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Nasometric and Acoustic Analysis in Experimentally Induced
Velopharyngeal Insufficiency in Human

Ja Bock Yun, M.D., Myung-Whun Sung, M.D.,
Won Ho Chung, M.D., Kwang Hyun Kim, M,D.

Department of Otolaryngology-Head and Neck Surgery, Seoul National University
College of Medicine, Seoul, Korea

Many tools have been used to evaluate the voice abnormalities of velopharyngeal insu-
fliciency(VPI). The aim of study was to obtain the objective evaluaton method of VPI by
comparing the acoustic and nasalance data of experimentally induced VPI group and those of
normal contro} group.

Ten healthy young men were included in this study. Mild and severe VPI were expen-
mentally induced by retracting velopharyngeal movement. Using the nasometer, we obtained
the nasalance score of the sustained oral vowels and those of three types of nasometer passages
and the slope scores of nasogram of nasal words. And we analysed the change of formant
frequencies for the sustained oral vowels and the changes of various parameters of hyper-
tnasality by the computerized speech analyis system.

The nasalance score of sustained /a/ was increased significantly in VPI conditions. There
was no changes in the slope score of nasogram. On the acoustic speech analysis, the second
formant frequencies of vowel /e/ and /i/ were decreased significantly in VPI conditions.

This results suggested that the measurement of nasalance score and formant frequency might
be useful in the evaluation of VPI.

KEY WORDS : Velopharyngea! insufficiency - Nasometry - Formant - Acoustic analysis.
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HAE $A9 PSS B SN e
U ZSA VAR o] BEE FXEH, 24E &
% vAE A=E vehE FA ot} H|3EA7
£ A A 2oz FAE e, 7743 w73l
A UeE SUAE B2 TR s E ¥
$31= acoustic separator, % A3 E HAFEHIE A
43}= signal processing and interface circuit, 2
23 dlo|HE e} H[EXE Akl AFEHE 74
5o ot}

B ZEA7]E 0|48 HlgA 9] EFolV 2¥ERT
g o] 8% S BAo] gHo= vRIHE
71198 88t ol 48 + AP, dg =4
Dalston5% F73% ¢ta7)8 gx1o] AFo)A )
7339 (hypernasality)¥} ¥]S&X](nasalance socre)
o] A5@A7 =91 Ragt. 22y Wattersson
ghe 3’—}“173':‘“8 £ Yehdie 844 333l ¢l

A5 U= FAA9A % borderlined] H-&3]

T Ao YR w2hA 8]3-S 93 vlE
=Awko 2+ VPIS] A& g3 vgd ¢+ ot
A
3'3—’519- A=g d7dFeME 4 552 294
o2 2% VPIZAAE /1. /e/9 2ANA Alo] &
gujol Fugel 74t dgign Bagoy, 3 57
o] ¥EH AEHEE F9 SAWs dig A7l

A FEF i/ S B A 23y Fueo]
TAALE RoldtA ZastAThL BT

2822 VPIY RS Fr15 aiMe A ¢
9] 2HAAZE oY1 g o7 71X Hrpe
AFE2H VPIE 7Pk Aol 9uj7} glda Als
Hoy, 2 d7dAE AA¥es A5 eletd L
& VPITS o2 vl 243 SAHE4L I
A g5teit.

E dFdME dgHes H=E deltly Ud
VPIZ#} diz7e] $393 Anjel v 354719 4345
v @ AE d99E Br1eEN VPIERNY] Hoh
g APAA Frke] Py A BE A St

I:l 2o e of
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1) Hi&*|(nasalance score)¥ 57§

Mode] 6200 Nasometer(Kay Elemetrics, Linco-
In Park, NJ, USA)E °|839 AAlstAt. ddA
o] gQled % 3% EUE gl 3z 34
23} M| S ES TE, ARAGA & $V] met
4 A5E ]8435 (Table 1), $4 74=S<
A4 BE /a/9t 14 B /i/E E&8H & 2
g /CVCV/Y /NCVC/ geje] uZAge] dig
nasogram 3ojAe] BAEE golnr] Yo 4z
FEH| AR, AZH RS, 7297348 /mana/,
/mama/, /atay/& L&A Stk aEn vk
B39 & 8l &xl(nasalance score)E Yebx7r) 9
&) Bl 7dRg vl&ol 242t 0%, 11.7%, 34.7% <] E7)
B3, o1EF, AvFEAE B A st Zdztel F
T 82X (mean nasalance score)E =43t =
&2 B3R 8 A, wtol AN 20em B
o} Rl Tt FelA B FFo® 38 =
&3t 71 AEE =S MYt} 242 njola

Table 1. Speech materials used in our experiment

1. Oral sustained vowel : /a/, /if

2. Nasal consonants : bilabial ©}o}  /mama/
alveolar Y\ /nana/
velar 3o /apay

3. Rabbit passage : A
(NCR : 0%)

5ol E79 ga]7] olobr| =
/kopukiwa tokiwj talliki ijakicjo/
R e 2 K = 2 P B K 2
Kokika cakihako talliki sihaphacako/
A 2423 A%ol7t 2R T Hole
ke solic™ ica kopukika kwlacako hetojo/
k717 QukEd) BEO) 91878
fakika ommap®ume camtwl itwlk'ajo/
$eo7] AR o7 A2AS FRL
Juliaki jep'wnaki sekwn sekwn camcajo/
5. Mamma passage : 9u}= A 2 L 5o
(NCR: 34.7%)  /ommanwn hagsap lemoncemwl mantwlo/
o2 Fuhg YrolFu.
fimlonp nunalag nanu> cupnita/
2840 F& 9o}
fulibmma cown smma/

NCR=nasal consonant ratio in nasometer passage
Adapted with permission”

4. Baby passage :
(NCR : 11.7%)
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o 98] A7|N32 vHE Fofl IBM PCAA vl &A 2
339 2498 4k 1174"’ 2 A A3
2 VPIE #Esty 22 358 vhEslo 583l
dl, 3F4 nelaton tubed o] 83l HUF AFNE
BA FFEY VPI(severe VPDE L3l 588
8131, 3AZ nelaton tubed] £+ ZolE Falo
TFHME A Axe VPI(mild VPDE F85to oA
22 ez 3-8 3lo VPI Axe e vjgx9
W3LE golr gt

2) 8%¥4 T Wt £

olo]ZoA lem Bol FHiolA M 71 2ESY /
al. /e/. V. /o/. 0/ &3 814tk 183 8o
B¢ 5 $UAA VPIE d¥Hoz fistd 22
28-S vHEElY %38t 283 nelaton tube®
A3} Hoidole] F3b Holea] Hojq & AEs
g ste] %85 dtt. $&8 54€ CSL{computer-
ized speech lab) Model 4300B(Kay Elemetrics)&
o-§3le] BT F VPIRY Z &9 7| &F a5 (fu-
ndamental frequency)$t Y && o (first formant),
Ao} & (second formant), A4 &3 h(third for-
mant), A} S8ul(fourth formant), 342 4
3lo] wlwsldth. 8439 sampling rate® 20kHz, si-
gnal buffer length= 5%, high pass filterZ A3
% Linear predictive codingg o}438te 4+ 5234 &

Yoo Fu4E 2WSAt,

3) 8y &y
H] 2 2 AHnon-parametric test)$] Wilcoxon sig-
ned rank test® AHE-31] BAAA £4E gt

a o

1. 7Y B2 0%t Y &(nasalance) ¥13H(Table 2)

7% Bgol oig vl g Wil A4 2 /a/dlA
£ 97 HSA7E AAENA 14.6%01900 FFE
9] VPIZIME 294%2 SAHcE 9% F719
FAE 1928 (p<0.05), A=Y VPIZAME 18.
4%2 FAFAE Byt 24 2 /i/dAE g5 v
A7t A2 E 25.6%010e0 FFEY VPIE
AME 42.2%2 F718 £X& BN FAHo= &
2ol AT (p <0.05), A= VPITINM= 29.0%
2 XN E BY

2. 435 2730 gigt 4| &9 HM3H(Table 3)

HEE 3 i vlge) Wske ugRgugol
0% E7EFAME BdEol 10.8%, T5%9] VPI
TAME 23.7%2 SAFCE F45A F7ME 4
g B1(p <0.05). ¥73ASH &0l 11.7%Q) o}
B NME ATl 28.5%, $559 VPIZIAE
3B2%E FAHLE F3A F/HE FHE B

um\

P

Table 2. Nasalance score with sustained vowel /a/ and /i/{N=10)

Control(%) mild VPi(%) severe VPI(%)
Vowels p-value*
mean+SD mean+SD mean=+SD
Sustained /a/ 146+ 4.6 184115 29.4+15.8 <005
(5.1-208) (3.8-409) (9.1-53.9) P
Sustained /i/ 25.6+13.0 29.0+20.1 4221247 <005
(10.0-48.0) (5.7-76.7) (14.5-83.2) p :
* . Wilcoxon signed rank test
Table 3. Nasalance socre in three passages(N=10)
Control(%) mild VPI(%) severe VPI(%)
Passages - p-value*
mean+SD mean+SD mean+SD
Rabbit passage 10.8+4.3 14.4+4.6 23.7+10.3 <005
(NCR=0%) (5.3-16.3) (7.5-226) (8.7-439) P i
Baby passage 28.5+4.0 304152 35.248.2 <005
(NCR=11.7%) (22.7 -36.7) (20.2 -36.0) (22.1 - 46.9) P :
Mama passage 466154 458+58 473481 > 0.05
(NCR=34.7%) (38.5 - 56.6) (34.1-57.3) (37.2-63.2) P ’

NCR : nasal consonant ratio

* . Wilcoxon signed rank test
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WHp <0.05), H173AHH&0] 34.7%2 "ArHE oA
£ AAEo] 46.6%, 55 VPITZAAE 47.3%2
Hl&@ $X1& YERITHp> 0.05). A%=9] VPIZ A
T A2 FFEY VPITY FATAE e

3. 4y A2 4% AL B3 Table 4)

u 7 ZRgol dig Atz Wshe Geu AR, A
ZH| PG 283 FAR AR distd AT ET
VPIZAA tha Zag o A4 4L At
(p> 0.05).

4, FYR I % ¥ FM4ol BigK(Table 5)

T Bg Ja/, lel. /il. o/, /9 71EFE
(fundamental frequency)i A4HFely VPIZIA
SAAY #4472l E YAHp> 0.05).

A SH(FNANME VPIZAAM BAest 543
A F9& zol7l N2k p> 0.05)) Aol 2P (F
2ol Table 514A /e/%h /i/AE VPIZoIA
ARt FAFLE {osHA ¥ FAFE A
1(p <0.05) Z4dle 3L B oy Yoz 2o

Table 4. The score of slope with nasal consonants(N=10)

e FAAHY FAF Aol UATHp> 0.05).
ARSPdiet AAEEN(F3, F4AME VPIZH
RgEte FAA fAE 2ole YA (p> 0.05).

5. HIZN M2 20 Fos 4 3

15319} A 2 89 T A2 uhEe BA7E
Aden] RE fi/dxe AT FA7Fr=-0.87522
E 484 S HeEhIATHFIg. 1).

451
. *Severe VPI
40+

35 e r=-08752
301

“Mild VPI T~
251

Normal
.

mean nasalance score

20 ) 1 "l i J

1700 1800 1900 2000 2100 2200(Hz)
Second formant frequency in /i/

Fig. 1. Linear regression analysis of data from nasometry
and coputerized speech lab(CSL). There were a
high correlation between mean nasalance socre
and mean frequency of second formant of vowei /i/.

Nasal Control(%) mild VPI(%) severe VPI(%) Y
consonant mean=+SD mean+SD mean+SD prvalue
Bilabial /mama/ 0.31+0.16 0.224+0.16 0.20+0.11
(0.11-0.57) (0.05-0.57) 0.07-0.37) P> 005
Alveolar /nana/ 0.27 £0.09 0.27 +0.09 0.23+0.09
0.06 - 0.42) 0.14 -0.42) 0.09 - 0.36) p> 005
Velar /agap 0.43+0.12 0.44+0.12 0.36+0.12
0.23 - 0.60) (0.23 - 0.60) (0.20-0.54) P> 0.05
* : Wilcoxon signed rank test
Table 5. Changes of second formant frequencies according to degee of VPI(N=10)
Control(%) mild VPI(%) severe VPI(%)
Vowels p-value*
mean+SD mean+SD mean=+SD
Sustained /a/ 12451145 12564232 12714336
(1112 -1606) (1023 -1688) { 949 -1886) P> 005
Sustained /e/ 1864+136 1602+178 15411165
(1636 -2173) (1281 -2002) (1294 - 1867) p <005
Sustained /i/ 2156+ 82 19254183 1803+248
(2031 -2261) (1594 - 2160) (1286 —-2188) p <005
Sustained /o/ 799+ 65 808+ 45 774+ 76
( 677 - 891) ( 755- 918) ( 684 - 900) p> 005
Sustained /w/ 849+ 65 803+ 65 801x 77
(709 - 916) ( 700~ 921) ( 691 -9648) p> 005

* . Wilcoxon signed rank test
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AFAE ATAY SFe2N F2 I5AF, ¥,
WA 22, A4 FoR o]FoA 9lo 773} v
e A3 i ARl /iy BE /n/5Y 24
@ of d7707F b g Weist oA & 3717t ¥
o2 3t ot 2 HZEe] ohd e SN
€ Q77 A5 g Ages gertHA )
9154l H (velopharyngeal valve)E #As9A 87
229 7|75 AdstA 8ok AAANAE o] dut
443 235, AT AZTo)E L e 8
EddAAE Wre 23lo] BEgAsta ujgo] Bol 4
QLSS 34 "ot

ahgol4te] A9 velopharyngeal portZ} +
7+e] articulatory aperture®th W& w Aoz
2L 7157 R oA Hol A 2 3
23 FEE AL YYHA Raja] Bgof o] &
ta BAcH?, VPIo| ojg 3w o]l Ful7
39 (hypernasality), 37| 7 ©&(nasal emiss-
ion of air), A& A8l 7719 A (weak producti-
on of consonants), B2l Z& fix]oA] dojd
XA F&3e 2ZS(compensatry articulati-
on) §°] At .1F Fu|72FHL VPIS} Y Fag
4oz 7 YelAd B&a A Bxg IHEY
of o LA}

AAF7A VPIS H71E At B2 $79 A7t
M=o} gt Lateral cephalometry, cine-video-
fluorography. CT. ultrasound, endoscopyXd T
Ae1Fe] wl#AUZ (velopharyngeal mechanism)&
A ®7] 913 E g1, AojA A AN percept-
ual study of speech), F&7AHarticulation test),
S8 71 Hacoustical studies), 719584 HAHaero-
dynamic studies) 5-¢] #EE AcH?. Hde 43
Aoz FH|FFPE FRsA 74 w9 5%
A ¥)&S F8= Tonardhs £737|717F AL A=
b, QAR o] 83 H oA BEAY #AAHA B
it v @ A% 2 AFRA} ATk §°.

o|g Hr} Mzt H|72E47] (Nasometer, Kay
Elemetrics Corp.)7t WAL o]RL vl3EA4
o ojide] Qe Ao e A+ H ARE BHoE

Aote] Wy 9 ey, Ao ARaE 2%, ol
AASHQ 25300, Bxol gt e L njge]
s sl o HiAEY] #IE S
ESL FE 71700, o] HAEA)Y Qe B4R
49 F7ET uREY SR v
Y22 Yo} ME3sle] v]-gX](nasalance score)S
Tk Ao2, X gAjol MY T4 JoH vl g
e 0%0] 1 AR vjZo2 1t 100%0]T.

B2 A7 ngEgre ddEes 48 &
T2 BHQg*?. j2 =9 Dalston 572 117
el FAE Esy fAy AFdM FHuEd
(hypernasality)°l 174y} vlekst Szl ME HEA]
9] giztAo] 0.89 12]1 Eo]4 0.95% Y¥Ho= &
£3ttn B} 2L XA HBAEe] FE

£ Zoo Passage® oA 3t FAF uleFAt
32%7t de #4EL F71983 22 velopharyn-
geal area’} 0.lcm™} Yom, o]5L 2¥ o FHo|x
AN 5% 3739 (hypernasality) & 2
Aok Bog.

AR w g g5l & 7L YT ENEY
17.4+3.8% 171 &H & 32.6+6.1% 23 Yo}
Ve 54.7+5.8%2n HugEd vo], Y gz
7% 39 5 i8] wse) &8 17} ¥ + Yok
Y B dFoiNE EFREF L 10.8+£4.3%, °17]
BFAL 285+40% 23 YoHEF S 46.6154%
2 ¥ 59 ZAEgs g4 @R b4 X2 U
skt

v 3RS AAED 1 3E BA4A dTFNY &F
2 B A E PEH s vgsle A F2A, B dF
A AAlZE v SR H o2 RE 774E
o] Az 7| JA7A 9] BAEE Yuiskes RAo]
o}, ojuf AT 5o BdoiAY vl e F719]
BEo] Aol AAEI} FAHY FX7 BelAA
g’ B dpolN SRS AAE g, ARG
VPIF-o] &7t ZA4sgAw S48z o9 e A
ol AT & AYAME dFAY EF°] nela-
ton tube] 9l&] A AAHZR o] Hie AAE
9] X7 A3le 5L AR vgdEa BIHAG
H| 7 1hg3) A0 &5 A2 BRlo] A7) dE
22 AlmHUt

242 2L /a/s} fi/, 281 Al 71X Fee g8

3

Z o (o
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H S 2% F v A vgo] £ Qv E A9
3 yelA Eg6lA SAFLE fo vHgA e F7
£ 29 22 u)EA7) VPRI g 2 Bl £-88 A
7} € 7 U5 AAKY. 22]3 nelaton tubed A
33 HdZole FT HoldlA Aol TE Hx9
VPIZY ZAfole g2 vEA7t 342 555
9] VPI¢ 57} yebd o2 VPIY Axe) H]83]
& v S & 5 o HASA7IE VP AEE F

A% 7 Aok A=A
C HEYd g e AAges =29 o4
& 2¥ER T2 F43= W] dE o]4FHx
c}. 2¥E297u]= 19479 Potter, Kopp, Gr-
een 5°] P& o|F 34E& ABF 1ea 7 HL
2 ZAN3R= o] Zhs gy 2dE2 aes) 2
A8 e ol 83t HHAEA ATV} o]FoAT °)
£ AA 3514 Yanagihara'E olAe] 258 A xs}
71% 8%t} E8 Stevens Ve AHEE 1292 1|
7 253 7R YT vaste] W3R peakst F
o W1 won 53 AY FFUL Aol SHFHe=
vehdta gt a8 AY 2o Fagrt v
o= EHo] Qi v Uux] g¥ols 43R &
o gEstgo

229 g 71AL SY(source)ollA U2 £HE
AxUe] FHFTE o3 (filter) 7I%°] oS
H3lAA 2 Al E8]A Buke Sourcefilter th-
eory7} AL oA o= F7)o ofsh Ao} Fo]
AFdte Adgd g §ol YYE Perturbation
theory 5o &+, olnf F2 &FoU=|7} Bole
HEol &¥d(formant)¢d], 2SI A= WAy
F719] et A8k A& (overtone)d] B
$ E31, A viAES) A4 Ad YU &
29 AR Y& Fu4ql 250Hz XA LA}
1 Ao] $Pdle B4 AR & Fup4¢) 2500
Hz S0l 288, A 59 1089 49¢ oy
do2 % B3] wEA] dTAEETS 2EHA
o tigt ATl FFAMAME A/, e/, AFANAE
M/ 283 FRAFANE Jo/, FF-AFANNE /a/
] 9% (node)& WEMITIL ¥ 8T}

A Y8 A 2099 BAE oz A
2 AFAE BA VPIE B A Fo} vjmdA VPIZ
A= /i/, fe/NA Aol STl Fuke] vt A

Aok STk WEd & 08 BEEES $9 24
Wajo] B AN, $4F /20 B8 AY 2
WY Foee] $AR0E S5 RASATGT
. & AFME AY SHUelAE VP
JAEs EAH S8 Aol ggiont, Ao) &
Qe Fael sl 49U =8 fe/s /i
M VPIZAA RAZuT SAHOZ 50 W
< F948 Hgke=t o]+ standing wave?] nodedl]
Hgsie AT 8o Wolxy] gEoz ArHY
T, 53] WA A/, fe/7t ATARRAN F7) e
o2 Azse.

a8]2 2 800HzolA 4000Hz AtolellA A7) Aol
SHYF A BolE Fale] Wske VPISHIA
o] Mslehs WAL MY 209 N2 AR
Sy

4 =

dgo] FEDE AMSIIE AN HE AN}
Q= A4 A @A 1088 gidez Jahdgal 4
Hoz fist VPI A9, v3E3 7] (nasome-
ter) & o]£3td vl2-X)(nasalance score)E A3
on AFH A 471 CSLE §U1Y ¥y F
g (formant frequency)& A3t VPIFIA
£ /a/s /1M BARERG SAFLE {oF F7}
B H)-&(nasalance) T & 2 o0 ¥ &% EAo)A
= HIAE Y wlgo] e BN vt ZUME
HE YT vZRAL] 3 FALES] Hshe AT
7} AZol7t ARt 28] BE Je/<t /i/9] Aol &3
(F2)ollX Bdrrt BAHLE FsHA B2 F3
& Bt 23 B g9} Ale] ¥y Fae
M=y e BA7 gln RS fiME w2 98
& JeRiich

o] H]&-X] (nasalance score)?] £A3} Ao} &)
(F2) Fa57¢] Z4¢] VP19 A=E Jelis meba
VPIE7He] AEZ S 4 A& Ao Algsich
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