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Abstract

Objectives: Patients who attend orthodontic departments with oral habits have a relationship
between malocclusion, particularly open bite. In general, myo-functional therapy (MFT) is the
choice of treatment for the oral habits. The assessment of MFT intervention, however, has been
subjectively and visually evaluated by the practitioners. And pronunciation has never been assessed
during the therapy.

The objective of this study was to discriminate patients with or without tongue habits by analyzing
acoustic features of zero-crossing counts and mel-frequency cepstrum coefficients [MFCCs].
Method: In studyl, the sample composed of 1) 20 normal adult (10 male and 10 females with
experience in voice training: normal adult group). 2) 15 tongue thrust adult patients (5 male and 10
female) with over bite less than 0 mm indication of MFT. 3) 20 normal children (10 male and 10
female) who displayed no tongue thrust during swallowing and 20 tongue thrust child group (9 male
11 female) with tongue thrust during swallowing (tongue thrust child group). In accordance with
Nakayama et al. test sounds were analyzed for zero-crossing rates and MFCCs between the groups.
In study?2, subjects grouped into 1) 24 MFT subjects who were diagnosed to require MFT (MFT
group) and 2) 17 CONTROL subjects with no history of MFT and displayed no tongue thrust
during the swallowing. At baseline, the presence of tongue thrust during the speech was assessed by
using a video recording before (T1) and after (T2). Those who showed no tongue thrust during the
speech at T2 were allocated to the improvement group, while those who showed tongue thrust at T2
were allocated into non- improvement group.

In accordance with Nakayama et al., test sounds were analyzed for zero-crossing rates and MFCCs.
Results: From the study 1, the numbers of zero crossings and MFCC 1 to 10, and also, the numbers
of zero crossings and MFCC 1 to 9. Showed significance level in the female, indicating the
usefulness to discriminate tongue thrust habit. Comparison between T1 and T2 revealed significant

differences in MFCC-8 values within the same subjects. When MFCC-8 values at T2 were



compared between the tongue-habit and control group, no difference was observed even when
normal swallowing was achieved after MFT. These findings suggest that MFCC-8 values could be
the markers of the acoustic properties of patients with tongue thrust when swallowing and enable to
identify identification of tongue thrust in acoustic analysis. MFCC-8 values differed significantly
between the improvement and no- improvement groups.

MFT leads to recovery from tongue thrust when swallowing, along with associated changes in
pronunciation. The presence or absence of tongue thrust during swallowing or speech can be

evaluated using MFCC-8.
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FHE BERE FHE BERE THE BERE THE BERE
EREH 31.44 222 3454 448 37.14 256 33.73 362
MFCC1 -16.15 1.16 -14.23 1.11 -1391 0.61 -14.84 1.23
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MFCC7 0.18 0.14 -0.03 0.26 -0.16 0.30 -0.29 0.28
MFCC8 -0.27 0.13 -0.15 0.20 -0.32 0.21 -0.14 0.27
MFCC9 -0.08 0.15 -0.26 0.21 -0.29 0.17 -0.28 0.24
MFCC10 0.08 0.10 0.08 0.19 0.04 0.20 -0.02 0.19
MFCC11 -0.02 008 -0.08 022 -0.14 0.21 -0.15 0.15
MFCC12 -0.07 0.09 -0.11 0.21 0.00 0.13 -0.04 0.17
MFCC13 0.06 0.06 0.01 0.13 -0.02 0.18 -0.05 0.15

Table 2-a BH#IZHIT5—TEBES DT
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iz FH#h EEE

EXEH ok N.S.
MFCC1 *k sk
MFCC2 *ok ok
MFCC3 N.S. kok
MFCC4 N.S. ok
MFCC5 ok N.S.
MFCC6 ok N.S.
MFCC7 *k ok
MFCC8 ok N.S.
MFCC9 *k N.S.
MFCC10 * koK
MFCC11 N.S. N.S.
MFCC12 N.S. N.S.
MFCC13 N.S. N.S.

*x 1 p<0.01, * : p<0.05 NS : not significant

Table 2-b ZiEIZHITEH—TEE DA

ik Fhn EX )
EXEH N.S. Kok
MFCC1 *ok %ok
MFCC2 *k ok
MFCC3 N.S. ok
MFCC4 * skok
MFCC5 *k %
MFCC6 * skok
MFCC7 *ok %ok
MFCC8 N.S. *ok
MFCC9 *k *
MFCC10 * N.S.
MFCC11 ok N.S.
MFCC12 * N.S.
MFCC13 * N.S.

sx | p<0.01, * : p<0.05, NS : not significant
Table 3 MM BLUT2IZEIFTEIEREHS LU NFCC1~9 DffEt=
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T1 T2
(N=24)
Mean S.D. Mean S.D. t—test
EXEH 29.53 4.75 31.01 5.61 N.S.
MFCCT1 -14.98 1.33 -14.94 1.65 N.S.
MFCC2 -2.90 1.09 -2.95 0.74 N.S.
MFCC3 0.91 0.52 0.91 0.41 N.S.
MFCC4 -0.26 0.41 -0.24 0.28 N.S.
MFCC5 -0.37 0.30 -0.37 0.15 N.S.
MFCC6 -0.16 0.35 -0.08 0.26 N.S.
MFCC7 -0.18 0.26 -0.08 0.27 N.S.
MFCC8 -0.15 0.25 -0.29 0.19 Kok
MFCC9 -0.19 0.20 -0.08 017 N.S.

#x | p<0.01, NS : not significant

Table 4 XtEEEE, T1 7% 5 U T2 0 NFCC8 D#EstE

MFCC8
T4 B RS
xtBREE (N=17) -0.51 0.24 ]
7
T1 -0.15 0.25
(N=24)
T2 -0.32 0.19

wk 1 p<0.01 ( Dunnett MHRTE)

Table 5 T2 ehERE T2 FREBHOBLEHE & U NFCCI~9 O#EHE
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ER(N=17) JERERE(N=T)
Ty BERE Fiy BERE ttest
EXEH 31.60 5.68 29.21 5.29 N.S.
MFCCH1 -15.29 1.70 -13.88 0.89 N.S.
MFCC2 -3.00 0.72 -2.79 0.80 N.S.
MFCC3 0.89 042 0.95 0.38 N.S.
MFCC4 -0.30 0.23 -0.08 0.34 N.S.
MFCC5 -0.35 0.16 -0.43 0.11 N.S.
MFCC6 -0.10 0.26 -0.04 0.26 N.S.
MFCC7 -0.07 0.29 -0.11 0.22 N.S.
MFCC8 -0.33 0.19 -0.17 0.12 %k
MFCC9 -0.07 017 -0.12 0.11 N.S.
#x | p<0.01, NS : not significant
k%
* ok
0.0
—
-0.14 s
'0.2_ —;—
o0 s
QO -03-
O —— 4
LL -0.4— ] ‘
= ¢ .
0.5 . 3
_06— L] L
0.7 1 —
-0.8 — : : -
a1 IR B T2 ERE T2IFEERE

Fig. 1 xtBEEE, T2 REBEL S I T2 JEEED NFCC8 DA%
(Tukey—Kramer @ HSD)

*k

p<0.01
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