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Abstract : Nasalization of vowels is observed frequently in the post-palatoplasty cleft plate
patients. Velopharyngeal incompetence is known as the main cause of this speech disorder. The
correlation between the maxillofacial structures of cleft palate patients and the formant analysis of
their nasalized vowels was investigated. The following results were obtained.

Subjects were 45 cleft palate patients (23 male patients and 22 female patients) and 18 female
adults as the control. Lateral cephalograms of the occlusal position and speech position of vowels
were taken and measured by the cephalometric procedure. The shape of the soft palate was
measured as to the thickness and the length from the cephalograms. Formant frequencies of
isolated vowels were analyzed with a SH-10 speech analyzer (RION company, Japan). Subjects were
classified into 6 groups by their degree of velopharyngeal incompetence and sex. All variables were
compared and examined statistically.

1. Skeletal class I tendency was related to the severity of the nasalized vowel.

2. Various irregularities of the spectral analysis were observed in most of the cleft palate patients’
speech; the descending of /i/ 2nd formant frequency, abnormal formants, hoarseness, instability of
fundamental frequency, and the probability of anti-formants.

3. An inverse correlation between the upper facial height and 2nd formant frequency of /i/ was
observed in the female mild incompetent group.

Key words : cleft palate, nasalized vowel, cephalometry, formant frequency

The acoustical and physical correlation between the nasalized vowels and the cephalometric
analysis of the post-palatoplasty cleft palate patients.

Yoshiaki Kinno, Minoru Yaci, Tetsuya KameGal, Fujiro IsHikawa,

Sukehiro MinaTo* Taku NAra*, Jouji Miwa**.

(Department of Orthodontics, School of Dentistry, Iwate Medical University, Morioka, 020 Japan,
*Department of Plastic Surgery, School of Medicine, Iwate Medical University, Morioka, 020
Japan, **Department of Computer and Information Science, Faculty of Engineering, Iwate
University, Morioka, 020 Japan)

aFEERTRE 1 TH3-27 (F 020 Dent. J. Iwate Med. Univ. 22 : 51-60, 1997



52 &% &R Ak B @arn fHh A/l gL & HE 2R &, =R #C

#

OBEREBEOBRICEL T}, FXEN, PE
), HEEMIEIEEEEL T 5, OBRRKRD
ROFBICBY 2BEROFHRI—MARTER
WA AL EREC L, Thick 2BEISE
Fg 5P, PER, BEREDLDIHERIED
fl, RE—F 4 FOEE, I5IHEMEK
B EdfTbhTEl, LhL, iick-T
BEINEE, H5VIIEEMNCEEALH
BEL2ADBVEETLEEMIELTREES:
AHBENH BV, THIFROBOEHME
TAEXET3BREPERASARI T TR IS
BHtxd, DHERREBEOEZOHBELRYE S
BEOHEET 3B EEZ LN,

AT, ZoREREOBERF®ROR L
BHEBRORELAL, T1bb EHRF OB
R, BEERRWBEE T & OREEMIRE & OEic
EHELTHERNEH B EEZ, 71 VeV bEEH
AERLASESNEEB X EEKBEEICX
G OSITIC L - T, BEMICREL
tfeOTHES 5,

MHELEFE

1. st

EFEMRERFHEEER & BERERA
Flem#EhonEREE, B34, of 22
ZOEET A ETH B,

AR L TR AR ERDTWE GER
BEE) OBRARTF L LBEOLIEHRARE
B9 58 GABREE) ORALT IZIa,
B L CHERAT PSS ICREEEED I
WAL T 18 22 RO B L/ (Table
Do

R EHENRERO X BEHEP S, RO
BRI WHIHIA BE 1< Hefh L T RPN OFER D
Wit & FK I 2 BIRREEASEBSREO B IC X b,
A2, i, Bifo 3B THMm L (Fig. D,
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KT Ui, SROABEOZTHOMA,
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Table 1. Subjects classified by nasality.

Group Age (£1SD) Type n

No nasality 18y Om (3y 5m) UCLP 5
BCLP 3

CP 2

SPC 0

Nasality 16y Tm (2y 9m) UCLP 4
BCLP 4

()3 1

SPC 0

Control 23y 5m (2y 6m) 18

UCLP (Unilateral cleft lip and plate)
BCLP (Bilateral cleft lip and plate)
CP (Cleft plate)

SPC (Soft plate cleft)

Control (Normal female adult)

Table 2. Subjects classified by velopharyngeal
closure.

Group Sex UCLP BCLP CP SPC Age (+1SD)

Poor male 4 0 20yllm (7y 2m)
17y Tm (4y 6m)
17y 8m (3y 2m)
14y 3m (3y Om)
15y 8m (2y 2m)

16y 2m (5y 6m)

female

Fair male

Good male

- W = O N
o O O = N o
[= 2=~

6
5
female 4
4
2

female

2. B&
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TEH TR FHA

(mandibular plane
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Closure : Poor Closure : Good

a : Posterior site
of pharynx
b : Soft palate

c: Tongue

Fair closure cases were classified by the following conditions ; cases with different closures for each
vowel, cases with clear nasality in spite of the roentogenographic closure figure, or cases with very

slight contacts between the soft palate and the posterior site of pharynx.

Fig.1. The assessment of the velopharyngeal closure at vowel speech by the cephalogram.

1Y —axis
: SNA
: SNB

: ANB

: Mandibular plane angle
: Gonial angle

:N-S

® @ © @ ® ©® ® ©

:N-Me
:N-ANS

e ©

: A’ -Ptm’

Fig.2. Selected parameters of cephalometric analysis.
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PNS (Posterior
nasal spine)

Posterior site
of the pharynx

Tongue

@ : Length of the soft palate.
@ : Thickness of the soft palate.

Fig.3. The measurement of the soft palate.

Input the speech
4

Fast Fourier transform (FFT) -
[
4 — SH-10
Formant analysis by Linear predictive coding (LPC) J
4

Computing the mean of formant frequencies (Ist and 2nd) at
the beginning, the middle and the end of the speech interval

of each vowel.

Fig.4. The process of the speech analysis.

Fig.5. SH-10 the speech analyzer (RION company) and the view of examination with the isolated

chamber.
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Fig.6. Power spectrum of the speech and the vocal tract on the output of SH-10.
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Table 3. The comparison of the cephalometric
analysis among the no nasality group,
the nasality group, and the control.

Parameters No nasality Nasality Control

n=10 n=9 n=18
*
7
Y-axis C ) 72.9 68.9 66.7
* Xk
.
SNA ¢ ) 75.7 76.0 81.9
* %
—*
SNB () 73.8 77.6 78.6
*
[
Mand.pl. angle ¢ ) 36.2 37.5 32.4
*
TPTTI T
Gonial angle C ) 125.3 136.5 125.8
N-S (mm) 67.7 65.7 67.8
N-Me (mm) 123.0 120.9 124.7
| " |
N-ANS (mm) 53.4 54.0 56.7
% 3k
1
A’-Ptm’ (am) 43.6 42.3 48.3
Soft palate
lengh (mm) 11.6 10.4 9.8
thickness (mm) 32.7 30.9 3.1

* 1 p<0.05 *x 1 p<0.,01

rAER, RS, BRSHE bICHBEL

Dy /i/ B F: DIETHHOLH»TH - 12,

3. DFFBMOHAHEDEIH>WVWT

(1) SE&SR X R EH
BEETH S L REREEZRD 1HHAEE
ERA N

(2) OFFERE
BohREBOEMNEDONLFRHRL
i)lﬂft_o
KOFOESHEs Ol (®/0) TR’,
ZFHEBRS K FREFRL D SRELHEETR



56 &% &R, Ak B’ &7y g, 4l L & #E ®R € SR #T

Table 4. The comparison of formants of each vowel among the no nasality group, the nasality group,
and the control.

/a/ /i/ /u/ /e/ /o/
Groups
F. F. F, F, F, F, F| F, F, F. (HZ)
No nasality (n=10) 1009 1517 365 2250 ——-’ 419 1569 587 2255 557 978
% %
Nasality (n=9) 934 1528 358 1875 T 431 1686 563 2306 535 923
* %
Controls (n=18) 1010 1529 378 3013 —J 423 1660 545 2456 527 929
F, (Ist formant frequency) F. (2nd formant frequency) X % p<0.01

Table 5. The comparison of the measurement of the soft palate, the cephalometric analysis, and vowel
formants among the good closure group, the fair closure group, and the poor closure group.

Male Female
Palameters
Good Fair Poor Good Fair Poor
@ (mm) 24.5 25.5 30.1 23.9 25.5 29.6
® () 9.7 9.1 11.0 13.0 8.2 6.9
‘—- *
@/ @ 2.6 3.1 3.1 2.0 3.2 4.6
ANB ¢ ) —-3.25 —0.96 —0.34 0.23 1.72 —0.90
1/ N-ANS 0.02 0.02 0.02 0.02 0.02 0.02
/a/F, (Hz) 752 700 691 925 790 598
/a/F;, (Hz) 1200 1258 1202 1565 1526 1372
E3
/i/F. (Hz) 337 313 380 353 402 345
| ) |
/i/F, (Hz) 2060 2129 2496 843 2126 1643

*: p<0.05
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/i/F. (2nd formant frequency)

the upper facial height.

Fig.7. The correlation between the upper facial
height and F, of /i/ in the female fair
closure gourp.
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1 /N-ANS means the invers number of
the upper facial height.

Fig.8. The correlation between the upper facial
height and F; of /i/ in the female good
closure group.

L7z (p< 0.05, Table 8),

(3) BEFEST
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F.: (Ist formant frequency)

F. (1st formant frequency)

Fig.9. The correlation between F; of /a/ and F.,
of /a/ in the female good closure group.
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Fig.10. The effect of F, of /i/ descending on
the F;-F, plane.
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