et A=
Z5PH 7| A -2 23A]|(inhibition) 2} B934 (disinhibition) &
ol 217 9] OI?E gt} Bhe), A 24 32

25 7)ol A FolE 2 Ee] PEeE o] mEe)

B BEE %@"5}01 w5 o o= et

s
7

iy mai
i

n ;ﬁ

4 r{r o oE S o b o
OY




A7k AAL o AT} psto] o 5 a5 st
5o ojufat Al4s|ze] ofs) A AdEm 2R EAS
Zbers] Armolt) el te] sste] A e 7]
o] Tislo] Bt FAAOR Awnia g

2, Oix w3} 729 | A2 3=

thie] T det= 711162‘1‘, AV, A E GREE, o)A TLV‘
= 2 2 HE R ES
AsAs l%_i Aol 71 Slell f1lehH, 7] A ake: ?L
Jsk= A3ll(globus pallidus), Z7H|3(putamen)o] 54
oA 71& ek m A E Aefetal Qlrt, A= 7A St
Aol F1E ofefiell f1x|akaL Qlct,

D 7IAY
AN 7554 SHo| A A1 (caudate nucleus), =7}
Hjsl  zplsl - 52 (substantia nigra)® 55tk ZElelo
UYl=H(internal part)?} 2j&X(external part)= T}A| Uy
, = (pars reticulata)?} AU (pars compacta)
& gt aefeln) 27|es A SR (striatum)
olgfar sh, Z7pu|siu} 2pshS: Slal @l <8H(lentiform nu—
e 3l o, 21ek o)
TLU A (corpus striatum)2kal gk}, 7]
AHe o] 1 1oﬂx1 AZHE A1 AE ) O] g dskE 9-9)
QA9 B Ao A7 HmE Ak B
b sl ol 9)2e] e Zueic

2
ot
i
Mo
u

2) AV
A= Atolt](diencephalon)ol] &5hH HA| Afe]w] o] oF
80%S AFARICE, AVE: 71 A3} Axtefol ] HHgRE A1 R}
o] 322 eb]y] Ao A A95He Folch Aol A
A} 9ol A AT (epithalamus), AU R (subthalamus), A
AY5H (hypothalamus) S E3FSC}
a1
Alk]= 5= 79 HEL(cerebellar hemispheres)?} ©] HFL A}
ololl Bk 4] Mel(vermis)® THEL, HAFRE A
(anterior lobe), ®-%(posterior lobe), E}[244 A (flocculo—
nodular lobe) & ¥l Al7A8910] A4S V|For=
A Ak (vestibulocerebellum), <=4 (spinocerebellum),
i) A (cerebrocerebellum) & HEFETH o] = tjiak]=

S WAS apeks adEe] A 9 8 2 A Ego

ar ArEollAl ZIEISE B0l ofst

Aol £ oske: ditsl= Ao g R

4) X A73=zd 3=

s} Lx= HTro Ao} A3 A= FANE 2
A I2E Fof i gde A 2 R es 2t
of7|ollA= Al RE AZH 7|AM, A, AxE
O] SHoA ZpAlS] ARz} jh)

WA, 71T A A O R TS SRR OFA ISt
24 JRE Fof ddEo] 49 L5& 28T o] 24 3
2= T &A-7|HqH-AA-3]A S| Z(cortico—basal ganglia—
thalamo—cortical circuit)®] ¥Xo|c) 1] &l-7|AH-AJAF—
94 dmet &5 Rt e 28 e] HREola] Alztste] 1
ot 725 A ol ThA] FU tfuldelo R 4 felehe
N AmE AR,

47 Ao A4 74
Aoz s ch e, o 38l AR e
S AR B4 2R (glutamate) S 7] A #19] 9]

3H

L ERUEoR Age o 14

o

= e

¢

2% 7 2(direct pathway)2}
gl 22 =9Aow 7]

o SR 33 9 23 g A A A g 2
e s WOl Aol ekFie). A A2 Tl

A ghujoto]tte|
3} GABA), substance P, T]

AHgamma—aminobutyric acid, ©]
=¥ (dynorphin) ¥} 22 A4

AT G U Al D da g
oA 417 AR WS el 2ER0] GABAYES A

Cerebral cortex

l’ glutamate

Striatum

A [e |-

A
1
i
: dopamine

ia nigra pars | Ly

=

A
IGABA '
dynorphin | GABA
substance P}

Globus pallidus externus

EGABA b
A4

— i
glutamate
Brain stem
Spinal cord

Figure. Schematic diagram based on the current model of the

ia nigra pars

Globus pallidus internus ‘

inter-nuclei connectivity of the basal ganglia-thalamo-cortical
circuitry. GABA; gamma-aminobutyric acid, D1; striatal output
neuron receptor type D1, D2; striatal output neuron receptor type

D2, —=»; excitatory pathway, --»; inhibitory pathway.

J Korean Neurol Assoc Volume 30 No. 1, 2012 3



IN
l')-
40
0
al
g
0
a
10
TH
02
fol
B
0x
=
JIN
0%
Lok

o gFaNA Al golrlE gkt Avidow A

Z
2]
Are] ufjQt&dl(ventral anterior nucleus), W73 (ventral

lateral nucleus), %—5,4— Z3l(centromedian nucleus)o|A] &
B A7 29 BERI] et S1uo] HRele
3 s} APFRES w3

=
Mdefeltt, 7 %‘E% e} e
etk Al SEEolA fuld
7o,

kephalin) =2 A1 =30l 25 A

GABA} 172 (en
s ojfsto] ALRalo] et SelAEl Alsto]A
RN B} S7kst] ABHOR W sl
gao] oj4ly B92) GABA WEo| Stk W& GABA
= Age] TR BO1E A ] o4 AR
9 WES FHAIAL BT 252 ol

=
A% 9 2 AR ] 040) SEEReA Rulss 35
SRR objet 57 A)uiitol ) Al Eukl(dopamine)
of ofslo] G BT, Eutylo] ETf8 U] DI 4gAo]
2 22 Tsisiel oAl ARAE B B
el D2 800 834 214 2 oA
o] sk ke,
SIS AR ol el At 515 sk A

AASh= ke HERith, ax v o) Exshs 2EH)
=

=
e

(Purkinje cell)i= 4t SroflA] AR 417 ARE qfo= de
Sh= At Alzolch, E%HPﬂﬂiL O‘Zﬂ“ OPUI ARl GABA
5 WEste] el dad & o l@r/k ]
= %0127%1% Whe 4 oﬂfn% ot

HiE A4 HH-H7] Z3l (ventral posterolateral nucleus)i}
vl 71530 0 me RS X|upA] et o] ki), QoRsAbH,
1) A -0l k] -4 - AJAF-1) 2] $] & (cortico—ponto—cerebello—
= k] 24 IR ko
A AHeE 7kl 9% ARE X450 7 Aol o =u]z
of Alsgitt, &, i &S Ao ofs) AlEA 7, Heks
5 JHE Wolso] Exﬁ] U ot i)

thalamo—cortical circuit) =

3. Spust o] wE o]

obx] ] w &S] A et 7% osle] Ak A,
7710] a7l AAE R} AR o] ofs) A= 1133
AAEo] QLeS BRISI) of7lel A 7t Tzl Ax) W

of Aol ¥ wEell vA= FF=

>~
%)
I
K
N
2
o
)

o :

IR A ol wofshe dix wde] ede =A%
ok 71 e TRt shelelE Seshe Ao RA e ¢
ol whet 54 2¢1 oj4fo] AZITE? B 9Iet ulav} Zriy]
3 Wae AARIA Fedle Rt s =9 HEEES
(athetosis) S, AVUHE HS ARAJoA] HHA= =3t =g
NS (pallism)& F=HIRIT), Hefalo] F=¥ we: drie]o]
BiEollA eEAel mE FAYS WEE 5 e =
(chorea)& s, 53 WAL Heup|(paralysis agi—
tans)& o7t}

714 0] B A Aol 75 olE el T of
Yek ”‘OﬂﬂE sl oAHQl FEge(upuEAtoll, dys—
N Bk w2 B2a0]7)

i gl 5, 2% ¥ ~°ﬂ*1 WAl
1. ¢

ol 7, uu}a AL, 52 1w &g ol o 9 g
o] Thx2-2 =4 L2 ol (hypokinetic dysarthria)”}
Sy
AV =8 71A L mR7 A R Wase] whe ThelRE 4
of ALk, A FollA] 5] wjekaal, v, F3 5
o] I 5 2Aof ololz AR deiA Q. o] a2 T
1A B soh 38— Bz} o] 3] ofal
At Ao R o) dlof| WRio] WSk 1L f)A]of w)
Gt 2 Aol e,
] o) 93 @540 ‘A% (ataxic type) OB
I AxgS A EAY 4 ol (dysmetria), F
o

5 Boo(asynergia), ALt B BQHY oJwz] F21Q)

oAl o] =7} &% E%-S(incoordination)o] EXJo|r}
Az FAO] T AMEe] PRS2 25 &&0] Eqf2lElA|

i, AgE —ﬁ.\—l::_(d1adochok1netlc rate) Ao A7) A
A, &%, 9, o5 Hel e 28l ojglgol Akt

2ol Feiuh afelol] SR 4173} T8 2gsto]
Aokt AL WER, ook, ALHOE S Aol
oh 0] BHolA] AR SEL A FAL, W oBe 2
S5 73R 2Tk Aol 4L Aelsharis tiolA] $5-2



T2} FAE] Al 7o) slEEg
HARE TAR AR T 2dE
71A7F frAbstekaL Skt
HhHol| ARx|el 232 7| 7] it Al 3| Ro)| <
o EYH 0w SAHR: A Asrh 2, ol s
e e A =l H/}g ¥ 3A), w}71<= (Parkinson's
disease, PD) ZA|= WAl HLA}=
DBS) oL} A< (thalamotomy) $-of] AFA] 2] -2 74l
SRl e s} gl sle) olshels|E aheh B,
%2 Zd(cholinergic), Al=E(serotoninergic), =o}=
g (noradrenergic) ¥} 72 H|LEiW(non—dopaminergic)
ARE Foto] AN Al 52 wabyl A =2o| osf &
Alleh= Aot o] 7‘*’“’“ ofeh =yl 7 wof| A-8-5k= ¢l
H eak(levodopa) & FoIohH SE o S FO] &4 it
of A7l & %‘?}(bradykmema) ZdZ(rigidity), @ (tremor)
B2 S/ AAshAt Blieaiyl Amof o 2A-E= A5
Aoz A=) QR=rR Aolr),
= 9lo] % olE Amu, A4 2

FEHoR U w S} 59} 27} PofelAlt <
A el 2 74} EApE ol
T REREEEC R
sl J-itst] ?]SH EEloA] A AGE T Qe &x By
WA e ulmstel sl A g,

(deep brain stimulation,

[e)

i)
< %
o

|

do ¢

-

[e3

/\% /\]/] xlx%xo]%

1) o Wt Pxet HE
® i o} p9f ] 25 %_@4 :4741

JAPE T2 4 (positron emission tomography, PET)
JAHfunctional magnetic resonance imag—
ing, PMRDS o] 8% Aol ol 95 wlwo] 7o ]
595+ egele] T Aolg RS WA, SFUEs} 5}
SHH 4] FoA k. 53 ﬁ\-l"—] g2} 7+ F(intermediate
zone) EH4Jo] Z7Fstac O LENES] F7tef w2 /)4
e zrpalslol N B3] @S BREIleh B o] el
S o] s S5 iRl Akt ofjel /) AjelE A
A S50 S5 2ol Bl UL,

ar ArEollAl ZIEISE B0l ofst

(2) o] st ol o 8% Heo) 1)
S ojulollq 2 95e 414 250] eliolch et et

Ao U2 Al ekt Aldsal, ERek ApdA Vss

é?—ﬁii HEES= ‘&= S (alternate motion rate,
Aol Fe] AMgE L Qe o] IRl A}
=t 5294 25Kl /3, [El/, /ANSE o]FolA W A4
o} FAFARE 971t ARsto] vl o] Eul(context)®]
TS Wl 4 lohs BES AL e, WA, gl 7]

=
el S TRl W M Aol S

A3 g

Eol Ayt Y it FAAL 2 esle] 7l Bow
LT S A2 el ZIEe 280 SN ¥
Sug 245Hs 9TS Pste] o] Golo] BAZ sk

I SURICHL Gk o] g LS diifo.m 9t
TSI F7 Al 27peEe) SHgEbt Ak st A

.ﬂ
b
].ﬂ
Ko
é
=2
o
=}
b

P A o ] Zho,
StolE ek,

S5 Hpelet she) £ 4 1ol A2 o 519 54
Qo] 217 Y=g WAk ANH O 59] L2 719 T, W]
o 8 g S| o/l F4E 25 HAHS F/KI &3
HAAS Suoh vlio] ANIAQl £50 £ S-S At
B OB $F B0l FNE SRS At
AL Bl

5799) wubyl Bu] AshR A w1 e 11l 2
Qe B0 Bl o) Bl Sk 4] 4] 2
23 49 AU Sk APl AshEt AE 85 71
of 7HHo] O3t WA, BN SEL oS 52 A

J Korean Neurol Assoc Volume 30 No. 1, 2012 5



1 EOlL/lﬁ MLX} ot

24T} oA whsls IS v
G ehi0] T ] ) L G He e S
7 A Ashelglek el of 2ot gl ol

_'I .
Ae) S 29 S o)z e ek, WA, 8
A omagel Hwe oheat gk BUd 24 48w

o
e o2 3 ii:l”ﬂ e By Helon], 2]
o= 2&S kst A9(d: /ta—ta—ta/ — /ka—ru—ti/)= &
o] a4 AR A S ol 8 9e) Al T
o] Z/detEie. &4 Aol7t SRRt Aol /ta—ta—ta/ —
/stra—stra—stra/)= Ak] Hy] FHO] 9= AV HAs)E]

it ®
71014 g - AuE apge s W F A St
of w2 s} 20| B/ Hefshd v Aok WA, &
2 LA BAAT o)yt Z7)el TEHoR AL S
ARk ZHdeke g ole: Aol wet Atol7) QIQMek 1AL,
chefel 249 A4 ikE apAlol A ZHdSkE Al 71 4]
o] =&

H
]
SAYE AEsH 7S T 2

0O

6 HHMIZAORIN| M30A M1, 2012

2 Rl

3) o] wAst 729 25 A7 AEA

(1) ot sjEst 2ok Al 25 Al7] AEAL] A

HEE &5 TS QA= A dast S0t wpA o) &
gt opd e A7) A ol ot arefvp Hashel &gt
7] Adidolgt THEE Algtolel= S-S SRR vhsat
22 IRoll A A= e, S ARl AR 7=
HGsk= whdel A7) AdAES 0| Adstol arey A4
JbAlelek, A7) A4 timing'®] AL Slul7) 5] st
7k 7V EA bR 2 B el el v 7h A
Qs APTeL B AefE o, A7) A BeslE Eel
L ol ),

2|t Aol whEH, A7 AEA 2-ollA A= P
E(milliseconds) TH?19] &R AXF 7HA o] 3ot 7] 432
Z(second) T919] 71 AJ7Fe) £AE FARICEL S gt
QI 0|2l ASHol] Sloj} W) WS (reaction time)5H=7}
MO vle) oK Qe AZlel] ol B2 Aa(sime
reproduction) 3= IAoA] 2% 52 2 Wzo| ] A}y
gicki WSt o) AR |Aste] AlY] AHA 2 1t
o 5 71420 ST Bk SRS 1A

E T2 ol ofsi, S

= /\}0]/375}/\1] L (interneurons)?l TANs(tonically
2} A48l TolalTA 2191
5 Alole] A7 zgteka gy

ST, Aol A7) 24 2o] 2 o] e 274
ok AztsiooL) ¥ Ak 215 e s Asle] de ol
WAz FuEaL

N

Al 7] A& A zz%g = 6‘
O Al7] A 2E= st
alof] 45

active neurons)”} &3

K o[o

>~

s s stop] 2 Asloloh ek, wed 7H7H94 249)
2 FAIs= Al7] Aol B3] AxE, o) QIZke] w&
K]—?j_/:ﬂ,j,}]] e e —?‘%(prosody 0]14 7]/1' duratlon)l’}

A ol S S S o 2 2l
sl < ol ﬂXH 3 Sk BRI, 253 28 4
i 7|4
= ojare gk 40

S #AE HgeR g ddatollA

;Rm



a
k] Zeatol| OJah Alxd LS PoH SAb= Al H S

E(scanning speech), Wol/do] 7|5t 34 Zo]
219 Holtt % sl Qo rE A|ZF Al7Hvoice onset
& o] 2Ho|A ofglgo] FIIRI} ™ o At
32 SR 2T Sl dh=d o] Tl
ek ofje} vl 9 Ak A7E 2L S ele

¥

-
=
=i3
=
Ak B lA A7 @ﬁ‘é% FA8l= Hi] )

=4
A5t are AAIAE eehA) wel XA g 4
JIAS, o) Aheliol 4 2 9l

[l
r-\m
E
o
Pl
jr
ofn
o
ic)
o
o
Y
BN
o
)
m
1
)
_.>T_4
by
N
X
(o]

A AAEFAY, HEEFA, 1ol Aol
K A AE|R7} 718 AielA] A, 53] &
] oF 489] 19%7F URpeE Ut W LBl
RUE HWE W ST S o] ol ofstu,

JR

ol S oA ARksk A1 E|R HY A ek okt B
S ABAGS Bl v et FR0] /1S 2UFTHE Aol
ofol] s27]5le] &% o5 417 Atole] HEALGo] FEI WA
o o] HeiRlA) o AL B 4l7o] mshs
AQIA7} TIckA o Ak WS Rt Wk olsha 4
91 Aolek

FA), SR AR A 8 1 AR 5

o] 955 2T Aol WA kg b WolSelAa gk
“1eu} Nambu -8 tie] 780)] SR 2951 et A
AREte A% ATeHs e el A hyperdirect)
dsei kel o) el olap, we] 1k 417 4
SER Ay A2 5

mlm

ar prsollA ZIElSE FZO| ofet

= o T o
Fgol o 242 A= AR B 4 el
A, 417 Aol Aeke sjdelAl Alste] 7148l- A4
e A TS 99 S0l thal v 417 et
AR AR E Awsha olek th WaH A 9
7148, AP, el g Aololl AR 4 gl 8w

oo EAlsHs slme] Ejolii nefsi aslet o
2k 2L ATt 4] 7] A Yo & Alo]E Q) Ealsl= o4

N

=4
FEgE opet ko r A4 ARE Hdshs A4
(axon collaterals)®] &A17} W& e} 548, AT

‘81431} gg f{]—l:jﬂfsﬂ A]—o]oﬂ/\-] §]_01Q E} 57-59
buto R, ggabgo] Hojshz 24 B|R Afolo] £Afs
Al 37t g o] Zlolof gigt 1 H a5l Nambuis
TR Fm2rE AVFe] B WA eAlskaL, FuRkes 25 A
27} AV SRS RIS Foll, nirute R 71 A=V} ot

>
>
N~
>
filo
12
>
o
—_
Ir
>
=
i
Wi
>4
o,
e
ELJ
ol
k)
i&l
o
g
o
=
B
1)
=2

2] o)} AT Aol wheld 28] 4 5
2, A7) A ek ot

20= o=

& =
ogapetol ek A4 210l ¢lvk Anstel o 4 ol

@ A0 S 3054 ol

u)ske] ek Aulmorch 1L A /|4, A4, A 3
Aol whel b2} e FAlo] SRS SR AA T Ak

J Korean Neurol Assoc Volume 30 No. 1, 2012 7



o

o9

G

10.

11.

12.

13.

14.
15.

16.

6.

RS 93 42Q) FREA 1 Fao] B B
shelg ek

REFERENCES

. Guenther FH. Cortical interactions underlying the production of

speech sounds. J Commun Disord 2006;39:350-365.

. Duffy JR. Motor speech disorders: substrates, differential diagnosis, and

management. 2nd ed. St. Louis: Mosby, 2005;45-57.

. Bhatnagar SC, Andy O]J. Motor system: brainstem and basal ganglia.

In: Butlet JP. Neuroscience for the study of communicative disorders.
Baltimore: Williams & Wilkins, 1995;217-227.

. Ackermann H, Hertrich I. Speech rate and rhythm in cerebellar

dysarthria: an acoustic analysis of syllabic timing. Folia Phoniatr Logop
1994;46:70-78.

. Ackermann H, Hertrich I. The contribution of the cerebellum to

speech processing. J Neurolinguistics 2000;13:95-116.

Riecker A, Kassubek J, Groschel K, Grodd W, Ackermann H. The
cerebral control of speech tempo: opposite relationship between
speaking rate and BOLD signal changes at striatal and cerebellar
structures. Newroimage 2006;29:46-53.

. Barlow SH, Iacono RP, Paseman LA, Biswas A, D’Amtonio L. The

effects of posteroventral pallidotomy on force and speech aerodynamics
in Parkinson’s disease. In: Cannito CM, Yorkston KM, Beukelman
DR, eds. Neuromotor speech disorders: nature, assessment and management.
Baltimore: Brooks, 1998;117-155.

. Theodoros DG, Ward EC, Murdoch BE, Silburn P, Lethlean J. The

impact of pallidotomy on motor speech function in parkinson disease. J
Med Speech Lang Pathol 2000;8:315-322.

. Dromey C, Kumar R, Lang AE, Lozano AM. An investigation of the

effects of subthalamic nucleus stimulation on acoustic measures of
voice. Mov Disord 2000;15:1132-1138.

Gentil M, Garcia-Ruiz P, Pollak P, Benabid AL. Effect of stimulation of
the subthalamic nucleus on oral control of patients with parkinsonism.
J Neurol Neurosurg Psychiatry 1999;67:329-333.

Gentil M, Tournier CL, Pollak P, Benabid AL. Effect of bilateral
subthalamic nuclues stimulation and dopatherapy on oral control in
Parkinson’s disease. Exr Neurol 1999;42:136-140.

GE, Crutcher MD, Delong MR. Basal
thalamocortical circuit: parallel substrates for motor, oculomotor,
“prefrontal” and “limbic” functions. Prog Brain Res 1990;85:119-146.
Kompoliti K, Wang QE, Goetz CG, Leurgans S, Raman R. Effects of
central dopaminergic stimulation by apomorphine on speech in
Parkinson’s disease. Neurology 2000;54:458-462.

Agid Y. Levodopa: is toxicology a myth. Nexrology 1998;50:858-863.
Bonnet AM, Loris Y, Saint-Hilaire MH, Lhermitte F, Agid Y. Does
long-term aggravation of Parkinson’s disease result from nondopaminergic
lesions. Newurology 1987;37:1539-1542.

Kim SG, Ugurbil K, Strick PL. Activation of a cerebellar output

Alexander ganglia-

nucleus during cognitive processing. Science 1994;265:949-951.

CHgrM et nI3oz M12, 2012

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Mushiake H, Strick PL. Preferential activity of dentate neurons during
limb movement guided by vision. J Nexrgphysiol 1993;70:2660-2664.
Jenkins IH, Passingham RE, Brooks DJ. The effect of movement
frequency on cerebral activation: a positron emission tomography
study. J Neurol Sci 1997;151:195-205.

Sadato N, Campbell G, Ibanez V, Deiber M, Hallett M. Complexity
affects regional cerebral blood flow change during sequential finger
movements._ J Nexrosci 1996;16:2691-2700.

Duffy JR. Motor Speech Disorders: substrates, differential diagnosis, and
management. St. Louis: Mosby, 1995;69-101.

Kent RD, Kent JF, Rosenbeck JC. Maximum performance tests of
speech production. J Speech Hear Disord 1987;52:367-387.

Rosen KM, Kent RD, Duffy JR. Task-based profile of vocal intensity
decline in Parkinson’s disease. Folia Phoniatr Logop 2005;57:28-37.
Tjaden K, Watling E. Characteristics of diadochokinesis in multiple
sclerosis and Parkinson’s disease. Folia Phoniatr Logop 2003;55:241-259.
Ackermann H, Hertrich I. Voice onset time in ataxic dysarthria. Brain
Lang 1997;56:321-333.

Ackermann H, Grone BF, Hoch G, Schonle PW. Speech freezing in
Parkinson’s disease: a kinematic analysis of orofacial movements by
means of electromagnetic articulography. Folia Phoniatr (Basel) 1993;45:84-89.
Ackermann H, Ziegler W. Articulatory deficits in parkinsonian
dysarthria: an acoustic analysis. J Nexrol Neurosurg Psychiatry 1991;54:
1093-1098.

Sidtis JJ, Strother SC, Rottenber DA. Predicting performance from
functional imaging data: methods matter. Nexroimage 2003;20:615-
624.

Wildgruber D, Ackermann H, Grodd W. Differential contributions of
motor cortex, basal ganglia, and cerebellum to speech motor control:
effects of syllable repetition rate evaluated by fMRI. Newroimage 2001;
13:101-109.

Wise RJ, Greene J, Biichel C, Scott SK. Brain regions involved in
articulation. Lancet 1999;353:1057-1061.

Ozawa Y, Shiromoto O, Ishizaki F, Watamori T. Symptomatic
differences in decreased alternating motion rates between individuals
with spastic and with ataxic dysarthria: an acoustic analysis. Folia
Phoniatr Logop 2001;53:67-72.

Kent RD, Kent JF, Duffy JR, Thomas JE, Weismer G, Stuntebeck S.
Ataxic Dysarthria. J Speech Lang Hear Res 2000;43:1275-1298.
Ackermann H, Hertrich I, Hehr T. Oral diadochokinesis in
neurological dysarthrias. Folia Phoniatr Logop 1995;47:15-23.

Portnoy R, Aronson AE. Diadochokinetic syllable rate and regularity in
normal and in spastic and ataxic dysarthric subjects. J Speech Hear Disord
1982;47:324-328.

Hertrich I, Ackermann H. Acoustic analysis of durational speech
parameters in neurological dysarthrias. In: Lebrun Y. From the brain to
the mouth: acquired dysarthria and dysfluency in adults. Amsterdam:
Kluwer, 1993.

Wildgruber D, Kischka U, Ackermann H, Klose U, Grodd W.
Dynamic pattern of brain activation during sequencing of word strings
evaluated by fMRI. Brain Res Cogn Brain Res 1999;7:285-294.
Moroney R, Heida C, Geelen J. Increased bradykinesia in Parkinson’s
disease with increased movement complexity: elbow flexion-extension
movements. J Comput Neurosci 2008;25:501-519.

Tracy JI, Faro SS, Mohammed FB, Pinus A, Madi SM, Laskas JW.
Cerebellar mediation of the complexity of bimanual compared to

unimanual movements. Nexrology 2001;57:1862-1869.



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Ziegler W. Task-related factors in oral motor control: speech and oral
diadochokinesis in dysarthria and apraxia of speech. Brain Lang 2002;
80:556-575.

Ziegler W, Wessel K. Speech timing in ataxic disorders: sentence
production and rapid repetitive articulation. Nexrology 1996;47:208-214.
Ito M. A new physiological concept on cerebellum. Rev Nexurol 1990;
146:564-569.

Riecker A, Ackermann H, Wildgruber D, Meyer J, Dogil G, Haider H,
et al. Articulatory/phonetic sequencing at the level of the anterior
perisylvian cortex: a functional magnetic resonance imaging (fMRI)
study. Brain Lang 2000;75:259-276.

Riecker A, Brendel B, Ziegler W, Erb M, Ackermann H. The influence
of syllable onset complexity and syllable frequency on speech motor
control. Brain Lang 2008;107:102-113.

Bohland JW, Guenther FH. An fMRI investigation of syllable
sequence production. Nexroimage 2006;32:821-841.

Ivry RB. The representation of temporal information in perception and
motor control. Curr Opin Neurobiol 1996;6:851-857.

Jahanshahi M, Jones CR, Dirnberger G, Frith CD. The substantia nigra
pars compacta and temporal processing. J Neurosci 2006;26:12266-
12273.

Graybiel AM, Aosaki T, Flaherty AW, Kimura M. The basal ganglia
and adaptive motor control. Science 1994;265:1826-1831.

Canter GJ, van Lancker DR. Disturbance of the temporal organization
of speech following bilateral thalamic surgery in a patient with
Parkinson’s disease. | Commun Disord 1985;18:329-349.

Hartelius L, Runmarker B, Andersen O, Nord L. Temporal speech
characteristics of individuals with multiple sclerosis and ataxic
dysarthria:‘scanning speech’ revisited. Folia Phoniatr Logop 2000;52:
228-238.

Darley FL, Aronson AE, Brown JR. Differential diagnostic patterns of
dysarthria. J Speech Hear Res 1969;12:246-269.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

or prs0llM Tizlsh FE0) ofat

Ackermann H, Graber S, Hertrich I, Daum I. Phonemic vowel length
contrasts in cerebellar disorders. Brain Lang 1999;67:95-109.
Schirmer A. Timing speech: a review of lesion and neuroimaging
findings. Brain Res Cogn Brain Res 2004;21:269-287.

Nambu A, Kaneda K, Tokuno H, Takada M. Organization of corticostriatal
motor inputs in monkey putamen. J Nexrophysiol 2002;88:1830-1842.
Takada M, Tokuno H, Hamada I, Inase M, Ito Y, Imanishi M, et al.
Organization of inputs from cingulate motor areas to basal ganglia in
macaque monkey. Exr ] Neurosci 2001;14:1633-1650.

Takada M, Tokuno H, Nanbu A, Inase M. Corticostriatal projections
from the somatic motor areas of the frontal cortex in the macaque
monkey: segregation versus overlap of input zones from the primary
motor cortex, the supplementary motor area, and the premotor cortex.
Exp Brain Res 1998;120:114-128.

Nambu A, Tokuno H, Takasa M. Functional significance of the
cortico-subthalamo-pallidal ‘hyperdirect’ pathway. Nexrosci Res 2002;
43:111-117.

Nambu A, Tokuno H, Hamada I, Kita H, Imanishi M, Akazawa T, et
al. Excitatory cortical inputs to pallidal neurons via the subthalamic
nucleus in the monkey. J Neurophysiol 2000;84:289-300.

Kita H. Neostriatal and globus pallidus stimulation induced inhibitory
postsynaptic potentials in entopeduncular neurons in rat brain slice
preparations. Nexroscience 2001;105:871-879.

Smith Y, Bevan MD, Shink E, Bolam JP. Microcircuitry of the direct
and indirect pathways of the basal ganglia. Nexroscience 1998;86:353-387.
Shink E, Bevan MD, Bolam JP, Smith Y. The subthalamic nucleus and
the external palllidum: two tightly interconnected structures that
control the output of the basal ganglia in the monkey. Neuroscience
1996;73:335-357.

Nambu A. Seven problems on the basal ganglia. Curr Opin Neurobiol
2008;18:595-604.

J Korean Neurol Assoc Volume 30 No. 1, 2012 9




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


