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—ABSTRACT —

Background and Objectives : The purpose of this study was to compare the measured values of acoustic and
auditory perceptual assessments between normal and functional dysphonia (FD) groups. Materials and Meth-
ods : 102 subjects with FD and 59 normal voice groups were participated in this study. Mid-vowel portion of
the sustained vowel /a/ and two sentences of ‘Sanchaek’ were edited, concatenated, and analyzed by Praat script.
And then auditory-perceptual (AP) rating was completed by three listeners. Results : The FD group showed
higher acoustic voice quality index version 2.02 and version 3.01 (AVQIv2 and AVQIv3), slope, Hammarberg
index (HAM), grade (G) and overall severity (OS), values than normal group. Additionally, smoothed cepstral
peak prominence in Praat (PraatCPPS), tilt, low-to high spectral band energies (L/H ratio), long-term average
spectrum (LTAS) in FD group were lower than normal voice group. And the correlation among measured values
ranged from —0.250 to 0.960. In ROC curve analysis, cutoff values of AVQIv2, AVQIv3, PraatCPPS, slope, tilt,
L/H ratio, HAM, and LTAS were 3.270, 2.013, 13.838, —22.286, —9.754, 369.043, 27.912, and 34.523, respec-
tively, and the AUC of each analysis was over .890 in AVQIv2, AVQIv3, and PraatCPPS, over 0.731 in HAM,
tilt, and slope, over 0.605 in LTAS and L/H ratio. Conclusions : In conclusion, AVQI and CPPS showed the
highest predictive power for distinguishing between normal and FD groups. Acoustic analyses and AP rating as
noninvasive examination can reinforce the screening capability of FD and help to establish efficient diagnosis
and treatment process plan for FD. (J Clinical Otolaryngol 2018;29:212-222)

KEY WORDS : Functional dysphonia - Acoustics - Praat - GRBAS - CAPE-V.

E=EAS4Y 120184 9 14 / =E,AY 120184 109 15Y / AAEEY : 2018 119 4
WAAR}: BB, 46241 FARFAA] FAF FAljst 2637 2 Faldfstal QIR i3} Qlojgd 2shat
73} (051) 510-2003 - A< (051) 582-0572 - E-mail : sbkwon@pusan.ac.kr

212



PO

N
olr
12
oN

ol (functional dysphonia, FD)= G-%%]
Hejehd o] gle 7ol A
Shr, g At oA AR
T2 }Ag Y 7180 EA 7t

R ECEECIEERL

3l
e o
ox oX

o dlo

2 ox
i Loy
ud 0

of
—

oX
o
==

s

L g

o
X
—
o
2
~
=l
N
(20}

o 22 ¢
it
ox,
o\
i

1o
N
%

ot
of

N
4
E
ult)
I
o
M
1o
ne
o
oM.
U pd
ol
i)

o
-
ot

o B
)
lo
N
ol
2
alles
2
_‘>i
2
10
olN
%)
o

o T
2
rlr
o
Jud
2
o
ll
~
o
N
H-l
N
N,

>
>
)
L
)
K1
ofi
ol
H
N
il
=
=
o o

= i o
RE R R
Lo N
Ogroéo]r
Lo

Tg‘ul

e ox

ox f & ff Lo of
fo
ro
o
4
~
cht
O
=

T
x

)

oo o -'?:-
[
e
oo

N
;
N
ofr
X
40
Y
i
Ho

N ﬁl‘
30
o
(RO
Mo
0%
=
ol

2
& of
»

4> o
g0
rir

of

—~

muscle tension dysphonia) & H&3s}
SN E 23871 7] dlel 71
offeh= Ak Mo L3l Zhzke] A
(diagnostic label)7} ¥ Q184 o] A A (etiologic
heterogeneity) 2 W3Z3}i A4k o5 Aghe 2o
2 che T gelsty gahyol Bumsict, ol
AT A #F= T dAA7HY 7V, BEE AL
H}, o] g3t 7154 SN E A= oA Est
A 44 gt

0O

e

2oy o jo M omofoofr N
o of

oor L AN N oy

2o
o

Bl o

s

N
or
0z
gjo
0z

Yal
=)
10
2al
[l
1o
o
gjo
0ok

Q'E

bl

J
J

CERHH Et

40

o &
& Ae] Hidol = 7154
| 495E 20189 19717

—{II o,
>,
o,
go of
D)
xR T
o
o
=
-0,

A} 10279 (59.4 £ 12,540 k. A 599 (52.9
9.1A) TEYWA A Ao FHaE|= Bwo] ¢la

gohE B3 g AYES BhOR FFUA
790 FE AERNATS] AAE ARl HE
37 52 FAHe] 27 Holx) 9 LA A
= G4 U919 gol ZRE T SIS Baaka o
o AR BRst,

715A SAAl Hehe T, A7, T
314 50| glol £4YoNE EhT: YAAER B
Fohe). £ ode] EFH 715H SR} AAES
234 WA 66, 7T A 239, STkt
AT 2) 9, T o4 4rolgict. T AT miE
olaha) 44 9 9 A7H Adto] gl ARES
Aoz st
eiTo| Mz}
f=PS EX=2
{=] =]

3

=22 oA & W {320l A Computerized
Speech Lab(CSL model 4500, Kay Electronic, USA)
3} AR GA upo] 3.1 Shure SM48(Shure Inc, USA)
5 AHESt 5okt g A Ak B
H717de A o FEw syt 53 A
23]9] dA5S St E AAISHRlAL, 2

o
2
<
oo

KR
Aate] ALY, 471
(06372 B HER 9]

=% 44.1 kHz, %43} 16bit, wave| ich.

njo
ox
I
o

S/3ME et S, XA FrHE AslA
REAA Y AMET 2467 MES AEste e
23X Z(concatenated voice sample) 2 1433} %L}

213



J Clinical Otolaryngol 2018;29:212-222

Z2H|(signal to noise ratio, SNR) &8
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B Aol ALgE SaFEHY 2L Praat ATYE
S Abg o] 4502 BAS 24 WAt F 7
WA 9] AVQI(v.2.02, v.3.01), PraatCPPS, low—-to high
spectral band energies(L/H ratio), Hammarberg index
(HAM), Long-term average spectrum(LTAS)®]c}. AVQI
= AR T 7HA] gl Al (1), Q9 A

AVQI v.2.02=9.072-(0.245x PraatCPPS)-(0.161x
HNR)-(0.470xSL)+(6.158xSLdB)-(0.071xSlope) +
(0.170x Tilt)(1)

AVQI v.3.01=(4.152-(0.177x PraatCPPS)-(0.006x
HNR)-0.037xSL)+(0.941xSLdB)+(0.01*Slope)+(0.093
*Tilt)) *2.8902(2)
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A 718715 9ulgttt, Praatol Al get trend line Q&2 &
A3t Praatol A9 L/H ratios= AFFut: thoa) 115
Tk & Abe] 9] o A] HIE-S SARE Aol A5}
= g9 0~4,000 Hz, 250kt 92 4,000~8,000
HzE Z33toh He3el S4d+5 #2071 2k
Ham-marberg index(HAM)+ 1980%] Hammarberg®ll
oA 7% %o 0~2,000 HzH 919 LTAS 341¢]
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3.4.0(The R Foundation for Statistical Computing, Vi-
enna, Austria) and RStudio 1.0.143(RStudio Inc., Boston,
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S/l tigk A2t Hrhe] kAR,
7 AF % Aate Table 1, 20 AAE ST me-od3bat
Aol o] Hat Goll ik H7HAF W Al es 7R
1= 0.883(p<0.01), B7F<} 2= 0.835(p<0.01), H7H=¢
32 0.851(p<0.01)0] 3t} OSel gt H72} W AlE =
£ B7H 12 0.824(p<0.01), B7F} 2= 0.812(p<0.01),

i o

Bk} 32 0.784(p<0.01)0] QTHTable 1).
LIRE 2 A=

A WA F7}o| A G 0.762~0.837(mean=0.801, p<
0.01), 0S¥ 0.811~0.855(mean=0.832, p<0.01)°] %It}
= WA Bl A= Gi= 0.772~0.797(mean=0.786, p<
0.01), 0.735~0.819(mean=0.765, p<0.01)©] 21cH(Table 2).

Table 1. Intra-rater reliability of the three listeners who
rated G and OS

ICC Rater 1 Rater 2 Rater 3
G 0.883** 0.835** 0.851**
(0N 0.824** 0.812** 0.784**

=% 1 p<.01.ICC ! intra-rater correlation coefficient, G :
mean value of grade, OS : overall severity

Q: 7lsN SMElofel FiTtS ¢t Sersty, FX[ZtA mot
AVQIV2, v3, PraatCPPS2| it H|m

Ak 7k Aol g ok Ak, AVQIv2olA A
£ 28+0.5, 7164 S8 e 5.2+ 1.5, AVQIv3
o A= AL 1205, 7154 24374 ek 39
+1.9, PraatCPPS&= B3 147+ 1.0, 7154 5474
of ok 1114272 SR, BT BAZHOR &
oJulgt 2ol (p<0.01)7F St &/ 9] Hof a=
AVQI gke] 57L, PraatCPPS gho] adl=t] 7]%54]
84 Fdol g o & AVQL H A2
PraatCPPSZFO.2 2RI E ATt
Slope, tilt, L/H ratio, HAM, LTASS| ZIEHH H|m

Slope(p<0.01), tilt(p<0.01), L/H ratio(p<0.05), HAM
(p<0.01), LTAS(p<0.0D)oll A et f-ej3t 2fo) 7} &
A= AeH(Table 3). 7152 /34l de> A4 A
ol Hl&f & 2 slope, HAM gt} B 2k tilt, L/H ratio,
LTAS k& HER oA,

HX|Z4N Zoto| et Hlm

At 7F G9| ztolg dohE AR}, AT G059
™, 100.0%)2.2 Hat 0.00, 7154 247l
(127, 11.8%), G1(37%, 36.3%), G1.5(68, 5.9%), G2(40
4, 39.2%), G2.5(6'8, 5.9%), G3(1'4, 1.00%) .2 %
1452 B7FE|Qie 71654 /8780 Aeto] A4
o o WHE S-S AMEshe A0 R WI7HE 9L
7re] f-efmigh &4o)(p<0.01)7F el = it

et 7 0S9] Apolg dohd Axf, AT 9.5+
5.9, 7154 /3%l Ak 43.7£17.22 BH7h= 9l
=739 Aol YE4E OS gto] & #ho & H43tE =t

2y

g

Table 2. Inter-rater reliability of the three listeners who rated G and OS

Rater 2 Rater 3
ICCon G ICC on OS ICCon G ICC on OS

Rater 1

1st rating 0.806** 0.832** 0.762** 0.811**

2nd rating 0.772** 0.741* 0.797** 0.735**
Rater 2

1st rating - 0.837** 0.855**

2nd rating 0.789** 0.819**

1 p<.05, xx I p<.01.ICC ! inter-rater correlation coefficient, G : grade, OS : overall severity
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Fig. 1. Comparison of measured variables between normal and FD groups. A © AVQIV2. B : AVQIV3. C : PraatCPPS. D :

Slope. E - Tilf. F . L/Hratio. G : HAM. H : LTAS. = :

A o2 SAFCRE Fofn|gt 2ol (p<0.01)7F

QAL =& A e ST p<001). ©] % LTAS
slope, tilt, L/H ratio, HAM®} SAZ 0.2 -2+ 4
2 gholg]x] oFkAl, L/H ratiot tiltE A|QJe B E
=1} F-oet A= ¢l

2
¢2

, 5ol FAlsl ol el A& Fig. 300 A A]
sl TAE W22 AVQIV2(0.933), AVQIV3(0.899),
PraatCPPS(0.887), HAM(0.759), 1ilt(0.749), slope(0.731),
LTAS(0.673), L/H ratio(0.605)% 43 AttseS
Hel MBS FIsL), Wit Ee} Eolw, 23415}
A& Selste] 24 o) AAghs A4S AARERS 7t

1
ZF AVQIV2(3.270), AVQIv3(2.013), PraatCPPS(13.838),

P <.05, ##% : p<.001.

slope(-22.286), tilt(-9.754), L/H ratio(369.043), HAM
(27.912), LTAS(34.523)0] 1tH(Table 4).

o
B AT 7)5H 2% BAEe) 2454 &
Foba B Fal Slstn S 2ol st
HARGE ek o Z2g dopr izt sigick. 2 e
AT}, 7154 Lol Aehe AT sl 2

AVQL slope, HAM, 22 PraatCPPS, tilt, L/H ratio, LTAS
e Jeha EAH oz 9ot 2jo]7t Bl i),
183 L/H ratio & A3 HE HSEL EA KO
ATIA 7 Q= Aoz BAE QT ROC TAl B Ao
A, AVOI(V2, v3), PraatCPPS+= H.5 (.89 o]AFe] AUC
2 43 At =8 Bt A 2YE S3A4

-

et 22 9o e % it
A, ek A WSSl it Aue] 29E
HEE A, F A 7ke] AR felgt Holvt
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Table 3. Comparison of measured variables between
normal and FD groups

Group Normal (n=59) FD (n=102) p
AVQIvV2 2.8+0.5 52+1.5 <0.01**
AVQIV3 1.2+0.5 3.9+1.9 <0.01**
PraatCPPS 147+£1.0 11.1+£2.7 <0.01**
Slope —20.4£4.6 —242+40 <0.01**
Tilt -11.9+£1.8 -10.2+2.0 <0.01**
LH 1,235.1+£1,492.6 699.1£653.2 <0.05*
HAM 22.8+5.5 28.3+5.6  <0.01**
LTAS 31.1£6.0 27.6+5.8 <0.01**
Grade 0.0+0.0 1.45+0.63

0 59 (100.0%) 12 (11.8%)

1 0 (0.0%) 37 (36.3%)

1.5 0 (0.0%) 6 (5.9%)

2 0 (0.0%) 40 (39.2%)

2.5 0(0.0%) 6 (5.9%)

3 0 (0.0%) 1(1.0%)
oS 9.5+5.9 43.7+£17.2 <0.01**
* 1 p<.05, #x . p<.01. FD : functional dysphonia, AVQ-

Iv2 : acoustic voice quality index version 2.02, AVQIv3
acoustic voice quality index version 3.01, PraatCPPS :
smoothed cepstral peak prominence in Praat, Slope :
general slope of the long-term average spectrum, Tilt :
filt of the regression line through the long-term aver-
age spectrum, LH  low to high spectral band ener-
gies, HAM : Hammarberg index, LTAS : long-term aver-
age spectrum, OS : overall severity

AL S EFE WSES FUSAT WL 1E
A2 chA 2 gstel SN A AES st
shich elael S4L 2 gle) AVOIE AHEslEs
QHE itk AVOL v2, v3 B 7153 -S4l el
4 el vshA £ e nlon BAY S04
= Sel=gih, HYATEY] B A L ol it 54
o SHQIEIQITE Y A AT HeH ST A

gt et AVQIE %7 alfa, beta WZofAl= 3.83+
163,397+ 1.602 2 H 9ol & B 7he] At
= 0.980(p<0.0001)0] %101 o] wj9] beta HA-2> AVOQ-
v27} H ek AVQIQ] W A4 B 91alA o
&Rt oo FAMES 24, vlaLsto] 249 3714
& 9151tk Voice duration(VD)-1(1738+3% 25,

VD-ARHE 72 2 F 30l 33 B3

o=
Z HE), VD-3(937) &4& zgsl= AX E4+3x
28 v w3t A, VD204 AAN g4 SAS

T154 SaEofel T

lsks 210 e Halrh o] VD-2+= AVQIV3
7k =it

PraatCPPS% =415 Yol ujge] Jrg x|

T Hol7] 2o 1 e Al S92 W2 CPPS gk

< et A Ao A SpeechTool ¥ Praate = =
A% AA YARES] CPPS %2 242 6.61+£1.79, 11.66
£2.6801%02L, F SR 7Ho] FHBAE 0.961(p<
0.0001)0] et B dtofl M= W22 ql Hgto] A
Zetof| H]afjA] W2 CPPS o= ZA o] At
o] Axtel A2k

Slopel= 1,000 Hz 0]5+9] Bt AsES 7150} 1000~
10,000 Hz 9] ¥+t A¥EY F=9o] Zjo]5 Sju|gi,
714 g"éx"oﬂ A2 B4 Aol vlsf o & atol&
B AgA-fol e fARE a4 d=-23.31
+5.03, %Ag ol 7 th=-24.86£4.99)5 &1ttt
Tilt= 1~10,000Hz Ato] o] B AdlE o] thgk F24|4
71&715 Yulsh slope®t= B2l 7154 343740 A
o] B4k Aol vlsl B A2 gt e gl s

T AT (AR TE=-10.511£0.73, 23 H=-9.45
+1.38)% YA L/H ratios AFuks> tioj}
aput T o 9] o U A] H&-2 oJu]si, A Tho] 7]
A SN AR folskA =34t o] A2 ADSV
o A ©] L/H spectral ratio®] 272} &3t HAM
= Aol ortEo oo whet ohget 7
(-4.1~17.6)= YEFW ST E3F HAMS 81Q1F9 9 (hy-
popharyngeal area, HPA)2} 0.542] AF-aA| 71 Q1%1A]
o SAA o2 folsiAE ekgtrh” W HPAE 57t
B HAMS ALE3 4 gl Aoz solgdith, e,
2y BHA] Sofl wheh gebd 4= qlow 27HAR1 At
2% Ao AlmHEL 2 AtolA LTASE 7164
Kol
3

ii nlo = 2

=)

J= Hl 2k Aol A é% EAobso] 2AbHE
Hop o $£2 2/de AhEthe A2 1A term
born : pre term ; G= 1:1.4, AVQI=3.0:5.0, CPP=7.5:5.5,
slope=-16.5:-17.0, tilt=—10.6:-9.9). °o]&|s+ Ai}= &

9,] =
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Fig. 2. Correlation plot among measured variables and p-value significance.
o] Aol A3t AX &4 (roughness)oll Tt = -0.859] AHHS BT 2L 0,56, A&T-0] -0.739]
Skt v w A}, AAF ATHCPPS 1192, slope -24.78, A 29l AP ATLS 51519t ™ Slope, tilt,
tilt -9.62)& A A X THCPPS 10.64, slope —24.65,  HAM, LTASE Z}7} —0.44, 0.54, 0.46, —0.29¢] AF+A
/\\:_c_)_

tilt =9.39)7 Zpo] & e It} A S/l et M=
< 372 ¥ (roughness model)& WH50] GRBASS] R
X o} A E Eelet At 0.731(p=0.0000 2. & =
Al vepde

A, SFA ST A2k o 7ke] A
= HRE fold Ao vehyth G AVQIKV2, v3)
9F 77} 0.88, 0.899] AHIAIZF AL, thE ol d ¢
Fo A= 0.78~0.919] AFA7F B g gt CPPSet

o] glE k. o] ¥l M52 LTASEREH 34 2 -
Q13 o]9Jo)| %= alpha ratio, HI-H2, spectral flatness,
spectral centroid 5= ATt B4 7|F0] H&= Fup
S th2A| skl S99 54 sofste= A
T7F A= 3 gk OSE AVQI(v2, v3)9}0.87, 0.86
O AFE B3 0.88~0.929] AdtE Hl A<}
A2k CPPSE G, OS2} -0.85, -0.829] A
A7} 2915913, Bae 5772 AFoll4 G Speech-
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DeLong's test for two correlated ROC curves Delong's test for two correlated ROC curves
e Z=1.739, p=0.082 e 2=-3327, p<0.001
0.2 4 i Model: Diagno~AVQi3 02 jrd Model: Diagno~Slope
) e Optimal Cutoff value: 2.013 . 2 Optimal Cutoff value: -22.286
7 AUC 0899(0 8470951) p<0.001 AUC: 0.731(0.648- 0814) p<0.001
P Model: Diagno~AVQi2 - Model: Diagno~PraatCPPS
e Optimal Cu\oﬁvalue 3.270 Ped Optimal Cutoff value: 13.838
00 i AUC: 0.933(0.893-0.973) , p < 0.001 00 4 vl AUC: 0.887(0.837-0.937) . p < 0.001
T T T T T T T T T T T T
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Fig. 3. ROC plot of the measured variables. The black arrow is the best AUC point.

Table 4. ROC curve analysis between normal and FD groups

Variables Sensitivity Specificity Cutoff value AUC
AVQIV2 921.2 89.8 3.270 0.933
AVQIV3 83.3 921.5 2.013 0.899
PraatCPPS 80.4 89.8 13.838 0.887
Slope 70.6 69.5 —22.286 0.731
Tilt 48.8 93.2 —9.754 0.749
LH 422 76.3 369.043 0.605
HAM 55.9 83.1 27.912 0.759
LTAS 91.2 47.5 34.523 0.673

AVQIV2 : acoustic voice quality index version 2.02, AVQIV3 acoustic voice quality index version 3.01, PraatCPPS :

smoothed cepstral peak prominence in Praat, Slope : general slope of the long-term average spectrum, Tilt
of the regression line through the long-term average spectrum, LH

Hammarberg index, LTAS
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< il
. low to high spectral band energies, HAM
. long-term average spectrum, AUC : area under the curve
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