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Background and Objectives The purpose of this study was to investigate acoustic (acous-
tic voice quality index, AVQI) and auditory-perceptual evaluation (grade, rough, breathy, as-
thenic, strained; GRBAS and consensus auditory-perceptual evaluation of voice; CAPE-V) as a
predictor of voice recovery after laryngeal microsurgery (LMS) in patients with vocal polyp.
Subjects and Methods A total of 68 patients with vocal polyp participated in this study.
Voice samples were analyzed for AVQI by Praat and auditory-perceptual ratings were per-
formed by three speech language pathologists. Voice handicap index-10 (VHI-10) was evaluat-
ed by patients themselves.

Results Decreased AVQI, VHI-10, overall severity (OS), and increased smoothed cepstral
peak prominence (CPPS) values were measured and statistically significant changes were not-
ed after LMS. The ratio of Grade 0 and Grade 1 was increased. AVQI was correlated with
CPPS, Grade, and OS, but not with VHI-10. The voice recovery of pedunculated polyp appeared
in all vocal polyp sizes after LMS, but statistically significant differences were found only in
small and medium sizes. After LMS of sessile polyps, AVQI, VHI-10, and OS decreased where-
as CPPS increased; however, statistically significant difference was confirmed only in VHI-10
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ences, University of Amsterdam, Amsterdam, the Nether-
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Table 1. Primary laryngostroboscopic diagnoses of subjects in-
cluded in the study

Pedunculated Sessile
type (n=39) type (n=29)
Sex 14:25 18:11
Age 48.7£12.9 47.5+£15.0
Lesion position
Both 5 2
Right 18 18
Left 16 9
Size 4 (large), 25 (medium), Broad
10 (small)
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Fig. 1. Classification of vocal polyp.
pedunculated vocal polyp (A). ses-
sile vocal polyp (B).

/a/ Vowel 2's Two read sentences

Fig. 2. Oscillographic display (y-axis: sound pressure in Pascal) and narrowband-spectrogram (y-axis: frequency in Hz, window
length=0.05 s) of a concatenated voice sample. As used for the perceptual evaluations (A). As used for the acoustic evaluations, Praat
script of Maryn, et al.? for automated detection, segmentation, and concatenation of these voiced segments was applied (B).

Jeong 599 =R AT 71202 BRelrklarge: 0] £AL T S P2 wE AAEi9T, A5
AA o)) 1/3 oA Bt 2, medium: AA] AfZole]  #lo|E 44.1 kHz, 9FAFS} 16 bit, WAV #4102 =235}%Th
173350} 215, small: o} 2 (pinpoint). FFH|Al4& & AVQR= H5Ai it 24 7] AES shte] /et
B8 FEl Sfel TSNS B AW £9 UL TSl SHSA Aok Proar LIYEE B £
JdgEo 2 BRalrkFig 1.V 2 dfE o] Il SANEE AdshL, 4, TS S A |
O 95H 84 HES PYHOR WAT ATRA A ChFig 2). © AN HBATON AT ATYES
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\=1 b Mo | = o2
4% 2wy g5 FRRE A0 Sl et SaFatA
ST oM S W i RolM &4 7HE fIsliAl AVOL % oA AVQLR= AAE- vA @

o JIN‘

24717191 CSL 4500(Kaypentax)& AH&sto] = 714 2+, AA(CPPS), Bl ol £~-2H](harmonics to noise ratio, HNR),
E—%‘E%‘ﬂg"é# AR Bk = 08 AE 971 AAIBHITE © shimmer local(SL), shimmer local dB(SLdB), A7] B+ A3
HEASE AZ0] A2 EF Q] Ul 7]-87](general slope of the long—term average
gl 24 8715 spectrum, Slope), A7] Ht AHEHS 53 3|74 7]&7]
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Fig. 3. Boxplots for pre/post operative evaluation of voice. AVQI (A), CPPS (B), VHI-10 (C), Grade (D), and OS (E). AVQI: acoustic
voice quality index, CPPS: cepstral peak prominence smoothed, OS: overall severity, VHI-10: voice handicap index-10.

(tilt of the regression line through the long-term average
spectrum, Til)E AH&-sto] SAE Tt AVQI 574 (version
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Statistical Computing, Vienna, Austria)@} RStudio 1.0.143
(RStudio Inc., Boston, MA, USA)S o]-&3slo] EA =i
Aatd ARE wEste] SRuAles A, 3o 49289 At
ol= e t-H (paired t-test)& &3l F2dS HID
Atk 9 A& (large) AYE-ES AFA BAAL WEsIA] T35}

o] F=FL& B 49 HA (Wilcoxon signed rank test)= AHg&-

sho] fold& AEsHrh

AVQI, CPPS, G, OS, VHI-10 72| A3 A2 mjofs At
E A (Pearson correlation coefficient)S Z38lj4] HZ35F%5 2
H -9 95%TE. o|wf ] AT () 1914 1 Aol
O] Zr< 7K e Y AR, sS4 S A
AE veRdT

FTFuAles AT A7 Aol gk Aol A
Zh(cutoff) X AZHE (area under the area, AUC)E 37 9

al }\-] SRSl

Ll

3| 4] receiver operating characteristic(ROC)
AAI5HTE Epi, pROC B7] 215 AR&3Fe] ROC £-4]
= ;_q— /\] ]_oﬂq_

=

'5_‘
gg:L
O

HZ2

HH AVQI, CPPS, G,

AR



0.01). CPPS9| gk Hlugh At & A 50413, & F 6.2+
L1Z Z74wo] & Ao vlgl & & CPPSgko] TAIXCE f+
oA EJtHp<0.01). VHI-109] 7H2 Blwsdt A, & A
21.048.5, & ¥ 741622 ZHEo] & Ao vl & &
VHI-I0 gto] SAHC R §ofstA RFth(p<0.01). Grade
o] ZE& vwE A3} & F9] Grade: & Hofl v3) 2 &

739] HlEo] A Halsklth(p<0.01). & Aol G2, G39] H]

Table 2. Results of voice evaluation pre and post LMS in patients
with vocal polyps

Parameter Pre Post f p-value*
AVQl 6.1£1.0 53%1.0 7.988 <0.001
CPPS 5.0%+1.3 62+1.1 -1.411 <0.001
VHI-10 21.0+8.5 7.4%6.2 14.493 <0.001
Grade (%) 8.746 <0.001

0 0(0.0) 10 (14.7)
1 21 (30.9) 38 (55.9)
2 44 (64.7) 20 (29.4)
3 3(4.4) 0(0.0)
(6N 53.5+13.8 34.5+13.7 14.977 <0.001

#significant at 0.01 level (two-tailed). AVQI: acoustic voice
quality index, CPPS: cepstral peak prominence smoothed, LMS:
laryngeal microsurgery, OS: overall severity, Pre: pre laryngeal
microsurgery, Post: post laryngeal microsurgery, VHI-10: voice
handicap index-10
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£o] =AU & Tof Gl, G29] Hl&-o] Z7}5ksich 0S9)
7S Hlwadt Ak & A 5354138, & F 345413707 &
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&4 W47 4B
& A %50 AR BAT ATk AVQIE OS(=
0.884, p<0.01), CPPS(r=-0.799, p<0.01), G(r=0.749, p<0.01)

o} o AFFAE B ov] VHI-I0(r=0.179, p=0.142)7}
L e AR S BTk CPPSE 0S(r=0.746, p<0.01),

G(r=0.645, p<0.01), VHI-10(r=-0.294, p<0.05)3} AF2+aA|
= Rt} Grade:= 0S(r=0.836, p<0.01), VHI-10(r=-0.347,
p<0.0D)3 ATIAE, 0SE VHI-10(r=0.345, p<0.01)2}
RS H3iTh

& T HeE IS 248 23k AVQLR= CPPS(r=
-0.868, p<0.01), 0S(r=0.800, p<0.01), G(r=0.703, p<0.01)
o} =2 AIAE wglom VHI-10(r=0.187, p=0.126)1}
£ e AFHAE Bk CPPSE 0S(r=0.809, p<0.01),
G(r=0.721, p<0.01), VHI-10(r=-0.242, p<0.05)2} ArzaA|
= B3It} Grade:= 0S(r=0.845, p<0.01), VHI-10(r=-0.188,
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Table 3. Results of voice evaluation post LMS according to size of pedunculated polyps

Small Medium Large
Pre (n=10) Post (n=10) p-value Pre (n=25) Post (n=25) p-value Pre (n=4) Post (n=4) p-value

AVQl 62+1.3 52+0.8 0.044* 6.3+1.1 55+1.0 0.006t 6.1+0.6 53+1.5 0.375
CPPS 49+1.4 6.0+1.0 0.072 4.7+1.1 59+1.1 0.001t 49+0.7 59+1.1 0.194
VHI-10 18.6+7.5 7.9+7.2 0.000t 24.4+7.2 8.6+6.0 0.000t 20.0+£8.7 7.5+2.6 0.000t
Grade (%) - 0.004t -

0 0 (0.0) 0 (0.0) 0 (0.0) 3(12.0) 0 (0.0) 0 (0.0)

1 3(30.0) 8 (80.0) 4(16.0) 13 (52.0) 1(25.0) 2 (50.0)

2 7 (7.0) 2 (20.0) 19 (76.0) 9 (36.0) 3(75.0) 2 (50.0)

3 0 (0.0) 0 (0.0) 2 (8.0) 0 (0.0) 0 (0.0) 0 (0.0)
oS 55.1+12.8 36.2+9.6 0.001t 56.9+13.0 37.3+£15.1 0.000t 57.8+9.0 35.8+7.4 0.009t

xsignificant at 0.05 level (two-tailed), tsignificant at 0.01 level (two-tailed). AVQI: acoustic voice quality index, CPPS: cepstral
peak prominence smoothed, LMS: laryngeal microsurgery, OS: overall severity, Pre: pre laryngeal microsurgery, Post: post laryn-

geal microsurgery, VHI-10: voice handicap index-10

Table 4. Results of voice evaluation in sessile polyps post LMS

Sessile
Pre (n=29) Post (n=29) p-value

AVQI 6.0£1.0 5.5+1.1 0.069
CPPS 52+1.3 57+1.1 0.094
VHI-10 21.3+7.5 7.8+£6.5 0.000*
Grade (%) -

0 0 (0.0) 5(17.0)

1 9 (31.0) 10 (34.0)

2 19 (65.5) 14 (48.3)

3 1(3.4) 0 (0.0)
[ON 53.2+13.8 37.5+14.9 0.000*

xsignificant at 0.01 level (two-tailed). AVQI: acoustic voice
quality index, CPPS: cepstral peak prominence smoothed,
LMS: laryngeal microsurgery, OS: overall severity, Pre: pre lo-
ryngeal microsurgery, Post: post laryngeal microsurgery, VHI-
10: voice handicap index-10
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Fig. 5. ROC curve analysis for discrimination of voice recovery between pre/post operative evaluation. AUC: area under the curve,
AVQI: acoustic voice quality index, OS: overall severity, ROC: receiver operating characteristic, VHI-10: voice handicap index-10.
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