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= Abstract =

The Study on the Acoustical Characteristics and Speech Intelligibility of Vowels
Produced by the Maxillectomized Patients before and after Obturator-Wearing

Seong Hee Choi, M.P.H.,' Moon Kyu Chung, D.D.S.; ' Ho Jung Kim, D.D.S.,”
Hwa Young Pyo, M. A ) Hyun-Sub Sim, Ph.D.,” Hong—Sth Choi, M.D.”

Department of Otorhmolaryngology, Institute of Logopedics and Phoniatrics,
Yonsei University College of Medicine, Seoul, Korea
Department of Prosthontics,” Yonsei University College of Dental Medicine, Seoul, Korea
Interdisciplinary Program of Communication Disorders,” The Graduate School,
Ewha Womans University, Seoul, Korea

The use of obturator is the prosthetic rehabilitation approach for restoration of the defected
maxillary shape and function for the patients with palatal defect. The obturator can change the
shape of vocal tract and nasality, but few reports on the effects of the change were presented.
So, the authors performed the experimental study to compare the difference between the sizes
of vowel triangles produced by maxillectomized patients before and after obturator-wearing,
and to consider how much improvement in speech intelligibility can be expected by obturator
wearing.

The 8 patients who were totally maxillectomized due to palatal cancer were participated as
subjects. They produced 5 vowels(/a/, /i/, /u/, /e¢/, /o/) before and after obturator-
wearing. The formants of the vowels were analyzed by the spectrogram of CSL, and their
speech intelligibility were judged by normal 8 listeners.

As results, the frequency of the first and the second formant showed no significant difference
between the articulation before and after wearing, but the comparison of the sizes of vowel
triangles, related with the speech intelligibility, showed significant difference. The vowel triangle
of the articulation after wearing was larger than that of the articulation before wearing. /i/
showed the lowest speech intelligibility score among the vowel articulation before wearing.
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After wearing obturators, their scores increased on the whole, especially, in /a/, but the

intelligibility of /u/ decreased after wearing.

KEY WORDS : Maxillectomy - Obturator - Speech intelligibility.

N =
AL, AxF, A, 9F e, v 7o Fde
2 9l ArehE HA| (maxillectomy) 3 B2t B 74
d. THE EAelAE 74 2HAle] B, tiAl e #d
slo] g 222 35t dl oA o] $Ao
A9k g BrHee A9 B E(prostheses)o] &
sltt.

HAE(prosthesis)e] /e (1) 94, FH71 A&
Hol 1 B&e] o] Bod v ARHE 7o BE
E (Extraoral Prostheses)# (2) 7739 24E o
ske P 2AEE(Intraoral Prostheses), (3) 9%
23 FA2AE AR st Adstr] Aa) 23Ul Y]
3= Implant, (4) lex} g 2Hogg ALEHE 3
FE HAER ERY 490

ARHo g H‘I‘ -TL‘—H BHEZA (1) 4o HAE
(Maxillary Prostheses)oll& &0} A3 4 o]
2 9% 70 71%S FEsa 2] d8 7
AT 289 g 715822 AZ3F Speech Aids
< (2) :rL7H‘?:q AT F7HE FA 3171 s as
& 3o 2 Eo]&e)= Palatal Lifts 2 (3) A<
AEE A5 72 FoE B vt A A
gt et Aoz A3 e} V)5S BATlE
obturatorso] AH&s o] g}

Rosen 579 Hio] oJshd 9atd &4z Qg
palatal defectB#AES Hi= FA|(eating problems)
9} Al8ld ArsEE-(social interaction)E<te] 743
2 uy3te Zreda s

=3 Aete] A (palatal defect)e E717F &5
o} Hl&-& a8l A% (vocal tract)d] HE-L /1AL
7] wj &l Lol tigk W B % (intelligibility) & #18tA12
F itk 28y 271 olE #xE diide R T At
£ (speech production)dll ™h&} obturatore] 32 &3}
of tigt I Bue A9 gt olo £ e U4

_

29l oM, obturator F3 A3} Fo] MEH =&
o] et EAE vlw M3, BE 77 A4
(prosthetic fitting)2.& 2 W& 52| 7§14 (improve-
ment)J 5ol &l obturatordael 43 FdE 12
3tmzl ATt EF T HEE i X243 Wb
e Fo 171 s 4% 2 Turnere] Q7Vel|A A}
3 Wl BE A S Y@ Al Je] B&
/oY, /ol/, -r/—4 A 1ERES} A 2ENES E 5}
o o} Al B 23) wrEolzl By Awe) BA A
718 2 Haxo] ABAH FEZ AT
gl B Ao 24L& obturator 3 AF A&
9 ¥IEE T3 (1) B39 SH5H &4
s Ba (2) 4894 Haxs} -ﬂ% e
=330 obturator F2 = Hax

i tlo rkﬂ
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1. Obturator M3
1) gAYo|E(Alginate) B AHESH] 7sd A B
A7t i TFHEE 3l oH] 1 (preliminary

impression)& A S3tgch.

2) 8] ¥ (study cast)S AFsln, 2E Aol
%% A4 (final impression)& 13+ 7§< Edlo] (tray)
£ A&sisict

3) ZAEA| ol obturatorg 3t X|of 242 T K

AE Ag A T A EdloE o] 83 HE
Lo H83] AdE =S
Eri=3

4) FF RS UE F 2y AofA] F2E(frame-
work) = A7, AX Skal 727 o] Alzls] B
AYPEE AAbe,

5) gzte] et FAE AlE @ ¥ HA-AG AF A
o}l wig3tx 9% (denture base)Z ol2E FHA
(acryl resin)2& dlAlgt] obturator® A3t
(Fig. 1).

14 (impression) & A5
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2.0 &
Palatal cancertt Nasal cavity cancer® g %t
3 E4 oy O]F»}Oﬂ’ﬁ 19919 5956 1999¢ 497+
A| partial -2
109 5E 1999 69717 A

2 total maxillectomy & ¥ 1992'd
B AE e EA A

Al obturator® A&t 6ule] &b BAe} 289) FAL
RS WteZ St
Ao AHLe 47704 Alolgor BFE Ao
56193 obturator A2 B4 717He BT 41.871€0]
ArH(Table 1). #x12e ojod F&2 A 77 2

Fig. 1. Obturator.

Fig. 2. Patient before and after obturator.

Table 1. Descriptive data for 8 subjects

Pts. Gen. Age Dx. Op.day ob.delivery duration  Obturator type
1 F 50 Adenoid cystic cancer 97. 8 24 mon. oro-nasal ob.
2% F 47 Soft palate cancer 92. 10 83 mon. oro-nasal ob.
3 M 64 Nasal cavity cancer 95. 8 34 mon. oro-nasal ob.
4% F 65 Maxillary cancer 97. 1 21 mon. oro-nasal ob.
5 F 70 Squamous cell cancer 96. 11 26 mon. oro-nasal ob.
F 50 Adenoid cystic cancer 97. 10 22 mon. oro-nasal ob.
M 51 Squamous cell cancer 97. 10 21 mon. oro-nasal ob.
8* F 51 Soft palate cancer 93. 10 3 mon. pharyngeal ob.
*Pis. 2, 4, 8 : VPl(velopharyngeal incompetence)
*Pts. : Patient's Number *Gen. : Gender *Dx. . Diagnosis *Op. : Operation *Ob. : Obturator

- 142 -



Fig. 3. Contour of palatal defect by maxillectomy for 8 sub-
jects.

& 2= gdAnit @1 Fig. 28 3 #3x8 tid
0.2 obturatord& A Fof B&E vepd Ao, of
&AM obturatordd A FAAERAE Fig. 3o &
A8kt

BATE oMIERAF FHA o] gl 718 018 3
AV 77 T2 R Aol A RE 2Elshe WHo] gldl
d A @Rt 3%, 89 Aat 43S e R sen
0|29 AL 5T~T0M L BT IS 61441}

1

YA 29 BAL 99 o A9 AAE
CSL(Computerized Speech Lab, Kay Elemetrics,
Co.) Model 4300B % CSL A8 Zz3& AlEs}
A2, 24 A= AFH Al AHE-E o1 microphone
AKG Acoutics® C410 modele] 1t}

4.9& M=

T4 Fhedl Aol BE oV, /AN, /01 /%) 1
g Bd =3 59 5}7\} WoliA] obturator® 337
A3t Fo 429 RS Wk 2719 S8 323
HASIEE ST o] W) AlE BA|R =8 ¥ 9]
< F g Ex A vat gy 2 wdshe A
&8sttt

slg e Aike FAAANAE T3P 2893
on, 2 82 E4E 98l CSLell A=A

5. BNt
AT A %% we

wgo) ¥9E $HE CSL Ad Zeadel A
Basglon tid Fuer] 29 E (wideband spec-
trogram)® 4% <& @9 (linear prediction cod-
ing, LPC)& AH&3l S48l of W & 259
A1 EVES} A 2EFE 7hg B glg o s on
spectrogram #2o4= wide-band2] o}l A F-E
FaA BAE A AR, F oA S0 F3F RS
SR

= A peak A1 ,_EE, Fs 3PS A2
REZ 278 Uk B4
AASR L, HARAL 2 A e Fol& F BHE &

AAFE o]8ste] BHAE W B 0819 A8
Yeri

g <] FA Aol oal o] FoiX B50 HEE HAs
%°] Aped AR oA CSLel A7 obturator
A%o] Z47te] RES RA92 AF s E3F
| A2 EF5E A 71ESA st 74 R
F oo gREE wig (%) Axe.
axo ARA A B A4 W4 27]
g SAs] A8 AHAE Ba F /ol /N, /5 A
1XETES A 2ERER o] o]yl RS Hztee] WA
% Axstant. 2g Adeoa atztael 2 ¥ L],

2, L3 & AXMA F 3 Ato]9] AlE vERfH o]
Oﬂ g 4L thaat 2t

Ll:y-yl=(y2-yl)/(x~x1){x—x1)

L2 y-y2=(y3-y2)/(x3~-x2)(x — x2)

L3 :y-y3=(y3-y1)/(x3-xD(x-x1)

7} Aol gk AE-2 Ale| &) Bofo] = o)
2z},

S= [ [x(y2-yl/x2-x1)+{y1 -xD{y2-y1/x2~-
x1)]dx

utebA] Zgdtant ete e HE e

y2-y)/x2-x1)> (y3-y1)/(x3-x1)¥ A% @
A 8=(S1+82) - S3 o],

(y2-y1)/x2-x1)<(y3-y1)/(x3-xD¥ A% 9
2 8=81-(82+83) 2.2 z’ﬁﬂ =

25 Awe] 27) WA 28 gasgte] de

i‘>

DR o
Jl}l' we o 2 ‘D-‘“'
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Table 2. The First(F1), Second(F2) formants of /a/, /e/, /i, /o/, /u/ phonation in normal control, before and after obturator,
which are expressed as mean = standard deviation in hertz(Hz)

ey
=)

Normal(N=7) Before(N=8) After(N=8)
F1 373+£210 4361241 4981255
ol F2 1252+ 150 1532+655 1638+607
F1 464+130 290+125 3024138
el F2 19134363 14941680 1767 +434
. F1 326+ 56 3624210 2721181
U F2 2054 £615 1390+679 14831768
F1 339+142 306+183 312171
fof F2 860+288 11481548 10351445
F1 248+ 58 243+256 2674108
il F2 812+181 7941467 715£299
Pearson Correlation Coefficient 248 3l 1 100
BT FEE B8 W .
:::% 60 DO Before
-é EI‘ Eﬂ B After
E

1. Obturator 3% ¥ 259 5% &4

BT B INEE kil g ggor 7}
5o A 1 ENES} A 2EWNES} A2 e HIE
wgon fol/e] A% F1 373Hz, F2i 1252Hz%
31, /Al/9] A% F1e 464Hz, F2 1913Hz, /01/2]
A%, F1€ 326Hz, F2i 2054Hz, /9/9) A%, F1e
339Hz, F2%& 860Hz, /5/9 A%, F1& 248Hz, F
2% 812Hz% tHTable 2).

B AY A7 3 A3 4 BEo| A 1 ETES A
2XVEE & A7t g, /ol/¢ /F/R &N
obturator®d3 Ao S/t AT SFU AA
(boundary)dll 2833 /ol/, /°1/, /2/N A= ob-
turator g2 $ A3 A SN AA 2H A

2. 239 BEE
Zr ped HEvE Fig 4-1904 B ukel 2o,
obturatord2 Ae] A%, /ol/& 100%, /9l/= 53.1%,
/°l/e 40.6%, /2/E 68.8%. /%/< T2.8% TME
B9} Obturatordz 9] A9 A& Axe= e
'\E’q% RAE ), /o7 M4.0%2 71y L& HEEE
T, oz /dl/e 84.4%. /°l/= 89.1%, /2/
85 93%. /%/= 56.25% Rt WA obturator
2 A% fol/REo] BF 7P 5 HREEE B
A, 3 Holle /o]/ Bio] /g Bt

(Z oo rr

HEEE

o
<

Vowels

Fig. 4-1. Vowel intelligibility before and after obturator.
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Fig. 4-2. Vowel intelligibility before and after obturator by
subject.

BT Folls /9 Bdol /MY RS BERE
vy

Z AR 3o U3 HELE §A4% A3 o
F-5o| obturator A3 ¥t HE=sF AAHNAT F
2 AT A Bge] HREE Fig 42004 BE
o] thAAL 10] 82.5%¢°0A 85% =, th’dAt 32 35%¢°
A 81.5% =, A b 52.5%°0A 92.5%=, th/3At
62 62.5%°0X 71.5%%, /dAF 7& 55%°0A 92.5%

~ 144 -



3000 7 nji/ eju/ e/a)

Normal control

Before wearing
After wearing

2000 1

200 400 600
FI(HZ)

Fig. 5. Vowel space areas in normal control, before and aft-
er obturator.

Inteligibility(KH’z)
<
19,1

e o o
N W b

e

1 2 3 4 5 b 7 8
Subjects W After [ Before J

Fig. 6. Vowel space areas for 8 subjects before and after
obturator.

2 22} obturator A2 & 259 HaEs} /HAEHR
o}, wbAo) AR 4= 82.5%01 M 82.5% 2 FHA A%
W87} gda, A} 28 95%14 92.5% 2, tiAAt
8L 925%°0X 825%% 2818 A F7} PEEs}
g Aoz Uehgt},

3. Obturator Y% MT B8 YUz 37 BY

Obturator %2+ AF fol/, /ol/ /&/e] A A g
o A 1EUE A 2EUNEC] o THEolA Awt
28 A7Ee] A7) WAL Fig. 59 Hoix|e nlel 7
o] Az}t Fo] e ANzt Fy] WAL 34 Ady &
AVBtEaL, Aa w7t A AT & 2o & eyt

AP 2a4tztse] A7)E Fig. 6014 2x vpgh
Zo] AL 2% obturator 2 MK} A2 71

A

4, B3 MUE MA I D2 FRE THof HRAT

Obturatord®t AL 25 22tee] 2719 25 98
%= 7t9] pearson coefficient= ZH2F —0.1372, 0.6149%
VERY obturator A& Fo] @A Wizl AHA
HEEZ 3 BAT A AR Yl

.

B A7 maxillofacial cancer@ate] Aot A4 &
T HEE o &8l BS g 53 77 (oral
cavity)Ule] BE3 A WY o2 2o obturatore]

B4 Ao GRS i3 TREE A o] H
T 9%o] 61442 7 559 20~3045 Ui 3
A4 3Te PR EUE Y9 vk o] HE
onl, Bg /ol/9} [ol/F Astae /oY, /2/. /5
9 A1 ENE A 2FXVES BF 7Aste], w3l u}
2 559 X T 2 o] Wy} 39
F314=(formant frequency)oll &S £ 2oz Az
2=

Obturatorg2t F =59 A 1, A 2 XWEE, 4
qekst vimA] fol/, /ol/, /2/7F A4S SF
2RI ol2fdt Az Bgo] HREE FAdA /
ol/. /o/, /9/ Bee WRES} £ A fAE A
(g HAFEn ol¢t vl R, obturatordd A &
29 A1, A2ENEE, FA} JdI viw A, fol/s}
[S/RE0] AT SFo] ZH3 2 fol/9) /S
B&o] FAZEY A Holl ¥5 27}t & A IA
3ttt

aeba Ye] Ade R& $3H E49 P14
Ql Wzhel] TR0l B8-S AAKE) STt Stevens 5
A HElg 28T 4 ¥ ‘quantal regions

Bele oW 253 790l A AUvtaL stglew

FEA AtZo] M2 U 45 Foha g

HEH o= 4e] A2} ZAHspeech perception test)
= A7 4] did &4 ZAA(phoneme boun-
dary)& 2357 AsiM AegRem®? ngd o
g A (perception)all oA 1 FaT 2gkstH

- 145 -



SN BEY F9 e 3 T #HdelR|
B9 AdlE FxHths dEe] of $a38tln

stk vk 2 dqelA] F4A P obturator®d
2 A% A7t 2go] FHFase] ful fAlEl
Fou}t Az AP mgo HarE B Ui

7} 288 WREE obturator A2 AL A$- /ol/
BEo]l HRert Ald Wk vl ol/REE /R E
S A7V BRA, [/ RS /2/R, /R E
VR, /2/E5E Jol/2 AA ALt E3F obtura-
tor g Foll= tiRie] Bde] Wamrt /fjsde

E3], /0)/5229 Wawst 713 @ol AT
whd ] /9/2-8-8 obturatord® & HaE7 1§ "ol
Rom //BEo] /9t /ol/2 JIAHA

3 Peterson 50 2go U3 L3k =7}

Z_]
E AABIEE & o /ol/¢ /5/2go] 7P 2/t
At &¥Ye™ Liberman $& /ol/EZSAA &
LFEL Bty Bustdnt? olAE /fol/% [/
=0 Bg Az St fAshe sgjo|ER 7
A QA o2 Hlo] & H& AZox B A A3
of A& obturator 2+ A% /ol/e} /R/Bgel W
AA) 7} Gro} Bg HAzime] meke] Al A v
& AALE E

AR ZHQ k] 93 R3] WERE /AUR
2012 e dl. obturator A& Al 2ol it 4
BEEE ddA 54 79 AS 40%01% ANE BEs
ULA T, W] AL 49] B4 4 AF Azt
AU 3zt 29 89] 9= Fade] HEEs o
=3tk 53], A 2. 4. 89 A9 AUAF NeRA
(VPD)o] e ¥-E%(nasality)7} & B8=d 9
FE AR AAFHDE o] YR AFE F T &
o3 Zgrt ik w3k A} 2, 4, 82 obturator
2+ Al Wl <t ¥)32(nasal emission)e] a3}
o} 814 (hypernasality)°e] &= o] obturatore] H
Q1% 22 (nosopharynx section)ol] t3t 71% 7RH o]
" a8ttt Obturator speech prosthesis®] X5
B A7l 28/u A4, 8-S It Ae
Bool siraty Fzg & nasle AN, A7,

Bz FEe 71sS AdAE F e I lGm-

pression)7]&d| 93 AL, 259 75 23Y
g ysre) BislE E3ld obturatory i ¥
AREZ HGrid 5 A gt ?

T3 obturatord A BAd 2g 71He HX
Hele, XrayRde Bt ©ol olFe] e d,
Subtenly 5"& 7 QAT 7% FHE 7B A
o el BAEA X go tigh YA BaolA, B
A 717 FF Al A9d=o] o] Bel vsten FAldl 3t
o}7} A& (hyoid bone)2] $X]7F 99 QA 2ol At
3 3o, [/ERSE AEdte B¢ 4y U
A ov] gle ¥t glo] 283k 359 283}
A e 7259 dE 9 v B4 s M= o
2 A3z »usg.

W /RS AEE 8(tongue)d] HAE B
A 717 A gugiAl wollen &t o] g
2 o= AL Bgon siete] fAx 9n| §iA
ol tia 8o obturator F& Al Leke B9t =&
7139 gA o] FA1H g Bt

Borden §%¢ &g Abztmo] glolA 2ge) $1x]q|
ek 258 et 3l AhEate] AAl= gRl
Aoz &9 W AHX(protrusion)st el 2
(retraction) 5ol &8 F7(oral cavity)o] ARl ot
2} A 2 TNES} FolAvia dFoen, A% (phar-
yngeal cavity)®] 27|17} ZH4ghel met & Y|/} 5
oA 4 Ae B=t FUH] Wil Al 1 ENE
7t F71ecka el ey, sk o2 AR A9
22 F7H(oral cavity)el® 39l Y2 &9 Y
9 A5E B39 9g-S ke Aoz st

ol9be hZ# & Tanimoto &' pharyngeal
flap surgery A%, Wike B 89 YAE xrayE
B3l 4 319 o 9UAF 7% FAo] Sle Bl
A HRert 52 WE #AEY F9 AL At
Al Aee 3 U gdion AXAHoR
BRI TS AE] Hal ol AAY 744 (plas-
ticity) < 7Fdthar sl &) $A A& =3t

E3 Gay 50 AAE AelM, RS0 B5S
B3 9ge= E7atm Rl B gel #3500 gl
A FElol A o E R3S AEE Au o] U
St s, waeh #HE 224 49
k2 B3 (spatial target)ol] =237] 918 -2

A

]

>
i
ol

]

ol
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Obturator 3 %

2 ol B9l a UE 8 & F& ¢ At e
FEoz g¥ 3yr]|de] SB& total maxillectomy
ﬂx}—J —?* 77

o] Skel] gk /o}/, /ol/, /5/9] Al 1 ERHES} A 2
ES A 7He] HEFO = o] Foj7l Bg e
g Ay B Ax F4 A9 obturatordE AF
25 AztEe] dYg By A
2] 22 AZl% =7) WAoo Ak £E
ol g B ulox 2% AR o) go Adn
o] A Arch A4 obturator® U3 =
Zioi ‘)rF)r‘,d":} oleigt A T
MY

4
cxel 998 2 Aow el ol4e Ase, b
Aol BE FYRe) B0 LAl

7(31)_(,)_ =13 Dﬂg_E 7H )
< A7l s91ez ALt whekA obtura-
tor A7 Al o]& A& nE sk taRIsks Aol ¥

a3tk A€

& Fourakis''= “‘iE(tempo) ‘Zl%k(stress)"]
= AR @Y JE £, 2L AldRe] A
= ARS8 ZAE o 2E o 71 ARz w2
Al flo] T wf 71 AAS-E Hasle] ofd =
A< (suprasegmental) 8.4% & WEE] 4t
Z T UdeS AAETh weba HEgE obtura-
tor fitting®e FR3A T BRI} o= A4S, %
Al AHE] BAE Fo] LA Fozd HRES

ol vl &S F 4 e AR Helth

Hd

sk

o FE 03

N

Hir

[l
hu

£ 47 obturatore] o] F
TS 4ot Z A A2 ¢ e W
Hgtom o WREe AWA XA 2T
9] A7) B3 A1 & USdch

£ °41‘1«1 AssE %i"lﬂ obturator AT g
= Zol7t glojm
=R sa ) ﬁﬂ%ﬂ% ‘ﬁ‘ }5}":“4 4, AAGH &
o A /ol/Bfol 7V
%I A %—mﬂ‘—‘:‘ EH-'?'—-E—PJ B2go] Wuwrl Frst

& A BaErt /bg gokth whd

u% obturator @ ARG a7 A0 F
oA & Aoz vEiyth AA, & WRxe A
SR QA B Azt=e A7) A 3ot A AR
Z7vet obturator’t ' HEE] Mo =& T
Ao Yeyth Ya, B Awe) B30 HEs
7re] AABAIE obturator & Tt 9] ARBAES
Bont QIR B woe o] Ho H|FErt B
£ HETA 4% & Ao Hr} f9] Fulo
H)Zo] W obturator F= Al @A T PYH s}
A Aol = E:rLO} , A5 A4 FAHe] A
9l HErd 98-S F= Aoz el obturatord]
ARJNF Fiof tigk 7]5 7ol Pasigct

uetA] obturatorﬂ gk 7 B 7o) He
T ol AT VT RS AT & U=E
A & =) o] ok 3.{41—1?1 speech prosthesis’} 8 4 91&
gg} £}

g B Al B o A ‘?301]"1 obturat-
orZ Az Al ;Esol & AorEe
Y dee & & de A
2 Ho|n obturatordzh aFale] FA| 2 <13 At A

A FET FERE-E Abole] E(fistula)e] A71A ¥

g sk o] edty AdEHng I Folx 3
7] A<l follow-upe] BL3}c},

B AT Ao RE AL o FA4E g
sdRonz BAHQ S A Ratdon
E 9 2 #AE o R obturatordd E3E 7
Z3 g ert gt

\
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