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Abstract : We investigated the relationship between the acoustical characteristic of the nasalized
vowels and the velopharyngeal incompetence (VPI) of cleft palate patients. Subjects were five male
adult patients who had palatoplasty in their infancy. Cephalograms, digital recordings of Japanese
vowels and magnetic resonance imaging (MRI) of head and neck were taken from subjects. MRI's
were obtained while the patients pronounced single vowels normally. We employed the A-b-S
{ Analysis-by-Synthesis } method for the acoustical analysis of the /i/ sound with our original
software in a work station . The velopharyngeal opening areas were measured with a personal
computer by using MRI's of the velo- pharyngeal closure portion.

The results showed that the antiformant frequencies were related to the velopharyngeal opening
area, and the antiformant frequencies will be a useful index to VPI case. The acoustical estimation
of the velopharyngeal opening area will apply to the training of speech improvement.

However, to fully determine the relations between the antiformant frequencies and the
velopharyngeal opening area, the followings are required, 1) measuring the entire area of the vocal
tract including asymmetrical anomalous nasal passages and paranasal cavities, and 2) avoiding
the artifact of MRIL.

Key words : antiformant frequency, velopharyngeal incompetence, Analysis-by-Synthesis
method, cleft palate, magnetic resonance imaging

A study on the relationship between the acoustical analysis characteristic of the nasalized
vowels and the velopharyngeal incompetence of the cleft palate patients.

—On the magnetic resonance imagings of the velopharyngeal opening area and the estimation
of antiformant frequencies by the Analysis-by-Synthesis method —
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Table 1. Subjects.

Patient Age Type Nasality
H.N. 29y1lm UCLP -
H M. 17y 9m UCLP =+
R. U. 18yllm BCLP *
Y. H 21yllm BCLP -
M. T. 23y 6m UCLP ++

UCLP (Unilateral cleft lip and palate)
BCLP (Bilateral cleft lip and palate)

©: Y-axis

@:SNA

@:SNB

@: ANB

® : Mandibular plane angle
® : Gonial angle

Fig. 1. Cephalometric analysis.
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Table 2. Scanning parameters.

TR (ms) 33.0
TE (ms) 6.0
Nex 1
Orientation = Head and Neck. Colonal-Oblique-Axial
Slices 11~14/series
Thickness (cm) 0.5
View size (cif) 24 X 24=576
Matrix size 256 X 192< A-PXR-L>
Scan time (sec) T9sec/slice
Equipment SIGNA advantage (1.5T)
Flip angle 60
Coil A. Neck
Imaging method Multi
Oblique
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Closure : Poor

a : Posterior site
of pharynx

b : Soft palate

¢ : Tongue

Closure : Good

Fig. 2. The assessment of the velopharyngeal incompetence for vowels by cephalogram.

Fair closure cases ware 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.
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Speech wave . .
P Initial synthetic
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between synthesized ™ spectrum synthesis
spectrum and analyzed
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Errors can be Changing of initial
minimized? "l synthetic parameters.

Results of analysis

Fig. 3. The procees of the acounstical analysis using the pole-zero Analysis-by-Synthesis method.

Spectrum

dB

FNZ1

I-I-I NO2

Fig. 5. The relationships of antiformant frequencies
related to the velopharyngeal opening
area.

Fig. 4. Slice of the ramified vocal tract on the
magnetic resonance imaging.

FNZI1, means the Ist antiformant frequency ;
FNZ2, the 2nd antiformant frequency
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Table 3. Results of cephalometric analysis on each patient.
Patient

Parameters Standard£SD o M R U Y I M T
Y-axis ) 65.7%£3.3 70.9 67.3 71.0 69.3 68.0
SNA () 81.8%3.1 81.2 76.8 78.0 67.0 70.3
SNB () 78.6%3.1 77.2 73.4 74.0 69.1 73.5
ANB () 3.3%2.7 4.0 3.3 4.0 —2.0 —-3.2
Mand. pl. angle (* ) 26.3+6.3 32.9 25.0 38.8 23.9 43.1
Go. angle (* ) 119.4%5.8 121.8 116.8 133.6 107.0 145.0
N-S (mm) 71.9£2.6 70.1 73.5 73.0 78.2 75.2
N-Me (mm) 136.1%+5.7 132.4 122.1 139.1 140.4 149.8
N-ANS (nm) 60.0£2.6 61.2 57.7 63.0 66.7 59.8
A’-Ptm’ (mm) 51.5t2.6 51.8 47.1 43.9 44.5 45.6

Table 4. Degrees of velopharyngeal incompetence
of each patient.

patient Nasality Closure (VPI)
H. N. - good (—)
H M. + fair (+)
R. U. + fair (-+)
Y. H. - good ()
M. T. ++ poor (+)
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Fig. 6. The magnetic resonance imagings of each patient’'s velopharyngeal closure portion during

nasalized vowel speech.

Table 5. Results of each patient’s velopharyngeal opening area and the acoustical analysis with the

Analysis-by-Synthesis method.

patient Area (mm) /i/FNZ1 (BNZ1) (Hz) /1/FNZ2 (BNZ2) (Hz)
Control 173 1816 (198) 2602 (153)
H. N. 170 715 ( 98) 2682 ( 69)
H. M. 174 666 (505) 2688 ( 89)
R. U. 247 730 (380) 1880 (400)
Y. H. 248 740 (150) 2110 (100)
M. T. 274 1218 (214) 2612 (188)

FNZ1, means the 1st antiformant frequency ; FNZ2, the 2nd antiformant frequency ;
BNZ1, means the Ist antiformant frequency’s band ; BNZ2, the 2nd antiformant frequency’s band ;
Control’s data were taken from a normal male adult’s intentional nasalized speech.
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Table 6. The acoustical differences in the same vowel (/i/) produced while sitting and in a supine

position.
Position 1st formant (Hz) 2nd formant (Hz) 3rd formant (Hz)
Sitting 320 2150 3030
Supine 300 2200 3500
dB 100 dB 100
80 - 80
60 | 4 60 & ; ———-
t £ o vor vou
e ¢ -+ FNZ1 B .
20 oo 20 1
FNZ2
0 1 2 3 4 5 kHz 0 1 2 3 4 5 kHz
R. U. Y. H.

Fig. 7. Results of acoustical analysis by the pole-zero Analysis-by-Synthesis method.

FNZ1, means the 1st antiformant frequency ; FNZ2, the 2nd antiformant frequency
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