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—ABSTRACT —

Background and Objectives : The purpose of this study is to investigate the effect of unvoiced segments on
cepstral analysis in patients with presbyphonia. Materials and Methods : A total of 381 participants (263 partic-
ipants with presbyphonia and 118 with normal voices participated in this study. The sustained vowel /a/ 2 sec-
onds and one sentence from ‘San-Chaek’ were edited and analyzed using the Praat script. Auditory-perceptual
rating was also performed by three raters. Results : All parameters except LHRatio V and extracted continuous
speech (EXT) showed a significant difference between the normal and the dysphonia groups. The normal group
showed higher cepstral peak prominence (CPP) and smoothed CPP (CPPS) than the dysphonia group. Addition-
ally, AP ratings of the normal group were lower than that of the dysphonia group. The correlation within the mea-
sured values ranged from —0.86 to —0.66. In continuous speech (CS), there was a significant difference of area
under the curve (AUC) between CPP and CPPS, but there was no significant difference in EXT. Conclusions :
Through this study, we confirmed the effect of unvoiced segments on cepstral analysis. By removing the un-
voiced segments, the measured values of the cepstral analysis showed an increase. Through further studies, we
hope to increase the accuracy of discriminating dysphonia by extracting the unvoiced segments. (J Clinical Oto-
laryngol 2019;30:68-76)
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erized Speech Lab(CSL, Model 4500, Kay Electronic,
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E(sampling rate) 44.1 kHz, A8 quantization) 16 bit
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Z351a, 2) AR Z2A £=71 1,500 Hz n]vto| L, 3)
Atk © A7) A 5371 035 0 2 9, 30 HEA
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<& AFEA (Pearson correlation coefficient)S A3}
Aot I3t & S 75| YIS receiver operating
characteristic curve(ROC) £4& AAJsto] W E
(sensitivity) 2} E©] = (specificity), 241 3} %G9 (area
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test'” & AT

Table 2, Fig. 3] A&
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WAE HERH .
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Fig. 1. Comparison of measured variables between normal and presbyphonia group. A : CPP_V. B : CPPS_V. C : LH-

Ratio_V.D : CPP_S. E: CPPS_S. F : LHRatio_S. G : CPP_EXT. H : CPPS_EXT. | : LHRatio_EXT.
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Table 1. Comparison of acoustic measurements and au-
ditory-perceptual assessments according to groups

Parameters Normal Presby p-value
Age 58.1£12.1 56.1+15.0 0.383
CPP_V 28.3+£3.6 19.7+3.8 <0.017
CPPS_V 17.5+2.5 11.0+£3.0 <0.017
LHRatio_V 6.1+1.3 6.1t1.4 0.851
CPP_S 23.4+2.6 18.4+3.3 <0.017
CPPS_S 13.6£2.3 10.0+£2.6 <0.011
LHRatio_S 6.0+t1.2 6.3+£1.2 0.022*
CPP_EXT 242+3.2 17.9+3.5 <0.017
CPPS_EXT 14.4+23 9.5+2.8 <0.017
LHRatio_EXT 6.3+£1.2 6.1£1.3 0.256
Grade_V 0.0+0.0 1.6+0.7 <0.017
OS_V 10.9£5.8 48.5+19.0 <0.011
Grade_S 0.0+£0.0 1.7+0.7 <0.017
OS_S 13.1£7.0 48.1+£18.7 <0.011
#* 1 p<0.05 T : p<0.01. Presby : presbyphonia, CPP_V :

cepstral peak prominence of sustained vowel, CPPS_V :
smoothed cepstral peak prominence of sustained vow-
el, LHRatio_V : L/H spectral ratio of sustained vowel, CPP_
S : cepstral peak prominence of continuous speech,
CPPS_V : smoothed cepstral peak prominence of con-
finuous speech, LHRatio_V : L/H spectral ratio of contin-
uous speech, CPP_EXT : cepstral peak prominence of
extracted continuous speech, CPPS_EXT : smoothed
cepstral peak prominence of extracted continuous
speech, LHRatio_EXT : L/H spectral ratio of extracted
continuous speech, Grade_V : degree of Grade on sus-
tained vowel, OS_V : degree of overall severity on sus-
tained vowel, Grade_S : degree of Grade on continuous
speech, OS_V : degree of overall severity on continu-
ous speech
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Table 2. Descriptive Statistics stratified by ‘Task’ and '‘Groups’

Task SV CS EXT
Groups Normal Presby p Normal Presby P Normal Presby P
CPP 28.3+3.6 19.7£38 <0.01* 23.4+2.6 184+£33 <0.01* 242+32 17.9+£3.5 <0.01*
CPPS 17.5+£2.5 11.0£3.0 <0.01* 13.6+£2.3 10.0+£2.6 <0.01* 144+23 9.5+28 <0.01*
LHRatio 6.1£1.3  6.1£1.4 0.851 60£1.2 63£1.2 0.022 6312 6.1+13 0.256

# . p<0.01. Presby : presbyphonia, CPP : cepstral peak prominence, CPPS :

smoothed cepstral peak prominence,

LHRatio : L/H spectral ratio, SV : sustained vowel, CS : continuous speech, EXT : extracted continuous speech

Task £3 SV E3 CS ES EXT

Task £3 SV EJ CS B3 EXT

Task E9 SV E3 CS B3 EXT

501 Anova, p=2.9e-15 50 Anova, p<2.2e—16 Anova, p=0.56
kokk ok ns
ns 40 12 ns
40 A — - 1
*okkk ns
L
30 *kkkok o
L ns =
% 30 1 % seokkok 33: 8 |
& i ==
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10 1

N% Cs
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EXT

A Ol

[
Task

EXT

©

Task

Fig. 3. Comparison of acoustic measurements according to

womn, 3 CPP7} CPPSELE 2 gHo 2 S35 lrkal
Hugo] B 1o Anke} o x|5keich Y | HRatio=

voice task. A : CPP. B : CPPS. C : LHRatio.

Table 3. Correlation analyses between acoustic variables
and AP ratings

QJee] ZHSo] 0~d00 Afolo] ZHE R Bz Elo] Tk 3] Parameters Grade_ V. OS_V  Grade S OS_S
CPP_V -086*  -0.85*

=7] w2l A H45h7] A A RS AL cpps v _086*  -086*
aFoith. LHRatiooll A #-9]ulgt 2to]7F Gepba] 952 | Hratio v -0.16 020
AL A 2IE oM SAGE0] Zobxl7] W& 2l CPPS -0.83*  —0.86*
Ao ek 4= Qlrh, 23 Afois A 215 CPPSS —0.80"  -0.84*
25}x] ok1 Atk 71 v WE ko] 2ol = ol s||of 3F A LHRatio_S -0.08 -0.14
olt}. MR E LHRatio SAAofe] Zmge  CPPEXT —-0.69*  —0.66*
Bkt Aridon Qugel Bojurkn muslg T ove o
o} J )24 ot e = Hek Zhelle foujgt 2k 6<0.0]
o7} Urebytkal Ad el AdES Syekct

EA, DapAo] mhE oA A E vlustdry.  7F FRH 02 A ste] EAIIE o2 A=
SVi= CSkth £ CPP, CPPSE WeHL, EXT+ CSE <laf F42 1H& AASH] Hrbe 2tz E£3HAIA
t} & CPP, CPPSE AH&3l4ith SV7F CSEYE 2 CPP,  HAEY B4 312 Ausiet” 2 o] Aat
CPPSE %= AL A ArsolA ol Ruxgl EEY 74 ?7&% Zﬂﬂﬁ_ o|% o AAEY F47
A S S &5t B4 A= WA o = AA HRo= v =2 CPP, CPPS 4k Yt gich
o} 7]&9 AES 2 A9t o] Praat AIAYER s & AAS= 7i°l 8% A 5=
dHA o7 FAL S AAG Aol ot A2 A 5 A =Rleh] 9laiA ROC F41 4]

74



CPP_EXT P
= > 067 5 g
3 3 04 I,
2 ooy e ROC cunes . 2Ty ey e ROC e
02+ . Optimal Cutoffvloe. 19 580 02 . Optimal ot vloz 21538
AUC: 0 873(0 839-0.908)  p < 0,001 AUC: 0.898(0.863-0.934) , p < 0,001
'Optmal Cuefoate. 13575 'Optml Cutfvalve™ 13279
0.0 AYC: 0.4450.5830.5%6). p < 001 0.0 AIC: 030TQ.S720.541 . b < 000
ofo 012 o.|4 0!6 ofs 1 .Io ofo 0!2 0!4 0{6 ois 1 fo
@ 1-specificity 1-specificity
Fig. 4. ROC analysis. A : contfinuous speech. B : extracted continuous speech.
& AAJSEATE AUCE helsto] 745 k& AlAsE o Aljke] Itk A3 Aol d-A7E =3 L
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test 27 CSellA| CPP, CPPS 7ke] AUCE frolmleh 2k AlA = Zlo] oty 7] wiizol AlgAdo] welet, 2ii2]
o|= BIa At EXTo A= CPP, CPPS{FE AUCE OS2 AIAT 4= 9= "84{o] AIAIHA] ekobA] 435
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