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Background and Objectives Vocal fold leukoplakia is characterized as white plaque on
the epithelium of the vocal folds and can be treated by angiolytic laser stripping surgery. How-
ever, postoperative changes in the vibratory patterns of vocal folds have not been investigated
quantitatively. The purpose of this study was to investigate the changes in vocal fold vibration
after angiolytic laser surgery in patients with unilateral vocal fold leukoplakia using the two-
dimensional scanning digital kymography (2D DKG).

Subjects and Method Medical records of seven males (age=62.14+12.40 yrs) with unilat-
eral vocal fold leukoplakia who underwent angiolytic laser stripping were reviewed. Before
and after the surgery (post-operative day==82.57+28.55 days), a multi-dimensional voice as-
sessment was performed along with a 2D DKG study. For 2D DKG images, the amplitude
symmetry index (ASI), phase symmetry index (PSI), and open quotient (OQ) were calculated
using the ImageJ program. In addition, pre- versus postoperative data were compared, and the
correlation between the changes in 2D DKG parameters and voice outcomes was explored.
Results Results indicated that the absolute ASI (p=0.028) and OQ (p=0.028) of the 2D
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DKG study, grade (p=0.038) and breathy (p=0.034) of the GRBAS scale, cPitch measured by
the electroglottography (p=0.043), the physical score of the VHI (p=0.042), and the total score
(p=0.043) and the tiredness score (p=0.043) of the VFI decreased after surgery. Decrease in
the absolute ASI was correlated with changes in the grade (tho=0.850) and breathy (tho=0.777)
scale measures, while decreased OQ were correlated with the changes in the physical score of
the VHI (tho=0.901) and tiredness score of the VFI (rho=0.847).
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Conclusion The improved vocal fold vibratory patterns after angiolytic laser surgery for
vocal fold leukoplakia can be evaluated objectively using the 2D DKG study. Angiolytic laser
stripping enables the preservation of vocal fold vibration after the surgery and is considered a
valuable surgical option for treating vocal fold leukoplakia.

Korean J Otorhinolaryngol-Head Neck Surg 2023;66(6):393-9

Keywords Kymography; Lasers; Leukoplakia; Vibration; Vocal cords.

A8

At WHr=(vocal fold leukoplakia)2 wlaFE £A| A A
Q;(] %Js-t Aé]:H _L‘\_L]_,] Z—]O]—A“] HHAH -‘—L]—‘f" l:ﬂB:]Oi J_}-7]—§1._%_
(hyperkeratosis), ©184d5(dysplasia), HHATA| LY 52
thefel Wl AES HAck 1960 E5E 20057k 5

wES 2ol B4 21889 TARO.R 3 el S0%
2ol 57t e A WHOR WEHon LX) S0%s
& EOI% AP, 2 opy go e

oX ok

= Ao 29| ZgPS Hol o]F 59
§4 WHskgo] fou|st IAE Bk H|=
oo 29l ¥E} 7h5/4dE WAlstA e
2 A9 The AT e o] WEhe S HY
A= Aidure] A= gk g4
A5k o= Q7] Wliof| &4 AAHA= Al
sHA| AAJstofof gt &4 A REs IAE] e &
CO, glo|A, g3l glo|A(angiolytic laser) & TFFStH
oA E ARGl BiHo] Qlom =& HQo] what Ak
(vaporization), 7]’4<(stripping), ZA| < (resection) 52
=2 WhHo| AFRE| T Qlt) o] & 3] lojH= FMA
oA FHE o]-g3sto] EHo] F
0] o7lo§y\1 14/\1- leo]] 1:]-]6]— H

|[Uek& 85ts FFuAlea] At FolA

=
=
ofN o
L

R TR
o
12
X

iy
lo
Hir

i)
o
T
&
i)
H1
o
ﬂJ

J

Mo o\ & M2 oX ox o & O K

-

SN

ﬂx}% 7}4 A2 A5t vashe o, 5 4
1} 5.0 oby W3lo| tfal xfol

hu

= kol A
Eo];(] o]—o]—oD:] 0%194
H%Oﬂ AA = B HoAE Ol%?& o] o &
ARtE Bek? ey glolA) & 5 g g el df
o AT 7k o7 At vt gk

o Js EA0l H7ke}t Hafutgof tiet A4 A4l
Hog & AEgKHAFH|(laryngeal stroboscopy), 114

S YA HAMhigh-speed videolaryngoscopy), 7FO] 271
7 (kymography) §-& AH&3 4= ek o] 3 2D tAE
7}o|x 18| 1) (two—dimensional scanning digital kymogra—
phy, 2D DKG)= &Pg3t 24 AejollA= Z4o] 7Hsst

o 2% A Hure] $AUE Astetel BEE 4 gtk

o o2 Hrorr
E |

o 2 Auf HkS(vocal fold scarring) <
(vocal fold atrophy) 5ol 3-84Jo] B 1% v} gJrs”
off Wikl Zro] S Aleh At ZEiES B
ghofl Aol il e EA40) 7S 7HE 4= Qlrk
2 AtollA= gl HolA AdeS AR g
ko] SR Eof| A 2D DKGE AHg-319 ZJ%EH%JX]#
AR
symmetry index, PSI), 7H®¥A]4=(open quotient, OQ)—J |
A HstE 574, v Aste] gl golAE AHEgt
Jdf WekE 7‘]’2}5—4 Fu T AURlE FdY T H s
H|wskginh 3k 2D DKGolA Y] 23t 34 24 449
|1E Ea)] A Ao st FoFd =4 =2 A]Q] 71X]
B7hslf Hkek

(amplitude symmetry index, ASI),

II

il

o3 A wWiEk=o 2 zcthy] J}vﬂ*lﬂ}ﬂobﬂ %t
s dlolA Adae Ahd 7] 4]l wd62.14
12404)= dde= AFsiolnt. the &7 dohs St
7t ool F AlEolut WA A BE W WEo]
e b At & At S ATl FEi=

Y=o 7]8AF-2 24199 Y 2] (Institutional Review
Board No. 3-2020-0280)2] %912 Wt tH(Table 1).



< 9

a2 Aalnts st XP=Siek Dedo $-F74= o83}
N E w23/ on & dnjdS S Alofgtl &
532 nm T3] Fo|A(QUANTA D562-6, Quanta Sys-—
tem SpA, Samarate, Italy)?] 33/d-G-(laser fibenE +4
ZH(alligator forceps)E ©|-&sto] WH-E Frsles 54tk
o] R Eo] el 3 mm o|Ule] HY 2tofA olF
st AubAQl A9 W AAlof oA E HHFAE BE
(noncontacting mode)&= 4 watt, 20 Hz AF-&31om L Q A
5 watte] Al71= Adatich daga golA= An 2o
8-S Ssfiste] ag-22] FW(superficial lamina
propria) 2 /g7 (epithelium)& ]33 2™ 0] LJEpT ¥
H O] 7]* 2 (basal membrane)™} A (epithelium) AFe]2]
oHS AR 48] (cotton bal)E -8k AHAFA|

7 v]A|T]ke] UBAA|< (en-bloc resection)S Al STt

»

£

Table 1. Demographic and clinical characteristics of the patient
population (n=7)

Characteristic Value

Age (year) 62.14 (39-74)
Sex

Male 7 (100)

Female 0(0)
Site

Left 3(429)

Right 3(42.9)

Both 1(14.2)
Pathology

Hyperkeratosis 6(85.8)

Dysplasia (low grade) 1(14.2)
Laser pulse delivered

Iradiance, Watt/cm? 43+0.5

Fluence, Joules/cm® 83.5+27.4
Follow-up period (day) 82.57 +28.55

Data are presented n (range) or n (%) or mean+standard de-
viation
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Fig. 1. The surgical procedures of angiolytic laser stripping for vocal fold leukoplakia. A: Stroboscopic finding before surgery. B: The tip
of the flexible laser fiber was grasped using alligator forceps and moved to its target within 3 mm of the lesion. C: After irradiating the
entire lesion, the leukoplakic epithelium was separated and elevated from the vocal folds using a small cotton ball and grasping forceps.

D: Surgical field after angiolytic laser stripping.
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Fig. 2. Parameters of vocal fold vibratory characteristics using the
2D scanning digital kymography. Amplitude symmetry index=(Ag-
A)/(Ag*A)), phase symmetry index=(Tg+T )/T, open quotient=
To/T. Normophonic male (67 years old).
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Fig. 3. Pre- and post-operative findings of the lesion sites and post-operative 2D DKG finding for each case are presented in the top,
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middle, and bottom line, respectively. 2D DKG, two-dimensional scanning digital kymography.
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Fig. 4. Correlation between the changes in the 2D DKG parameters and voice outcomes after angiolytic laser stripping for unilateral vocal
fold leukoplakia. ASI, amplitude symmetry index; KVHI, Korean version of Voice Handicap Index; K-VFI, Korean version of Vocal Fatigue
Index; OQ, open quotient; 2D DKG, two-dimensional scanning digital kymography.
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Table 2. Comparative analysis of pre- and post-operative variables

Pre-op Post-op p-value
2D DKG
ASI* 0.17+0.12 0.08+£0.07 0.028*
PSI 0.08+0.07 0.05+0.43 0.866
oQ 0.71£0.12 0.56+0.83 0.028*
GRBAS
G 2.10£0.53 1.57+0.53 0.038*
R 1.86+0.70 1.43£0.73 0.059
B 1.64+0.38 1.14+0.48 0.034*
A 0.00+0.00 0.00+0.00 >0.999
S 1.57+£0.45 1.36+0.63 0.083
ADSV
CPP 12.488 +3.660 11.473+3.559 0.063
oCPP 0.905+0.608 0.849+0.191 >0.999
SR 34.610+5.858 32.441+7.164 0.176
oSR 1.501+0.549 1.479+£0.225 0.866
MDVP
Jitt 1.147£1.211 1.661+2.083 0.237
Shim 4.660+£2.794 5.510£3.525 0.176
NHR 0.150+0.037 0.161£0.069 0.866
EGG
SFF 127.19+£18.42 121.04£17.24 0.176
OSFF* 18.16+6.13 15.29+£3.27 0.043*
cQ 43.92+2.83 45.15+3.76 0.398
oCQ 5.49+3.18 4.88+1.30 0.735
VHI
VHI-TTL 35.7+14.5 20+24.0 0.075
Functional 11.1+£4.7 6.9+8.2 0.128
Physical* 15.4+6.6 8.3+£9.9 0.042*
Emotional 9.1+5.0 49+6.4 0.058
VFI
VFI-TTL* 27.1£10.1 16.4£14.9 0.043*
Tiredness* 15.1+£6.0 8.7+9.1 0.043*
Physical 15.4+6.6 29+3.8 0.058
Rest 6.6£2.5 49+54 0.173

Data are presented as mean =+ standard deviation. *p < 0.05.
2D DKG, 2D scanning digital kymography; ASI, amplitude sym-
metry index; PSI, phase symmetry index; OQ, open quotient; G,
grade; R, roughness; B, breathiness; A, asthenia; S, strain;
ADSV, Analysis of Dysphonia in Speech and Voice; CPP, ceps-
fral peak prominence; SR, L/H Spectral Ratio; MDVP, Multi-Di-
mensional Voice Program; lJitt, Jitter percent; Shim, Shimmer
percent; NHR, Noise-to-Harmonic Ratio; EGG, electroglottog-
raphy; SFF, speaking fundamental frequency; CQ, contact
quotient; VHI, Voice Handicap Index; VFI, Vocal Fatigue Index
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