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Purpose : This study hypothesized that changes in the anatomical structure and vocal tract ~Correspondence : Jin Ho Sohn, PhD
after adenotonsillectomy will change voice, parental voice satisfaction, and speech E-mail : sohnjh@knu.ac.kr
intelligibility. Each factor was compared and analyzed, and the correlation between the

factors was analyzed. Received : June 10, 2020

Methods: A total of 82 children (54 boys, 28 girls) from 4 to 7 years of age with stage 3 Revision revised : July 04, 2020
hypertrophy participated. Evaluation was performed before surgery and 2 months after Accepted : July 28, 2020

surgery. The vowels /a/, /e/, /i/, /o/, /u/ formants were analyzed to understand the

change in voice. pVHI was analyzed to understand the change in parental voice ORCID

satisfaction. In addition, VSA, VAL, FCR, and F2ratio, Area5 were analyzed to understand Su Na Park

speech intelligibility. https://orcid.org/0000-0002-1127-319X
Results: After adenotonsillectomy /a/ decreased in F1 and F3, and /e/ and /o/ decreased Sung Jae Heo

in F3. Thus, change in voice was observed. The score in pVHI decreased. Thus, the voice https://orcid.org/0000-0002-1388-8075
satisfaction of parents reports increased. The speech intelligibility parameters VSA, VA, Jin Ho Sohn

FCR, F2ratio and Area5 show no significant differences. As a result of correlation analysis https://orcid.org/0000-0002-7447-3471
between each factor, there was a significant correlation between voice and speech

intelligibility. F2/i/ and FCR, F2/u/ and F2ratio showed high negative correlation, while

VSA and Area5 showed positive correlation before and after adenotonsillectomy. Before

surgery, there was a high positive correlation between F2/u/ and FCR. After surgery, there

was a high positive correlation between F2/e/ and VSA, F2/e/ and Area5.

Conclusions: This study is limited to 2 months after surgery. There is a possibility of a

voice change after adenotonsillectomy, so it may be considered as a source of evidence

to provide to children and caregivers after surgery.
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Y HEE SXE St AWA SAHERE G

AxAbutct Aojgt ARo] TEEQIL: weEhd WA H
b 2ol ofselv REVL Lyl 24 Wil digh
B7ke WA ANFCEHN AN 34 Bolel dieh 1Eo]
Q7K Dimatos et al., 2015; Ik et al., 2002; Mora et
al., 2008; Salami et al., 2008). E3t 249 W3} Hx7} b
ojstAY A9 gitk szl 7iRlel| et wrle Axrt tE
B2k et al, 2002) oFsolvt ESAT} QlAlsk= FAQl
=7 HE motsf & dart itk

Hioliro|Efs SO AJro] WHIl: /RS oflzt §
9] A ¥ AU FFE FA, 2 AHHQ o] A=
o ¥ 7ZtKSalami et al., 2008). HEs Fo] A
9] ¥Wst vebd & UL B8 Hori 5(1996)2 24
wolel oA TaEY] HEE aEdfof ¥E AARITH SEARE
=8 GFolA o]FojR Hlo] Sfetd TaE At AUEL
2 93, Mora 5(2008)°] Bk & & 229 THE E
Isigou o] EEF A A9 oF Pl ot UiE 24
AFE A=

Fe T A IHEY &4 IR 3 25 WIE
HE7] feie A=E AWWte
AEle 2o digh A+ Zasit 2g2 Axet 59
AE sty ES37t &, EedsaAtE FAsketl, ol=
DA PaEet WHI #eo] glo] HEFYo] FAEW O
A8 YRERE7F HoRItHlee, 2010). HAE HaE: SKRPL
TS AL oleldt A2 FZA e gofi o]FofA|
Aolu HIZHAT g Tiy HREE AHEske Y
7] mefEEs ol&ste] S SHolA ATE Ao
71531 Sapir et al., 2010; Sapir et al., 2011).

T4y HEEe oot e odt Aol d9eid A
4 A EARS obsdl ARBEJIA|THPark et al,
2014; Shim et al., 2012; Shim et al., 2018), ZZoll= A4t
ofs= HHeE Ak Zo] ¥l mE HIFt 9 T ¥R
T EAo] st A= Y=o (Shim et al, 2016), HE
ofolELs & Akl Wl A TiY PHEko| JFS
71A Aolgkal Al 4= Qi

b B AFE Holyloltys AJo| 24 HIE
gelstar, o] Ao Al A=E Tsh] o) EoAt
9] A KR SAAUSEE DopHskon, dr wE st
7 250 "R 9FE AFEY] Ao TaE] PYEE 24
Stk Yot 9] 84as 7o ofudl THEAES TR A
HER sigity. 72 AEAl] iR 1EE B9 e 1
#olal AU & F9 XL HSASA HEI HHE
AFsta Addo] olFold & = WRkE ARt sk

TAEQ FFEAE theat Zrh HEoHkolEE He
of AR, 2o HaPt I=7F =X, FRY SAAUSE W
3F TR AR, OaE PEko] ¥Hih =T 9A,
4, HEY FAAUSE, Taf HET o] AT S
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1. 99 oY

B A7 20189 1095 20208 19714 oA st
B9 ouQlETolq HEOIHEOESES W B 474 of
5 82W(EA 541, o4 28W)S TheR ST AT o

A9l A 7122 2 At %9 27 WHepl E4E 2
9] Wapt FEgd Aolgke APAMIk et al, 2002
Fastol HEO Bz 39A ool SidEM, Ze7|H9
T2A Agolv AAA, A4H, AFsk Age] gl e
T 25-2-2%7KUrimal Test of Articulation and Phonology:

U-TAP, Kim & Shin, 2004)°14 A4 W5l sfg=e o5
ot dhAES A, Aol W 7IeSA £4& Table
190 AABFAH.

Table 1. Participant’s information

The patient (2=82)
54 : 28
6.12 (1.41)
Note. Values are presented as mean (SD).

Gender (boy : girl)
Age (year)

2. AizH

= e e AR 5 T 2R AASI oMl
S S9AAM W RE 4 slof] AA[StAT.

Kay Elementrics®] Computerized Speech Lab(CSL4500)<]
CSL main programe ARES] 213 QJE5i9irt. wlo]d= of
59 oA 10cm ol XM 90 Zt=E stk
HEZZE 11,025Hz, ¥A18}F 16bit mono A4 S48 =

sl AdaTe WHS Sisll 2 B F 389 A
Q&S & 5, fol/, /o, folf, /9, /99 7 BeE 284 5

e

=,
oMt PN WEololERE Ao mE B
B WEEE 2%ep] o] Aok ElApediarric
voice handicap index: pVHI, Park et al., 2011)& A3}
ok

3. A= 24

1) 84

/o8, [0/, [°1], |2/, |/ Zt BRI/ olA ZHET}
Ho| F= HHEO] 15%E BHs9 Fl, F2, F3& Ttk
B d 23] RHEERE g FolA ZHETL § PgAo=E EE
HZ BA00 ALAFH.



2) R29| 39U=E
pVHIE 0F(ds ¥4 @rheld 4-4@S 137
53 Hz=z O%jl‘%ﬂ 2377 AEd & A=S Sglen, A

b Be4E o4 U wEESl B Zom HNY 4
et

3) YA MR

/o}/ o0, oV, /%) 7 meQEAgeld Ted Figt

25 o] &sto] H337tHA (vowel space area: VSA), E2%
VAD, EZ5dsHE
(formant centralization ratio: FCR), F2ratio(F2/.,/F2/9)&
oA THSapir et al., 2010; Sapir et al., 2011). VSAE= /o}
[, /9], [°l], %/ 2 B9 F1i} F2& EYE EZHE gl
== HAH U HE ACE olojA wEolAe HIAE
Holg 9ujgith. VAIE 2& 54 9 HEE Flo] #A
& +669°] & Zo]1, FCRE g 543 3
SHAE Bgol Y3 245 grol AR, S
. VA= FCR¥} 95 #A°] 1o, 3t 7P HE
HHo g &2 FAHLEE ot Flratios o
AU} A& AT Bl e, 25 &
FHEE 7RIt BZAE golo sigdshs VSAR
FHE Eok AdUstA #@st7] fls(Kang
, 2010) 2 /2/E8 F7leto] BgoZh WAE Foty
a1, Area5& HE I
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VSA=0.5[(F2/01/ X F1/01/+F2/o/ X F1/0l/
+F2/0l/ X F1/9/+F2/%/ xF1/l))
=(F1/01/ X F2/o1/+F1/e1/ X F2/oY/
+F1/0l/ X F2/9/+F1/%/ X F2/01/)]
VAI=(F2/01/+F1/oK)/(F1/01/+F1/$/+F2/$/+F2/o})
FCR=(F2/9/+2/0l/+F1/01/+F1/%/)/(F2/1/+F1/eV/)
F2ratio=F2/°1//F2/%/
Area5=0.5[F1/01/(F2/ol/-F2/et/)
+F1/01/(F2/%/-F2/°1/)
+F1/$/(F2/2/-F2/°1/)
+F1/2/(F2/0t/-F2/%/)
+F1/0H/(F2/00/-F2/2/)]

4. X2 X2

HEotlo|EE HTo w2 39| ¥skE AmE7] 93t
/ot [oll/, /°1/, /2/, [$/9) ZF BEEHE(F], F2, F3), &
9] SAMEE(pVHD, TAE HEE oA 7H] difEsE
(VSA, FCR, VAL, F2ratio, Area5)°A ztol7} Qx| AlmE
71 st o SEE ~AAS Atk 7 mRiEHE
FHAE B4 HOH pearson ‘JEEAS APoIFL,
GEE 05 2 .01 oA AT 60013Y B
o AEEA e B O}SﬁﬁKSeong & Shi, 2006). 2= X}Eﬂ

of tlH: fo AL

H-OH0|ErE £ S0 2| Bk

oo

A2 IBM SPSS 25.0 T2 1HS ARl
o+t Zut
1. MZOMY|.0|E42 XI} S9| SM0o| Hi5}

Hrolhio|lEgE Ayt 39| /OV /ol/, /0], 1=/, /%/9]
2 Table 29 Zth. SAZC

7+ HeRHE Bk

———L_"'l

Fofuet HokE Bl Hae

of gt W82

/0}/ /ol/, [2/95k. [ot= Fl

JJr F3old & Ao vls) & & Fouet Aavt e AL
E UL, /ol/et /2/= F3olA fouigt davt Qe Al
2 YeEhgth(p.05).
Table 2. F1, F2, F3 of /a/, /e/, /i, /o/, /u/ before and after
adenotonsillectomy
Before After
adenotonsillectomy adenotonsillectomy ¢ p
M (SD) M (SD)
F1 1173.69 (301.08)  1104.03 (159.28) 2.061" .042
a B2 1876.28 (312.83) 1851.88 (413.73) 425 671
3 3764.56 (418.68)  3420.77 (589.71)  4.694" .000
F1 891.45 (207.49) 865.49 (292.92) .651 517
e R2 2400.13 (368.35)  2456.22 (415.57) -1.025 .305
F3 3899.08 (360.79)  3796.91 (395.76)  2.166° .033
F1 442.20 (107.76) 42842 (60.37) 1.019 .311
i T2 3019.21 (419.83)  3073.93 (449.02) -.849 .374
F3 3962.35 (312.85) 3967.52 (324.53)  -.116 .908
F1 546.04 (104.22) 543.05 (102.26) 227 .821
o F2 1129.78 (417.09) 1145.78 (364.86)  -.263 .793
F3 3700.35 (374.87)  3574.69 (454.40) 2.173" .033
F1 474.92 ( 97.61) 483.48 (185.62)  -.667 .507
u 2 1263.97 (574.28)  1189.13 (310.93)  1.039 .302
F3 3680.51 (445.30)  3643.27 (425.74) .653 515

Note. Fl=first formant frequencies; F2=second formant frequenc
ies; F3=third formant frequencies.

"pK.05
2. HOH|0|EaE Hut £9| B9 SYMURL HS}
HEolio|=ad Hat 5] pVHI BA| oid Wee T
able 33 Zt}. pVHIE= $& 0| H|s| fr% = FYulsHA 4
SIITHpC.01).
Table 3. pVHI before and after adenotonsillectomy
Before After
adenotonsillectomy — adenotonsillectomy ¢ D
M (SD) M (SD)
pVHI 5.65 (7.57) 3.54 (6.03) 3.288" .001

Note. pVHI=pediatric voice handicap index.

“pK.01
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3. HTOMH|'=0|Es it 29| UAD| HETO| S}

HEollo|EE AF}f 39| TAe] YRE BAo g e
Table 49} Zth @4z ¥EE #Hal= RE JIo4 {9ju]
Aol7t e ALE YEHTHp.05). BatAlol izt 71&sA
H 3] & o, =& Ho|| H|3] FCRS £0E%2H, VAI®} F2
ratios 2716I3tE. VSAZL & Ao vl /1%t W, AreaSe
$& Mo vjg| & & 7AS A3t Yebdth VSAT Area59)
HOZ7VHAS Figure 13} 28 HAsIYCH

ok rlo

—e— before adenoidectomy after adenoidectomy

Figure 1. Vowel angle
before and after adenotonsillectomy

—=a— before adenoidectomy after adenoidectomy

Figure 2. Vowel pentagon
before and after adenotonsillectomy

4. HEOHOIE4s Ml $o 24, 22O gt
BT, UAZ BIET 7+ BB

HEol|lo|EE A} $9 4, FEY SAUSE, Ui
g gaT 7t A= Appendix 13} 20 AAISIATE WA,
ST AT YR 7] ATHAE AhEY, & Holls §
ofgt AHE HQl 26709 I F F20/2t FCR, F2/9/2 FCR,
F2/9/2F Flratio, VSAS} Area5olAqt .600149] AHAdE HS
1, & Fol= Qo3 ATS Hol 23719 FE F F2qt
VSA, F2/o% Area5, F2/09t FCR, F2/9/9} F2ratio, VSA%
AreaSoATE 6001Fe] ATdE HATh o] F F2.9k FCR,
F2/¢/% Flratio2 € A% € §& FYHA =2 #4 A0

£ HYW, VSAY} AreaS+ B2 ¥H AHAE HAY.
& AoE F2/%F FCR 7t & 4 A#AE =<l dhd,
& Sl F2qt VSA, F2/2t AreaSolld] &2 48 Ao
HAE Bk 247 Hrol SATSE 7H TaE Haeet

L

B9 SHRISE 7 JuBACL WSS 6 2R o8
Hol7t Q= AOZ ek,

Table 4. VAS, FCR, VAI, F2ratio, Areab before and after
adenotonsillectomy

Before After
adenotonsillectomy adenotonsillectomy ¢ p
M (SD) M (SD)
660937.25 663666.22 _
VSA (377040.24) (302720.65) S04 957
VAI 1.05 (.19) 1.08 (.18) -.661 510
FCR 98 (.21) 95 (.18) 782 430
F2ratio® 2.64 (.78) 2.71 (.68) -.629 531
713243.71 699600.62
Aread (343244.36) (Qose0667) 120 AT

Note. VSA=vowel space area (/o}/, /ol/, /°l/, /%/); VAl=vowel
articulation index; FCR=formant centralization ratio;
Arear5=vowel space area (/°l/, /9l/, /°l/, /2/, /<.

2 F2ratio=F2/el//F2/5/
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2 A7e HEoM|kO|ELEE 3 4~7A] oFsol| Histo]
=4, FEO SANEE, T4y YRR HIE gotir] st
o RSEHEES 2451907, pVHIY VSA, VAL FCR,
F2ratio, Area5% Wil FASIGth 2t A5t Ao weba] of
ok 22 dES TEol9rh

A, HEolo|Ess AR wWE S49 WP #F

At ol HIoplolEys T Ax W FEAY &4
W S0 dE 7SS etk $RolA 4" o
a2 AEE BelHA B Fog o FHo] HH,
THEE 3 WA FuE Fl, & WA FuE F2, Al WA
Fu=E By Sk dd" g8E2 3%7I(coupled
Helmholtz Resonator)°]Z2(Helmholtz, 1954) 587432 424
7 ZHE Fukpolo] BAE Ausilth & 842 W2 F
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VHI-302 A5t &5 A 1.96+2.23004 < & 170
= 25312198 7619, & & 3Eols oA 173+2 27
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o, BRY WAool HEwA HlgLrl F7iste] IriH|A
o] IAEFYOY = T idole HHMoR QIR TpAHY
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ujstth, Mora(2008) 52 HLX $&% H2 18~604 BA
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Appendix 1. Correlation between voice, parental voice satisfaction and speech intelligibility before adenotonsillectomy

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1
2 077
3 -.048  -.038
4 181 .075 4537
5 .019  -.027 4227 4817
6 2977 110 -.010 .019 .019
7 -.089 322" -.040 -.283° -214  -.077
8 032 162 -.147 -.047 -.081 -.017  .345"
9 -118 3717 -066 221 006 060 .025 047
10 -081 -067 -027 -037 .21 -006 -050  .102 ~-.013
11 200 .101  -.027 -017 -.047 .18  .002  .126 -.083  -.069
12 115 194 .023  -012 -.013 .196 52677 4017 084 .128 .328"
13 .037 117 -.066 054 132 .096 .163 7097024 .209 .156 352"
14 -11 2877 -.036  .027 -.035 .08  .124 360" 272" .097  .193 293" 285"
15 124 -.057  -114  -202 117 050  -.040 154 -.122 271 278 131 2547 3527
16 483 4437 -3237 -163  -.40177 -.005 4977 3327 066 -.558™ 171 267 .110 081 -.056
17 3207 085  -305" -.121  -368" -3107 238" 526 -.060 -.5777 132 .096 238" .073 -.030  .8017"
18 -159  -.152 1203 .055 2720 3167 -298" -6077 013 6077 -138  -.147  -264°  -.159 092 -.740" -.947"
19 .042 027 -132 -135  -3357 -.052 227 4537 -.070 -7267 119 .082 239" 062 -.081 6277 8247 -.828™
20 079 -.039 -.010 -.043 -.037 .03  .102 -.001 -.089  .013  .124  .022 -.062  .085  .035 068  .008 -.016 -.016
21 5577 3507 -3337 -234 4277 0.000 . 54077 4077 -279  -.178 177 3487 199 .051 .077 849 5547 -561"" 4037 140
Note. 1=Fl/et/; 2=F1/el/; 3=F1/0l/; 4=F1/9/; 5=F1/%/; 6=F2/ol/; 7=F2/d/; 8=F2/l/; 9=F2/9/; 10=F2/%/; 11=F3/ot/; 12=F3/el/; 13=F3/el/;

14=F3/9/; 15=F3/%/; 16=VSA; 17=VAL 18=FCR; 19=F2ratio; 20=VHI; 21=Area5.

ke

505, “p.01, T p<.001

Appendix 2. Correlation between voice, parental voice satisfaction and speech intelligibility after adenotonsillectomy

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1
2 102
3 .045 .037
4 096 092  .250°
5 .189 139 2857 4527
6 1556 022 .08  .094  .108
7 459 279" .001 .097 107 3127
8 224 -123 116 140 073 147 219
9 .042 .143 127 3257 136 12 -031  .103
10 133 104 -042 095 3937 275" 085 -.023 111
11 3507 -.058  .108 017  .051 159 189 109 050 151
12 479 276 135 136 185 2997 817 306" .023 111 323"
13 .097  -.073 119 .207 .026 .148 117 .6117 138 .085 230" 228
14 .278 244 117 216 .052 .162 2557 085 4507 .049 137 3717 146
15 2750 3457 042 -.092  .070 .074 .107 032 -.183 210 2260 245 .027 .195
16 442 323" -227  -.042 -182 007 7077 4067 -.011 -358"  .099  .5907 142 2200 .092
17 -060 -.164 -.165 -.086 -.348" -508" -018 5877 -.093 -.5757 -.084 .009  .249" -.043 -.073 .5407
18 .023 .180 .104 063 2627 4717 001  -.6367 072 .588™ 047  -.040 -274  .043 108 -.5367 -.9717"
19 026 -184 141 -041 -402" -144 050 578" -023 -758" -027 .098 261" .051 -.099 493" 809" -.812"
20 128 066 .090  -.103 -111  .153  .009  .093  .068  .108  .101 046 .154  .094  .042 011 -.042  .032  .019
21 4327 2657 -3100 -.084 -208 063 .7237 3647 3417 085 114 5817 133 .101 185 896" 404 -385" -283" 0417
Note. 1=Fl/et/; 2=F1/el/; 3=F1/0l/; 4=F1/9/; 5=F1/%/; G6=F2/l/; 7=F2/d/; 8=F2/l/; 9=F2/9/; 10=F2/%/; 11=F3/et/; 12=F3/el/; 13=F3/el/;

14=F3/2/; 15=F3/%/; 16=VSA; 17=VAL 18=FCR; 19=F2ratio; 20=VHI; 21=Area5.

"p<.05, "p<01, T pCool
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