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Objectives: This study aims to investigate Korean stop consonant production in patients
with idiopathic Parkinson’s disease (IPD) and Multiple System Atrophy-cerebellar variant
(MSA-C) in aiding in differentiating the two types of diseases with Parkinsonism in com-
mon. Method: We included a total of 30 subjects (M:F =15:15) (10 with IPD, 10 with MSA-C,
10 age-matched normals). The subjects were to produce nine Korean stops, /p/, /p'/, /p"/,
I, 181, 18, IKL, /K, /K embedded in VCV contexts. The speech data were analyzed with
the Praat program, and the analyses included length and ratio of closure sections and aspi-
ration sections; speech rate, variability across repeated measurements; and error patterns
based on auditory-perceptual evaluation. Results: The MSA-C group demonstrated a sig-
nificantly longer duration than IPD and normal control groups in closure and aspiration
sections in seven and two consonants, respectively. Within the combined closure and aspi-
ration sections, the IPD group showed a significantly higher aspiration duration ratio for all
the aspirated consonants /p"/, /t"/, /k"/ than MSA-C and normal control groups. The MSA-C
group frequently manifested substitution errors of lax consonants with tense or aspirated
consonants. The IPD group substituted dental plosives with velar plosives. Conclusion: Dif-
ficulty in coordinating between the laryngeal and articulatory gestures in MSA-C and IPD
groups is differentially manifested in absolute and relative measures of duration of closure
and aspiration segments in stop consonants. In addition, the reduced laryngeal-articulatory
movements appeared auditory-perceptually as erroneous substitutions of lax consonants
with tense or aspirated consonants. Further studies are warranted to investigate more di-
verse severities of patients with high volume recruitment.

Keywords: Parkinson's disease (PD), Cerebellar variant of multiple system atrophy (MSA-C),
Korean stops, Closure duration, Aspiration duration

371&F(parkinsonism)-> B¥(tremor), A5 (bradykinesia), — HiEo] B[4 O 2 SAEo] w1 -S| PRI ofRE A
APA| =% (postural instability), 74 (rigidity) SA1E 36ty S EH PDQ} MSA At 4o ZH ZIek2: of A gtk
S 1h71¢5"(idiopathic Parkinson’s disease, IPD)oj|A] Hol= (Kim, Chung, Lee, & Kwon, 2014; van Rumund et al., 2018). ]|
349l o4} -5 SArolt}(Brooks, 2002; Jankovic, 2008). Z1& 2 Ao A IPDZ A= E 3EA} 5= 9F 15-20% =7 AR 5

U, gte] §9l0]L} 710 IPDSHE Th2 CHAE 915 (Muliple
System Atrophy, MSA)of| A& Af|3Z Wjof] F0]A]|(Lewy bodies) TF
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Holl A MSA 2 HEE it (van Rumund et al., 2018; Wenning &
Stefanova, 2009).
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MSAE= F SAYo| whe} 58% A et= A28 2 A (striatonigral
degeneration) (MSA-Parkinsonian variant, MSA-P)©. 2, 712|131
42%+= 4| Ad(cerebellar degeneration) (MSA-cerebellar vari-
ant, MSA-C) 93 0 & B = =r}(Stefanova, Biicke, Duerr, &
Wenning, 2009). Z1 50| 4| %= MSA-C 432 IPD] Hlsf| Ak 4
F7h LU e, LIS ES A3 919 B8N o
B =3l(levodopa) ¢FE0] tfgt W=7} YTh(Lyoo, Lee, Yoo, &
Lee, 2006). T3, A4 747 AL O] wAI7F B W vh= A
2 7hdo| 85131 Q) (Flabeau, Meissner, & Tison, 2010; Ste-
fanova et al., 2009). 12U}, A}-&4174 o)A} ZAto] Au|sEAU a1
&S B Foll= olgfet A aglo] W o] HA| Rt
tH(Courbon et al., 2003). Alt}7E MSA-C 3412] 50% oAFo] $-%
Zofl7F YR 5 54 o] Ulofl Hoehn & Yahr stage IV 0]A4FS. 2 2]
=] & 2 (Lyoo et al., 2006; Miiller et al., 2000) 220} H2| & ojd
A Sh=fol] whef 718 gl A& of fof| FaFe mlA|A Hrh(Wata-
nabe et al., 2002). o]o]], W= 11 G801 7L )3t thok3h A=
7F olFolA gtk A3 A5 A4 S4(Lyoo et al, 2006;
Watanabe et al., 2002) ©]2]o]| = & Aofjof| A Hol= z}o] T3l -5
&3 A JE7EE 4 lS2 AIARRE B QItH(Rusz et al, 2015).
IPD2} MSA-C 29| 90-100%7F & Aol S FHIsHA B=t
= Z5}e 9 &% (Kim, Lee, Lee, & Kim, 2003) & =22} oj] &
& (Kim et al., 2014; Kim & Kim, 2010)o|A] Tt = EAS HY
th 25 S E3L T AFE 7] F-6 2ol Alshol| whet o
G AZONA @575 Hol=t] IPD 2Aftoll A 2t d 2] Azl
5 AJZPA7H(Voice Onset Time, VOT)2 714 A58 AFR-E+= )2}
nE| 2 A] v A wo | 117} o] o) HHOzsancak, Auzou, Jan,
& Hannequin, 2001; Tykalova, Rusz, Klempir, Cmejla, & Ruzicka,
2017). BFES-2 7 Aol 74 wja7F Lok #H4 +-1Hclo-
sure duration)¥} 0|30 o]o|R|= Al Zl5-o] AlRE7] 2]
7} Z 7]4] 37k aspiration duration) . & L, 7|4 17HS S
A5Y2 oAl VOT# Hateh(Seo, 2002). VOT= gHo}2 &
FHotol ofe] Qo] TS A zte] g 4TS Shd) FF
04 T )8 7] 2 BAE VOT gtoll 33 vl AIckAu-
zou et al., 2000; Lisker & Abramson, 1964). IPD 3A}-2] VOT 2
o= Zoj X7 (Novotny, Rusz, Cmejla, & Rizicka, 2014), H3l7}
WA (Harel, Cannizzaro, Cohen, Reilly, & Snyder, 2004) 745
tH(Flint, Black, Campbell-Taylor, Gailey, & Levinton, 1992)1L &
T8fo] %S IR 0] 5 & 55 20] L0 Ao}l et
B4 si0] B3l Th gl 4] 7242 SolsA o o4
709) vl oA HolAlL 714 722 9l ZofAck(Fisch-
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A

WY TR 254 B 9IES 21 5haE S v - 2ol o

er & Goberman, 2010; Park, Hashimato et al., 2006). TS, %Jo{2}
2ol - 74 T Z0 2 = ¢lofofl A MSA $habte] 4]
A5 VOT7HIPD $Habtol] Bis B o 71 Hol9laL, /44 ob&
2] VOT= @AI5] grobA AA 4] 277t S57He Whd, IPD+=
AT FARSE SRS HRATH(Tykalova et al,, 2017) T=3F MSA-
C Aol 25 Al IHE Ho| 2l 54 E=thof W X3 Ab
i} 25, A (pause) 7+ Aoj ol wek(Duffy, 2005) AJ7F =4
9] o]]&-0] F=3151A 2= =(Ackermann & Hertrich, 1997) A
O 2 HolmtAZ 25 Al 7 A8k 7Ho EA4S TS Ao = o & H
ok Zefuh o) Aot Foid ks tie = skl wie
= bt ol eA7E ok

AA S|4 FofE BIER T

e 8 ol glo] e =hE o] FolA itk
(Lee, 2020). S22 0 2= oA dojub= 249 79, &
25 A S Tl EEE = 719 e ] 717 of o wh
2} [-aspirated, -tense]2] H-2, [-aspirated, +tense]2] 7=, [+aspi-
rated, +tense]?] A-2-2] AF5 Ui A A1E 2=t} (Kwon, 2018). ©]
ofl, 3 74| 25 XA 8 Fe i A A= HE A
7HA] -5 A} (laryngeal feature)©| Hj#S1A| T} 12j5}o, vf=y
Yo1E AHE-Sh= IPD SRR} §F=i01 5 ARE-61= IPD £hA[7} 3}
50| 714 T 240 o2 Hol B R o ¥ & It
I THKim & Choi, 2017). B2 A3 $4-5 5-8f h=rof a5
o] ‘% 2 Hedste] vpHEofl 3o whE E4(Kim &
Kim, 2009) 2! IPD &kA}+-2] 2-8F5}Al(Park, Hashimoto et al.,
2006), A% EA(Park, Itoh et al., 2006)©] ©|F0]% o1}, IPD2}
MSA-C 5 ek 7he] Bl 17 Eiglo] St ofe], & i
oAM= F Bkt 7] S AFE EAS 28 SR A%,
AFNelA Al 74 A B (H e 7 Aol Wk +3H
9 AR SHof A AR T, ek 7E E4Jo] hd aclo e &

=~ hl
$8 5 YA 7H A4S dohn g

=1

=°I

c

<

WA= A&t 7] Aol AF=st= 843 (10%8) 2 IPD
ApH(107) B MSA-C SHAHH(10'8)2 393t Z- 307501310,
7F XA Ao B o dRtl A o A 505 REQITE IPD 2
Apt- of5HA] Zlehgo] up7laH o = A AR E(ICD10 2
E)7FG200]aL, 31 o shejolw, Y Wt (+ EFHA)-Z 62.7
(£9.52)A, T 3 73t 7]7H(post onset time, POT) (£

Hl

AN

https://www.e-csd.org 955



COMMUNICATION SCIENCES & DISORDERS

Bo MiKim, etal. « Production of Stop Consonants in IPD and Cerebellar-MSA

HAP2 8.55 (£ 5.18)A0|31T}. Hoehn and Yahr stage (H & Y stage)
AT Aot ARl 94'6‘H el a8 go
stage -2 3 T, stage [V 10| 3]C)
MSA-C 342 oJsh Zleol ng TP 91% % (MSA-
0), ZeHY W AH ST

=2 %’—]%%(cerebellar atrophy, CA)Ql 7-$-3om, A5 4t
© 58,6 (+3.86)H|¢T, POT BiH(+ EZHIPL
Vlolgie) ey 5o Holal 1 57} Hee Hmst
DA B RS MO 2 Sl R IPD B
MSA-C §}X} T AF A, A B AR (57.50 £11.23)0] TS
toll £417} gl 50| ALEALE e 2 B9l

Fol= 211t (Table 1).

4, stage II+= 5, stage 111

(olivopontocerebellar atrophy, OPCA),

wlszet 848 4987 $15l ol IV Gl
I, 1Dy 11 €1 1K' 1%, 162, 7K Vol R ebe B8 AL8-819)
o B0 Aelaele U AE R 3 o7l SRS 33 H=a
o 1915 % 2977)19] B YT 410] Bagh 5, Fol
o} ThA L S Afololl ARt 42 Bhof o] 24 917)9] Tl
o] AFZEhe FRFoAE Blo} 9z o] LhehA] ShEE Shick
=0 0 A]-PRO HO|AH AL E AML3lo] HE 2% F 48 KHz,
AL BIE 64 2HF0ll A T/l 917 10-15 em FE=0] AR
SIS 47 280 BTN ofRojHon 4a
AZEE 105 ol

A2 Bk 20-400) Abo] AFO.2A Feol BAF gl
A 4391 107gof| olato] Tojkelg Al(word identification) HE]
O 2 AU SQ HFEOHH PR S %Oﬂ*i - “Wﬂoﬂ J

I

o] g 28 ECHA B 2ol
212 Aol A g e 71 2] Selie v vl
2 7|2 oS slolch A4S TA9R Hjaslo] S5

Ak oF 15 Wi ef 42 8 E].

N
2
oo
o
el
é
S
1o
2
O{N
[\
l
do
A
1o
2

NI
N
o

= gl

=i
1%
9#
xQ
O
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Table 1. Demographic information of the participants

POT  PostMed. H&Y

L b S8t Age y (yr; mon.) (hr) stage
IPD 1 F 46 96 2 I
2 F 64 1 3 |
3 F 72 mm 1 I
4 M 68 48 15 I
5 F 67 27 8 |
6 M 61 16,0 1 v
7 M 63 9,10 2 Il
8 F 47 3.3 3 |
9 M 64 15 4 [
10 M 75 11:4 4 Il
MSA-C 1 M 55 7
2 F 62 2.3
3 F 54 49
4 M 66 2,5
5 F 58 4,9
6 F 55 5
7 M 60 2.8
8 M 56 32
9 M 62 31
10 M 75 10,0
NC 1 F 50
2 F 70
3 M 66
4 F 59
5 M 61
6 F 42
7 M 62
8 M 73
9 F 46
10 M 44

Dx=diagnosis; yr=years; mon=months; IPD = idiopathic Parkinson’s disease; MSA-
C=multiple system atrophy-cerebellar variant; Post-Med. =time after medication;
NC=normal control; H& Y stage=Hoehn and Yahr stage (stages I~V); h=hours.

ZIOAo A 3l F7ko 2 PAEE HEo 2 71259t Lee,
1996). 7]4] -7He- B3) 1-8-0] F1, F2 ZHE 7} Y}, 2 37
£ 2% miglo] Yehes 71K ek g e BAL
% 1 2H(zero-crossing) Aol 4] AA|EFo] YIS = W E1SIT]
AR 21 B 20t) 31, 30 47, 400)] 3HO.2 Z 1050 A
ukol Az} 1915f 2707)2] BAFS E1 71220 2RI o]
AT EvlElo 2 4. oule 3l 9 2 oF ul HiLE HAEck
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7R AR e AAE Al 1 B kR ARt
SOIL AAFE ST I ojA A 1=
A2 7 A= 78Tk Paired t-test 7 AAIRH A}, w4
T Hp=.113) LLFOA] p-value”} .05 o]AFO 2
A B7RARE7E Z7 2000 Zfol 7} QISith B7A W AR s drofi
7] $18} paired t-test A2 AR A3}, Hf L7Hp=.167), 7]4]
TLH(p=.326) 70| A] p-valueZ} .05 o] -2 2 A H7HAF U} 27
ZJof| Zfo] 7} AT,

A2 A0 7R 2 Al e Al kol A AR = 157
< AAs}o] v waklch 1 A}, Chronbach’s a4 9830]%]
Ch A2 E49] B7AE U Al == A B7ER R E 30 500
O F7EpF A 7HE AAIskSITE 21 23, Chronbach’s a5
748014t}

A=A

3 2017} Q= 749 4l Schefté) A1 A 4]

S8 RS 23 A SIS S 7] 9HEE S vl - A=l 9l

IPD 2}, MSD-C Ak, A=t All o 7He) w4 -1t o]
2t AT} F 970 A Foll A A ()T A
(K1) A|5E 770 -2 Ip, 1th, 1KS, [p'), 1p%, 18, /KD /0 4] MSA-
C SHAp-9] H|4f) 5-7+E50] IPD Zhabto | A atoll Hisl #-2lst
A I cH(Table 2). 4|2 0. 24=, B-50] Y= /p/i= MSA-C 2
A}£(136.8 + 63.3)0] IPD A} 7+(54.8 - 16.9)0 L} AAFL(63.5
9.6) Xt} -ol5HA A3UTh(p <.01), BS 2|25 /t/ E3F MSA-C g
A}-(98.2 £ 31.2)0] IPD BA}4(62.1 £ 18.3)0 ]} AAFH(61.2 +
8.2) 2} 32517 AaL(p <.01), B 7712 /k/= MSA-C 3k
A}£(108.5 £ 28.9)0] IPD SHA}(76.4 & 25.1)0 |} AHAFH(59.7 +
16.9) 5} f-2J51A] AATH(p<.01). 59 = /pT HAl, MSA-
C 3H2}1(203.4 £ 50.1)0] IPD 3HA}(147.6 £ 32.5)0)LF AAFE
(159.5+18.5) X ct F-2J5HA] ASITh(p<.01). A e /p'/el
A MSA-C SFAF£(181.7 + 59.4)0] IPD $HA}+(118.6 + 26.4)0]Lt
AAFH1374 1 31.2) BTk 5-2J51A] A1l (p<.01), A2 /oA
% MSA-C $AF(165.1 £ 40.9)0] IPD SFAF£(122.2 +40.7)0 L}
44(130.3 £18.9) Hr} F-oJ51A A%l e (p<.05), A7
/Kb SIA] MSA-C AF-(151.3 £ 38.1)0] IPD A}FH(107.7 £ 27.5)
OfL} 7/ (128.4 + 20.7) 2} 251 AATHp <.05).

Table 2. Comparison of closure duration of Korean stops among the three groups (unit=msec.)

i o Groups
Manner of phonation Place of articulation p Scheffé
IPD MSA-C NC

Lax Bilabial o/ 54.8+16.9 136.8+63.3 63.5+96 .000** N=1<M
Alveolar il 62.1+£183 98.2+31.2 61.2+82 001 N=1<M
Velar /k/ 76.4+25.1 108.5+28.9 59.7+16.9 .000** N=I<M
Total 64.4+20.1 1145+41.1 615+115

Tense Bilabial '/ 147.6+32.5 203.4+50.1 159.5+185 .005** N=I<M
Alveolar 1t/ 149.4+422 177.1+425 154.9+22.4 227
Velar K/ 1335+32.6 155.7+48.0 151.8+27.6 373
Total 1435+35.8 178.7+46.9 155.4+22.8

Aspirated Bilabial /0% 1186+26.4 181.7+59.4 137.4+312 .007** N=I<M
Alveolar 1/ 122.2+40.7 165.1+40.9 130.3+18.9 025* N=I<M
Velar K/ 107.7+27.5 151.3+38.1 128.4+20.7 011* N=I<M
Total 116.1+31.5 166.1+46.2 132.0£236

Values are presented as mean+ SD.

|PD =idiopathic Parkinson’s disease; MSA-C=multiple system atrophy-cerebellar variant; NC=normal control.

*p<.05, **p<.01.

https://doi.org/10.12963/csd.20772
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714] 72t Zo]

Al w2¢] 714 7 Aol g vlagt Aaf, 5 97He] shE-g Bl 5
oA 271 2}F-2-0] H]wo| Ak - 7t 2}l S HTH(Table 3). 74|
2o 2 o oS0 /k/of| A MSA-C EHAFE(34.8 £ 15.4)0]
IPD 2F2}H<4(29.3 £ 13.1)0 | A4 (17.1 £ 7.2)0] vlal] §-2JaHA 4
AcHp <.05). 2 ATAMS! /K] -0l = MSA-C $A
(35.4%26.5)0] IPD FA}£(21.0 £ 5.3)0| L AHAFH(15.2 + 5.4)0]
H13)] 5-2J5HA] AATHp <.05). Al ek B 28 1o] 71414 2}
AL 7V AL Jp, 1, /K| A Tt 714 77 St Zol7h 71

%l‘iiiui 5—% HAe] Afolle 7 L A kA, K,

HM A7 |A 2L S T4 AZHH[E

H|f 7 7)4] 1S Rt Aol Fofl 714 ko] AA[sh=
Hl&-S A5 a3 p', AR 1, Q97N K 212l A
IPD 2FA}-0] MSA-C 2HAbto|ut A abtol] vlsl -2J5HA =9k
TH(p <.05)(Table 4). A A 0.2 /ph/Q] 7]14] -7+ IPD 3R}
(31.4%)°] MSA-C SFAF-(23.7%)0 |t AAF(20.7%) E et Z12F &

Table 3. Comparison of aspiration duration of Korean stops among the three groups (unit=msec.)

Manner of phonation Place of articulation Groups p Sl
IPD MSA-C NC Test
Lax Bilabial o/ 16.1+5.9 231214 125+49 203
Alveolar s 174115 19.8+8.0 12141 136
Velar /k/ 29.3+13.1 34.8+154 171472 012* N=I<M
Total 209+10.2 259+15.0 139454
Tense Bilabial v/ 14.2+5.7 16.8+12.1 10.9+29 275
Alveolar 1t/ 16.5+8.6 173120 125+88 443
Velar /K/ 21.0+53 354+265 15.2+54 025* N=I<M
Total 17.2+6.5 23.1+16.9 129457
Aspirated Bilabial o'/ 55.0+189 549+234 36.4+15.2 065
Alveolar /Y 67.8+17.1 65.1+41.3 406+128 061
Velar K 88.8+20.1 97.6+43.3 68.6+17.7 .09
Total 705+18.7 726+36.0 485+246
Values are presented as mean+ SD.
|PD =idiopathic Parkinson’s disease; MSA-C=multiple system atrophy-cerebellar variant; NC=normal control.
*p<.05.
Table 4. Comparison of aspiration duration ratio of the Korean stops among the three groups (unit= %)
) o Groups
Manner of phonation Place of articulation p Scheffé Test
IPD MSA-C NC
Aspirated Bilabial o'/ 314(+£9.0) 23.7(+95) 20.7 (+6.4) 024* N=M<I
Alveolar 1t/ 36.5(+7.7) 27.0(+£13.5) 238(+72) 022* N=M<I
Velar K/ 45.4(+6.9) 38.2(+10.7) 34.6(+6.5) 022*% N=M<l|
Total 37.7(+7.8) 296(+11.2) 26.3(+6.7)
Tense Bilabial /p/ 89(£33) 75(+4.0) 6.4(+15) 224
Alveolar /t/ 104 (£5.2) 89(+55) 75(+25) 403
Velar /K/ 14.0(£4.1) 17.8(£10.0) 9.3(+3.0) .025* N=I<M
Total 1M.1(£4.2) 11.4(£6.5) 7.7(£5.)
Lax Bilabial v/ 23.4(+88) 14.7(£9.6) 16.5(£6.2) 067
Alveolar Jt/ 208 (+7.4) 175(+79) 16.2(+3.6) 300
Velar /k/ 28.2(+12.3) 24.1(+8.2) 226(+78) 419
Total 24.1(+£95) 18.7(+£85) 18.4(£58)

Values are presented as mean+ SD.

|PD=idiopathic Parkinson’s disease; MSA-C=multiple system atrophy-cerebellar variant; NC=normal control.

*p<.05.

958  https://www.e-csd.org

https://doi.org/10.12963/csd.20772



COMMUNICATION SCIENCES & DISORDERS

_xlm

w4 P17 2 T E9IES 7o) g B4 ]a + 2w 9

Table 5. Number and rate of errors in stops production among the three groups (unit= count, percentage)

o Stop consonants Groups
Place of articulation —
Place of articulation IPD MSA-C NC
Bilabial Lax p 1(3.84%) 30(23.80%) 1(33.33%)
Tense p 3(11.53%) 3(2.38%)
Aspirated p' 4(15.38%) 11(8.73%) :
Total number of errors in bilabial 8(30.76%) 44.(34.92%) 1(33.33%)
Alveolar Lax t 11(42.30%) 21(16.66%)
Tense t 2(7.69%) 27 (21.42%)
Aspirated th 1(3.84%) 6 (4.76%) .
Total number of errors in alveolar 14 (53.84%) 54 (42.85%) 0(0%)
Velar Lax k 1(3.84%) 12(9.52%) :
Tense k' 3(11.53%) 10(7.93%) 1(33.33%)
Aspirated k" . 6(4.76%) 1(33.33%)
Total number of errors in velar 4(15.38%) 28(22.22%) 2 (66.66%)
Sum of errors 26 (16.77%) 126 (81.29%) 3(1.93%)

Values are presented as count (percentage).

|PD =idiopathic Parkinson’s disease; MSA-C=multiple system atrophy-cerebellar variant; NC=normal control.

Table 6. Number of substitution errors in stops production among the three
groups (unit= count)

Groups
Type of errors Stop consonants
IPD MSA-C NC
Manner of Lax-> Tense p>p' (4  p>p'(21),
articulation t>1'(18),
k->k'(10)
Tense>Aspirated  p">p'(2)  t>1"(22,  K->k'(1)
K'>k"(10),
p>p'(2)
Aspirated>Tense  K's>k'(1)  p'>p'(11),
t'>1'(6),
k"K' (6)
Lax-> Aspirated p>p(8),
t=>1"(3),
k=K' (1)
Tense > Lax t'>t(3) :
Total -7 -121 -1
Place of Alveolar- Velar t=>k(11), t=>k'(2
articulation t'>k'(2)
Bilabial > Alveolar p'>t(1) p'>t(1) p->t(1),
P>t (1)
Bilabial > Velar p->k(1) p->k(1)
Alveolar - Bilabial t>p(1)
Velar- Bilabial k'>p'(1) k->p(1)
Velar-> Alveolar k'>p'(1),
k>t(1)
Total -19 5 2
Manner & Place t>p'(4),
of articulation p->k'(1)
Total 0 5 0

|PD=idiopathic Parkinson’s disease; MSA-C=multiple system atrophy-cerebellar
variant; NC=normal control.
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OfSHA| =3kt (p<.05). /t"72] 79 HA|, IPD $H4}<(36.5%)°]
MSA-C 2FAHH(27.0%) 01 8/4d4(23.8%) Tt +2I5HA| =Skt
(p<.05). /K9] 7]4] 47+ HA], IPD EHA}H(45.4%)°0] MSA-C 3t
AF<(38.2%) 01Ut 78/ (34.6%) T} F-oJ5HA] =3k tH(p<.05). 7
=9 A= AN K ARE I 7E 2ol & Hl=t], MSA-C
SR} L(17.8%) 0] IPD SERFE(14.0%) 0L GAF(9.3%)0f| B]3 7]
A o] frofsHA #= 3 THp <.05).

E3] Lhel IPD 312}, MSA-C 312}
oIt Ak, & 90079) mH 2} 7}

w8 MSA-C7} & 1263](14%)2h= 7H B tiA] 275 H3drh
Hhdo] IPD $halat2 526 2](2.89%) 2] HIA] @7 (8)S A

Z35](0.34%) 2] th2] 257(&)= HTH Table 5).

A 25 e A, MSA-C 22 IPD 2hAkatt 4
gl vlsl W 53742 thA7E & 1218 = 7 welkar, 1PD ¢
At 73], B2 18]0]0tt ofof] vbef, 25 Ao L=
IPD7} & 193] 2 7}AF Wekal, MSA-C A2 53], A2 2
3lo|3ltk S MSA-C S 2 B33 A5 Aot
3 Y 277 ERAL IPD 2AEE 2| 250] S153ts

= 28 91A141) 257} BESITHTable o)
=o|u 7E

IPD 312} MSA-C BHH= A2 §A18) 182 st
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7) o] g8 ko] 41%] gk A0 2 Sel Gl wep o] S
o] W Ao} Jol SR xfolge] wradcky
Aol mgo] B 4 Glek 55, Wi £ Zuo|He) T A2
Aol o5 5o} oA 5] TAEE SHolnE ol
2 7B)7} Sl ool 4 ol Al IPD SHAF 27} MSA-C B
7ol 28 W 28 SIS Teldh & o)) S Ao 9)
ofA] 4 2k, 714 72k, )3 ) 7ke714) 2k oA

714 F10] A5 }8-L B9, w] A0, 710 1 2t
o woje o g3 ek

S8, 5}908:9] o] 774 2o} MSA-C BAZ0] TPD 8412
T} AL Bl Il 1t /K, 1, 1%, 18, POl S-ofaiA] 219
PD BAZ A Zhol Aol il 714 7 2ol
TS /2t 5 S /K TlATRE MSA-C 2Rkt
PD At} A datol] vlsl] -f-ofskA] 23itk Zol7t Ark=
31} 714] Tl BhE Azbo] 2ol el ALEES)
ofu]gith. o] 27, MSA-C ha}=o] 245 524 o] =efAl= ¢
2 30, 4ol £-80] 2z o) FobollA 2R 2k
Ejof Tejo] A Bl At =50] Y-S o] FoRA| YAU &
A, g A - 2k BA Al fHleIA 8= U, &, A
P890 Aole] F80 ofe}g bl 222 Kelrh fankor-
ic, 2008). AAY, Hejge]et S0 k] 24 |27} &A% o]
Az RE hEE 4ol HEE nje] Wol o] 5 2|l the=
o B 990 Alko] 4 257, Tk 283 Hefsh] el o] A1
=5 ol gk 72t o] =mo] X A% A Fr(Duffy, 2005). whebA]
o} 50| el 77 :8719] £F 7} 27§29
of QlojA] W& =22 Q3514 Fh(Saxena, Behari, Kumaran,
Goyal, & Narang, 2014). I, MSA-C ZFA}2 2|3 (spastic), A
%7 (ataxic), 425 (hypokenetic) THH| 2o o] SA4o] T
20 7 E= 2% o] YEPITHDuffy, 2005). S| At} 22k
5] o] 4o Z1QIBHE AR S ST Zuel 7 4
4 714 $7ES YER S (Kim, Kent, & Weismer, 2011; Tykalo-
va et al,, 2017), 24E 94381=(prolonged phonemes) 54L& =
ojaL, FAAA o 2 GATET =el S5 HOITH(Duffy,
2005; Kim & Kim, 2010). ©]3=, WA 2SS4 ofiel<
3} 319 £ 54 Ashrt UEH B AchMeauliffe, Ward, &
Murdoch, 2006).

%621 7140 T AN B fkio} AL 17§l
Sk Aok 53], A50 1A A BE e HEst
L 203 440) Wak ofjeh 2 8ahE AolS Rolk(Park, Sim,
& Baik, 2005) )] 42 1 72 714} 352j0] A5 hypotonia) Ho]

O o K
= do 1,
=) re

o
[o rlo

o
o

1
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“+constricted glottis’ A& Z¥A] 53-8 o] =3 4= QITh(Dulfty,
2005). A-705-2 A = (vocal tract) ol A 2-2A4HE)2F 2o7 (A
70)€] B2 (valving)o] B}t FERE 27129 $7to] o
o Aol Blsf Ao = FopA|aL ofdt 27 A A
1o Z7IA A VOTES Zoj&]A| 3k (Lee, 1998). VOT= 714141 9]
w9} ulgslr] tlizoll 7141do] 245 Haf 717 F3t A7t
2] "ol QA o] B A o] & S3¥eh= B2 ATt
15517 17H4] B B Al7ko] 42 Q¥It) ofof, Zuka) 0 = u o]
QJ2)7} TR0 & o] FeE Wt VOT gto] 376k AaFE
2Ith(Seo, 2002). EZE, T AofE Hol= EALoA VOTE &
Sk ol 25 7 &4 B SIRe &, VOT7HHIRA
B

9| = Aof ©J Aol ak A& A 1
=

NonE ol H

p

ox

i

=8 S
9] 714 7o) Ztk= 212 1PD hA}<tof Hlsf npH]dAof &
STt AeRE ZAelE 4= Qltk(Tykalova et al., 2017).
o]eh= 24 0. &, IPD bt A4t kol w4l 1kt
714 A3k 27212 Zofof| A B f-oJgt 2kol 7} QIiTk o=’ A
= IPD $RARto] A4 e shabof| Al Hol= T 4k= 7]419] 3f
5 A8E] 2] Mok Bl Este] 25 20 £ 0F ey At 5ol
U2 25 WAL HSSSAU folmgt Atol7) itk Atet o
|tk I, IPD b2 A2 Bl 535 5H] E400] out 19l
AN EsHA WARE & v /da ot 2t He 2R T
ole} A= ARt A =t vl e wf A
o &5l= A% QUtH(Kang, Kim, Ban, & Seong, 2009; Pae
Wang, Choi, Kim, & Nam, 2005). 12U}, A5 7|5 W 1%
A s} SRl 285 7o) B30 Ago] YARHPD B
Az el A Ao R Q18 B s el
A 98 ol 2ol 5P Hick(Pac etal, 2005). 2 A7
2} iERh BAH 0.2 §rofgt Aol 2o] = kgt PD
o] 744 thz<tof vlsl 24| 97)12] 714] S+l A g+t Ao|7H AL

ol r{

P

flo
i

AN ox
1p

Fromskgick

A, FA 714 7ol A 714 SEto] ZpAsh= HEofl
oA, AG /p, /1, /K" /O A IPD EFA}L0] MSA-C HA}oL} 7
gatoll BIsh frofahAl w=Qkek 714 77 HleS 22 91X, mhelE
Fole] ST, T &, oFE B8 o F35h= 252 =0l

17| wi=t] 5 | Aol o] IPD $habol| A 7]14] 12t

of

ol
filo
HE
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H|-go] fojalA dojzlcta
man, 2010). IPD 3452 A

H 1% v} 9Jch(Fischer & Gober-
w2 Al o] A717F s, A
o o2 Q18 S} 2] olsolx|x] A v, T 1
L2 AFES] Q5 A As e 220 R4 E]+=d|(Jankovic, 2008)
ofgfgt /o] AJeho] EehHgt w47} o] 48 Asofl FoF
& Z=of(Parketal,, 2005) 7]A] 171 H]&0] AR Ao 2 AlgEch
319, MSA-C 82| IPD 8230} 5 4-2o] u]3) A7) 73
2 /K9] T T vl &) LS5 T 714 T2k o] S-2f5t
A ik 94 714 71 ZolollA] igat vl o 719 71 s
TRV 7V AR 714 S 2 7S (Park et al, 2005)0]A4] 7]
Ao A5l (hypotonia) &

o) TR0 54 22 /1S 3 3 ] ok &
A2 YA 4 ek BeISH 0D e A 71

C A} +-0] IPD Er}of| Hlaf] 418t 71 0. 2 HotE] i) (Tykalova
etal, 2017). MSA-C ﬂX} 2 2 1313)9) x| e 57} VeG4
S8k % 728), 22307} % 463 WStol 23 9 RV R
e whol, IPD #1422 5268 thA] 952 WAT, Bgo
A A Z 7 AT k2 R E= 2L QR 057 .
TAH O, MSA-C B-oll A Beol 5 1KY A E
Ago gAEE 94 % 61312 7V w4k Lo
oI5 HRIoNA A A ot Aee s S8t A4
A7E El=t), HE oftE R QA EE R ET ) Ao Lo
A 75 /oFuhR= Q1A E= HIEo] oA Elth(Lee & Jung,
2000) A7, 4 26z 714 7] o)) ofut A A2
o7} Aojrl 7ol e 50 2 QlAsh= Hl&o] oA Hrk
(Lee & Jung, 2000). J18)5te], Heo] Aol 717 W &zlo] oL
= el 2 A 2 S WA 11%e] Ald= Ao
B4 erol wlaf 7k 714 H719) &5 o] AshEE Hhs
= 710 & HoltH(Choi & Choi, 2014). 423} t}20 & =2
£ 09l 288} 0 B Saky ol Al AL /k/sk AS
/i 7k2] T3] 7k Zdo] 2]} MSA-C BKA12o] 431 (+
msecz AN T F2119] 23.42 (+6.89) msec, TH715H ZRAE9)
27.28 (£ 1.55) mseco] HJ3f| ti-p- A3k o]o], MSA-C $ha}=oj| A]
e} 7 - waf 7} 23] o] Fo] A|A] ot BEol I B 7
A AR = tix e 24 4 tiFell ofste& BTk

https://doi.org/10.12963/csd.20772

Y BT 4

HH, IPD SRk

Z 7 AN kR TR EE @
3 ek 0.2 ok goplo s 48
o Srelulap) AR ElzkE B £raol vl
Al st ¥y elo|e] =gt 2fo| & 1
2 JERJTHKim & Kim, 2019). 18U, o|83tk
IPD $xb ol 7|48 28|27} &4 Bl whet 22
HES-S SAIBPLE HES ALl WA HRaHE Fo| 01374
TH(Tykalova et al, 2017). ESE W F-29] 25 &1 ARA||+= H|

Ao & 249 2) 715 ¥ $(range of motion, ROM)7k
sHA Eo] 254 Su)R] dAS HolA Hrk(Mcauliffe et al.,
2006). °]°ll, /€l/5 255 }% U Y &F See U 25
Hof| 2bds] HE5o1A] o2 Aol WS84 = o(Kang, Seong,
& Yoon, 2011), A]Z-2-0] 7702 tx] LF7F FegAl 2o
2 HOJt}(Kangetal., 2009).
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