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Comparative Study on Acoustic Characteristics of Vocal Fold Paralysis and
Benign Mucosal Disorders of Voecal Fold

Il Seung Kong, MD, Young Ju Cho, MD, Myung Hee Lee, MA,
Jong Seung Kim, MD, Yun Su Yang, MD and Ki Hwan Hong, MD

Department of Otolaryngology-Head and Neck Surgery, Institute of Speech Science, Chonbuk National University,
Medical School, Jeonju, Korea

Purpose : This study aims to analyze the voices of the patients with voice disorders including vocal fold paralysis, vocal fold
cyst and vocal nodule/polyp in the aspect of acoustic phonetics. This study intends to collect subsidiary acoustic data in order to
make a speech treatment and an standardization of vocal disorders.

Subjects and Methods : The subjects of this study were 64 adult patients who underwent indirect laryngoscopy and laryngo-
stroboscopy, and were diagnosed as vocal fold paralysis, vocal fold cyst or vocal nodule/polyp. Experimental group consisted of
20 patients who were diagnosed as vocal fold paralysis, 21 patients who were diagnosed as vocal fold cyst and had the average
age of 42.0(£10.03) ; and 23 patients who were diagnosed as vocal nodule/polyp and had the average age of 40.9(£13.75).
For the methodology of this study, the patients listed above were asked to sit in a comfortable position at intervals of 10cm apart
from the patient's mouth and a microphone, and subsequently to phonate a vowel sound /e/ for the maximum phonation time
with natural tone and vocal volume then the sound was directly inputted on a computer. During recording, sampling rate was set
to 44,100Hz and the 1-second area corresponding to stable zone except the first and the last stage of waveform of the vowel
sound /e/ vocalized by the individual patients was analyzed.

Results : First, there was no statistically significant difference in jitter and shimmer between vocal fold paralysis and vocal fold
cyst, while there was highly statistically significant difference in them between vocal fold paralysis and vocal nodule/polyp.
Second, looking into the mean values obtained from NNE, HNR and SNR results associated with noise ratio, the disease
showing the most abnormal characteristics was vocal fold paralysis, followed by cyst and nodule/polyp in order. For NNE, there
was statistically significant difference between vocal nodule/polyp, and cyst or paralysis. In other words, it was found that the
NNE of vocal nodule/polyp was weaker than that of cyst or paralysis. Similarly, HNR and SNR also showed the same charac-
teristics; there was statistically significant difference between vocal fold paralysis and vocal fold cyst or nodule/polyp, and HNR
and SNR values of vocal fold paralysis were lower than those of vocal fold cyst or nodule/polyp.

Conelusion : For vocal fold paralysis, the abnormal values of acoustic parameters associated with frequency, amplitude and
noise ratio were statistically significantly higher than those of vocal fold cyst and nodule/polyp. This finding suggests that the
voices of the patients with vocal fold paralysis are the most severely injured due to less stability of vocal fold movement,
asymmetry and incomplete gloitic closure. In addition, there was no statistically significant difference in the acoustic parameters
of tremor among vocal fold paralysis, vocal fold cyst and vocal nodule/polyp. Further studies need to ascertain reasonable
acoustic parameters with various vocal disorders as well as to clarify the correlation between acoustics-based objective tools and
subjective evaluations.

KEY WORDS : Acoustic analysis * Vocal fold paralysis - Mucosal disorders.
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SOHOHI2 28 SHELEES SS#8% SHH D
Table 1. Subjects
Number Mean age
Palsy 20M:9,F:11) 41.5(x£11.87)
Cyst 21IM: 6,F: 15 42.0(£10.03)
Nodule 23(M : 3,F: 20) 40.9(£13.75)
Total 64(M : 18, F: 46) 41.5(+11.88)

118193, AdEos Atk 84 2130974 6%,
472} 15%) 2 BF 478 42.041(+10.03) g, Az
/8o AW 239 (A 3%, o7} 20%) & B
% 40.941(£13.75) Fe.
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Al 2 F AN Q) vjo]Z2(MD 425, Sennheiser
i) At] AL oF 10cme] A2E 4ABIER sl Ajad
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St ® dto] AFE AH YFsrt g4l A
¥4 #2412 Dr. Speech(version 4.2, Tiger DRS, USA,
1998) 9] Vocal AssessmentS AM-319ITE =2 A, sam-
pling ratex= 44,100HzE A|AQ3IH o0 EAF7HL 8z}
o B3 fe/d] B F 9o Fo HES ZHo7 2y
9 7] 3 FE A AT EgEls 12 o
< TSI w3 B A7) AN ST oju)lE
A8k Aol g F71 7123+ Dr. Speech?) Vocal
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71Brhs F3AQl £FE07 B Ao| nlgA AL, &
A FEL U5 2
1) W& E (perturbation) : Jitter (%) : 3= BESE
Shimmer (%) : JZ H%EF
2) 8™ (tremor) : Fy tremor (Hz) : 7)1 EF3 g
Amplitude tremor (Hz) : JZ @&
3) %< v]& : NNE (Normalized Noise Energy, dB) :
A3 A2 R
HNR (Harmonic—to—Noise Ratio, dB) : #l< o &
- HE&
SNR (Signal—to—Noise Ratio, dB) : A& tf] &
H-E&
¥ A7 SPSS 12.0K for windowsE o] &3}
ZIeEA A oH, AgEe AT AAe gl
BE Adivhe] 2 Fojd=agizie] o] vlws paired
t-test® FAFEE HAT3IAh
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Table 2. Mean values and standard deviations of jitter and
shimmer

Jitter (%) Shimmer (%)

Palsy 1.06=0.31 480+1.14

Cyst 0.87+0.37 3.56+1.04

Nodule 0.43£0.18 287+1.17
3 1

1. H5E< Hu

Adein] g FE2 Fu HEE X7 24 1.06+
0.31%, 0.87+0.37%% 713 (05%)< 335l B
83 249 EAL HolH, vk FudE/§Fe) HFe
0.4310.18%% 7133k ©]3k2 Holx glo] AAMMZ=
&3 Yok, Al xFEzp) Bl 727) wEd Q)
27} A EAEE FHE 5 AJATH(Table 2). &3, F
TAQ FEoR T WMEES 05%, WE HEES
3.0%% B

T3, Fu AFE Uit gy 28/8509
AR/ T8 AN, AdE vhuzhe] A A
FAE Alo| = Rolx] eioket 73U, g Table 33 2
o] ANZAZ/EFH v ol EAIHoE w St
xfo]E FERITHP<0.01).

E WEES He vl FEola zkzt 4.80
+1.14%, 3.56+1.04%2 71F4(3.0%) S 273}3 Qo]
HAAR1 27420 EA4E nelon, Hdd/gEe) A
2 287 1.17% % 715% o312 Holx Qo] AA H==
o &3 glout, Aol TR} vlwA 7] Yl 7
QA7) FA EAFEE FAE S UAATHTable 2).

EF AE AFE us AuddEy 25/ §
AXQ F% 2olg Holx| ekt AhdEn vz
SAAA FANE glglet. ARt Table 33} o] At)
AH/EFH v ol FAKOR e {oFt Aol
e THp<0.01).

2. g

712Fakr el @3t S E Auiep), ¥ A/
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11.23Hz% Fde Bo|d, JuUAE/EF2) Fx7) 3.34
+1.23HzE 7V =7 Yebeh(Table 4).
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Table 3. Statistical data for acoustic values

Ok
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Jitter

Shimmer Fo fremor amp.tremor NNE HNR SNR
C/N 0.0182 0.2092 0.4048 0.6162 0.0109* 0.4266 0.3742
Cc/p 0.3794 0.0756 0.9655 0.0509 0.0757 0.0289* 0.0272*
N/P 0.0004** 0.0024** 0.3621 0.1001 0.0001** 0.0054** 0.0041**

* 1 p<0.05, ++ 1 p<0.01. C : Cyst, N : Nodule, P : Palsy

Table 4. Mean values and standard deviations of FO fremor and
dmplitude tremor

Fo tremor (Hz) Amplitude fremor (Hz)

Palsy 2.68+1.11 3.53+1.29
Cyst 271+£1.24 2.16+0.78
Nodule 3.34%+1.23 2.40+0.78

L‘rEMW ATk =, 74 A AR 7] BAHY FA
< YEhA] gkt (Table 3).

Z dilo] thafixe o), 35, AR/839] o
2 247} 353+1.29Hz, 2.16+0.78Hz, 2.40+0.78Hz%
BS Bolw, A w7} 353+ 1.29Hz2 7% =AW
ERCH(Table 4).
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3. B& & H

NNEQ] AjeA B v Auvh), 45 2/8%
TOR 717 —272+1.62dB, —4.79+£2.01dB, —8.35+
2.41dBE HIFANA 5Ao] FshAl vehh= 2g 2
AUrH(Table 5). E3h FuAQl 42522 NNE+ ~10dB
=1 th;]_
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ek zE, g A8/ SAH (938
zlolE YERE O (p<0.05), A2 d/&F vpp) 71
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el Apolzt Q= Ao Yebgth(Table 3). AaA o

Al 24/852] NNE7} ¢85 vhiof] n)s) @& A
o= ekt

HNRE} Z3olx Bg 2H AJunpi), 3=, 24/%
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ItH(Table 5).

HNRel| tigt Aud=se} 2H/85712) A2 72

Table 5. Mean values and standard deviations of NNE, HNR, SNR

NNE(dB) HNR (dB) SNR(clB)
Palsy — -272+1.62  1635+657 15251606
Cyst  —479+201 20415460 19071435
Nodule ~ ~835+241 21494430  2024+4.26
2 et 2 st rIke] SAIEQ R
gk 2ol 5 JeRst o (p<0.05), A/ 4E3 v 2t
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