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Background and Objectives Vocal fatigue is a symptom and a term that has been frequent-
ly used in the clinical study. Although a recently developed vocal fatigue index (VFI), a self-re-
port questionnaire that reliably identifies vocal fatigue patients, provides detailed characteris-
tics of the symptom, there has been no study about the association between VFI and other voice
assessment parameters. This study aimed to investigate whether there is a relationship between
VFI and the established voice assessment in Korean patients.

Subjects and Method Two hundred fifty-seven patients with voice disorders (mean age,
49.48+14.34; 145 male and 112 female) undertook the voice assessment that consisting of per-
ceptual judgment [Grade, Roughness, Breathiness, Asthenia, Strain (GRBAS) Scale], acoustic
and aerodynamic analysis, and voice handicap index (VHI) questionnaire. All patients vali-
dated using VFI. Correlation analysis between each voice assessment and VFI was conducted.
Results There were statistical significances between items of voice assessment and VFI.
Among the GRBAS Scale, G, B, A, S and a number of acoustic measures were associated with
vocal fatigue. In particular, these features were prominent in men. As the score of VFI increased,
the sound pressure level during voicing and the phonation time from aerodynamic measures
were decreased while the mean pitch was increased. In addition, VFI was closely correlated with
pre-existing self-report questionnaire and VHI in both gender.

Conclusion These findings suggest that VFI has a significant association with pre-established
voice assessment. Therefore, VFI can be used as a reliable tool for identifying and validating vo-
cal fatigue in Korean. Korean J Otorhinolaryngol-Head Neck Surg 2017;60(5):232-42

Key Words Korean version of voice fatigue index - Voice assessment - Voice disorders -
Voice fatigue index.
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Table 1. Demographic data of study patients

Variables Number (%) Gender (M:F)
Number & age
No. of patients 257 (100) 145:112
Mean age (years) 49.48+14.34 50.98+15.23:47.12+12.92
Age range (years) 19-83 19-83:19-74
Diagnosis
Vocal polyp, vocal nodules, leukoplakia 159 (61.9) 93:66
Vocal palsy 11 (4.3 5:6
Laryngopharyngeal reflux 7 (2.7) 2:5
Muscle tension dysphonia 3(1.2) 3:0
Spasmodic dysphonia 5(1.9) 0:5
Papilloma, granuloma 3(1.2 3:0
Sulcus vocalis 4(1.6) 2:2
Vocal edema 7 (2.7) 3:4
Vocal cyst 17 (6.6) 11:6
Post-LMS 39 (15.2) 22:17
Functional dysphonia 2(0.8) 1:1

LMS: laryngomicrosurgery
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1S H]E-(noise to harmonic ratio, NHR), 8-&3} vjuj& 7+

H]-8-9] H#2](voice turbulence index, VTI), A-1151}4> of
&9 vl of|UA] H]L(soft phonation index, SPI), 3= %I
7 B]&(FO-tremor intensity index, FTRI, %), X% 27 H]
$-(amplitude tremor intensity index, ATRI, %).

37198 B7}= Phonatory Aerodynamic System(PAS
Model 6600; KayPentax Inc.)& AHg-3to] Aol Al 7]22]
o= ge] EAE= Al 21w A, 2o s A

Table 2. Analysis parameters list

I, A EEGR] TADE S B4 Bes F oA
ol & 7| (expiratory volume, FVO), 2 Al 2<% (mean
sound pressure level during voicing, PHODB), H+2%
(mean pitch, MEAP), I3 A17H phonation time,
PHOT), %75

&35 (mean peak air pressure), o 37]%

$-(mean expiratory airflow, MEAF), B+t
& (target
airflow, TARF), 57]984 3} (aerodynamic resistance), &

71998k a 8 (aerodynamic efficiency)®]th

Category Tools & task

Parameter

Clinician's ear
— Vowel/a/ & reading
MDVP

Perceptual judgment

Acoustic analysis

GRBAS Scale

(1) FO-related measurements

— Vowel/a/ phonation

— FO, mFO, STD, Tsam, PER
(2) Frequency perturbation measurements
— Jita, Jitt, RAP, PPQ, sPPQ, vFO
(3) Amplitude perturbation measurements
— ShdB, Shim, APQ, SAPQ, vAm
(4) Voice break, sub-harmonic & voice irregularity measurements
— DVB, NUV, DSH, NSH, DUV, NVB
(5) Noise & tremor evaluation measurements
— NHR, VTI, SPI, FTRI, ATRI

Aerodynamic analysis PAS

(1) Vital capacity protocol
- FVC

(2) Maximum sustained phonation protocol

— PHODB, MEAP, PHOT, MEAF

(3) Voicing efficiency threshold protocol

Self-questionnaire Patient’s volition

— MPAP, TARF, ARES, AEFF

(1) VHI
— 30 items (0—4 point each)

(2) VFI

— 19 items (0—4 point each)

FO: average fundamental frequency (Hz), mFO: mean fundamental frequency (Hz), STD: standard deviation of FO (Hz), Tsam:
length of analyzed sample (sec.), PER: total number detected pitch, Jita: absolute jitter (%), Jitt: jitter percent (%), RAP: relative
average perturbation (%), PPQ: pitch perturbation quotient (%), sPPQ: smoothed pitch perturbation quotient (%), vFO: funda-
mental frequency variation (%), ShdB: shimmer in dB (dB), Shim: shimmer percent (%), APQ: amplitude perturbation quotient (%),
SAPQ: smoothed amplitude perturbation quotient (%), vAm: peak-to-peak amplitude variation (%), DVB: degree of voice break
(%), NUV: number of unvoiced segments, DSH: degree of sub-harmonics, NSH: number of sub-harmonic segments, DUV: degree
of voiceless (%), NVB: number of voice breaks, NHR: noise to harmonic ratio, VTI: voice turbulence index, SPI: soft phonation in-
dex, FTRI: FO-tremor intensity index, ATRI: amplitude tremor intensity index, FVC: expiratory volume (liters), PHODB: mean sound
pressure level during voicing (dB), MEAP: mean pitch (Hz), PHOT : phonation time (sec.), MEAF: mean expiratory airflow (lit/sec.),
MPAP: mean peak air pressure (cmH-0), TARF: target airflow (lit/sec.), ARES: aerodynamic resistance [cmHz0/ (I/s)], AEFF: aerody-
namic efficiency (ppm), VHI: voice handicap index, VFI: vocal fatigue index, MDVP: multi-dimensional voice program, PAS: Pho-
natory Aerodynamic System, GRBAS: Grade, Roughness, Breathiness, Asthenia, Strain

Table 3. Results of Pearson correlation analysis between VFI and perceptual judgment

Perceptual judgment

VFI Pearson
G R B A S
Male (n=145) C.C. 0.262 0.130 0.279 0.128 0.393
p 0.001* 0.121 0.001* 0.126 <0.000t
Female (n=112) C.C. 0.242 0.176 0.233 0.050 0.205
p 0.010* 0.064 0.014* 0.603 0.031*
Total (n=257) C.C. 0.188 0.107 0.204 0.173 0.222
o) 0.003* 0.08 0.001t 0.0061 <0.000t

%0 <0.05, 1p<0.01. C.C.: correlation coefficient, VFI: vocal fatigue index, G: Grade, R: Roughness, B: Breathiness, A: Asthenia, S:

Strain
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BRpo] 2 QL A o H 7 Hyvoice handicap index,
VHDE AAekS ek
HAF =2F W= Table 200 A2]skaL, ov]J1S ) A&

9] WA AA W3t VFIE Appendix©l A|ASFATE

SARE
SPSS(version 22; IBM Corp., Armonk, NY, USA)E Ak
goto] VEIR} S/dHA 39 &%l A2 B7Y, 53 57
s =3y AR 7 IAE golE ] fa Tjojss e

o
-
X(Pearson correlation analysis)< 21-85}T}

2 3

SATIZ RS} AR\ W} 7 AR

VFI} 2922 557} 7 Ad24] A3K(Table 3), %A 2574
S gjake 2 3t VEI A2} GRBAS &2 7F Grade(p=0.003),
Breathiness(p=0.001), Asthenia(p=0.006), Strain(p<0.000)
FEoA SAH LR fofuet AR TS Heo AES U
A EE 14578 9] Jdwto A= Grade(p=0.001), Breathi-
ness(p=0.001), Strain(p<0.000) = A &-2Ju|gt A=Al
S B, 112789] oAdwtoll A= Grade(p=0.010), Breathiness
(p=0.014), Strain(p=0.031) =04 AL B =
AR 2345 S22 AskE ok

AR EoL Fbs SANSEH 7H JREA

w1 — —‘]|
QA 2577804 F =824 AEA(VFL VHI 1t 79k 4]
e B3tHcorrelation coefficient(C.C.)=0.791, p<0.000.
o] WAL(C.C.=0.809, p<0.000T} oJAL(C.C=0766, p<
0.000) ZFZtol M Zhet A4 Heloh 1e]ar of Kt
HAJolA A i 7H] Adae] B it VFI®F VHI ZH
AHIEE Fig. 1] &A4|3}s13]c
sHslzEsl 8F B4 7 JBEA
SFHG A= SR 7453 tH(Table 4).

AT

7| EFuke FH EAA

A 25784 FO(C.C.=0.237, p<0.000), mFO(C.C.=
0.222, p<0.000), STD(C.C.=0.232, p<0.000) HF=0| A §-2]
0]k HAAHS B!, Tsam(C.C.=—0.186, p=0.003) 4=
AN Bock S U B, JAdwtellA STDIC.C=
0.296, p<0.000) Bl== FA/d-S BAANE, Tsam(C.C.=
-0.342, p<0.000), PER(C.C.=-0.239, p<0.000) = H-4
S ROtk AAdTollAe BAK SR foulgt A
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Gender

© Male

* Female
~~Male

“-Female

120

100

VHI

Male R?=0.654
Female R?=0.586
T T T T T

0 20 40 60 80

VFI

Fig. 1. Correlation plot between voice handicap index (VHI) and
vocal fatigue index (VFI) in each gender. A circle indicates male
and a triangle indicates female. The linear regression equations
between VHI and VFI are y=1.77+1.31x (adjusted R*=0.654) for
male and y=0.38+1.21 x (adjusted R?=0.586) for female. *marker
in the linear regression equations indicates multiplication.

st

FueiE T £33

A 25704 Jita(C.C.=0.169, p=0.007), Jitt(C.C.=0.214,
»=0.001), RAP(C.C.=0.225, p<0.000), PPQ(C.C.=0.205,
»=0.001), sSPPQ(C.C.=0.162, p=0.009), VFO(C.C.=0.220, p<
0.000) &5 WA f-oJuft FA4H-S 2ok I
ol A Jita(C.C.=0.276, p=0.001), Jitt(C.C.=0.306, p<0.000),
RAP(C.C.=0.320, p<0.000), PPQ(C.C.=0.293, p<0.000),
sPPQ(C.C.=0.265, p=0.001), vFO(C.C.=0.326, p<0.000)2]
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0.140, p=0.024) | Fon|eh B24S Helok JAd
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0.008), APQ(C.C.=0.197, p=0.017) 7} -ojujgt 24}k
TS Hel W, ool BARL R fofuigt A
A7t A

o

e



Relationship between Voice Fatigue and Voice Assessment | Kang YA, et al.

=494, Sub—harmonics, &4 &4 #¥ 53X

A 257904 DSH(C.C.=0.196, p=0.002), NSH(C.C.=
0.169, p=0.007) W=7} f-oju]gt 2l de Halon |34
Foll A DSH(C.C.=0.253, p=0.002), DUV(C.C.=0.214, p=
0.010), NSH(C.C.=0.199, p=0.016), NUV(C.C.=0.179, p=0.031)
Ha7h foludh 4TS Bk ST w4l =
AR Fofu|gt AA 7L §igich

253 A4 #FH EAA

AA| 25794 NHR(C.C.=0.176, p=0.005), VTI(C.C.=
0.198, p=0.001) W=7} 4 24d-g B2 ¥, SPIC.C=-0.223,
p<0.000) Blg= F2S Belo) @AdwtollAl NHR(C.
C.=0.267, p=0.001), VTI(C.C.=0.282, p=0.001), FTRI(C.C.=
0.236, p=0.005) ¥1=7F A& S H3laL, SPI(C.C.=-0.164,
p=0.048) M= FAGTE BT} SRR AdTolM= &

Table 4. Results of Pearson correlation analysis between VFI and acoustic analysis

Pearson analysis with VFI

Acoustic parameters Total (n=257) Male (n=145) Female (n=112)
C.LC. P CC. o) CL. o)
FO-related
FO 0.237 <0.000t 0.066 0.429 0.077 0.420
mFO 0.222 <0.000t 0.029 0.728 0.062 0.518
STD 0.232 <0.000t 0.296 <0.000t 0.143 0.132
Tsam —-0.186 0.003t —0.342 <0.000t -0.017 0.862
PER 0.102 0.104 -0.239 <0.000t 0.056 0.559
Frequency perturbation
Jita 0.169 0.007t 0.276 0.001t 0.126 0.185
Jitt 0.214 0.001t 0.306 <0.000t 0.129 0.174
RAP 0.225 <0.000t 0.320 <0.000t 0.130 0.171
PPQ 0.205 0.001* 0.293 <0.000t 0.122 0.199
sPPQ 0.162 0.009t 0.265 0.001t 0.059 0.539
vFO 0.220 <0.000t 0.326 <0.000t 0.105 0.269
Amplitude perturbation
ShdB 0.124 0.047* 0.204 0.014* 0.071 0.460
Shim 0.140 0.024* 0.221 0.008t 0.095 0.320
APQ 0.121 0.054 0.197 0.017* 0.095 0.321
SAPQ 0.072 0.250 0.126 0.132 0.026 0.785
VAM 0.043 0.495 0.112 0.180 —0.038 0.694
Voice break, sub-harmonic & voice irregularity
DVB 0.037 0.552 0.093 0.265 -0.013 0.895
DSH 0.196 0.002t 0.253 0.002t 0.075 0.429
DUV 0.121 0.053 0.214 0.010t 0.060 0.527
NVB -0.035 0.573 —-0.023 0.785 -0.070 0.463
NSH 0.169 0.007t 0.199 0.016* 0.067 0.482
NUV 0.094 0.131 0.179 0.031* 0.052 0.588
Noise & tremor
NHR 0.176 0.005t 0.267 0.001t 0.117 0.221
VI 0.198 0.001t 0.282 0.001t 0.126 0.185
SPI -0.223 <0.000t —0.164 0.048* —0.131 0.169
FTRI 0.039 0.543 0.236 0.005t -0.096 0.337
ATRI 0.025 0.731 0.051 0.611 —0.031 0.775

xp <0.05, 1p <0.01. FO: average fundamental frequency (Hz), mFO: mean fundamental frequency (Hz), STD: standard deviation of
FO (Hz), Tsam: length of analyzed sample (sec.), PER: total number detected pitch, Jita: absolute jitter (%), Jitt: jitter percent (%),
RAP: relative average perturbation (%), PPQ: pitch perturbation quotient (%), sPPQ: smoothed pitch perturbation quotient (%),
vFO: fundamental frequency variation (%), ShdB: shimmer in dB (dB), Shim: shimmer percent (%), APQ: amplitude perturbation
quotient (%), sSAPQ: smoothed amplitude perturbation quotient (%), vAm: peak-to-peak amplitude variation (%), DVB: degree of
voice break (%), NUV: number of unvoiced segments, DSH: degree of sub-harmonics, NSH: number of sub-harmonic segments,
DUV: degree of voiceless (%), NVB: number of voice breaks, NHR: noise to harmonic ratio, VTI: voice turbulence index, SPI: soft
phonation index, FTRI: FO-fremor intensity index, ATRI: amplitude tremor intensity index, C.C.: correlation coefficient, VFI: vocal fa-

figue index
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Table 5. Results of Pearson correlation analysis between VFI and aerodynamic parameters

Pearson analysis with VFI

Aerodynamic

R — Total (n=257) Male (n=145) Female (n=112)
C.C. p C.C. P C.C. @)
FvC —0.041 0.510 0.211 0.011* 0.045 0.638
PHODB -0.215 0.001t -0.122 0.143 —0.248 0.008t
MEAP 0.181 0.004t —0.031 0.713 0.024 0.801
PHOT -0.137 0.028* -0.122 0.145 —0.024 0.798
MEAF 0.049 0.430 0.226 0.006t —0.036 0.703
MPAP 0.073 0.241 0.152 0.051 0.066 0.487
TARF 0.073 0.241 0.212 0.011* 0.003 0.973
ARES 0.038 0.548 —0.061 0.461 0.016 0.865
AEFF -0.055 0.378 —0.068 0.417 —0.101 0.291

#p<0.05, 1p<0.01. FVC: expiratory volume (liters), PHODB: mean sound pressure level during voicing (dB), MEAP: mean pitch (Hz),
PHOT: phonation time (sec.), MEAF: mean expiratory airflow (lit/sec.), MPAP: mean peak air pressure (cmH-0), TARF: target air-
flow (lit/sec.), ARES: aerodynamic resistance [cmH20/ (I/s)], AEFF: aerodynamic efficiency (ppm), C.C.: correlation coefficient,

VFI: vocal fatigue index
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] Appendix []

Voice Fatigue Index in Koran Version
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