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Purpose: The purpose of this study is to reveal the differences between the vocal fold palsy ~ Correspondence : GilJoon Lee, MD

group and the normal voice group using phonation threshold parameters (PTF, PTP, PTW),

E-mail : giljoon.lee@gmail.com

and to examine what parameters can sensitively distinguish between the two groups.

Methods: The subjects of the study comprised 40 people diagnosed with vocal cord palsy ~Received : November 28, 2023

(20 males, 20 females, age=61.45+14.7 years). The control group comprosed 33 people Revision revised : January 02, 2024
from the normal voice group (15 males, 18 females, age=57.82+11.6 years). All subjects Accepted : January 31, 2024
participated in the experiment using PAS Model 6600 in a noise-controlled room, and PTF,

PTP, and PTW were obtained.
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Results: Significant differences were found in PTF, PTP, and PTW between the vocal cord Su Na Park

palsy group and the normal voice group, as well as differences by gender within each group.

https://orcid.org/0000-0002-1127-319X

In the ROC analysis to confirm the sensitivity between the vocal fold palsy group and the GilJoon Lee

normal voice group, the AUC was found to be PTP (.825), PTW (.823), and PTF (.753).

https://orcid.org/0000-0002-3344-1879

Conclusion: Compared to the normal voice group, the vocal cord palsy group required more
air flow and power to vocalize, so PTF, PTP, and PTW were measured higher. Additionally,
within each group, males had higher PTF, PIP, PTW values than females. The diagnostic
predictive power (AUC) for distinguishing between the vocal cord palsy group and the
normal voice group was in the order of PTP, PTW, and PTF. It was predicted that PTF
would distinguish sensitively, but on the contrary, the PTF value was measured to be the
lowest. This would have yielded more meaningful results by considering the age of the

subjects and increasing the number.
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St AU s wrdsto] Amdoln AFAQd Awg Al
ot 2ol YA 71EH o ® Ak IHA] Qo EAYGA
A, THGA7FE BYGA ] et AtE o]FojAL §l
tChoi et al., 2010; Hottinger et al., 2007; Hwang & Lee,
2014; Jeong et al., 2018; Jiang et al., 2008; Lee et al.,
2013, 2015; Plexico et al., 2011; Titze, 1988; Zhuang et
al., 2009, 2013).

FQ|ollA= 20009 o|XFE TAHIXE FAE A7 1P
=o] gtk 37198k BrlolA AJESH(subglottal pressure:
Psub)¥} H#357]F8(mean airflow pressure: MFR)0] E%35t
7ol sht W2 AFAE0] AidlES AR of 8%
£ HAY AT A Y V)R] TS THREA EAEGHUE
(phonation threshold pressure: PTP)¥} ¥4 HX]7|%(phonation
threshold flow: PTR)Ol tigh ¥ejel &4 #d] ojsf =9&
S17] AlARE Zolt}, PTF= Auidls= A& 5= e A4t
371580]|1 PTP= Aizls= A&slkes o a3t 4tk 4
Eol¢te]™ PTW(phonation threshold power)s T8
O= PTFe PTPY Fo& AREEH] & miElu|Elg] E4E 1F
Fokol= Aog AR QtiTitze, 1988; Zhuang et al., 2013).
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E53], PTF= 3% &9 E(posterior glottal gap)o]l 55,
A9l Zol7t AlA=EsE(vocal fold elongation), ATHEHO|
27t 8= (surface dehydration) ARtk sFAtHHottinger
et al., 2007, Jiang & Tao, 2007; Jiang et al., 2008;
Zhuang et al., 2013). ¥ PTP= A7} F7&5Z(vocal
fold thickness), & Z&(tissue damping)’t Z&TE, LA
A AEY E(prephonatory glottal width)¥ A=az9] HA
(mucosal wave velocity)o] E4F o] F7IRIha STt
(Plexico et al., 2011; Titze, 1988).

oo AR mEH Al A2 g d 429 =22
F7HRIXtE H F9E sk len Es], ekl g 23
9] A (velocity)Tt F(stiffness)= A 4= AL, Adf #
T2 ARY B 27E IR £ sleH, A e 2l
3 FEl(scar)= A 229 4L ®HSAE 4 ok siglth
(Jiang & Tao, 2007; Zhuang et al., 2009, 2013). o]&st A
o] Hejekd z7oA WA merEE AU B4 w
Fotol FgE AEshet] 87Ee AT kg9 RZ meid
= A SfET AR, ARSI (subglottal pressure: Psub)©]
U B#357|F8{(mean airflow pressure: MFR)Z} 22 w}z}u] g
T gRlsiE gt 240l BE: 714 37198 EA4E ol
T = Ak sHRAITE 4 Aol Pk g9 kS ERlst
= A2 AU FAQerd EAE wrgste] BHEd 2A4E B
kAl metst 4= QR STt Zhuang 5(2013)2] A7olA
T Y A A 7 Aols HES| HsiA

S, YA T A7t QoA Eds] APH At A
e FiolAds mie A olFojA L ok oA dE
92 AES A5E™ PTF, PTP, PTWE o|&sto] FAdxuta
S Hwang & Lee, 2014; Lee et al., 2013)7} H=AddbAdAtof
(Choi et al, 2010)8 <¥ke4 Modt HlwstAY A 5
% Jeong et al., 2018; Lee et al., 2015)°A4 A A
%ol WH3lE AmE7] 8] PTPE °ol8skAuY PTF, PTP,
PTWY] 7125 vidsty] 98 A4 49 dyis Blu 24
gt A Park et al., 2019)°] =gt=o] Utk HLo] AAolA
= A9 &&= YA Yok

o B Ao A9 mErEE olgste] Aldehe
AR|atEd Jdesdl F HESAUUHE AR A3
sto] URkA Ade] AolE AWEIA Sqlth. F7HEo
2 7P 93sH med 4 e mEmlEe FoUA dofl
g gtk & #HSgURH] Ao guked Je 7 EAEY
A mEHEE So W4 Al 89Es =89 Z foRtes
A AR ste o ZRo] HeA ZRlsty AelAe &8k
£ =0l © 54o] itk

mebA & 9] A+ EAE ot 2ok

A, PTF, PTP, PTW7} ®SAuinhd] ot dwk3id 4
& 7ol o]zt QU=7N

E4, Aol7t Jobd PTF, PTP, PTW oA 7 RIzsH

Aojg T & 4 9l TehulEE BolR
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Review Board: IRB)ZHE ARASQUE w2 5 AAEATHNo.
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(P=375).

Table 1. Demographic information of patients

Variable VCP (2=40) Normal (7=33)
Age 61.45+14.7 57.82+11.6
Sex

Male 20 15

Female 20 18
Rule out

Idiopathic 10

Lung cancer 8

Esophageal cancer 2

Thyroid cancer 11

Surgical damage 8

Neurogenic damage 1
Paralyzed side

Left 29

Right 11

Nore. VCP=vocalcord palsy.
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HE WSS 250] SAE WolA Heks] gobA A9
ZFolslgity. 7198 HAFET % PAS Model 6600 0|83
Fom 4AIZHtT} 1Liter syringeE ©]-85t%] A (calibration)&
sHolct.

1) PTF

PTF= Maximum Sustained Protocold ©]-8sto] =451
o oeag 9 o e 2 PEUA a/se
Asto] 3~52 FU RS AHS] EAWIES sigd T4
HHog 108 WIS Sigith. & AFAE A R EHOH
WA AME Holil diiAbs HiAIE 2HESHA] o> AEiollA
0| A5t S0 FAE AASIGITE AY Aol PTF &
H 7% ABS 50dB SPLolE T B ATl U
Zgsto] 103] WS BAgkS PTRZ 8l Zhuang et al.,
2009, 2013).

2) PTP

PTP= Voice EfficiencyE ol-8sto] &4stutt. npAIE 2
ot ol EFAZl & AA 2mme] FAREES o] A 29
1 3 W9 TY]o AR AR et REHA /pa/E T
Jol=E oloith. 2% 1544 53] WUIslEs si9loH R
BE d= 9AY ”H%X] LTE SIS & AR AA
Rl oisi WA AlE 53-01_’ fﬁ*}x}“ ”}—39} THREE
AMESIA] QR AdEjollA SES] AGT —6:— | IAE AASHIH.
449 #E F A% 4T oA S4E ARt 49 A =
A9 BFE PIP gz i%O}ﬁE](Plexmo et al., 2011).

3) PTW
PTW+= PTF®} PTPY| #O& F519tHZhuang et al.,, 2013).

3. XM= X

gdiube] Htah dekd Je 7k A rﬂr% PTF, PTP,
PTWollA] 2ol 7} ‘”511 7&%6}71 93]

PT\X/9] izt
T i}Olé @Hﬂobl H 3 ROC AAEIgTE RE #1759
EAAg= IBM SPSS 22.0 _11%4—% A&t
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1. QUiop| ETo ddtsyd ET 2t 420 OE PTF
Zt0] H|2

gjobe] Wet QugH A 2 AEe] wE PTRY
B ERUAL Table 20 AASHch ArefukE] e

SUjotigRiel] waeix) S et

Table 2. Comparison of differences in PTF, PTP and PTW
between VCP group and normal group

VCP Normal
M (=20) F (=200 M (#=15) F (a2=18)

Parameter

Phonation threshold 204 06 13+ 50
flow (L/s) o T

Phonation threshold

pressure (cmiL0) 6.65+1.36 5.64+1.15 5.15+1.30 4.11% .55
Phonation threshold
power (cmH;O X
L/s)

Note. M=male; F=female.

14+ .07 .06+ .04

137+ 54 72+ 34 72+ 44 .25+ .16

20 .06L/s, oJd2 .13+.50L/sAom UurA
4+.07L/s, 91432 .06+.04L/s%T}.

g eHH] @Jlr Uk Ad 2F Aol ©hE PTF AJol&
YolR vz} o] UEXEMS AAEIFHI Table 30 AASHYTh
Aouh] Foy geked Jg 7F PTRY Fade
F=23.630, P=.0002 L9 001004 So5t o)z}
om Ao wE ZFENE Z34.930, 0002 $94E
00194 Fomigt Aolg HIrh ShARE AduiwpE] {5 ot
2 Joat o] w2 Z5AE2 005 94008 {9
ShA] gkttt

Table 3. Statistical analysis of PTF between VCP group and
normal group

T I M
ype Il sum o ean

squares Spuares ’
Disability 074 1 .074 23.630 .000™
Gender .109 1 .109 34.930 .000™
Disability X Gender 1.422 1 1.422 .005  .940
~pK.001

2. ‘gUjope| FH2
0| Hl

usrgy YE 2+ Y

Ho| W2 PTP

Aofebe] Jea} Gk A 7F AEo] wE PTPY A
3 FEHA= Table 201 AR} Adoiieie] Hdold 24
2 6.65% 1.36cmH;0, 9732 5.64£1.15cmH,0% 2™ Uik
A FolA FAL 5.1541.30emH;0, 9432 4.11+.55cmH,0
At

Ao Fekat duksd JAd 7F AEo ©E PTP AolE
YolH R} o] YRAEAZ AAISHAIL Table 4°] AASIAT

qjln)  gest Qey WS 7 PIPY FEm:
F=32.025, P=.0002 94 001904 H<Jgr Aozt
on, o wWE FRERIME ~F14.722, 0002 FY5F

001014 froujet #olE ERoh AR o] o] wh
£ Ay o] mE AeAE2 £.001, ~973= /95t
A ok

117



A2 HA(H33H H13)

Table 4. Statistical analysis of PTP between VCP group and normal
group

T I M
ype I sum o ean

squares Spuares
Disability 41.317 1 41317 32025 .000"
Gender 18.993 1 18993 14722 .000™
Disability X Gender .002 1 .002 .001 .973
"p<.001

3. Moot TED Ywgy BT 2 gEd mE PTW
%ol H@

Aduhe] ok gukeAd Jd 7 Al o2 PTWe] B
I} HEEAE Table 20 ARSI Arimh] Wdon €A
& 1.37+.54emH,0xL/s 4L .72+ 34emH0xL/s@oH &
e ook de 72+.44emHOxL/fs, oS
.25+.16cmH,Ox L/s%A .

Adjohe] Mgtk dekeA Ae 7F Ado] wE PTW Aol
S Yohiua o|YRAHIAS HASUL Table 50 A%
oh Adieh] ot gwked A 2 PTWY Fadke
/35317, P=.0002 99122 0.0019014 <93t o7t U
om, A¥o] wZ FaWe [=35913, 20002 foeE
001914 fom|gt AolE BGick SHARE AJdiehd] fFo] wf
2 Adat o] wE Aszag =891, F=348Z oot
A okttt

Table 5. Statistical analysis of PTW between VCP group and
normal group

Type Il sum Mean

P
squares Spuares

Disability 5.561 1 5561 35317 .000™

Gender 5.655 1 5655 35913 .000™

Disability x Gender .140 1 .140 891 348
“p<.001

Table 6. Sensitivity analysis of PTF, PTP, PTW

95% CI
Variable ~ AUC SD §2) Lower Upper
bound bound
PTF 753 .058 .000™ .640 866
PTP 825 .049 .000™ 732 923
PTW 823 .050 .000™ 726 920

Note. AUC=area under the curve; SD=standard deviation; Cl=
confidence interval.

" p<.001
4. dojotH| FHonp Udrsd EHo| AHS st
PTF, PTP, PTWQ| QIZE 2X

gdimke] et duked Jd 7 PTF, PTP, PTWS iz
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TE gRIsk7] st ROC AL o1y 11 AIE Table 6
3} Figure 1°] AASI¥LE ROC #AH o] wHAo] PTP}
PTWE .823 olo& uyepgrh ¥ PTRe= Adidoz W2
75302 g1\t

PTP

PTF

PTW

Sensitivity

00 02 04 06 08 10
1-specificity

Figure 1. Receiver operating characteristic curve
of PTF, PTP, PTW

2 Aolde WA mEmEES olgste] AdiukH]
ot deksA FH) AJolE HieolE £ ] Aol wizst
A eFe sEEE FoQIA ATEE b 5&o] itk

A ] dekt dRkAd FJd gkl PTERolA /o4
gk Zol7h yERt A2 EE 7 A W Ao TE Aok
UEPHTE.  Zhuang 5{(2009)2 Addds AdEds 83
ohgh Jdog Fol vk Hdd PTF, MFRY Aol&
Hlwstict FgLEs Foo] Uk Mool Hlsf PTF
¢t MFRO] fowjshAl #tew PTF= MFREG 7 gt
Aolg H RIFSH Hdsie= mEpEHZL Silch 18al
49 % PTF, PTP, PTWE ol&sf ool +oF ke &
ofo] FAEIES HAd, Adrilel mIdZETE FolAl
Aol Ad, ek Ad 7o) Aelg H|Esign
PTF= 7t Jd2 WEE & Q= 8% svEta siglt
(Zhuang et al., 2013). Adjuiy] o] YukSA Zoho] ||
PTE7} & olf+= ESAS ZEHHAZE Qo) dsks &<t 7]
FEol A4 & gl gle AdY 2R FA 7190%
Aotk ol A 7Fsd AFlen o] AjolA HExl
vl Zo] FE Ale]9] 52 PTFo| ¥F= 713 F8% o
7f¥s=A(Hottinger et al., 2007: Zhuang et al., 2013)& &
FTolME RIS 4= U9

A Wl A HlwolAs Adorh] Hod duk2A Jd
5 @40l ool Hls| PTF7L foulstAl =94t 84 A<



< HdeE gdo e PTFY Aolg AmE Y9 A
M gL oo Hls| PTF/} &ty of¥cHPark et al.,
2019). PTF= Audde Azt T Aduidoldle I
ko m(Hottinger et al., 2007; Jiang & Tao, 2007; Jiang et
al., 2008; Zhuang et al., 2013) At Zo|7} ZojA4E
PTF= AXth FAZ ool Hls) Adidolrt 47 wiiol
PTF7}L f9ulstA =A Z38=gitr 2ok Addeke] Hdof
Az ogel Hls) Fde PTFE =A S3=HU=T PTF= 4
Hd fFe WAE AUy 4ol & Add 9% ve
o SiAE 4 itk

Adiui] Jea} dekgg e 2 PTPIIME =gt &
o7b yehtom Adivi] Humt duked Ao W Ao o
£ Aol Ueigtt SholA AF% AAY PTPe AWt F
A&5E(vocal fold thickness), &9 ZrA(tissue damping)
7} WerE W4 A AE9 E(prephonatory glottal width)
T Aetulzo] AX(mucosal wave velocity)e] 258 Z71%t
THPlexico et al., 2011; Titze, 1988). Atiuu|e} Zo] HE
Ha7t 2HASH AR Titze(1988)7F AASE 291 5 v
A A ABEY o e T T 5 Atk

PTP= 8k Aol Hsf Addiebe] YdolA fofq|sHA
How fE AYgAfoME FUS At YeERFTtHZhuang
et al, 2013). Adiupu|et Zo] ¢ g Alelo] EAjsl= 7+
< AdAEZ AlFeE] feiA 71l Fo] B8 S
on dukxdy Hdol Hle) PTP7F A S39 AL d9agt
ZAdtolc}. E3F HAF IFoAM RE WIAES PTFE &4

AE g RO SEeHA] Eokal FEs] AFT o] A AA
Sioity. 5] dukEAd ool Hsf Adiep] dd
BAE Aldsks H 42Q8FE AlZe]l B ZASith ols &
2 LAZ & Y= AZor dAXY SAgEY =
2 AHTAYE dokal ¥ A(Chang & Karnell, 2004) PTP=
ogs] =4 SAEGNE & At AlEd Adivi] ot
A4 A 7k PTP Xpolg} oA ZF Aot oA E4do] o
gell "8 PTP7} |oulstAl &4t} ol PTEY} "REWR=
PTP= AJEds] f5<F BAQe] o FF2 W=t A
==
Adiebe] Hdar A3 A 7ol PTWolA=  Roju|et
Zol7b yEtom Adumid] Hedk duksd Ad W Al
2 Aol yeRdth. PTW+= PTFY} PTPY EAS 1% 4t
Feth PTFeF PTP= AR BHl =@ JF2 o=d E9l
Adiebels B9HE ZAREAE Qs HolARE AdiziA 9
YRS A= ) o @l kgo] QFdc ¥4 WA
o Zo] Adjup] o] PTFe: PTPE Uk ol Hisf
SousHA 247} & PTFY PTPS JOo& AlEE:
PTW= Bds] == 4ol glth
ek Mgk deked A 7 PTR, PTP, PTWS Wzt
TE syl gt ROC EHoA  AUCE  PTP(.825),
PTW(.823), PTF(753) «2& Utk PTFe= TA49A ot
HUEE § T AT 29 Wil g2 A weH

r

SUHofH[eRte] EE9R| £8 A7

(Hottinger et al., 2007; Zhuang et al., 2013) AZHa2A
9] B4 WK & e meEEHE A Slol(Hottinger
et al, 2007) Adirp|et B4 7ol FEA Aolg e
Y& metujgs PTFY 7oz oifEQloy ditle] At
L2 Zoth et =it oE Axe] Helew E A
2 A% A7} Hlwste] A A" ATF A w4l
olgfar AzZsigicy. Al Ady IS HeE v
o] MY AFEolA RS Ba A™ol 4041 w9l
A} vwslYS w(Choi et al., 2010; Hwang & Lee, 2014;
Lee et al., 2013; Zhuang et al., 2009, 2013) 1A= 60
AE 7182& 60A| ool Adimh] HdolA= 408 % 25
B(62.5%, 60~824D), L HdolAMe 338 F 179
(51.5%, 61~79ADCR dHidos HhYAE BHdAZol =
At ARF BRG DAL} A7t wElste] Hwd o
o] BAE YA Park 520199 AFolA PTFE Aol
2 FuEE Aol7b vkl skt SRR 20A41%E 594071
A 2R 23R © w2 Agdd] digk PR itk ot
Al Aol wWE PTFY AolE gRlstaa Ao Adat o
A Ak Ao BAROl 60Al o1, 6041 |TE Hgho
2 Wro] ~ARE oGtk O ZAd, Adiup] Adolde &
olgt Zpo|7} FTHEA] G2 WHH(p=.121), LERA oA
= 60A mgt HeET 60Al ol HdolA PTF SAA7L &
oAustA 2 AoE YERITHpC014). °f Z2 Ades B
?l AdesE sitiete 159 tidRe= volrt ofd o
BAET RS Aldske ©l 28% At 371550
o go] gFEt:= RS guigith oA I8 3719 of
U7 2FeH ouAE s o] &&/o] Holkta
ol 4= Sl= Zoltt. webA WA F ARt ool 60Al
ojfer FHH & AfolMs Aurh] e dwksd A
7t PTFS] Zfel7h wulste] PTPL; PTWELE Atidoz
9 RiZelA SRS ZAoE siMHEh B i FHdolA
Aol wE AolHrt ELHG HEHA AAY 8<lo] 2
2-g5lgl7] fiZol dfol @WE |IuEt Aoz TAEA
2 Z0F AlgHh

T HA olf= A HolAd &48" F=9 Bt gttt
olty. E3| PTFolA= &Ye Fdol &siojete Z44 g
97 Qoletl I300A A AdY AT 949
WA= B9 5B 52 2/39] sfgEe] BEEdAs 1
FRoE ol Axrt & o= AifHr o
ToA R 5 o 594 HEAE ofof
AAFH

2 Aol ek Hd duksd Hd 7 Ao
2 PTF, PTP, PTWE Hlu E4st1 F FA9 Aol&
A HElE & Sle wEmEd] disf dobkEdth. PTF, PTP,
PTW & DY Aolg A¥s FoH g A5(AUC)
2 PTP, PTW, PTF +°= UePtt ox|gt AJdo] o &
Ak ozt A”E yefstol EASIGHHE o QR Q= 4
I7F vgtedet Zigis) ok E3F AUl 5 HESAH

oRIEE Agslel ey A MRS dged A% o
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