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A Study of Correlation Between Severity of Vocal Polyp and Acoustic Parameters

Ki Hwan Hong, MD, Yoon Soo Yang, MD, Jin Sung Kim, MD,
Jae Keun Lee, MD and Eun Jung Lee, MD

Department of Otolaryngology-Head and Neck Surgery, Institute of Speech Science,

Chonbuk National University, Medical School, Jeonju, Korea

Baclground and Objectives : Vocal polyp is the most common disease that causes hoarseness and its incidence is
increased currently. The purposes of this study are to investigate the correlation between severity of vocal polyp and acoustic

parameters and compare these data with those of the normal Korean.

Materials and Methods : We analyzed the acoustic parameters of sustained vowel for 70 vocal polyp patients and 20 normal
controls. A CSL (computerized speech lab) was used to carry out the analysis of the voice sample and statistical analysis was

used Spearman correlation coefficient & t-test.

Results : According to the conclusion of correlation analysis, 21 parameters of all the 34 parameters are significant.
Conclusion : These data will be served as basic data for the evaluation of postoperative assessment of the patients with vocal

polyp.

KEY WORDS : Vocal polyp - Acoustic parameters - Correlation.
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Z &% (pitch), A= (oudness), &4 (quality), %73
(flexibility) 5°] 77 Al A, 3%, 374, AT sl A%
#2498 Back® 1967 Yanagihara,” 1982 Yumoto
¥ 19843 Hiracka 5,” 1986\ Kasuya 50| B7

488 ol gale] FRARS PskiA Sig
1 Iwata

o=
j= ’

O

ol

Jel 22
19704 =W wgA]=(phonation quotient)

olgale] % FFEAWA EAE AN o)

R dle



SHEZH SEX+9 425

Azl 7o) 013l s19len, 19724 Iwata'? =
S A8 )4 7] B (pitch perturbation) 9)
A ABAFE F31 olE

ALAQA dHATE EA 3} correlogram) &

F yehhs 543 2o TRARS 7hEsluAl &)
et 249 9¥ (perturbation) & AR 08 =431
28] 1980 Horii'¥+ jitter?t shimmerE o]€3k0
o, 1989 Klingholz 5'*& W2 SAA 7% (ampli-
tude) 8] %7} 57155 & "kt 8%y, 19909
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o 2EZHATY HAAL A7 JoEFoR Ackdty S
AARE Al @Ak 708 (F 397, of 31%) & Ao
8}"* on, I7A%0] gl A% Y ZF 208 2T

o7 itk AFTY FAAHL 454101901, 214914
79A71A1 2] AREEE BIcE tlRTe] HFAHE 294
019131, 2344l)4 43xal7i}xl-ﬂ FEEE Bk 2 A
o] AR AHYFL 204 o= FAsIE, 1 ol
E ARE7I9) 231 Aoz SA9 BiEE A9sluAt sk
Qx4 Sith(Table 1).
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Table 1. Characteristics of subjects

AT gz

w 393 kil 104

a7 o 3173 o 109
Al 7093 Al 209

Age Rk 454 BEAH 294

AFEEL  21-794] dAFEET 23-434

Typo 1 I ] v Y%
17 17 17 12 7

Model 4400, Kay Elemetrics Corp. USA)& ©]€3}] &
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Table 2. Distribution of MDVP

A FHEH 332 Lol

tﬂ
LG 8 A9 23 Unit
Fo (Average Fundamental Frequency) Hz
To(Average Pitch Period) ms
P Fhi(Highest Fundamental Frequency) Hz
Ay a9 Flo (Lowest Fundamental Frequency) Hz
3 STD (Standard Deviation of the Hz
(Fundamental  Fundamental Frequency)
Frequency PFR (Phonatory Fo-Range in semi-tones)  Semi-
Information fones
Measurements)  7¢ (Length of Anatyzed sample) sec
SEG (Number of Segments computed)
PER (Total Pitch Periods Detected)
Fa7] 7)u Jita(Absolute Jitter) us
Zms Wo) Ba  Jitt(itter Percent) %
S4AGhort &  pAp (Relative Average Perturbation) %
Long-Term ! ) .
Frequency PPQ (Pitch Perturbation Quotient) %
Perturbation sPPQ (Smoothed Pitch Perfurb. Quotient) %
Measurements) vFo (Fundamental Frequency Variation) %
Zekr) 84 ShdB (Shimmer in dB) dB
A% W) B ghim (Shimmer in Percent) %
%7 (Short & . .
Long-Term APQ(Amplitude perturbation quotient) %
Amplitude SAPQ(Smoothed Amplitude %
Perturbation Perturbation Quotient)
Measurements) vAm (Peak-Amplitude Variation) %
e #d 29 NHR(Noise to Harmonic Ratio)
(Noise Related  VTI(Voice Turbulence Index)
Measurements) - gpj (et Phonation Index)
A4 B9 Fir (Fo Tremor Frequency) Hz
233 Fatr (Amplitude Tremor Frequency) Hz
Sremor o FTRI (Fo Tremor infensity Index) %
easurements
asureme ATRI(Amplitude tremor intensity index) %

&5 ¥
23] (Voice
Break Related

DVB{(Degree of voice breaks)

NVB(Number of voice breaks)

%

Measurements)

%‘%hgg;’]”‘“ DSH(Degree of %
(Subr?ormonic Sub-Hamonics)

ggg]rggnen’rs NSH (Number of Sub-Harmonic
Measurements) Segments)

ij%hgg%nics DSH %
(gubf:orm onic (Degree of Sub-Harmonics)

Somponents NS (Number of

Measurements)

Sub-Harmonic Segments)

499 B34
A 533
(Voice
Iregularity
Related
Measurements)

DUV
(Degree of voiceless)

NUV (Number of
unvoiced segments)

%
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S48 AR B 9% TEEE 94 Y AE
$J10191 Multi~Dimensional Voice Program (MDVP) £ o]
831 F 34709 S WE FESIH(Table 2).

4. Vocal polypd 27

ojr]QIZ T HF-2el B Aar} AT o] H 3
2 707 (LL 397, o 31%9) 9] FF WA ARlE F3
A 7NEE AL Pl ulebr 57k Hog B3
(Fig. 1).

N <

T FA71H0)A %k Pearson
AATA A7 ) 8w A A o]l fEE ¥4 7o,
B Aol g5 P (severity) ol upel E73 5
type@} MDVP Parameters®] 93438 Window-& SPSS
10.02 =2 739} Spearman Rank Coefficient 48 o]
SoIth t—tests= SHE F 7l B2 Fdke] AoE

75 i (groups t—test) ol4==t £ A7 Ay

xT2) v MS—excel 979 t—test® A28}
ik
S 3
1. 8083 ¥t ST Correlation 24 i

Ad8E2] ot 28449 Correlatione 413
7 F3470 sehlE F

L

]
217414 §letm, ¢ 2t

B8 - &8 FANS - 02 - 0128

Ztel| gt correlation ¥4 A} Wz A
Eloflx], ojae]
TH(Table 3).

157 v
A9 197 shelol f-oehAl vesk

1) NRFMS 2 ZYA

(1) Fo(Average Fundamental Frequency)

k10l Btk 172.44Hz01303, Type 1, 2, 3, 4, 59
A Bake) 22 165.86Hz, 160.17Hz, 153.03Hz, 145.76
Hz, 114.55Hz2A 42 #4947 598131 (p<0.05).

(2) MFo (Mean Fundamental Frequency)

AR S Hghe 172.42H2z01%011, Type 1, 2, 3, 4, 591
A Bagke] 2} 165.80Hz, 160.11Hz, 152.93Hz, 144.21
Hz, 112.67HzEA 43 2447 42815 0H(p<0.05).

(3) To(Average pitch period)

31132 Pitch period (sine—like waveZ} 181+ cycle &}
U2 8] pitch period2 31 7F AAshe AlRbe B
A& HehE Aoz, A1 Hitgke 6.26ms0]3L,
Type 1, 2, 3, 4, 594 BF#] 242 6.63ms, 6.83ms,
7.02ms, 7.49ms, 9.58msZA] A B2 43} fojstaivt
(p<0.05).

(4) Fhi(Highest Fundamental Frequency)

AA FollA 718 Fo7E 7P BE W] FAE B
T RAo7A, A HHgk 177.07HzoI3L, Typel,
2, 3, 4, 5914 BFfgkel ZH7t 176.17Hz, 171.86Hz,
164.87Hz, 212.81Hz, 148.83Hz2A 48 243} {9

1 Fig. 1. A : Type | of Vocal polyp, B : Type ||
of Vocal polyp, C : Type lil of Vocal polyp,
D : Type IV of Vocal polyp, E : Type V of
Vocal polyp.
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Table 3. Descriptive data on the acoustic variables for patient groups and control groups

. Fo(HD)* MFo (Hz) *

Subjects

M SD Min Max M . SD Min Max
Type 1 165.86 48.40 87.13 233.07 165.80 48.38 87.12 233.03
Type 2 160.17 46.80 90.55 237.74 160.11 4677 90.50 237.56
Type 3 153.03 38.93 84.40 219.69 152.93 38.91 84.35 219.68
Type 4 145.76 42,70 89.77 217.76 14421 4248 89.32 217.66
Type 5 114.55 37.00 71.79 181.86 112.67 33.38 71.77 169.62
Total 162.79 44,99 71.79 237.74 152.28 4490 71.77 237.56
Control 172.44 47.27 111.44 245.99 172.42 24599 111.44 47.27
Subjects To(ms)* Fhi(Hz)

M SD Min Max M SD Min Maox
Type 1 6.63 2.23 429 11.48 17617 52.74 88.84 247.06
Type 2 6.83 219 4.21 11.05 171.86 52,06 95.95 260.40
Type 3 7.02 206 455 11.86 164.87 4111 89.94 227.66
Type 4 7.49 213 459 11.20 212.81 141.85 100.44 601.13
Type b 9.58 2.90 5.90 13.93 143.83 80.28 74.76 31040
Total 7.21 2.33 421 13.93 176.43 76.21 74.76 601.13
Conirol 6.26 1.77 407 8.97 177.07 917 113.21 248.22
subjects Flo(H2) STD (Hz)

M SD Min Max M sD Min Max
Type 1 157.02 45,55 84.85 222.48 2.90 1.47 071 517
Type 2 150.48 42,76 84.07 216.50 3.04 1.50 0.90 655
Type 3 142.09 38.62 79.18 21418 3.47 2.07 0.99 10.59
Type 4 129.82 38.91 69.91 203.31 7.36 8.33 0.94 26.02
Type 5 94.91 19.83 67.32 120.97 9.76 16.73 1.33 47.20
Total 140.93 42.98 67.32 222.48 452 6.56 071 47.20
Control 167.90 4590 109.72 243.73 1.42 0.58 0.66 2.64
Subjects PFR(semi-tones) T Tsam (sec)

M SD Min Max M SD Min Max
Type 1 3.00 1.00 1.00 5.00 3.00 0.01 2.99 3.03
Type 2 3.24 1.09 2.00 6.00 3.00 0.00 3.00 3.02
Type 3 3.76 1.60 2.00 8.00 3.00 0.01 299 3.03
Type 4 7.75 7.96 2.00 29.00 3.00 0.01 299 3.03
Type 5 6.57 591 2.00 18.00 3.00 0.01 2.99 3.04
Total 441 4,19 1.00 29.00 29.00 0.01 2.99 3.04
Control 1.90 0.55 1.00 3.00 3.00 0.00 2.99 3.01
Subjects SEe PER”

M SD Min Max M SD Min Max
Type 1 99.41 0.51 99.00 100.00 495.88 145.75 260.00 696.00
Type 2 99.71 0.47 99.00 100.00 478.12 140.02 269.00 711.00
Type 3 99.65 0.61 99.00 101.00 454,94 115.83 253.00 657.00
Type 4 99.58 0.51 99.00 100.00 410.75 139.49 234.00 652.00
Type 5 99.86 0.69 99.00 101.00 268.43 124.25 31.00 383.00
Total 99.61 0.55 99.00 101.00 444,29 146.04 31.00 711.00
Control 99.50 0.51 99.00 100.00 5156.35 141.64 333.00 734.00

* 1 p<0.05, T:p<0.01
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, Jita(us) T Jitt (%) 1
Subjects
M SD Min Max M sD Min Maix
Type 1 94,01 51.32 26.01 210.46 1.58 0.95 0.37 3.05
Type 2 119.56 68.97 21.31 320.88 1.80 0.90 0.45 3.70
Type 3 138.80 61.74 22,97 240.15 2.03 0.87 0.87 3.55
Type 4 243.58 124.21 82.00 400.66 341 1.79 0.83 7.48
Type & 378.83 36801 57.89 1170.10 5.06 6.70 0.73 19.85
Total 165.22 156.41 21.31 1170.10 2.40 248 0.37 19.85
Control 33.47 12.33 9.16 57.58 0.56 0.24 0.23 028
subects RAP(%) T PPQ%) T
M SD Min Max M SD Min Max
Type 1 0.95 0.57 020 1.82 0N 0.56 0.22 1.82
Type 2 1.08 0.55 0.27 2.29 1.04 051 0.25 2.06
Type 3 1.21 0.53 0.31 213 1.20 0.53 0.29 2.12
Type 4 2.05 1.09 1.09 443 1.99 1.01 0.52 4.35
Type 5 292 372 0.45 11.06 3.02 413 0.42 12.19
Total 1.43 1.4 0.20 11.06 141 151 022 12.19
Conttol 0.33 0.15 013 059 0.33 0.13 0.13 0.55
, SPPQ(%) vFo(%) '
Subjects
M SD Min Max M SD Min Max
Type 1 1.13 0.49 037 1.81 1.71 0.69 0.60 3.07
Type 2 1.24 0.50 039 215 1.88 0.64 078 2.75
Type 3 1.49 0.66 0.38 3.34 2.31 1.17 0.77 6.05
Type 4 259 1.78 0.59 6.96 4.85 490 0.92 16.03
Type & 1.68 0.76 0.70 3.01 6.45 8.83 1.21 25.96
Total 1.55 1.02 0.37 6.96 291 3.71 0.60 25.96
Control 0.52 0.15 0.21 0.78 0.82 023 0.34 1.39
‘ ShaB(dB) ' shim (%)
Subjects
i SD Min Max M SD Min Max
Type 1 0.23 on 0.10 0.44 257 1.20 1.13 5.10
Type 2 0.29 0.15 0.10 0.61 3.25 1.71 1.19 7.05
Type 3 0.36 0.26 0.13 117 4,04 2.83 1.49 12.94
Type 4 0.58 032 Q.19 1.04 6.27 3.4 2.23 10.61
Type & 0.94 153 0.23 439 10.04 16.03 2.59 46,32
Total 041 0.54 0.10 439 4.47 5.64 113 46.32
Control 0.13 0.05 0.06 0.26 1.54 0.58 0.7% 298
, APQ(%) T SAPQ(%)
Subjects
M sD Min Max M sD Min Max
Type 1 1.92 079 0.94 3.56 3.75 2.14 2.06 11.26
Type 2 2.35 1.04 0.85 4,31 3.82 1.27 1.30 6.74
Type 3 2.83 191 1.09 8.83 4.03 2.62 117 12.33
Type 4 4.49 242 1.53 8.57 6.56 4.25 2.14 15.02
Type 5 6.38 9.13 1.81 27.00 4,22 1.93 215 7.14
Total 313 - 3.37 0.85 27.00 4.36 2.70 1.17 15.02
Control 1.14 Q.31 0.59 1.82 222 0.62 1.39 3.87

*: p<0.05, T : p<0.01
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Table 3. Continued

) vAm (%) NHR*

Subjects

M SD Min Max M SD Min Max
Type 1 10.70 559 446 23.76 0.12 0.03 0.07 0.16
Type 2 11.15 5.66 5,01 26.82 0.13 0.03 0.06 0.17
Type 3 12.44 7.55 3.47 31.79 0.12 0.04 0.05 017
Type 4 16.06 8.43 5.46 29.93 0.17 0.09 0.07 0.35
Type 5 16.563 15.31 490 48.19 0.21 0.19 0.09 0.64
Total 12.73 8.04 347 48,19 0.14 0.08 0.05 0.64
Control 713 3.10 16.01 7.13 on 0.03 0.06 0.16
Subjects v S

M SD Min Max M sD Min Max
Type 1 0.04 0.02 0.01 0.08 21.99 13.65 10.68 58.34
Type 2 0.05 0.02 0.02 0.09 19.30 12.07 3.23 4712
Type 3 0.05 0.02 0.02 0.09 19.24 7.94 6.18 32.76
Type 4 0.06 0.03 0.02 0.13 18.76 7.26 10.01 34.84
Type 5 0.06 0.18 0.03 0.05 23.64 12.75 10.16 4099
Total 0.05 0.03 0.0 0.18 20.28 10.81 323 58.34
Control 0.04 0.01 0.02 0.06 14.20 7.92 592 40.74
Subjects Fftr (Hz) Fatr(Hz)

M SD Min Max M SD Min Max
Type 1 463 2.09 212 9.76 3.93 127 2.02 5.48
Type 2 406 217 2.04 9.76 462 1.61 2.45 6.78
Type 3 463 2.80 2.03 10.53 3.78 1.53 2.53 6.78
Type 4 6.21 2.50 245 10.81 5.07 2.36 272 9.52
Type § 556 2.4 2.84 8.16 226 1.51 0.00 3.03
Total 488 2.46 203 10.81 412 1.80 0.00 9.52
Control 482 2.00 2.16 10.26 407 2,08 244 8.33

_ FTRI(%) ATRI (%)

Subjects

M sD Min Max M SD Min Max
Type 1 0.32 021 0.04 071 3.40 261 0.89 7.52
Type 2 0.44 028 0.10 1.13 4.56 1.38 2.69 648
Type 3 0.55 0.52 on 223 434 2.70 0.20 7.90
Type 4 3.02 7.73 0.18 26.30 513 3.53 0.54 10.01
Type & 0.77 041 0.41 1.36 3.30 260 0.98 6.11
Total 0.90 322 0.04 26.30 425 1253 020 10.01
Control 0.23 013 0.03 049 271 1.41 1.13 526
Subjects DVB(%)* NVB*

M SD Min Max M SD Min Max
Type 1 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00
Type 2 0.09 0.37 0.00 1.52 0.12 049 0.00 2.00
Type 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Type 4 2.80 5.42 0.00 15.37 1.58 3.55 0.00 12.00 -
Type 5 13.34 35.30 0.00 93.40 0.71 1.89 0.00 5.00
Total 1.84 11.36 0.00 93.40 0.37 1.65 0.00 12.00
Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

*1p<0.05, T:p<0.01
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) DSH (%) NSH

Subjects

M sD Min Max M SD Min Max
Type 1 1.84 5.64 0.00 23.23 1.82 558 0.00 23.00
Type 2 2.06 6.57 0.00 27.00 2.06 657 0.00 27.00
Type 3 0.84 2.1 0.00 8.33 0.76 1.82 0.00 7.00
Type 4 1.71 5.60 0.0 19.48 1.33 431 0.00 15.00
Type 5 1.79 472 0.00 12.50 0.14 0.38 0.00 1.00
Total 1.62 506 0.00 27.00 1.37 4.63 0.00 27.00
Control 0.05 022 0.00 1.00 0.05 022 0.00 1.00
Subjects DUV (%) NUV T N

M SD Min Max M sD Min Max
Typel 0.18 0.73 0.00 3.03 0.18 0.73 0.00 3.00 17
Type 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 17
Type 3 1.24 390 0.00 16.00 1.24 3.90 0.00 16.00 17
Type 4 11.86 16.43 0.00 47,00 11.83 16.41 0.00 47.00 12
Type 5 16.86 33.57 0.00 92.00 16.86 33.57 0.00 92.00 7
Total 4.06 13.48 0.00 92.00 4.06 13.47 0.00 92.00 70
Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Q.00 20

* 1 p<0.05, 1:p<0.01

s ek

(5) Flo(Lowest Fundamental Frequency)

QA FolM 718 Foe7t A e W) X5 By
= AoFA, AARIE BEEkE 167.90Hz01904, Type
1, 2, 3, 4, 591X Fdgtol Z7} 157.02Hz, 150.48Hz,
142.09Hz, 129.82Hz, 94 91Hz=A A4H ¥4459 §-9)
3 (p< 0.01).

(6) STD(Standard deviation of Fo)

718 Tl BFE BAE BOFE JloRN BE5E
749 gl Erth AAdele] BERRS 1.42Hz0190,
Type 1, 2, 3, 4, 5ol Hatgke] 2427} 2.90Hz, 3.04Hz,
3.47Hz, 7.36Hz, 9.76HzEA] Abk 2449 §2)51x] &
STk

(7) PFR (Phonatory Fo—Range in semi—tones)

Fhi¢} Flo Alele] 7HAE Hhg(semi—tone) o] 7H5E B
AFE FAEA, AN HAghe 1.9001% 1, Type 1,
2,3, 4, 5ol Batgre] 242t 3.00, 3.24, 3.76, 7.75, 6.57%
A A FAA 7 525 THE<0.01).

(8) Tsam (Length of analyzed sample)

4% sample®] ZolE LT 202A, AUL
X33t Type 1, 2, 3, 4, 5 EFolA FEHL 3.00sec
2 vEhgon 3 ¥4 f251A &9

(9) SEG (Number of Segments computed)

LTA &4 A Jepths segments F55 vehlls A
o gA AARIS) HFFEE 99500193, Type 1, 2, 3, 4,
5olA Hatgkol 42 9.41, 99.71, 99.65, 99.58, 99.86
B2A AR 2AET Fo8kA th

(10) PER(Total pitch periods detected)

Pitch period®) &4 Yellle 2024 To% PERS
w3t A sample?] Zo] Ajzto] veRdT A1)
FEE 515.3501%1aL Type 1, 2, 3, 4, 594 Hetgko] 2
ZF 495,88, 478.12, 45494, 410.75, 268.43%4 A
A4 F5-28150tHp<0.05).

2) B-E| T2 FWA o] M A

(1) Jita(Absolute Jitter)

Pitch period$} period?t &5 wole] 7A . B4t
e AdH oz Hrishs HeloRA, ARl B ghs
33.47us°]QL, Type 1, 2, 3, 4, 5ol HFgto] 2z}
94.01us, 119.56us, 138.80us, 243.58us, 378.83us®E
A 2 423} 59135 0Hp<O.0D).

(2) Jitt(Jitter Percent)

Pitch period$} period?t &% wHole] FFAA] - B
g AdA e 7 Hrlshs Mo R A, Al Highe

0.56%°12903%, Type 1, 2, 3, 4, 50llA] Bigko] 42t 1.58%,
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1.80%, 2.03%, 3.41%, 5.06%2A] 48 £A23 525}
ATHp< 0.01).

(3) RAP (Relative Average Perturbation)

Pitch period 37} o] Welxe] Sx Wo] Hxef disl 4
o7 Frkshs WA o 2A, AN Bk 0.33%
013132, Type 1, 2, 3, 4, 594 Fgte] ZH} 0.95%,
1.08%, 1.21%, 2.05%, 2.92%=A 73& 247 {23}
ATHp< 0.01).

(4) PPQ(Pitch Perturbation Quotient)

Pitch period 571 o] Welxg] &% o)l Hxe) s
AdiEoE Frishs WA, RIS HHakS 0.33%
o]y, Type 1, 2, 3, 4, 5904 HH3kel 24 0.91%,
1.04%, 1.20%, 1.99%, 3.02%2A 43 443} {93
ArH(p<0.01).

(5) sPPQ(Smoothed Pitch Perturb. Quotient)

PPQS} A1t 7ol Pitch period) 45 AR &
A AR lon 27] AR 55%1dl 1~19971R] &
Ag 4 9y, 1 5 1% 3P sPPQE Jitte} 24 =,
320% 3} RAPS} 2olA| 1, 5% 31 PPQ3} 2ozt 3
8R19] B 0.52%°10L, Type 1, 2, 3, 4, 5904 HHF
ol 242+ 1.13%, 1.24%, 1.49%, 2.59%, 1.68%F2A %
T AT {283 oHp<0.01).

(6) vFo(Fundamental Frequency Variation)

712 Fupe] Al RFAAE RoFEd, 71
Fopre] Hojof] tis] BT A 02A, AN Hit
2 0.82%°130 11, Type 1, 2, 3, 4, 594 B gkl Zz
1.71%, 1.88%, 2.31%, 4.85%, 6.45% 2~ A £A44
3 8l Th(p<0.01).

3) F-H ¥ Y= Mol A FYN

(1) ShdB(Shimmer in dB)

Pitch period®} period?t 24 Z % Wole #3234 - &
TANE JFog Frlshs QO EA, Adele] B
2 0.13dBoI) A, Type 1, 2, 3, 4, 594 Hgto] 2
Z}+ 0.23 dB, 0.29dB, 0.36dB, 0.58dB, 0.94dB2A] A%
43 {55 Hp<0.01).

(2) Shim (Shimmer in Percent)

Pitch period®} period?t 4 7= wole] 734 - B
TANE Aoz Frlsh= ¥ e EA ShdB9} Z
Mdolvt FHE BE 2= Ro] b2}, 324119 HH gk

2 1.54%°13903, Type 1, 2, 3, 4, 544 Btel 242
2.57%, 3.25%, 4.04%, 6.27%, 10.4%3A 43 £242
I} #2515 tH(p<0.01).

(3) APQ(Amplitude perturbation quotient)

Pitch period 1171 Zo] Wolx2] &4 A% ol A
Tof gisl) iAoz Frishs Qo RA, BRI B
W 1.14%°1303L, Type 1, 2, 3, 4, 5904 Bzke] 242
1.92%, 2.35%, 2.83%, 4.49%, 6.38%%A] 3% 2494
7} FsiTH(p<0.01).

(4) sAPQ(Smoothed Amplitude Perturbation Quo-

tient)

APQS} A Aldelt pitch period®] & AHEA}
AR AT 5 Q3 27) AP 55908, 1~199744] 24
& 4= glon 1 8 12 31 sAPQE Shim¥} A =,
112 3hd APQs} 2ot At} 3311 Bagke 2.22%
ol Type 1, 2, 3, 4, 5914 Fzkol 22 3.57%,
3.82%, 4.03%, 6.56%, 4.22%=2A] A 24483} F2)5HA]
=g

(5) vAm (Peak—Amplitude Variation)

AH3) 3 cycleztd] S4 A WHoldl tist BFAAE
AEog HAFE Ao EA, AN Fiake 7.13%
o], Type 1, 2, 3, 4, 594 F#gke] 22 10.70%,
11.15%, 12.44%, 16.06%, 16.53%24 A& 4243

frelaha ik
4l

(1) NHR (Noise to Harmonic Ratio)

70~4,500Hz Alolell EAllsk= ¥is#t 1,500~4,500 At
olo]| ZAsl= v]AAMS (inharmonics) 7+ B]-&2] Bt
AE BAFE Zo2A FAAY FHAgk 01101312,
Type 1, 2, 3, 4, 59l Fdgte] 224 0.12, 0.13, 0.12,
0.17,0.21 24 A% 2447 {283 th(p<0.05).
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(2) VTI(Voice Turbulence Index)

70~4,00Hz Alolel| EAtsh= viS-3 2,800~5,800Hz A}
olefl EAll3k= g7t ¥ &2 BHERAE HojFe= A
o g4 ARG HHEEE 0.040193, Type 1, 2, 3,4, 5
oA Hgtol 22 0.04, 0.05, 0.05, 0.06, 0.06°.2A
4 B folEkA st

(3) SPI(Soft Phonation Index)
70~1,600Hz A1e]9] Aol EAlsk= wllk-olLiA] (har-



monic energy) % 1,600~4,500Hz Ale)e] mFakro] &
Ash= vi2-od =] (harmonic energy) 7He] H-&-S HolF
T Ao RN, AL HaS 14.200130%, Type 1, 2,
3, 4, 5ol Bargte] 22k 21.99, 19.30, 19.24, 18.76,
23.647A4 4T AT o8k sttt
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(1) Fftr Fo Tremor Frequency)

S MZ(frequency modulating, FM) ® #1535 &
& F, 7P odUAt & FuE BAFE oz, 4
AAR1e] Bk 4.82Hz010 a1, Type 1, 2, 3, 4, 5914 3
#gke] 242 4.63Hz, 4.06Hz, 4.63Hz, 6.21Hz, 5.56Hz
B2A A FAET Fo8k] skt

(2) Fatr (Amplitude Tremor Frequency)

Z2 ¥ Z (amplitude modulating, AM) ¥ AFal,Q A
%, 7P iR  FoE RAFTE Ao2A, Al
ol AAZE 4.07Hz0190 1, Type 1, 2, 3, 4, 5o\ BF%k
o] 217} 3.93Hz, 4.62Hz, 3.78Hz, 5.07Hz, 2.26Hz2A A}
¥ 28 FosR] ekgth

(3) FTRI(Fo Tremor Intensity Index)

Fokr AzE Agat Q4 F P oluRAIYY & Fuke
9] A7} AA| Fal olulx] F 2R B HlES BT
= AORA, 23919 Ak 0.23%°1903, Type 1, 2,
3, 4, 59llA Hzgkol 242t 0.32%, 0.44%, 0.55%, 3.02%,
0.77% %A &3 F447} 12813 0Hp<0.01).

(4) ATRI(Amplitude Tremor Intensity Index)

FZ Axd AFa 4 F, 7P YAt 2 Fuleg)
U7} AA) Sk euR] F AR|She vlES BT
RO 2, ARl FEghd 2.71%°1%03, Type 1, 2, 3,
4, 504 gkl 242t 3.40%, 4.56%, 4.34%, 5.13%,
3.30% 2] g AR Folehx) sl

6) YU ZYN

(1) DVB (Degree of voice breaks)

A sample Z°] F SA4YEo] eR = dolY vl
& RolFE oA, ARl FHFHS 0.00%°190%,
Type 1, 2, 3, 4, 5914 Fgzke] 242 0.00%, 0.09%,
0.00%, 2.80%, 13.34%=A] 4% T2 7 Felasich

(2) NVB(Number of voice breaks)
S dgo] Yeh= 345 Hoja= Wo g, AHAt
Q18] HA#2 0.00%0)%31, Type 1, 2, 3, 4, 5ollA] Bgk

SI/& - Y22 - JNE - 012 - 0/12F
o] Z¥z} 0.00%, 0.12%, 0.00%, 1.58%, 0.71%5A] A
249487 583 tHp<0.05).

7) Subharmonics & FFA|

(1) DSH (Degree of Sub—Harmonics)

A sample 4°| & sub—harmonics?} YERE o]
o] Bl&E BT ZA0EA, A1 BgkE 0.05%°]
A, Type 1, 2, 3, 4, 514 Bdgte] 42 1.84%, 2.06%,
0.84%, 1.71%, 1.79%2A] 33 227 {2584 stk

(2) NSH (Number of Sub—Harmonic Segments)

Sub—harmonics7t YeRd S48 HolF= HAORA,
A1) gk 0.0501%1%, Type 1, 2, 3, 4, 5o Bt
o] zHzh 1.82, 2.06, 0.76, 1.33, 0.142A4 A4 ¥47
7 FrelshA) sk,

8) &89 Ny HE FYN

(1) DUV (Degree of voiceless)

AA) sample o] Z 71 F357F SR & non—
harmonics7} YER = Ao)9] Hl&E& BoFE A0 RA,
42dele] B gk 0.00%13032, Type 1, 2, 3, 4, 594
HBgke] 42 0.18%, 0.00%, 1.24%, 11.86%, 16.86%
2A A7 2AAH Fel el (p<0.01).

(2) NUV (Number of unvoiced segments)

Voicing®] FA %2 non—harmonics7} Uelt 345
HojFg= wil o 2A|, A1) Hrak 0.0001%1%, Type
1, 2, 3, 4, 5ol Feigke] 217} 0.18, 0.00, 1.24, 11.83,
16.862A] A #4147 #4351t (p<0.0D).

2. NS BAZM T3S B

Hla Ad}, F 3470 seple] F 2270 (Flo, STD, PFR,
Jita, Jitt, RAP, PPQ, sPPQ, vFo, ShdB, Shim, APQ,
sAPQ, vAm, NHR, VTI, SPI, ATRI, DSH, DUV, NSH,
NUV) oAl e 8bA Jebstth(p<0.05).

=1
Mt

A EEL A5AA 3499 Fopargot Fed 2y
%, $AE AMgshe Wil 23E W)eH

FE 7IAEE ZoF AAAE 7 dge s o

o &3] HaA Brk? AEEe oo F54er?

ofde HZRE o= 3717F AR sl st E

el 2 Ao AR A7), AEd &5 AR 1%



X
1% Ful Jitter, Shimmer 52} 704
X3 9L e B2 4 Eaee 4
59 whde] Qlo] ¥71983 AL A 8388 AAe] &
Al RIS ZY, BE 5718, jitter, shimmer,
NHR 5°] E8°] He 207 2us3ich
AREY F71ee] EE49 jitters AR5
71¢] mE H3E 8499 roughness$t B A=

mo ¥

=
52 ST 1, 1FA5EA SAsE AS53)

Rox A Stk AiREe F7)nitte
A5l EAAQ shimmers 9424¢ F715 719 ¥
T XE Aoz AolFojx|n, AZ yguozRE &4
Holdh? ol% % jitters} shimmers F2 Ao gt
4 (vocal stability) & AHE = Ao 7 Aoizte] v|hA
3, F71559 ol Ad o AAAL) 24, 2R &
Z Tl s AVle Ao FHHY WA AdeoiA 3t
o] Z71ETE? AT el ek AA ouIXzk
2l 21T o34 (signal to noise ratio) = Gule FES o)
£3l1 FI S8 AT AdEYN FEs]) 4T
T e GO HISE APl Y e Ao Y B
g dEsel Ba=o] N jitter 9} shimmer b &

Hol= AdEAdoNA Bele 8449 ol g 93
F23l817] A8 Koike? &= RAP, APQ, PPQ 5 A2
SARTES aVNEI8ITE RAPS} PPQ= absolute jitter
BA grog, AdRAelA vERR= pitch] Alzlel] w}
“smooth change” & wWiAstx 2492 B (pitch per-
turbation) ¢l thalo] 71EFoe] e £0)7] Y] 1t
¥ Zo|11, shimmers} 4oid 711 APQE v7EA] 9ju]
Z PP RAP, APQ, PPQE THE tjHEe] 84
AFAY PRI -8A40) "o 9E = 9l B
7 Ak 2AM59) screening parameter® AREE0]
Ay, FFAS e X5 AT A o

(o3

(it lo o nle

& FARTAE B2 5FE T AFE deA doh?
£ A7elME AeFe] Fdat ST AWdE b
A 913 MDVPS] 3470 Wrel tidt Aads

Au g 12} 8199EH|, Fo, MFo, To, Flo, PFR, Jita, Jitt,
RAP, PPQ, sPPQ, vFo, ShdB, Shim, APQ, NHR, FTRI,
DVB, DUV, NVB, NUV, PER®] 217} ®i5=ol] 9lojA] &
O3he & = IStk V18 o AR B SYAY B
ZolA #351A VeRt 22 Fo, MFo, To, Flo, PFR, PER
oA, ol% F 7P Fa3 W Fox dil B4 4%
YA 100~130Hz, 34 190~230Hzo E¥F )
£ AelME AdeFe] ool AaldsS Fo w471 %
oS & 4 3tk A-w] V1E i ol B &
x]9] M4l Jita, Jitt, RAP, PPQ, sPPQ, vFox 25 #9
s Ueldth 018 F 7FE S8 W49 Jitte] A9
E 1.04%2A ESAF Auixlsel o8 2dd 24 B
E 1.04%55 24 Yehb? B AFNE Zgdx|
B} 37 Jelskon, U] ogo) A E Jittd)
F27) FobdE & 5 Uitk

B &4 A5 Wo| B S| g FolA] <
A ViERE 21 ShdB, Shim, APQItE Shim®] 4]
= 3.81%°1H, clear voice®} 72 F = 492 A
2.0% olslolth?? B M= AugFe] Wdel A8l
AFE JAARAE o A7 dsshe 2 ¢ A
ol APQ= tiAIZ 71244 S04 ool e A% 1
27} F7¥el 1 $A7F S7R A F717 o
Arks AL Sk A B AFoe 4usF
o] AsidRE AYGRE oo} A7 dsshe A
< & & 93drh

e B FA 2 A FoA FoshA vERd A
NHRZA], X3 24 tiido] & &4 ARl &
Aol 3l A F= A0 0162 2A3p7| AFelE 1]
A 7eo) ) AlFs 42 B Qe
BlgE2] Fdo) AsAFE ZFAXE Hov A7
Agdhe RS 4 4 Utk WA B FAX]2] g ol
A FrolaA JeRd AL FTRIZA, B dFoldes A
Z2] oFgo] AASFE AR E Holuv F7F sk

9 43

A rlo

99g ¥ 539 WFelME DVB, NVB € o
98 272 Ve on], DVBY AARGAE 0o, 23
olgtz dge] vehbd vt 270 &S gulske A
ojH, NVBE 24 Ygo] Uehd 358 HoFE #Helow,
o] 3] A7} 00w * & AFelM DVB, NVB &
T AdEFY o] AEdsE JYIAE Holut 2]
7} Assle AL 4 4 9)9th Sub—Harmonics ¥ =
Ax o] AgoMe F23 98 JeE BT Stk
49 BN #3 F3X9) ¥igeldE DUV, NUV &




o folg AR Yeplon), 2
hase) o] Asjase
e,

AT F s BT 4

= S} e Ae 4 5

H
=

rHu

AUEES Pt ST YeEiE AEEAE v
A A AugE2] okl SFR AaaAE A
#H o7 FrIE AvE SAolAd tist AE Ao}
88 F a3 Yo 71EAEE o] = Y A

= A7,
a0 B does -
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