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Abstract

Articulation disorders are divided into three types. The first is dysglossia caused by
congenital or acquired morphological abnormalities of articulatory organs. The second
is dysarthria caused by nervous and muscular lesions. The third is dyslalia in which
there is no abnormality in the morphological form and function of articulatory organs.
According to one report, there are about 300,000 Dysarthria patients in Japan.
According to the Guidelines for the Treatment of Stroke 2015, the recommendation
grade of functional training for Dysarthria is C1(You may consider conducting training.
But it doesn't have enough scientific evidence). The level of evidence of rehabilitation

for Dysarthria is still not enough. Therefore, scientific research on Dysarthria is needed.

In Dysarthria patients, abnormal movements such as a “pull-in” pattern and a
“centering” pattern are observed when producing voiceless velar plosive/ k /. It is a
clinically important problem to evaluate the mechanism of such abnormal movement
during articulation. However, it is difficult to distinguish whether the articulatory
movement abnormality is caused by (1) a movement abnormality due to a neurological
disease or (2) a movement to supplement the movement abnormality. In the
measurement experiment, to get a clue to separate factor(1) and factor (2), we examined
whether the pattern of "pulling in" and "centering" observed in Dysarthria patients was
observed or not in the compensatory movement of normal subjects without the factor
(1). In the simulation experiment, the mechanism of the compensatory movement was

examined using a simulation based on a 3D tongue model.

The subjects of the measurement experiment were 7 normal Japanese speakers (1
female and 6 male). Their articulation movement was measured by EMA
(Electromagnetic articulpgragh). EMA is a device that attaches a sensor to the
articulator and measures its position magnetically. We use 7 sensors in the experiment.
One sensor was placed at the Nasion (reference sensor), one on the lower gum, three on
the mid sagittal plane of the tongue, one on the left side of the tongue and one on the
right side. The speech material was / aka // aki // aku // ake // ako /. There are three
utterance conditions: (a) normal utterance condition for uttering as usual, (b) utterance
condition while biting the tongue depressor, and (c) utterance condition with maximum
jaw-opening position. (b) and (c) were set to extend the range of elevation of the
posterior tongue needed for articulation and to induce compensatory movement. The

extension of the distance between the lower gums and the tongue tip was used as an



index of “pull-in”, and the reduction of the distance between the left and right sensors

was used as an index of “centering”.

As a result, when compared with the condition (a), in the both condition (b) and (c), the
distance between the lower gum and the tongue tip was significantly increased in 6 out
of 7 subjects. The left-right distance was significantly reduced in two of the seven
subjects. (Including duplicates). “Pull-in”” was observed in many subjects. In
comparison, "centering" was observed in a smaller number of subjects. However, since
the total number of subjects is small, the number of subjects in which “centering” is
observed is not a negligible number. Contrary to the prediction, a significant reduction
in the distance between the left and right sensors was observed in 5 out of 7 subjects.
We thought that "pull-in" was caused by the compensatory action of the posterior
tongue elevation due to increased activity of the styloglossus(SG). We thought that
“centering” was caused by the compensatory action of the posterior tongue elevation
due to increased transverse (T) activity. The increase in the width between the left and
right was considered to be a secondary effect of the increased activity of SG. There
were individual differences between subjects in the results of the experiment. Although
our results did not provide enough evidence, it was suggested that individual differences
between subjects may be related to the relative size of the tongue relative to the
oropharynx.

In the simulation experiment, a simulation was performed using a three-dimensional
tongue model created by Dang and his colleagues to examine the mechanism described
above. When the mandible of the normal / k / articulatory movement model was
lowered, the elevation range of the posterior tongue surface was lowered by 2.53 mm.
This was called the “jaw-opening model”. To compensate for the lack of elevation, a
"pull-in model" was created in which the activities of the SG were increased until the
posterior tongue was at the same height. Similarly, to compensate for the lack of
elevation, a "centering model" was created in which T's activity was increased until the
posterior tongue was at the same height. Then, the displacement between the “opening
model” and the “pull-in model” was obtained. And then, comparison was made with the
average value of displacement between the normal condition and the opening condition
of the subject representing the “pull-in” pattern. For comparison, the average value of
the mandible gum-tongue tip distance and the width of the right and left tongues of / aka

/ ~/ ako / was used. Similarly, the displacement between the “jaw-openig model” and



the “centering model” was compared with that of a subject representing the “centering”
pattern.

The displacement of the mandibular gum-tongue tip distance between the “jaw-opening
model” and the “pull-in model” was 4.97 mm, and the displacement of the tongue width
was 0.26 mm. This result was within 1 SD of the average displacement of the
representative subject of the pull-in pattern in the measurement experiment. The
displacement of the mandibular gum-tongue tip distance between the “jaw-opening
model” and the “centering model” was 1.67 mm, and the displacement of the tongue
width was -5.57 mm. This result was within 1 SD of the average displacement of the
representative subject of the “centering” pattern in the measurement experiment. The
results of both the “pull-in” model and the “centering” model were consistent with the
results of the measurement experiment. Therefore, the hypothesis that “pull-in” was the
result of increased activity of SG and that the “centering” was the result of increased
activity of T was supported in the simulation experiment. In the measurement
experiment, many subjects increased the width of the tongue under the conditions (b)
and (c¢). According to the result in the simulation experiment, these results was

considered to be due to the effect of enhancing SG activity.

From the above results, the “pull-in” and “centering” pattern observed in Dysarthria
patients were also observed in the compensatory movement of normal subjects. The
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pattern of Dysarthria patients' “pull-in” and “centering” should be considered not only
for the possibility of motor abnormalities due to the neurological disease itself, but also
for the compensatory movement of the motor abnormalities. It should be noted,
however, that this study only examined compensatory movements under the limited
conditions of the jaw opening position. In the future, it is necessary to conduct
experiments on articulatory movement of / k / under more various conditions to study

the universal production mechanism.
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FEIX R W o 2. BEERHIPH % /k/ O RIEEE) 72 0 Tt 7  FHEEE)— i o

R CIET 5 &, Kb X AR EEGRE (MRD % Mw7=mEe], &
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o (2016) @ EPG (electro-palatography) % {# - 7= Fi &t & 1C B3 2 W 5¢
DFES B 000, FERE G L IEBHET 2 SR B A ISR L & o TS EB) 258
RIS 2HRDZ & TH 500,

45 (2010) <iF, MRI Bhili% T 2 40 HAGEEH O HAGEOFEH &
DFHHZIT-oTH Y, ZOHCK/DFHSGHEEICOVWT ORI L T30, 2Dk
ReLT, BEMTFHEDO/KIgNIFESR - Hinraltlld & v b HHEZKZ &
REFIC X > THIRDORELSFENS 2 &, [HROF %] LI 528, HFEICE
HERIED 5P LA TH Y THEOHERA - BEHFE] LRI PRV
SRR LTw3d. Kb (2010) DfZETIR, /kig/DFEES A, MRIO L
— RN AT, @EPEIC > W CEE &R - D E R, & ORT#ALE I
DT L - 3R T AT R & AR - B B BE R R 2 COE B HIE 23T
bTWs, LaL, WTFNOMIE D IEFRIARETH O FH &8 oMEICH £ -
Tk, R CTHRENRE LTws [HREFE] 0 X5 7%, HoLAIROZEL
BT 2 EERIIE S v,

Fikf S (2016) TiX, EPG 2T 3 4 offHasE (AT RV H
KREEFEHE 2L Bb D) DIs/tk/~DHi#kDRE D& O EBITHIE 21T T
Vw300 EPG &1, %8 0EME AL AT HEH %255 L Cilg ic 56

Z X4, e HNEOEMIKEZ B IR 2KETH 507, EPG <it, N
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O JLHEIPH O I O T BT B 720, IERRIRWIE 72 T S
ME&ArEHOEE# T2 erxncx s (K21, 22). 0 kX5 hih

22513 EPG IR CIIEOLEARICEES 2 7 -2 83/(oNd L2 5.

B
L]

L)L)

;; }Alvco]ar
R3

R4 Palatal
R5

R6 }

R7 Velar
RS

X 2.1: ATHO3FH & #EMIALIC X 5 8F0o0 x]

EWIINIW
ﬂﬂﬂlﬁﬂﬂ
ae -

=]
L 1 00

o

0
0

0
0

ojfo

0
0

0
0

offo
offo

==

e

[=ll=]=f=]=][=1<]

Eosoaaas

R

z[¢]

EE

[=]
oG

[I(I‘

IUEMMMUW
X 2.2:/ata/ DEAMBRE <X — 00xY]

L22L, EPG 2o T—21%, HL T THEOFOEMmICEEST 2T
—2THY, HEZXZOLDODIREZBHL 72d DTlrZRw., MATHRS
(2016) Tix EPG 7 — £ » 5 CoG(Center of Gravity) % i L CEEMN T —

ZELTW3, CoG U TD XS IcEHT 3.

CoG=(0.5xR8)+ (1.5 X R7)+(2.5 X R6)+(3.5 X R5)+(4.5 X R4)+(5.5 X R3)

+(6.5 X R2)+(7.5 X R1)/R8+R7+R6+R5+R4+R3+R2+R1

15



LIZATOFRICHBEI N2 S O—FKFHOF| D 5 LEMAKE S Wizt
VY TH L. R1DPEDHEITRIBEDEZEADINTH 5. HiFDHI~DEFIEL
2%\ 313 & CoG DEEAE < 72 Y, CoG (I EH B O HiA AL % /R 3 8 fE 7 -
T3, L2l, ZORMGER EEEMOELGHED 7T — 2 I3 ERIATLE
5. o T, R 5(2016) T H AWZED HHY LB /k/ic BT 5 & DIEATRDES

HOERT —Z3BGoNTnRwn,

24 EMA ZHW/-FHROEE R EHR

ARFZEC I T H O ONREEENC BT 2 [HREFE | OFEL R
% 7= 0, g5k v ¥ (Electromagnetic articulpgragh : EMA) © —fiT& % Wave
* R O IER AR _E OS2 1 ¢ EREOHIE DTS (EMA %
DHEITEDFIC OV TIIRE TS ). FoktilEz EMA % v CHlE L
7zBFFEic 13 Wilson et al.(2014)25FF7E 3 5 18], & OFFE C I3 HEFEREERE# 3 4,
FERIGEREH 4 B2 A L L <, ERRMHE Lic 3 o fllFIc 1 o v REK
EL, HTOMTE Iy OIEh2 o Ol AmEREEL Lms 2HEL T
W5, % L CHGEIERERERS O R N R o & DRI 7B 2%, REEEREH ICH L T
IR LB ICH B T 2 TRL TS

Z o5 EMA 2L CHEESZHIE L TWwaH, £ L THDOIEPRXR
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KT o) 7210 T2 <, EAMBOZAA S HE L T3 &5 5T, JTiEmY
ARSI IR E W2 b, Lo L, ZDIFFETIEdH % 955ED nursery rhyme
DIFERRIC BT 5, Fih & BEEHERIF O 7 — 2 2o TH Y, IO ERHE
IkID X 5 BFFEDOEDREIIITo> T, o T, ARWFFEIC LI IR ZNE

S kIFASHEOEOLEATRICE L TolBRIIEL N TV,

2.5 AR DAED S

PLEX Y, JefThigeic v s HAGERGEF I B 0 2 RO E RS /k/ D
REES) 2 B L 728 1Z R 7 o 72, (kS o R EES) I BE T 2
ffgee LT, SREMEMEREERE ICE T 3 /KONREES DI I3ERAAE L 7
25, WAL H IEH ORI F OB O BLIICHE £ o Tz, BEREEICE T 5
kI DFEEB OB Z LT BHF92I1213, [/ DS A 2 B L 7= 5 2377 7E
T52%, Wb RO HWICE W THELRTFOLEHIRICD W TOERNE
HEFEmI N TR o7, EMA 2wz, &R OE QA% ME L 7-fif
FITFET 55, KOFHEEERFO HFORIFICOWTOT —XIIRINTnik
o7z,

AL I HARESEE B T 2 /k/OMRME#EENIC O W TG 21TH. 2o

£9 TR IIFEE T, AR IEZ O X5 RitFIckifiz o0 2 1&E12 5

17



5. 7z, KETIE 51 2AH ] TR L w5 fUE 2 —vIcEHT 5.

Fric [hdedi ) 1L, IR R Eo B2 Cldfex 2 2 e AT F, o
FEAWOBLAALETH 5., KETHETZ X HI1C, HARGEDOWMOERRE K/
ICOWTD, HEOEAIRKICET 2ERT — 2 2 w72 EBH9E s e 37, 2o

RHTHRMEDHHMEDG /RE L L EZ LN S.

18



35 AIERER

3.1 ERFE

3.1.1 EERE

RE Tl S B FEER O HiVIZ, HAGEEE FEE 25 O SRS K/ & e
RRORMEEZ & LT, [5] 2B THhiRFE ] 28BN 085 02515 Z
LThDH. ARFEBRTIE, PEREIC 2 FEOTIRIC X o THOM % RFF L 72 4R A8
TIKIDFTHZ KD Z 2 LIC XY, KOFFIC LB R THE O% LEF % LT T,
AU -2 FHEiFHZH S 70 oRIEEEI 2 FF S+ 2. 2 L C, @H O EES)
LI L <, BN CHEE L 2R oS EE) 2 & D X 5 1B LT % 0 2 TS

3. AKffi (3.1fi) ClIZoFiEoFMEHHAT 3.

312 BAIF L

FAEEE OBEMNIC X, WKk v ¥ > 2T 4 (Electromagnetic articulograph :
EMA) ® 1 fiT® % Northern Digital Inc.(NDI)® Wave speech research
system Z{FH T 507, EMA 3K ZFAHAL <, AFHEECH Y T2 v3
DIEZFHT 5 AT LA TH 5. FEIFEFHOFHITFE L L Tidfthic b MRI %

BAMNT F 77 4 (BPG), BEBEZMVAETER EPFET 205, ZohT

19



b EMA [3EHIE SR 501 5 b @ ORfEIZM#EEA = <, MRI @ & 9 Z&EHHlR D

BED AL, BRAPHBTHHET —20M Y B L3 wis Loz R

17 (% 3.1.Z21R).

Fk BN fRRE EEOMREE BRE  ZBH Mea (O) - &sm (x)
Xigv A s/ 0E—L <160Hz  #05mm & = EE Z;;_E;‘j;;;i:mm, -
(E'LV'DAl Wave) 100~400Hz 1.5mmRMS & HE Ziﬁgﬁg/ AN
I(E!?\ja\fstens AG501) 250-1.250Hz| 0.3mmRMS | & | BIE Z;ﬁ;ﬁtﬁ;; i
BERKEE #EHz < 1lmm Fi BH ORI,

AFRDEL LD D LB

OF & D& D EAh = 887
AEREZEDANTOENRE
OFRCUESR £ TR, ARITERE R
AN D &, IHEEEE KR

BRI T N TT 7 100Hz Hmm Fiid BH

Dynamic MRI 10Hz >05 i EE

% 3.1 : HERTEH T, SHEEOREL

Wave System ¥ System control unit(SCU), Sensor Interface unit (SIU),
74NV AL —2— (FG) &, B#EAPC, A—T4 A4 v 2—T7 ==X
L~A 7, 5D kv, 6D YAoK E N0 R TIEA —T 4 F
4 v & —=7 =z — A% Roland OCTA-CAPTURE[UA-1010] % <~ 4 7 %
BEHRINGER ECMS8000 Z{fH L 7z. SOl IC BT 2 & IXX 3.2,
33DMYTHE. 74—V FY AL —Z—DHT 40mdD & Z 5 500 mn
VYT Dt e X, 20 Oh DL v FOMERZMET 3. £ v HALED

BEAACJE B BE 400Hz, &7 13 44.1kHz CTINER X 7z,

20



3.3: AEROBHMEE (BEE)

tvHicii6e HRHER Y (6D v ¥) L5 HMBEXY Y (BDwvH) 28
H5., 6D vV HERBPRICKELERAZHREST2Y 771 v A2 vyHE LT
fEHL, 5D & vy 3FEHE OEFFHNICHEMNT 2. 5D & v Fici3pekAl
DrvHe, RS (2013) DREFEL 2HT L v 20 L 7220, HHifle v+

W3R D & v IC R T, EER V= ek 1 KD T 4 ¥ DIELE 0.4 mn,

21



H 2 0.1020 mm) FFEBIEFIGEREA D 2L, 234227 2O A LT
Ve R D B R0, i I AERENIC R Te e E e, E 7, EAAOM X
2 HMAIZFERRICH L TR BTl NG, 20X ) ekt v 4
Ll IR ENENERE REBHEHET S, AR TR THEX DL v

ISR DX v 2 AL, BESBUECMl 2 WEE)BER I N 7207 4
YOHELZIFPTWE Oy I v 2 AL 7.

VY OFRIENE LI (2015) Z22E i, RIiREIC 6D ¥ % 12 (RS),
THEZIKKMEO5D 3% 1 > (UD), &/ EiEdmic 3 > (T1,T2,T3)
HEBEL, THICT2OEAICTDTD (T4,T5) &ELZ (X 3.4.2H) 071, T1

ZTHERD O] 5mn%z HZLICEKE L, T3 [FNEHH D4 Uk v algeZz R Y 77 D

|

AICERE, T2 13 T1, T3 OHEICEE L 7. T4, TH 13 T2 DA AIRERIR Y IR

1

MEZBEL, R _KEAPFERBICRS L) ICKRE Lz, 272 L,

%

(EA=OFN

FXIFIANICI o TER D ) 2FH BT R REHIAIEER L, HZDb D

A FTHHEL T B 720 % VY REMED SV DX AR TS 5.

T VIR Y 1T, HLhoxw vy HoMEEEzHLZE AKX 34 Of

flotE D X 5 1ck - 7-.

SRR ~D RS IMMUMHEEA CHEE L 2D bic b 5 ERM T — 7 CRIE

L7z, THHHXE, H Lo vy I NKRICEERRRTLTa—T 4 v 7% LI,

22



EEREERICHEE 2 To 7. ElRIZa—7T 4 v 2723 LT, EREGEOH
RIPILHETH 2 ARV T 4 v T D RREIHE > THB LB 2T o RIS v 3

DRIGEHMER L, EHER D DREMEMZ L 7.

TT~T1 : 4~7 mm

T1~T2 : 13~21 mm
T2~T3 : 13~20 mm
T2~T4 - 9~16 mm

T2~T5: 9~17 mm

“TT” 13542 (tongue tip)

@®uD

X 38.4: vy OFREBEMNELF LD v IFEEHEE

3.1.3 REEN

WERF IR S 2 REERE LCIIUT O 02 MM L 7.

- AR lal il Il lel lof
- B A /kal /ki/ [ku/ /kel kol
3 TR /akal /aki/ laku/ /ake/ /ako/
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- ATREE /aka/ lika/ /uka/ leka/ /oka/

HEAEMSEME /kakaka /&R CEHiZ KL TR YIRS

AN o FFEERD S B, Kiihhe 22 b X ¥ 7z/aka/ /aki/ /aku/

lakel lako/ DT % 4T o 7=. T D [#&kikkE ] EROERL 7201k, /K/DHEZIC

BED D 277 B kI DA ZFEL LT we v Fiikim boMB e, HARGE

WKBWTIIRITHE L RS CRERNEORELZ T T e v Eil)

5T %00,

FEERNE, KEHED 1 DI 1 EROX—XTHFERZ L TR 500

N—ATHMT L L) ICfERE L TEBREOEREZEL 2. RAFEERZ TR

RMICE B2Em TS, BEfen L UREERZRIHICL -1, ikt v H~D

WECHHRT 270 RRHAOEINIMEFLIL T HBE R H Y, %

DGEXFH G A K R ReERH 52 &, MefioTEx IRz ® e

L7720, 50dHz2EH EIFCHORNICIRRNT % & FEAEI K o Tl D ¥

e IRBPRL, HEEH~OEL T 2RI H L LEFZLNS

DT, XFRERTERSEFRTEZRA L, 2 nZhoBFEx 5 BT ORGEL,

Z D9 bRl L iRz R 7z 3 2R & L7zhol BEREIR b/k/ DR

DEERAL RO LW L 2 EERIC oW T, HERUEFEERZIRTL T

24



3.1.4 FESEM

Feahat X (@B S & ) EEFSM & ORAKFOEfEZREL, &&fFT
HR L 72 %eEE R D2y FOEHZLTH bk VHArE, SHT — X Dk
1T o7z, (QBHF M HIF &2 Z 72 WEBGE Y OF6 L CHah % Ko 72,
(b)) DSFAMFIL LS & b O % A, %RERO%E FHEHZ L CRIEES) o

M ZFERT 2 BRI TRELR. LT, b2 5.

X 8.5 : HEEFEEFOHEAS

(b) & T4 13, At ClIE 14 O & FORIEO T M L THEx 2 &
FaEkfE L7z (K 8.5). thxeliAi G2 L 7-ER, CoBr—FEETFIE
ICEEf L e 2o 72728, ZOWATTZ M L7z, 2 OWATTIZRTHR CTHID XL %2
B2 2 =805 (2017) DOJFHEICHEIL T3 23021, =28 5 25FH 1 #i P % il L

CHREFINATS 25 BITH > 7 DIkt L, AHFIE 5 0 RIEE 2 51 T 1

25



I;

EEFZETE VI A CHNAR LT, O3 27-00%RE0EEICH

A

v

7eoT, GHEFEERGETH2-OBWEELTH 270 REEHIL LTV
M, RECH 2 720K v ICEER RV, P4 XOBIES I E > T VB
COESEE LT W EZ2EE L2, 72720, ERdis T 23 e d &~ D filss
Ml oz id v, FICAEEMML 2V e W IR AR, $ROE~DKE
AN EEINCEE L 52 5 ReERH 5 &) R b FEo T 5.

—77, @mAKNEETIE, HE2EREORARRY K2 (T2 EZH
AL TCOOLWZDOFE EHIEAR L. THOLOHKEIHEEFHFOREZAE
FALZRwoT, HEE~OFETICX 3EREATIOREEE 2 75 TV WK,
G A ANIC X o TR Y, FH—0iEBREOHTHNHAIALETDH S
ZEHBRR LS.

b EITFEL L BRREREDD Y, ZOWiTOREE RS 5 ftho 5ft:
BIE D B2 ld o7z, o T, AW TS ICHIE %2 L Cli /7 of55H

ZHER L, BERADHEREO—EHEDED TG LT Z L e LT

3.1.5 ERE
WERF X T4 (K14 8E A, 56 44d# B~G) THH, »wIh

HHMICTEBEOHNL Y X7 IOV TOFHAZITWEEIC TERSMO AR
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B SBHIOM Y WEICT, B, S BEOS B ALY

CIHEEREREE S THEHM] & L72), SEREFEAE, SEHsiEcBEEs

L JRIE 2 BEHL L 72, R 3.2 ICH B O J@MEHH 2 3. JHERERERIED & 2 1

BREE 2 Wi, WINDEOHOMIEICE T > TE D, KIFFEICKE ¢

BTV D LFEZ T,

WERE Fiip k1 HE  AEEE SERE
A 24 L8 =8 =] =
B 25 5 = I e L
C 23 % =8 i3 i
D 22 £ =1l i i
E 22 5 A i i
F 22 5 'S =] i
G 22 5 e i &=

#* 3.2 : $ERERIEIEIR

3.1.6 T —X AL

FEAER S HnD b, &L REEZRC 3 2R eE Lz, &

I 7 b Praat THEERBERD AR vy a7 L% ks, RSB O

= IX[E & v TR/ O PHIRER 7 DS M2 ] 0 I L 7. Z OIFEE#HR Z H v C

Ik OPASEIX R O v FALEE Y Y L, SR 3 15D Z DX O

E%/kiD X v HiE s L.

19 H L 7Z2/kAAERRIC 31T 2 T 5Hb

g

-HRM o€ v Y REEEE(X 3.6:UD-T1)



FIgME % [F 8- 25 REFEEE(UD-TD ] & LChl2AADfEEL L, HDkh
v ek (X 3.7 T4-T5) oMz [e-AREEET4-T5) ] & L Crpsr
HOfEEE Lz, £, HR-EERO 2 v yiEE#E (X 3.8: T1-T3) D FH{H

[ EHR-ZEMERETI-T)] & LT, HofiROEEL L.

®
uD

B4 3.6 : T SRR 15 SR FRAE 8.7 : FoA MR X 3.8 :FHR-$ 7 M EEME

Z 0 hoglE N c@lHE &, b ELETEA, ORKHEOEGFOHOH
EAOREEZMNICO R\ ¢ BE (M) CREEL, AEUKYEEL p<0.01 & L7-.
(il H SEfFIcl L T EETEMA, @RKRMHSEFESHICHEREICHERL T 3
Liae T+], HICABCH/NL T3 56% [—] LHELL. $72, (i

Ffftz 1t Lt 2oO)EHLETEME, ORKHOZEOEGZRKD .

28



32FER
3.2.1 HR-EEMEE (UD-T1)

HAR-t A EREE (UD-T1) DK - ifa/NEEI3FR 3.3, Wl EF2 1Lt

X DEHEETEM, RAFOSMFoRIIFNENEK 3.4, 35 DL HITho7z.

fiil %~ DYERE = & D@l H M, O)EETEMA, (ORKNOSEFEOM O THIZ

DEDBL T OERICH L TR ERE L,

#B&E |aka aki aku ake ako
A + 4+ 4+ + o+
B + +
C + o+ +
D + + + +  +
E + +  +
F —

G + + | *

% 3.3 1 THHEZE-HRMEEN (UD-T1) HE

<3 HRIEDS B ) HIE R TR

WERE | aka aki aku ake ako |¥45 SD #%E% | aka aki aku ake ako |F#5 SD
A 1.08 146 143 149 1.35(1.36 0.17 A 1.10 1.49 129 132 1.33]1.30 0.14
B 1.12 097 1.02 1.08 1.24|1.09 0.10 B 1.07 099 148 101 1.40|1.19 0.23
C 1.02 1.20 093 135 — |1.13 0.19 C 1.74 158 158 1.69 211|1.74 0.22
D 1.15 1.23 123 1.10 1.04|1.15 0.08 D 1.39 2.00 1.72 159 1.07|155 0.35
E 1.20 098 1.16 1.09 1.31|1.15 0.12 E 1.15 146 147 138 1.32|1.36 0.13
F 1.06 1.01 1.22 0.95 1.23|1.09 0.13 F 1.00 0.92 0.99 0.94 0.91]0.95 0.04
G 1.03 1.07 112 — 0.97|1.05 0.06 G 1.08 090 118 — 151|1.17 0.26

1 1.09 1.13 1.16 1.18 1.19|1.15 F1y 122 133 139 1.32 1.38|1.33
SD 0.07 0.18 0.16 0.20 0.15 0.15 SD 0.26 0.41 0.25 0.30 0.38 0.31

#* 3.4 : UD-T1 HEF5&H 3 3.5 : UD-T1 R AFIOS%MH

HWEFEE 1L 2D HWEFEE 1L 2O
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T4 6 41BN T, /lakal~lako/ DT NI B T [+ | HER AL, B

D I—JHER—2D RN o7z, @HEENFZ 1 & LG EDOEETEEFD

HR I E RS20 8T 1.15 5, &ARFHOM SR 2ED 19T 1.33

i, WInLEEEMEL Y QO R A SN, —T5, #EE F icksw

Tk T+ HER—2b L, lake/lcBWT [— | HERFED ST,

DLk, k& L < UD-T1 RIEEEE I EE S tb L, BET5M8, sR D6

FHICBWTIERT 2 HA AR N0, [HANEDRD Y, PRI HHi/NS 2

BB b IPEL 7=,

3.2.2 E-EMiEH (T4-T5)

fe-HREEEE (T4-T5) YLK - Ma/NEEIRF 3.6, WHESEHFZz 1L LT

TIETEME, ROtz FnFnE 3.7, 38 DX )ik o7, fixD

R O L ol R, O)EETEA, @RKHOSEAOH O TRIZERIC

LTl ERE L.

lakal~lako/ DTN ICEBENWT [ — | OHEBOW-HERE LT 74P 24T

Hot-. —J, wFnrlcBnT [+ ] OHELODWZDIZ T4F 6 4 THo

7. WHIEMZ 1L L 2oHETRADOHERIT 1.08 4, BFHOSEMFDO KT

1.02 5 & DI ITHERMER TH o 7225, BB L 7238 Y #i/h 3 261 & K5 2 6
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PHREL CTH Y, RO Y T L TEWRYE D 2 00 d5ED L. #5# B,

Dicid I—] HEP D2 —77, miZebic [+] & T BRELTWEZ

&, laki/icBWTIFeET [+, #iEE EicksnwTideT [+ kbl

8~ Db, il % o

MHEOFMEZ LI T TCEZILERD L LEDN

5.
ERE | aka aki aku ake ako
A + +
B -+ - -
C + *
D -+ -
E + + + + o+
F + +
G *
#* 3.6 : EAMERE (T4-T5) HiE
RIS B D HET TR
#WERE | aka aki aku ake ako |F¥ SD WERE | aka aki aku ake ako |F¥9 SD
A 118 1.03 1.01 0.97 1.10|1.06 0.08 A 1.03 1.01 1.02 1.00 1.13|1.04 0.05
B 091 1.19 098 1.15 0.92|1.03 0.13 B 0.89 1.09 0.80 0.69 0.90|0.87 0.15
C 1.07 1.06 1.31 090 — [1.09 0.17 C 0.98 1.10 1.03 1.13 1.05|1.06 0.06
D 091 1.10 0.96 1.02 0.95|0.99 0.07 D 0.92 1.11 098 0.99 0.98|1.00 0.07
E 106 1.16 1.15 1.07 1.03[1.09 0.06 E 1.07 124 1.06 1.07 1.10|1.11 0.08
F 100 1.18 1.44 1.21 1.09[1.19 0.17 F 0.96 1.19 096 1.21 1.02|1.07 0.12
G 100 1.13 1.12 — 1.14[1.10 0.07 G 094 098 095 — 0.91]0.95 0.03
5 [1.02 112 1.14 1.05 1.04|1.08 ¥ 097 1.0 0.97 1.02 1.01|1.01
SD |00 0.06 0.18 0.2 0.09 0.12 SD  |0.06 0.09 0.09 0.18 0.09 0.11

# 8.7 : T4-Ts FETFE&H

BEZEME1ELZEZDOH®

# 3.8: T4-T5 B ABAOSLME

BEEME1ELZEZDOH®
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3.2.3 HR- EMIEHL(T1-T3)

R HEERE(T1-T3) DI K - Mi/NVHIE 135K 3.9, @HEME 1L LicL &
DEETFM, HARFAZEFDOHIZZ N ZNE 3.10, 3.11 DX S ik o7z, fil %
DYERE & L D@BH G, O)EETZEM, ORKINZEAOFH T HIZER
AL IR ER S L7z

laka/~lako/\ VW TNHICHENWT [+ | BOWEWEEIZ 7454, [—] 230
WL T B 2 B o7z, WBHESMEE 1L Lz oEER, FETSE
fFR DT 1.04 1, mARBHEDMSEFO 2AEDOHR T 1.02HTH h, 2IKH)
i3 T1I-TS BEBEII A TIRR L CTwWd vz 3, 7272 L, 5313 UD-T1 gk
HL-TOhE <, FUREDREED T4-T5 MFEMEIC L~ T SD d/h& <, #h#H
CHEMAIEICLDIEEHD /NI weEZ OGNS, 72, PHRE ClItBwTiE [+

237K [—1 28 3{ETH 0 BERE 1T X o TIXEEHEA /N3 224 5tz

#ER#E |aka aki aku ake ako
A + + 4+ 4+
B + - + + +
C — — — *
D + +
E + + +  +
F
G + *

# 3.9: HR-BEEHEE (T1-T3) HE
“CEIFRIBIED B D HIEA AT RE
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WERE | aka aki aku ake ako |¥¥5 SD WERZE | aka aki aku ake ako |¥¥3 SD
A 092 1.05 1.08 1.12 1.04{1.04 0.08 A 1.02 1.13 1.07 1.13 1.04|1.08 0.05
B 1.11 0.97 1.11 1.06 1.05|1.06 0.06 B 1.14 0.97 1.14 1.25 1.04|1.11 0.11
C 0.97 096 0.99 090 — |0.96 0.04 C 0.97 0.98 0.99 0.93 091|095 0.04
D 1.03 0.99 1.01 1.01 1.02(1.01 0.01 D 1.03 0.93 1.03 1.00 0.96(0.99 0.04
E 1.07 1.19 1.19 1.10 1.11(1.13 0.05 E 1.08 1.20 1.22 1.14 1.09|1.15 0.06
F 1.04 1.15 1.16 1.16 1.10|1.12 0.05 F 0.98 1.01 1.01 0.94 1.03|0.99 0.04
G 1.00 1.07 0.89 — 0.88]0.96 0.09 G 1.06 1.21 1.06 — 1.13(1.12 0.07
iy 1.02 1.05 1.06 1.06 1.03|1.04 iy 1.04 1.06 1.08 1.06 1.03|1.05
SD 0.06 0.09 0.10 0.09 0.08 0.08 SD 0.06 0.12 0.08 0.13 0.08 0.09
% 3.10 : T1-T3 HFETF&MH £ 3.11: T1-T3 RAROS&HF
WHEFEZ 1L LI 2O BHEGMAE 1L EDH
o
33X

3.3.1 5| TAA, FREFLODEOMER L BAZE

AifgE D Hiflx, Dysarthria BFICHA LS [5] ZiAL | [HhRZEFH | 23, (i
HHWBREONREEISICOROoN I EI02RdT 5L TH o7z, KT
X, BlEAHOIERE LTk X-ERMERH (UD-T1) 2MEL, hilde
DR L L Ce-GHEEAE (T4-T5) ZHIE L 72, AEHiTIZZ b ICowThRE$
3. 7ok, HR-BEMEEHIC oW TS AR OB IC O W T i ThHlER 5
zLed3,

Bl &ARIT T4 6 L OB ICBIEE S, WICEEHEAHE/N L 72 0 (3R
F D/ake/D#HThH o7z, FRITFICHAL T 74 2 K/ ICLrBIRINT,

ICPREEDER L 7= R 23 b a7z, - T, 2Fofm e LCid, 51 2R
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% HIRFEIID e VW IEER LS o 7.

LAL, Bl ERARICOWT S FREFHICONTSH, ZNENRDOMEME I KT
D00 FFE L 72, 51 EABICBI L ClI s Fic i3 BRI g, & L Alake/
THE SN LV EETFEE, BRHOSGO T BAERBATTICEET 5 v )
BHRD A ONTz, hlEF4icB L b B iCid/aka/~/ako/D 5 D DEFHE
Blo 5 b 8 oicHhREFE2Rd 72, 2NENPEEITIEDH 228, KRIFFEITHER
BB THREDRNT-0EEEITCERNEEZ S,

BERE F icowTld, 51ZAH &hlzmgommy; o UEEE Il b h
otz TS L CIZABEMEEICH L2 D3 4 X35 LT 3 AlReE:
2 5. WARERIEHEIC X ZHEIESLHEIIERL T v, EREOHRICL S
BIgZ b, #E F IR OEEE O b COERBEIC I L 2 & 03 4 X¥Mtho
WEREICH L TR O RE Dol MOEERE 2% b e 0B 0 BERFIC
BOPHEESBRIN O L, #E F EHADEFRTH HESPHE
T RA BP0 HZoF A XN KENZLICXY, HIETEME, &K
Bt IC X 0 & o LT EHEIFHEA L T 5 &AL CHRFED L 9
T EEE) % @008 5 BB MK D o 12 vl REMED B 5. 5%, b2 D FETH

PEMHSEICH L 2 E DI A X2 ZEL TR Z L T BELEH B LF26N5.
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3.32 5| TRAA DS

AR I BT, 51 2ARIC X 2 RIEDS KD bz, fREIA B AIE R
26, Bl EIAAIC X 2% EHZE EOREOMT & L TldZFE T (Styloglossus:
SG) DIEEIH AR E Z b, SG DEIRIZIHBZ T OXRERTH Y, ZIhb
N7, T, BITICET LR OMIANCEE L EOPBIC A o T < 2324 (11 3.9
ZM). [toC, ErHHAS L SG X 17, A5, B ICHUCE Y, SG AU
T3 eI B, A, BITICEI PN B ERTHIEI NG, FiEE v A
IIFFEIcBVLThH, SGIFFZR EITICTHI KRR H 5 L I T3 SG %
K@ fiigs s bicky, BEmEZ LY RESE LIS L0 ) RIEHR
IC X EEEAR BTN, TRICECERSEITICT ANz, 5l ZiA

AR oTnBEEFEZILNS,

X 3.9 : HfH DAEFIEA R 24

35



L2 L, 5l EAZRITIT ONREMELBIS L 2z lREE D B A b 5. & I3

7K JE % (muscular hydrostat) & \» 5 PEEH % £ & X LT\ % 261(“muscular

IR L TR —ETH 2720, HERITOR I BT 2 &, BloRIt
DRI PIERT 2 WE % Fo26, it o ¢, HFOHIBERM/NT 2Ltk o T,
FOETHRMORESRIERL CHEREZE L2 I BECREL TV
AREMED ZE A o 5. fiEo T, HIRROHI/MNT X 2 HRDOZIRIC XV 5] 1AL
B o TWAAEEED MG L 2 i b\, 2 2T, HORIBROZEL D K
ALz T5, HOHIGRRIIEIRE 7 4% 5 AIElRI N, iNBAELNED
FWERE CD @ 24T, 2D 5% D (3/aki/D A D RIEM 5 T T offi/hMc i
Fof. 2O XY, BiIRERM/NL THREEOZ EFF A E LT 2 Al
HEiFMERWEEZOLNS.

Lo L, RowsE %R % &, #HE C 1dHORiERR O/ H#8l%
INERIBEIN TV ALY, C LBV TItEORIERE ORMEIC X 2 % EHEE
FHEIF O REBERE LB TV B HREE D BERTE S, MAZEEEET 545

BHBHLEEZLNS.
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333 hREFE, ERIEOIEADKES

BERE 2R L LT, hRFE I DRI o7 b 0DHEH B, D TS

RO O, hTRFEOKF & L Tid, MEIAEEZNBIAD O IS

(transverse : T) DOVEEIHE KBS L CWwW A A[REMERE 2 b b, FEEDIZE

o IEH R o BAMIDT R EST L g o EAE I 2 2523 (1 3.10, 3.11).

HORMIT AN LA IO 2070, W3 5 & it DR 5. 72

H DI EME S 5 & HD L 2ok EROEEIC XY, oRITD K X 355k

T5EFE2ONE. REIFICK o TIE T DIEIC & Y Rl y7 mNICff OV C & % il

ICRIET 20 E2H 25 L v )b H 520528, T DI EE Z %k

IEDZLLTOLHG H 2RI KFRICRoNPREFE S, BEHOEH

ERICXVREIELEZMEL W I AREERZE LN S.

hyoid bone

X 3.10 : FHH DAL X 24 X 3.11 : & O AN X 28

—J7, AR OBAREIR CI1L, thRF 2 Ot DR ET T 5 D & i3 ofic

TEA OFEREAIEIR T 2 6143% < A btz THICDOWTIATR L 72 SG DiEH)
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BRI K 2 MEEBORIRIERNOETH 2 L oL ZE 2 oS, Hi
AR L7z X 90T, SGIIMERIZERNICE 2> b ZIRER F CRIVTICETLTEB Y, SG
DIFEHERITF 2RI TERSHTICHIEMRZH 2 Z e TRl 5.
itoC, SG DIEFILKD, HEDFIZIARIC X EREERAEL T E727Z T TR,

& OMINE )L 7= AT REME DS TR T & 5.

3.3.4 REEUADER D AT EEME

PLE, 51 &iAH, hlFEichz, LAWRMOILTRK O %, 8% LI Dk
RKEWS 20 ORIEEB) & VOB LT L TE 72, L L, BETEM4CH
FIZefF iR, B SR ICE U Tl S5 b 35 ke Ry D 12 75 1 O 0 3% B i P %
PRI B2 LIRS v, FEROREIC, AMFROHRICH L TRIBS D
BT 23\ 72 FTREVE MR L T <

—ODH[RetEL LT, BIEENC X 2 HF DR N ~DOBEIEH D5 A%
BT 2 aREAE Z oS, THHAFAKT BRICITEE LRt L &8 T
B FRHCIER 3 3 B0, S8 T it e &8/, Ko R R, RIREE5, B
FEEH2LR2HHTHY, WIFRbHEFLEE XY VICh 3 &0 & & hk
Sffich s (K312, X3.13). HEx EHICEHET 2 HE LHfEL Y b, &F

A DTGB D T AN IR e, HED PAICEIrNE Z LIk, &
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BHIAEL w2 EHEZ0D Db ER T HICHI N2 REEL S 3.

= ERERD
- SRR ()

EREFE

=R (3770 AR

BEEH[
FiRE A
BB SR e

(T —=8Tw

K 3.12: &F LR - EETHRB K 3.138: HERFICMET 2 E O/

MO RIAERE

WASEE -

LaL, REES (1993) o X MREIRIC X 2098 Tld, mABDMICE T
FrHALEFOMOEHIIL LAEMHT 2 L REINTWEB, 257475
B S (X5 E 2 TR L CRiGICRRE 22 2 & ick 2. AR [5]%5A
A X THEEE-HFRE OO KTH Y, DI X 2 EFOBE CIIE %A
HEH)FESCHHTE R,

FH S I X 2 BB LIMCHRGT L 2 nid e b v o ik, HETF O
WMIC X 2BBEANDHETH L., HDGZAB~DEEFORERFEAT DRFEIC
DWTHEBEREIT 272007 — &3S, THHlE-HREEC > W&
MO RNBERE AT T 2 2 L T, B BRET EARICK T 5 HIET OHE
DSATREVE DS HEBIRTRE T H 2. ARRFTE CIIBEBRE 7 % x5 F A&k (Jaka/~/ako/)
D3 DT —REMEFL TS, ZDHDH, 10 DT —XITHEWTEFESEME, &K
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FOSMICH L C, SRS ERICIR L <7z, kBN 413 B O i b
EBMICITHITETCE TRV oD, THEAHKZZTRKELEETS] 2n)
AEOMEE b, ST X 0 ZFANEFE A WATREEA E . b B S F
HETFRUEDTIVEI ZIABDEE DR &S Z elE, HETOREAE %
Bl C OB AR H 2 L EZ O D, HEoT, THHME- T RREERED FKER
RIS L CHEFOREATNC X 2805 2[RI +oicEL oS,
LAL, RIFETIEZ oML FR L, HETF5M4 L RRFOSEEOBIT L b
IGBEHESME L) QIEEASIER L 72t Eoaxs EiAas (T+]) CHELR.
2T, Bl EAHDOFEMOHERLD TN T 2 HFETOREIPRTE WL LE
ZAbiLs,

DAL, BHOEEZ O b DIC X 2B I EDT| AR TTATE o7z, &
FEF- DRI, & D5l Z AR E R 5 2 72 AlREME X B E T & b o 7223, A
ROFH & L2 OFBRPRTE i dboeFEL LML o T, METL 272
RO I REEB) LA O R CIE AT O f R IZFHHBRECH v, KD

WRAMUEEINCL 2002 L I ERETEVL D LEEZ 7.

34 L&

AETIE EMA ©—fTdH % Wave System Z{HH L T, FEHHREIC 5] %
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AA | TP | 2T 22008 9 R ET Lz, ZofE, 5I&ARR T4
H 64, FRFEIZTET 6 BICED LN, iz, hREFE L FEITED
TEATME DA D3 o - bR 25 b Bl b LTz,

Gl &AL DT & L CIXREER (SG) OIEBNETIC X 2 1% & 0% [ HipH
DUE, TRFEOKF & LCIIBER (T) OEEiEmMmic X 2 %E 0% L
HOREE 2 O N7z, HOLELIROILKIE SG OIEHEIIEIEDEIRIZIRIC X
25D CTHBEEz2LNT. Lo L, BFICBEL TIE, wind BT o -
EFERAIR 2> O OHERNCGE X v, RETI Lo 2 & o L2 E T

ANEFHWEY I 2l —y g vVIcTHRILTnL.
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FAE I 2L —> 3 VFEE

41> 2L —> 3 VEEREW

AT COMIEFEBROMER, BHOM TCoO/K/OREHZT L L TR EiAH1% L
wo b, FRFEDDEEsED LN, £ LT, 5l XA L LTI,
XEH (SG) DIEFIERIC X 2R E MO FHIFHORME, ke ot
LCHEER (T) THBEeEZ2 LL, 203 E0EA OB OBH)IC
DL T OBUAIFER &, BT QMR AR 2R b0 FHICEE 2w, Th
S OBF OERMEDOMIED 720, ARETIE Dang & DFIF L 72 H DA AR €

FaB23ilc k3 I al—vavickaEBRICOWTHRRS,

4.2 77k

421 EOEBFHET L

Dang 5 ® 3 RICEE 7 VITAEMPFGEHE 2 BT 2 HIWoREE I L C
W5, BIFUPNIIEFRRBIE A2 S DA 2 mD B D 2.5 RILETLTH >
7ep332), Z D% 3 RICE T VTR T LT 513334,
ZDETFMIBABEAREFE D MRI 7 — 2 2 HI/ER I N T3, HD

AN E DI D BEERD e Z o THAICHK D 2585 &, HoHNERICE &
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EIE2RH ZNERICH T 5N B0, ZOEFADONER, Thbbt A H
i (Genioglossus : GG), # b # 4 &HEHi (Geniohyoid : GH), && &
(Hyoglossus : HG), X2%2% /i (Styloglossus) &, WEHID 9 b LS
(Superior longitudinal : SL) & T#E&E A (Inferior longitudinal : IL) 1Z2\»
T MRI F—Z IOV TRHE S T2, NEHO I b#EEH (transverse |
T) &S (vertical : V) 2Tk MRI CRAFETE b o 72729, HkE
DIFEIFI T — 2 ICHE DT I T 5.

HORIE, HORMICH > CEESIANC 7/ kA4 1> 7), Hif
i 11 E GER1—->E5LR 11D, EG7RIcsE (E1-4H5) DAy vl

EicoTwd (K 4.1). AR CciRchboEfiD > H, HRoig5E L L ¢

l

I

(7108) o¥eH, Ao (791-795) Ao, FE Ao

ELT (773) oFEHEEHAVE (K4.2).

| AER (773)

R HR (7103) |

xR
1 (791,793) |
=y == .
1:4 bHA
K 4.1: FEFAHiEF v A— X 4.2 : HETNVORIGHER
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b HAEER (GH) HEEH (HG)

e A (TL) T AREE A (TL)

X 4.3 : HEFLOEHGOERE

EEGH (V)
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KWIECREEAHOMB NI OIEEEZATIE LT, H0EErIalL—vavk

e LTRT, %2 220X EiE0 BRI 215 2 T CEBZTo 2.

4.2.2 IREE 77 E

T FEELOROFEWAE KDY Iar—vavEFL (UTF EEET
WDEER LD, 20TV EEHN2Z 2 FICHAOX 272 25 2.53mm
DZEEARRBFEAELE (UT TFO0ETAM]). 20Z AR %E SG OFiiGsH) %
RKIECRUEmIICHEI ¢ 5 ZiALET V] &, T OFEEIZHRK T
FLEXICHEEX ¢ HhRFEET ] 2ER L. ZNLDETLDOER-
T EHE SRR &, AL TEEEE A HIE L, 2 OB 2 PRE T — X ORKRRIN5

ko7 —2 L HIRL 7-.

K 44: &> Ial—YavVETL

méﬂ&%?»

SGEE ZmHE L ERE

BOETIL

BEEM/ K &
o EEHEO

2.53mEFE L2

heh B E L

TEBZBH TELERE
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Wi 2 g 7 — 2 & LT, lEAZBOWERF L LT D %, ke
MoiE e L < B #8#HL 72, BiEOHEEFEEIC T/aka/~/ako/ T X TIZEH\»
TH ZABDBH O N D IIHERE A LHRHE D TH o7, Aldkr, D IEBH
ThHhb, vIal—rvavETVIEIEED MRI 7 —XICESHTEFR I TH
20T, DOFTHREVEIEAARDOREFL LTHEHYITH 2 LEZ - FRATRICO
Wit B 23/akal/akul/ako/iC B W THRFERHRLNTE Y, WEEOH TR
bHRFER LoD T, BrPRFEOMNEL L.

B, RO I a2 —v a vERTEIROZHEAE K/OET VL2 EK
TET, WiRORE 280D ETAETIRERTE LD 72720, HERROW
BT — 213, HWERE Olaka/~lako/ETOEFERZ L L L, v a
L—ravicBI O T VLG ZARET VL OROZEN B EERE D D%
PLDOFHED 1SD LAINIC A% 22 & 5 20, BIOET v L hskzggE 7L & Do

AL DPERE B DN OFHED 1SD NIC A S 028 5 %t L 7=,

4.3 BEET ILIERR
[KIDEEET ML, RIOFHHEIIORI L 725 T — 2% AFTERP 272720,
SEATIRIC BT 2 5%, MRI I X 2 AT O Rd#EiD O /k/ B %\ I3k T

EROEWWDOHRESEIC L CHE N ZHHE L TERL7Z. S oF%EIx
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AUTHIRRIC 2 b X5 25 h b o 7208, SUTHROTEE LT}, ¥ Tab—va
v E T VO FE RENER O F -t MIREE & A A IR, BT — & ol
FicE T 2T RENERICE T 5, KERFICH U 7075 22 d 22 1AT R & /oA ]
PREE DR F DO FIMED 18D UWIC A S Z L Hfa L TE 21T o 7. £7=, AWt
FECHEML 72 3 RoUEHET AT, SG IFHTE & &S, T, V IXATH, ik, %

T CHIEI T x 228, ShldEiEo bz CRICE T & L.

o

0

7 — 2 & LC, /kFAEREO T3 E-HR MR L AARIC oW, R
IR P45 & GBS D IRFE R DO D 2% KD, = OLWEE (PRE A~G),
LEFERL (Jaka/l~lako/) D% KD 7=, % OFEF T FHME -5 A Mo %
FHEE DI 2> & D AN D 13-5.6mm(SD=1.02), 4R D L2 & DA
HoFHE)IE 0.27Tmm(SD=1.78) & 7z o 7=.

ER L 7l St T o133 4.1 X Ckhotz. EELGETL

D[kl E R D SHM - SRR O K iR 2> 5 OZALIT 0.39mm, LA IEDZ

f713-1.08mm TH b, EEF— 2D 1SD LUNICINE - T\ 7=,
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BE O A ik -
e = KPS o 2
gga 0.6 0.6 0.6 0.6
XIKNCBEE L 72/ D & BoR
ggm 0 0 0 0
ggp 31 31 31 31 gga = A b7 A AT
hg 0 0 0 0 ggm= F b 74 HHHE
sg 0.4 0.4 0.743 0.4 . S
ggp = A b A HHZEK
vert 01 01 01 0.1
hg = HEEH
tran 0.4 0.4 0.4 1.55
¢h 1 1 1 1 sg = 25
jawOp 0 10 10 10 vert = fEE
tran = 5
_ ~ S, AoA
% 41 KEFLOBHN gh= A+ 44 EHH
(8547 : N) jawOp = T 5HBI KA

443 F0H, PARBHS I 2L — 3 kR
WEEEOE T A O THERAMIC 10N O ) 2 A CHOZLHEER LR L C
A, HEEOEIN 2.583mm RELZ, ZOREEFS -0 I@EHEET LD SG
DIEB IR 2 IR I &7z, fthofioHIZEE L 72, ZofR, SG oiE#%
0.4N 2> 5 0.743N IC L 72 RpICHE S E P L MU Em S IcHEEL, Thvk
(Bl & AAHET N & Lz, FERIZF 42D 5 EIAAR ] DY 1T o 72, kb,
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T - H R, TIRZ N FNICEWT, BEET AL O OLA L@
#] LhOET Vo0 O] o 2 EEZREN LTS, 20 21
FEEE L ZERICOWTIIFE (4.6 i) 1 THHT 3.

FAMIC X 2B R OB LR AW O 20 ICGHEET LD T OIEE %2R 4 IC
KEE7, ZOFEE, T OiEEI% 0.4N 25 1.55N IC_FF 72 Wi S35 s 258 5

EeFUESIICEEL, chr [hFgeTs ] & L2 RIEFK420 [

K

REFE] WY IR Y, WIRS FEHE TR FkTH 5.

HEER BFEEE) REXFREOEL) R BEEE) FiE REOEL

B 0.00 0.00
B 10.69 0.00 0.31 0.00
IESUN 15.66 4.97 1.34 0.26
s 12.35 1.67 -4.49 -5.57
F 42: ZETNVDOEN (mm)
W ERE REHALTAITY SD B2 RIS SD
D (BlEAAKEK) 8.11 4.66 -0.11 1.37
B (RFHARE) 3.18 3.84 -3.60 4.33

* 4.3 gEREAIE ICE T 3EN (mm)

45 FE%

451 FAOICK 2 FERUBOEH
FOET MGEFEETAVOHEOHH NI E2T I, OOt h7zT %

WALHOE#HZ X220 THS. LIrL, BEETLVEHOETLO NN
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E-HRMEEEE T 2 &, 10l ESFEEEAIEAL CwB 2 b3, K
X OMOZEMETAER S &, HROME I 2N THHEZFMEIC S WAE ICHE) L <
W EBbRrE, ZIT, HEOMMAETRTErICL, THEHEAKAOARIC

1ON Dffithi x5 272 25, UTFTOM X @ X 5 LR ICH~ERBE L 7%

D, TEHME - HRMEEEEE 8.7 miL KL Tz,

LRI A D &

X 4.5 : KERlE & BHOA D LB

Z DR O RE IR A, —>0a[RErEE L <, BEESIEE 51
AR TS 7210 Tld e <, o ffi b FRFICE W CEB Y, ZhikSREo v 3
2l —va Y CRERCE LD 72720 THE L) AREESEZLNS. 3
=D 3.3.4 fiicld, B (1993) O ICH %, FAILESRHCEHF 134 P A A
HNCEOK e MR L. BB A P A4 IESL itk Y, HEDJEHD
ARV EM I N TZ O ORER EAMICRIT CHROE I A L2 L v )k

HEAS ) 72 TTHEME S B 2 5. AT CIRATS FE# FBO L= E T 0% o
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IRFED T — 2 2 HF L T T, EikihigimiE T2 2w s, @EfAn L7
720 CEOEE A A Y MR- HRMEERE 10 md R T 5 L v ER
PEIHKZ S 72 FE 2 bn 5. FIORICEOMEN LB X 25 <720, &E T,
HDHWIEHG O X5 AaEREREFIE TS X afrOL FRRICEHE, H420
PENCRES D LI E %2 L Cn=mlhEED 5. U bo X 5, FHIA
ROt Dl O E ICBI L CTHIRET T 2 LR D 523, RREPAPLKICR 5 72

DGBOMEIRE & L 72\,

452FOETINESTIAAET I, FRFLET I EDLLE

HIEiClE, ZRloY a2 —va vERICEWTE, AMEEZ 3T 3720 T
THME E-ERMEEEES LR L CLE ) E WO MR H L 2 L R LT-. AT
FLAT, Z0EL2PRTA2REDKRE LT, flOET A 2HH#EL LT, 222
b D FIARTE T L HIREEE TV O T - TR FEEEG O F i 020
RS 5. B E 7L % Bt & NS - AR R & TR0 &AL, K 4.2
o [FANEHE] OIHHZSH I v,

Bl & AR ET VO NHENE-E R M OO AN 13 4.97 mTH - 72, HIE
EERT — 2B 55| ZIARMRKROWERE D O T TN 25 2L 0k 2 O FREE D %2

fi7lZ 8.11 mn (SD4.66) TH o7- (£4.3). ¥ I a2l —vavoBEIZEERE D
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DEAED 1SD UNDOEIFHICA > Tz, 5l ZIARET VO EIROZENLIL 0.26
mTH o7z, WhEH D OHIFOE(I1Z-0.11lmm (SD1.37) THbH (£4.3), ¥
Talb—a Y OREIZHERE D ORfED 1SD N OHIFHIC A > Tz, DIk
£V, YIab—vaviFRIZMERREFEO R BIEZHEL T3 L&
ZAbiLs,

HHLZF € 7L O 1 FHE - R M O BEEE O 2071 1.67 mmTH o 7z, HIE
KIRT — 2B T 5 hRkFEREROWERE B © N5k 35 5tk M 0 gD 42
izl 3.18 mn (SD3.84) TH o7z (£4.3). ¥ I 2l —vavOoEIIHEEH B
DHEAED 1 SD LANDOHIFHIC A > Twiz, FRZFEET A OHFIEDOENIL-5.57
mmTH o7z, PWhEE D O EHIHOLEN1Z-3.60mm (SD4.33) TH Y (F4.3),
ol —va VORMEIZEHEE D OBIED 1SD N DOHIPHIC A>Tz, Bk
0, vIab—vavHREIMEHREFEO R VEELZHEL W5 LH
ZAbiLs,

LAk, SRy Ialb—va v ClIHMESHOHIEEBEOMELS -7 D
D, ZOWERPRL, HOTTAERIELEICE X 274513, 51 EIARIIEREH
(8G) PGB RIC L 2R EmMO%E EAROREICIZ2bDTHY, L
TFIHED (T) ofiGBioKIc X 2% EROE EAEORETH L L)

fAtl % SZir s 2R o N LW R 5.
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¥ 7z, Gl ERALET VLTI 0.26 mBEIHIAR L Tz, HIEFEER I EIRDS
JAA3 2 R 23, HIROSEME T 2 BRE L 0 b L S Abnid, Znd SG DO
EEI ORI X 2 REEHORIRINBICLVEC DD TH 2 ATREMNEL D 5
tEZONT. BIEABETNOBIEDILRIZTD T TH o7, SHDY I 2L
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Z D45y SG DIEE AR I ENIE, KV FOEAEDEZ T A THIX
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25, HRFEITIE T OEHDOIRBEG L TndeEXZ. ThHLDFEZD

Bt

REZRETT 5729, KETIE Dang L OEMPENEETALZHNTCY I L
— ¥ a v ER{To 7, FAMEOBBICHEDL H o 72203, Z DB 2 PR L 725
& 7L % BB CHUIR 2 AT o 72 K558, 51 Z3AHITIE SG 23, Hhoardicid T 23
BboTwalw) PHlZIFET 2R LAY, TRHUEEFOT 2L DK
XRFEORVFER L n o7z,

7272 L, BB DORIFEOEE ORFEICHZ, FiRORE £ TR T& hhr o/
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W, ¥ Ial—va v iEROBIIEED, /aka/~/ako/ DT D EHEER D L

W) IR ZEED IS WD DL > T LE o7 2 & D ARMEDORER & LTH

Tonsd, SBRIEIENELEDZY I 2L —Y a3 vYOED, H 5 WITHIERIC
RHIRFICE DIRFED T W /el 7 FBATHREE, i E IC LZHEZITY, ¥ 12l —

va VIR CHER R E L LT WERT A v EEEL TS RER D 5.
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F5E Bhl)IC

51 8EEER, vIal—YavEROEED

Dysarthria &I A b L7z [5] Z AR | [HRZFd | HMEFE FEEE O EES)
KD RN EIDEMRET L7, 5lEAR T THP OO/ LE L oDITHL,
hFREF 2/ ICL2RONT, ©LAEAOHMNIERT 2 HERENS 4 L
%otz GlEIADIL SG OFEEIZHIE T 2 Z & THREMDE L2 REL 7%
729, HRFEIE T OEEFERIC LV BREHOE L2RELL-OTHL LE
Aoz, A DWRDILKIL SG DOFEFIHROBRINFRIC LV EL b DT
HhdeEzZOLNT.
AMEHTETAMICE S IaL—va vy Th, MR EREFEEFED R
BRSO, SHEDY I 2l —va vy CldhRFEEFLVE#ED (T) @
KOS L o THER I NTHY, FIEIARET MIFEIEEF O L DOHHEIC X
STERE Tz, L2 L, BIET — X IT3E] EARDELS WS, R D
EAEWITIEAEDRS - 72, S5, SG & T OMEDIS 75 &b Mgt L CE A2

FCHIRTE 2205 L T BERD 5.
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5.2 K% D Dysarthria BgAR ~ D <%

AWFgelt, Dysarthria BE O#EEEHFOREOF O (1) #ifEdH 2 W ITHHEE
Z Db DIT X BHEEI T IC X 2 EB)RE, (2) HEEMKT 24 5 720 o \EES) %
WD TRt WO EREsOHRE L D TH . Z LT,
Dysarthria FB&FICA SN2 5] ZiAR | THhREd ] 23, (1) OFERO 7
BERE OREEENICD Rond 0h2BatL, WEFDOYY 57T 2HW$ 270
OMEIEFZ L ZHWE LT,

AHft%E Tl Dysarthria & ICA SN 725 Eh A, fldFeg s v & — i
fEFEREHE MR ERO%E ERR 26 RIGEENIC B W THEL 2 2 L AL
7z. > T Dysarthria ¥ 1CH1F 25 A4, g b EEE)CTDH 2 e
TH2ZEnwdbickhd, 72770, ZOEIT Dysarthria H#E D5 A A4,
2 (1) X2 bDTH2AREMZHBRT 2 b Tldhw. HLET,
Z ¥ T Dysarthria & OB RE ICH VT (1) & (2) OXHIABERICH L
LNTELDICHL, (2) DAJREED BT 2 LE 13 H 2 L) 2 L UL L

ICBER W LICHERT 2LEEDH 5.

5.3 NIAEZDIRF & 5% DER

AWTE T I 5RE O REEE 2358 5 5 720, 2 O ik oD %
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R L7RECORT 2R L, BEHOLTEE LR ZILKT 2L v k%
Lot HETERMICEEEFORIKIC X 2 H0%E, mAHOZEEFICIIEE
BENCHE S HOBR T H~DG ZIABDEEL TSRS E 2 b0, %
NICDOWTIE 3348 CHET 2 Lz o 0B ITPERTE 2 L HIlT L7z, L2 L,
B CoFREE LBESEIFCORGRICIE, MICdFEoEVLARLRVE FF 0
Pl o, RIFFEORER I, B I 2 T EF R o R IEEE A S 2
ICL72DTIiE<, L ETIFHOESET COMBEER] &) & 2Kk ST
TCoORMEEEBZHL 2T LZIGEE R, - T, RIFFROBNSEET cofk
{8 H) &, Dysarthria & 0@ ORFEROREEB 2 Z 0 THIKTE 20
DT DONT b BERI D3R B

Ml CES R E 2 EE 0 ik cEIT T 2 @IGRES &, EH A% (motor
equivalence) & \» 9 [R736l i 2 (XIS APAHT 2 FRICix, DO LL OO
TELARZTHOELOMHFOERICL > CTHEONEE CHE2ZE L ¥ 5.
ZDEDOIVEDZE FLOoHENE, THOZE EOEBAO HRICITEL MR E DY
2350, ANEHERIUCIE U T2 0 %2 2l & & TR VSIS Z #/m L T

w3 (X5.1).

57



TEOEIRME

Target position of lower lip
TEHRE OES

Lower lip movement
TEHOEBDES

Contribution of mandibular motion

K 5.1 : OEEAHIC 17 5 EBEME

SRR E (2010) pp.176 DX 4.9 % FIT{ERK BT

B EHEE IS B Ch FIRRIC, BB EBN M I L 228 b %S %
LRI TwdedbEZLN, RFRIEIHBEROZE Lo h o THOFILE %

INEKEEL, 20PN OEHR (SG OiEE) T OiEH) 2l L7z & & MRT
X2, 25250013, BEHO¥ LIcEb A oERERa Y bu—1 LE
Bz T, YoX ) hBREPEDY, Ok BnFHTcroERE ST S
D H % fEIAC & N, BE OFEEE D KT IC BT 2 EHEB) b, HERERE O

EEIEE S, 2R RERCHARRRIC R 5 2 L AMIR TR 2. Sk, X

D —fixiy 7 EBYEMIME] & 5 BelA COWFEICER L TITC LR S 5.
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