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Objectives: The purpose of this study was to investigate the responsiveness of the abso-
lute error of estimated speaking fundamental frequency (AEFQ) after intervention of voice
disorders. The correlation between the changes in AEFO measures and multidimensional
voice measurements were explored. Usefulness of the changes in the AEFO (AAEF0) mea-
sures for predicting vocal improvement was also explored. Methods: 30 male and 30 fe-
male patients with benign vocal fold lesions participated in the study. Participants were

asked to perform voice and speech range profile and passage-reading tasks to yield the
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AEFOQ. Pre- vs. post-operative AEFO in voice and speech range profile tasks were compared.
The correlation between the AAEFO and changes in the voice parameters was explored.

The cutoff score of the AAEFO for the improved group was calculated. Results: For both
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male and female patients, voice and speech range profile measures did not show signifi-
cant change after surgery. On the other hand, AEFO measured by voice and speech range
profiles decreased regardless of gender. AAEFO after surgery showed weak to moderate
correlation with the changes in the multidimensional voice measurements. The area under
the curve of the AAEFOvgp, AAEFOsg,, AAEFOsum for screening vocal improvement were .693,
669, and .753; and the cutoff scores were <4.035, <

-2.403, <0.389, respectively. Conclu-

sion: The results revealed that AEFO measures could function as an indicator of post-treat-
ment vocal improvement reflecting vocal ranges.
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=5 B7FE 2 okl )t Ma & Yiu, 2011). ERE ollA &
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S Atk & A AbEShe a0 whet go] EEle A

FOlETE St Sof ofet Hekslar 7

[¢]
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n
o] At FA A -y} A& At dutshol = AAE = A
Folek a4 gick

QA st etioll thet H7bof| o]-8-%= WS -
et 7 4P Sl o S AT S0 A4 &
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rgo] Qlet. 20180 AIAIE S/l tiet 7]7] H7F 2 EFoA
& RERhE SioF e R0 2 S0l 9IS 2 shee ¢
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& Yiu, 2011).
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Ho) S e, e ) F.9] S Mol ol WSS 2Hs)
L Q17 ol R e WRolet g 4 ok

ol ARl T 42 9L, 2 Aok 7

-

F3Hvocal loading) &

] 44|

https://doi.org/10.12963/csd.22930

AEFO2] HH3-I= « 0|&TI 8|

_;

o

AAIH Ay, 5 220 o Sof weh el
21 oA F5HA A 5 Ol WEO 2 3l

|

o

2

gb= 2% SFOL= Yufel7} 5H= o] Qluk. Titze (1995)2] 73-$-
CF 397} L 14 R VRPS Al ol 5] 2

7Tk 1912 10%, 50%, 80% A5 22 B

(medium)’, S (high)’ A4 9] 5= =2 174 4= Qlrfal Xﬂo}s}?‘i
ok Z2efut of7jofl A ek 3 52 G A|Rlo] Warlof |
ket el Wl ek W0 o 27} a2
A7} AR A S B2 ek o) iS4
o8 A, Alofe] 29K Hedema) S Srkah 2l
F-&(Reinke’s edema)©|L} 4] 8-0}&(contact granuloma), &
= 20y S S 4
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mental frequency, AEF0)E A A& 4= QA0ckaL HotE] Qi
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Table 1. Demographic data of the patients

Parameters Male (N=30)  Female (N=30) p
Age (year) 44.07+13.82 45.10+13.94 774
Post onset time (months) 3797+4768  26.23(32.67) 27
Professional voice user (N [%]) 10(33.3) 15(50.0) 295
Pre-operative GRBAS ratings
Grade 247+ 54 2.35+ 56 415
Roughness 2.37+.57 2.15+.71 198
Breathiness 1,68+ .46 1.58+.49 422
Asthenia .00+.00 02+.09 326
Strain 1.83+.51 1.80+.47 793
Diagnosis of the patients 155
Vocal polyp, unilateral 23(76.7) 21(70.0)
Intracordal cyst 1(3.3) 5(16.7)
Hyperkeratosis 4(13.3) 1(3.3)
Reinke’s edema 1(3.3) 3(10.0)
Vocal nodules, bilateral 1(3.3) 0(.0)
Post-operative day 67.73+38.50 57.80+39.41 327

Values are presented as mean + SD.
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3z 2 0}Ql-3F=1 7 (Korean version of the Voice Activity and Partic-
ipation Profile, K-VAPP) AHX| & FL219] <=4 2 28 e = 513
THKim et al,, 2007; Lee et al., 2016)0]0]A] Z} tiAA} = a0 &
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(Model 6103; KayPENTAX, Lincoln Park, NJ, USA)9] 7]7]&
Asto] Agokglon, nho] A REO 2= SMA8 TAXFA Tho]
L] o] S (SHURE, Niles, IL, USA) S A8, 55 B 24
LRI ATZEY o2 CSLY HEZE IO CSL el Z&E 11
2 (Model 4150B), Real-time EGG 3 = “12}(Model 6103), Multi-di-
mensional Voice Program (Model 5105, KayPentax, Lincoln Park,
NJ, USA; MDVP), Voice Range Profile(Model 4326; KayPENTAX,
Lincoln Park, NJ, USA; VRP), Analysis of Dysphonia in Speech
and Voice (Model 5109, KayPentax, Lincoln Park, NJ, USA; ADSV),
Phonatory Aerodynamic System (Model 6600, KayPentax, NJ, USA;
PAS)& 2851 3itt.

. oi520] SahAle) VRS SRPE] AJ5) WA mA] VRP
HE HES Y AR U B oS Egliding)sk=5
3o A4 (modal register) 2} 7141 (falsetto register) S H5F 3
33t HA FodhE 7183 VRP 2 S AASHL VRP Z2ut
U(pho)& A3HATE VRPE Al3Ys7] 918t tf 7441 21Q1 AA} 5l
AJAAFR S-S A ATl TS AI3] 7] o] Tk (Lee & Kim,
2019). YA SRP TRl A= HORH S 0F A 7] 2 Jhaio] & &
o) kel 7 T (Kim, 2012)9] A 241 vk 7t
= R0 2 o FHT S HIleke s 35 VRP S5 (pho)e
A73oket B3 MDVPE 56 B3 o 5 AR 2ot 27| =2
42 o) WJole % 5hof 42 ol o] wav SA A E(E A +
EGGAI 9] 221, 44,100 Hz, 16 bit)-2 #AAs}%ck CSL HQl
2O FotolAE 7Y B Kim, 2012) AAE ¢S 5t
5T & APE |, A (RO Al @5 W TS
€] 1 wjofit opFrhgo] =AY )& e 2 ER|Ysto] wav o}
U= APt g g B 2 oY) IAIE Al w4k o
]IS S AAR A S] (A =0 51 o) el 2919] 15 Ao
AZARZF73 =2 GRBAS =5 o]-8-5t0] gA|of| o] 2 =% 7
A 214 WAL AASFEHHirano, 1981; Choi, Yu, & Choi, 2021).
Zd) ¥ AJZHmaximum phonation time, MPT) 742 $]5}¢]

PAS 7)7] ¥ Z 2 73S B35 MPT L2 EZ-2 33 A3}tk

=S

w17 Bk 917] 84 M-S EGG Z2 9l 25 9 2445
of sl A= oAl Bt a7 |2 F-2h>(SFOsco, Hz) 9| Bt
I EHAE S7gkglon, ojuf 4] B9l= 70-1,000 Hz, “HE
3H(smoothing) 7|5 off2 A3 TE T30 2= VRPA A
VRP 9 SRP &35 27} #-41510] Z|3L(Maxvre, Maxske, Hz)2}
2|4 &% (Minvke, Minsge, Hz), Hz $+9](Rangevrr, Rangeszp) 2} T

https://doi.org/10.12963/csd.22930

AEFO2] HH3-I= « 0|&TI 8|

& T (Semiver, Semisrp) 2] SAHE SHIYLE Y SAXE
2 Lee®} Kim (2019)2] Al4H4]o]l t5}Fe] ESFOvke2} ESFOske s
AAF}aL, o] d|&A 53} SFOre 7H] 2lol2] Adigh, & AEF0
(AEFOyre, AEFOszp) 2} = AEF02] HAEFOsun )2 3}21t} ESFO
9} AEF0&] A4HA) 2 717} o efj o} k.

ESFOvrp =71.779 + (57.116 X Gender) + (0.447 X Minyrp) —
(0.308 X Age) + (0.016 X Rangevrp)
(Gender: male=0, female=1)
ESFOsrp = 33.446 + (0.728 X Maxsrp)—(3.353 X Semisrp)
AEFOvgp = | ESFOvap— SFOkca |
AEFOszp = | ESFOsrp— SFOkc |
AEFOsum =AEFOyrp+ AEFOgrp

= (jitter per-
cent, Jitt), X1 ZH-5 5 (shimmer percent, Shim), 2~ T} v H|-&
(noise-to-harmonic ratio, NHR)2 =435t} ol X3 4% A&
T2 A 2ol tiske] ADSVE o]--sto] AER |3 TR
(cepstral peak prominence, CPPV, CPPS)¥} 35 HXHgCPPy, CPPs)
£ 5793I3{Tk MPTE] 73-9- 33 A3t A3t 5 71 71 ARES 2
Fofel o 2 Thpsto] 35 EAo B-E-5131 oM, EGG 2= 17|
A 7he T A S A8k A4 Al (closed quotient,
CQ)o}t EFHAE S745H3irE KVHICA = S-(KVHIm), 715
(KVHIy), AIA(KVHIp), ZP(KVHI) 591585 Alikstgl o
K-VAPPOJ A= F(K-VAPPrr), B A[g+ M (activity limita-
tion score, ALS), 2Fo] A|2F <4>(participation restriction score,
PRS), 5= < (Severity), 2| 5>(Job), B/ < (Daily),
AR A4 (Social), 77 H4=(Emotion) S AAFSFTE Th 2]
/A9 shukel S AR A4 SR S5k Al
(Acoustic Psychometric Severity Index of Dysphonia, APSID)
Sk AAFSISITE APSID= W5 9 #742] CPPL} K-VAPP -5
o} g}l Tl 24 BAS gsto] BRI} 438 CAPEY
of M FZEF ol &5t ARolv], ofele} 22 Ao T

AAFAH(Lee, Choi, & Kim, 2021).
APSID = 84.984-(7.159 X CPPs)+(2.104 X Self-perceived severi-

ty)+(5.724 X 0CPPv)-(2.054 X CPPv)-(5.174 X Gender)

(Gender: male =0, female=1)
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Aol W2 Hpol7} 91 R0 2 ol 7| B uk T
gl e S AFok Aol w2 )i Sl ofed vk
27 AL B3 AFERE 1 9lo] T W7k SHAEL
AEFOSE] JTTAS Av 0 24 NHS =S 215 Slto]
AAIE OB, F7) A Wte] A Fols} B A7 Fa T
AP o B2, o] TAgle] 34 AL vl Sfsto] hs
3 1 7% (paired -test) ABSIGITE 2 %0] F4) A s
SH(A) 710] ARRAE oli] Sl Slolds ARHLAS A
W9k S AT ] Ak GRBAS 2| Grade B/} 1

- 7h 1

9l ¢ v]7j Al (non-improved group) 2.2 7+HEsaL, 7tk
] 7§ Al 7H A AAEFO B3-S $J3)] SR + 1AL AJ5Hac:
A AEF02] 5A)| 5 A& F-2-617] Y2 Ahd(cutoff score)S
Belsk7] ffaf AR 22F A A (receiver operating charac-
teristic curve, ROC curve) 412 A|3§5}9C) o] vHE-=2] B
AL B3} ¢ 7 A o] = SPSS 25.0 (IBM-SPSS Inc., Armonk, N'Y, USA),
ROC A1 {24 Yl AJZf3}ofli= MedCalc® 7| 42 E9]0] 20.009

o
(
o,
o)
H
N
N

“+(improved group), {48 A
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(MedCalc Software Ltd, Ostend, Belgium), A4 & A1t
A Z}&}ofl&= Python 3.9 (Van Rossum & Drake, 2009)&- 0833}

TR AR A] 022 052 AgEHck

rf

[

-

i,

xH

{0

G0 T E S H Y Y 20 ZHX|9|

rE O
lol

N

22 Az Aol W= EGG, VRP, SRP =74 2|2} ESF0, AEF02]
71587171 Z¥7Z} Tables 22} 30f] A|A|=|o] Qlt}. SemiVRPE 4| €[5t
L= EGG, VRP, SRP Hi5=0f| §lo] ojAJo] SAA|71 e d Rk =5k
o} 222 = f-2l5kA| M3k EGG, VRP, SRP H4>= i3Itk

Al 7}A] AEFOE FA %19 /gdo] whe} v|wgt A, AEFOvre
(Wilk’s Lambda=.922, p=.030), AEFOszp (Wilk’s Lambda=.934,
p=.048), AEFOsum (Wilk’s Lambda=.868, p=.004)0] 257 5|
T FolopA| Araxstiet. A8 ek 7t Afoli= dd 9] AEFOske7} o
ol vl f-2loHA| RO (p=.048), All 7HA] R W S AR
0151 92keh(p>.05).

Table 2. Comparison of pre- versus post-operative electroglottographic, voice- and speech range profile measures

Parameter Gender Pre : = P : :
Interaction Within-subject Between-subject

SFOkss (Hz) Male 117.125+20.089 111.530+20.330 124 3 <.001%**
Female 180.570+33.425 181.900+ 33.262

6SF0kss (Hz) Male 19.615+5.395 19.196+5.941 835 768 <.001%**
Female 31.379+6.239 31.306+7.678

Maxvee (Hz) Male 456.555+159.117 471493+ 144.839 943 480 <.001%**
Female 638.960+278.451 657.224+236.692

Minvee (Hz) Male 90.407 +18.034 87.769+16.962 775 496 <.001%**
Female 140.860+33.018 139.778+29.267

Rangevsr (Hz) Male 366.148+ 160.986 383.724+147.888 969 420 <.008**
Female 498.099+262.579 517.446 +231.480

Semivep Male 27.300+7.042 28.533+7.040 907 110 130
Female 24.867 +6.756 25.933+6.801

Maxszr (Hz) Male 142.405+27.752 137.859+24.113 285 757 <.0077%**
Female 228.303+39.303 230.815+43.666

Minsge (Hz) Male 104.658+18.926 98.490+18.509 408 193 <.001%**
Female 159.212+33.270 157.827 +33.893

Rangesr (Hz) Male 37.746+19.027 39.369+14.031 720 385 <.001%**
Female 69.091+24.317 72.988+29.317

Semisp Male 5.267 +2.463 5.867+2.000 J17 208 049*
Female 6.367+2.312 6.700+2.562

Values are presented as mean+ SD.

SFOess = speaking fundamental frequency measured by electroglottography; o =standard deviation; VRP=voice range profile; SRP=speech range profile; Max=maximum
pitch in Hz; Min=minimum pitch in Hz; Range = pitch range in Hz; Semi= pitch range in semitones.

*p<.05, **p<.01,***p<.001.

898  https://www.e-csd.org

https://doi.org/10.12963/csd.22930



COMMUNICATION SCIENCES & DISORDERS

AEFO2] HH3-I= « 0|&TI 8|

Table 3. Comparison of pre- versus post-operative ESFO and AEFO measures of voice and speech range profiles

Parameter Gender Pre Post : = P : :
Interaction Within-subject ~ Between-subject

ESFOwe (Hz) Male 102.772+11.474 103.579+8.361 701 399 <.007***
Female 183.614+21.693 185.764+15.942

ESFOsze (Hz) Male 119.458+17.622 114.137+17.593 178 301 <.007***
Female 178.303+29.318 179.014+31.826

AEFOvse (Hz) Male 17.529+15.250 12.452+13.431 576 030" 542
Female 18.490+15.592 15.464+13.182

AEFOsg» (Hz) Male 10.435+10.656 6.823+4.903 592 .048* .048*
Female 13.237+10.835 11.147+7.189

AEFOsum (Hz) Male 27.964+22.314 19.275+13.653 446 .004** 172
Female 31.727+18.162 26.610+16.599

ESFO=estimated speaking fundamental frequency; AEFO=differences between the ESFO and the SFO measured by electroglottography of a passage reading task; VRP=voice

range profile; SRP=speech range profile; AEFOsuw=sum of the AEFOvz and AEFQsgp.

*p<.05, **p<.01, ***p<.001.

Table 4. Comparison of pre- versus post-operative acoustic measures

Table 5. Comparison of pre- versus post-operative psychometric measures

Parameter Pre Post t p

Jitt (%) 2.156+1.736 1.302+1.121 3.669 001**
Shim (%) 6.253+3.817 4.427+2.279 3585 .001**
NHR .155+0.043 136+0.035 2.757 .008**
CPPs (dB) 5.124+1.766 6.065+1.450 -3.956 <.001***
oCPPs (dB) 3.269+0.828 3.675+0.598 -3.819 <.007***
CPPv (dB) 9.895+3245  11.275+2.774 -3513 001**
oCPPv (dB) 1.276+0.831 955+0.711 2.469 016*
APSID 44830422653 27.210+18.877  5.800 <.001***

Values are presented as mean+ SD.

Jitt=jitter percent; Shim=shimmer percent; NHR = noise-to-harmonic ratio; CPP=
cepstral peak prominence; o= standard deviation; S=sentence samples; V=vowel
samples; APSID = Acoustic Psychometric Severity Index of Dysphonia.

*p<.05, **p<.01, ***p<.001.
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S3F8HA A X5 v] st A} Jitt (t=3.669, p < .001), Shim (t=3.585,
p<.001), NHR (¢ =2.757, p=.008), 6CPPv (¢ =2.469, p =.016), AP-
SID (t="5.800, p<.001)7} 3-2J5}A| 723+ ¥k, CPPs (¢ =-3.956,
p<.001), 6CPPs (t=-3.819, p<.001), CPPv (t=-3.513, p<.001)=
Fol5IA S5716FATH Table 4).

KVHI2} K-VAPP A& %4~ 20| A= K-VAPP2] PRS (t =-1.696,
p=.095), Daily (¢=-.213, p=.832), Social (t=.509, p=.612)= A<
oF = 5F91Ra B F4lo] 1-9fSHA 4513tk (Table 5). GRBAS
A= o A= Asthenia 2% (t=1.000, p=.321)E A|&Jgt L= 7

A7 WA} 50l 2sholTh MP T ofa7) 27het ut
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Parameter
(Maximum score)

KVHI
Total score (120)

Pre Post t p

34.367+22525 20200+23646 5094  <.001***

Functional (40) 9.417+8.150 6.083+8506  3.170 .002**
Physical (40) 17.400+9.009 9367+£8859  7.098  <.001***
Emotional (40) 7.550+7.294 4750+£7203  3.156 .003**
K-VAPP

Total score (280) 81.250+63.845 60.100+63.173  3.404 .001**
ALS (100) 27450423649 16.733+22.064 4212  <.001***
PRS (100) 23233+25682 28.250+29.355 -1.696 095
Severity (10) 5.767 £2.854 2.817+2.759 7196 <001
Job (40) 13900+12.160  8.100+10.033 4852  <.001***
Daily (120) 28267+27829 28.850+31.309 -213 832
Social (40) 8517+£10.39%6  8.033+9.599 509 612
Emotion (70) 24800+18.288 12.300+16.133 5680  <.001***

Values are presented as mean + SD.

KVHI=the Korean-version of Voice Handicap Index; K-VAPP=the Korean version of
the Voice Activity and Participation Profile; K-VAPP=the Korean version of the Voice
Activity and Participation Profile; ALS=Activity Limitation Score; PRS =Participation
Restriction Score.

**p<.01, ***p<.001.

H(t=-3.587, p<.001), CQO| Bt EX WAL 27 A o)t
WS F ] R] 9FQETH(Table 6).

S7H 55 AAEFOR} CHEE S4ZiALe] ke Zto]
A

B A NS 891 4 W F S A0) Aat W il
9l 2102 oreil WSt ABFO 7] AR 5Ew] Fig:
ure 16 AAISo] Qlck S|ERO A e AL oFe] A, %
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Table 6. Comparison of pre- versus post-operative auditory-perceptual, aero-
dynamic, and CQ measures

Parameter Pre Post t p
Grade 2.408+0.548 1.567+0.654 11566 <.001***
Roughness 2.258+0.648 1.425+0.669 10492 <.001***
Breathiness 1.633+0.477 1.025+0.524 10652 <.001***
Asthenia .008+.065 .000+.000 1.000 321
Strain 1.817+0.487 1.192+0.497 10192 <.001%**
MPT (sec) 11.977+5.250 14.606+6.476 -3587  <.001%**
CQ (%) 45236+4.018 44737 £3.9% 111 2N
cCQ (%) 4.757+0.850 4.778+0.909 -.153 879

Values are presented as mean+SD.
MPT =maximum phonation time; CQ =contact quotient; o =standard deviation.
*¥*

p<.001.
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Figure 1. Correlation heatmap of the AEFO measures and parameters of voice quality.

A=Differences between the pre- and post-treatment; AEFO=Absolute Error of Estimated Speaking Fundamental Frequency; VRP=voice range profile; SRP=speech
range profile; AAEFOsuv=sum of the AAEFOwze and AAEFOszr; Jitt=jitter percent; Shim=shimmer percent; NHR = noise-to-harmonic ratio; CPP=cepstral peak prom-
inence; S=sentence samples; V=vowel samples; APSID = Acoustic Psychometric Severity Index of Dysphonia; KVHI=total score of the Korean-version of Voice
Handicap Index; K-VAPP=total score of the Korean version of the Voice Activity and Participation Profile; Severity=self-perceived severity score of the K-VAPP; G, R,
B, S=(Grade, Roughness, Breathiness, and Strain of the GRBAS score; MPT=maximum phonation time.
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Table 7. Comparison of AAEFO measures between the improved and unim-
proved groups

Improved group Unimproved group

FEIETTEE (AG <-1,N=24)  (AG>-1,N=36) ' p

AAEFO 4683:14480  3564+9454 2673  010%
AAEFOg 7730412724 16257822 28%  006*F
AAEFOs 2413:22608 340213656 3380 001%*

Values are presented as mean+SD.
*p<.05, **p<.01.

Table 8. Comparison of clinical usefulness as a screening tool for vocal im-
provement among the AAEFO measures

Cut-off Youden Sensi- Speci-

0
Feagiy UL Sl ‘ score indexJ ftivity ficity

AAEFOw 693 561-806 2754 006 <4035 389 9167 4722
AAEFOs 669 536-785 2415 016 <-2403 319 7083 61.11
AAEFOsw 753 .625-856 3.972 <.001 <.389 444 8333 61.11

A=Differences between the pre- and post-treatment; AEFO=Absolute Error of Es-
timated Speaking Fundamental Frequency; VRP=voice range profile; SRP=speech
range profile; AAEFOsuwm=sum of the AAEFOve and AAEFOsge.
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Figure 2. Receiver operating characteristic (ROC) curves of the AAEFO measures.
A=Differences between the pre- and post-treatment, AEFO=Absolute Error of

Estimated Speaking Fundamental Frequency, VRP=voice range profile, SRP=
speech range profile, AAEFOsuv=sum of the AAEFOwse and AAEFOsge.
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of Voice (CAPE-V)&}= ] A2 w7 =28 2Pg o glon), 7 7}
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