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Response of levator veli palatini muscle activity
to the change in intranasal air pressure
during the regulation of semi-closure of velopharynx

for nasal vowel
Takashi TACHIMURA
The First Department of Oral and Maxillofacial Surgery
Osaka University Faculty of Dentistry

1-8, Yamadaoka, Suita Osaka 565, Japan

Key Words; Levator veli palatini muscle, Electromyography

Intranasal air pressure, Nasal vowel




In an effort to clarify the factors affecting the regulation of semi-closure
of velopharynx for nasal vowel, response of levator veli palatini (LVP) muscle
activity to the change of intranasal air pressure was investigated in the present
study. The integrated EMG signals of LVP muscle and the intranasal air pressure
were monitored simultaneously on conditions of a. sudden blockage of nasal airflow
passage, b. airflow delivery into the nasal cavity, aﬁd c. normal status without
any enforcement of airflow during the phonation of nasal vowel represented by
speech sample/Ni/ on 57 normal subjects and 20 repaired cleft palate patients.

Results obtained from normal subjects were as follows;

1. Significant decrease of LVP muscle in EMG activity was observed when the
intranasal air pressure was increased by blockage of the nasal airflow passage
during nasal vowel phonation. '

2. There were no significant differences both in sound pressure and in frequency

level between the glottal sources on conditions with and without the blockage

. of the nasal airflow passage.



3. The auditory masking with band pass noise(100d4B(A) ,DC-2kHz) did not significantly
affect the change in LVP muscle activity caused by nasal airflow blockage.

4. There was a correlation between the changes of intranasal air pressure and
the LVP muscle activity on condition of positive air delivery into the nasal
cavity during complete closure of the velopharynx.

5. The LVP muscle activity did not correlate with the changes of intranasal air
pressure at the level of 4cmH)O or higher, but showed a tendency for decrease
according to the increase of intranasal air pressure at the level lower than
4cmH20. The same tendency was ‘confirmed at the level lower than ZémHZO
which is an ordinary level of intranasal air pressure during the nasal vowel
phonation.

From these findngs, it was revealed that there was a correlation between

the intranasal air pressure and the LVP muscle activity during nasal vowel phonation.



6. The same experiment was carried out on the two groups of 20 repaired cleft
_palate'patients with pbdr and with fairly well velopharyngeél closure during
the biowing. In the group with poor velopharyngeal closure, the LVP muscle
activity.did not show any response to the change in intranasal air pressure.

In the group with fairly well velopharyngeal closure, the same tendency between

the changes of intranasal air pressure and the LVP muscle activity as seen in the

normal subjects was confirmed.
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Subject Shutter-0Open Shutter-Close

nunber Mean S.D. Mean S.D. t-test (n)
1 0.712  0.126 0.584 0.105  3.584%%* (44)
2 1.092  0.179 0.810 0.164  5.287%** (43)
3 0.977  0.184 0.814 0.135  3.677%** (56)
4 1.120  0.281 0.860 0.257  2.390** (28)
5 0.910  0.100 0.690  0.100  6.294%** (37)
6 0.710  0.265 0.240 . 0.095  5.342%** (27)
7 0.670  0.100 0.390  0.100  7.096%** (34)
8 0.583 0.127 0.271 0.089  7.,249%k* (28)
9 1.550  0.330 1.360 0.580  0.858  (22)

10 0.451 0.150 0.322 0.092  3.718%** (53)
n 0.800 0.150 0.630 0.100  3.866%** (36)
12 0.281 0.048 0.260 0.066 1,149 - - (42)
13 0.390  0.038 0.361 0.054  1.699  (33).
14 1.355  0.248 0.770 0.264  7.037%** (40)

R-—1:0 #H W % # £ 8 B M (B : oV -sec)
kx% 2t > tp (p=0.01) ** 3t > tp (p=0.05)
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- REEEE

12.79+1.03
12.67+0.77
0.503

23.17+£3.36
22.83+4.54
0.324

32.80+5.22
31.47+4.65
1.025

30.67+£5.92
27.33+6.18
2.102

37.13+£1.87
37.29+£3.43
0.221

AREIE

23.08%1.61
17.67+2.67
9.344***

16.04+£2.49
10.00+£1.53
11.130%*=*

20.80+2.51
18.27+£3.17
3.370%*%*

30.67+£2.15
19.60+3.94
13.282**%*

47.75+£3.73
49.23+7.46
0.956

LB AEBEBEBTEEEEHRLTCVRVE
PR REBBREREERLTWIE
TB: tfE (n=60)

xk%k St D tp (p=0.01)



Masking noise level (dB(A))

60dB 904B 1004B
Subject
No. mean+SD meantSD F= mean+SD F=
73.4%1.1 76.3+0.7 2.469 76.7+0.,7 2.469
#1 72.8%1.3 72.8+1.2 1.174 72.7£1.4 1.160
1.397 2.939 4.000**
77.8+1.9 80.8+0.4 22,56%%* 82.1+1.0 3.610*%%*
#2 77.1+0.6 78.1+0.9 2.250 79.2+0.6 1.000
10.03*** 5.063%* 2.778
76.1+1.5 78.9+1.4 1.148 77.3x2.1 1.960
#3 70.6+0.9 70.8+0.9 1.000 69.9+1.6 3.161
2.778 2.420 1.723
83.4x1.0 84.6+1.6 2.560 92.0+£1.5 2.250
#4 84.7+£1.3 85.3+1.0 1.690 86.6+1.0 1.690
1.690 2.560 2.250
75.5+0.9 91.6+2.6 8.346%*% 93.3%1.7 3.568*%*
#5 82.6+1.1 83.1%1.2 1.190 86.4x1.2 1.190
1.494 4,699 %%% 2.007

# — 3 ! masking noise level & 0 B & % JE (BAr:dBQ) )
LB BRESHCHTI2ER S XA VWEHOOMNTEE
FB: BAGHCHT B REEAEBOONESEE
THB: FiH

*xx 2 F D> fp (p=0.01) **% ¢ F> fp (p=0.05)
o



" No.

#1

#2

#3

#4

#5

Shutter-0Open

Mean

0.722
( 0.583

0.473
( 0.531

1.598
( 1.413

0.548
( 0.574

1.051
( 1.355

S.

D.

0.082
0.127

.079

0.140

131
. 145

173

0.153

0.
-0

221
.248

Shutter-Close

Mean

0.
0.

527
271

.320
.391

.982
.169

0.281

0.
0.

.237

875
770

S.D.

0.
0.

063
089

0.092

0.
.264

0

.061
.188
.176

.125
.133

153

t-test (n)

8.815***(46)
7.249%%%(28)

5.512***(40)
4.482***(50)

11.73***(40)
4.799*%*%(42)

4.339%%%(26)
6.632%%*(34)

2.624** (34)
7.037**%*(40)

§—4—a:ﬁFﬁSﬁmvx#ydﬁ®D%M$%ﬁ%®ﬁ
() ARETRAF VIO EBRIE

% % %

Pt tp (p=0.01)

* %

(BifE 2 mV-sec)

2t > tp (p=0.05)



_ Shutter-Open
No. Mean

#1 0.881
( 1.239
#2 0.839
( 0.861
#3 0.251
( 0.390
#£—-4-b

*k:
*

S.D.

0.083
0.290

0.091
0.126

0.038

0.038 -

Shutter-Close

0.
1.

Mean

873
297

0.828

.866

.203
.361

S.D.

0.117
0.207

0.094
0.098

0.055
0.054

t-test

0.183

0.689

0.337
0.121

(n)

(24)
(38))

(32)
(32))

3.091%*(38)

1.699

P EETHIADT AR Y THOOERN LN EBHME
() ARExAx VBB EE
$t D tp (p=0.01)

(B 2 mV-sec)

(33))



Pa =

ShiNo.

#1
4,26+0.65

#2
0.4710.10

#3
1.6240.15

Y
3.0620.51

#5
0.970.23

#6
1.5010.31

#7
1.47:0.27

# 8
1.8840.26

#9
- 0.71£0.06

#10
1.63+0.29

0.0 -1.0

0.51
0.4510.09

0.80

1.08+0.16 -

0.88
1.3720.21

0.98
1.3510.15

0.46
1.8240.21

0.73
1.6110.12

1.0-2.0

1.41
3.9610

1.59
0.4710

1.81
1.8510

. .42
2.6810

1.90

1.04

1.5110.

1.21

1.8440.

1.49
1.5040

0.9410.

.55

.09

.15

.56.

22

19

19

.15

2.0 -3.0

2.4
4.4510.86

2.95
0.5520.16

2.04
1.70£0.12

2.50

2.9810.56

2.90
1.08£0,19

2.42
1.31:0.24

2.30

1.6910.23

2.46
0.65x0.09

3.0-4.0

3.42
4,570

3.32

0.5340.

3.60

1.7410.

3.60
3.2940

3.42

1.2040,

3.43

1.5710.

3.40

1.3840

3.80

1.8040.

. 3.22

0.70+0

3.75

2.07+0,

.86

13

16

.57

19

28

.24

19

.07

23

4.0 -5.0

4.43
5.000.80

4.40
0.4910.12

4.30
1.73+0.19

4.20
3.1440.59

415
1.33£0.20

4.18

4,25

1.38£0.17

4,42

0.66+0.09

5.0-6.0

5.43

5.67+0.68

5.50
0.54£0.17

5.30
1.71£0.13

5.22
1.56+0.22

5.40
2.0240.19

5.24
1.9510.24

F—5: RNELHRTEKED T T OO RS0 5 8 EH
BREBSOTHLABAKEYARTULTVWRVEBOHENEL2RLTWS
LB RAAERYHE

THR: HEBEME

(BL4Z : cmH20 )

(B4 2 mV-sec)

6.0 -7.0

6.50
6.1110.78

6.10
1.75£0.26

6.80
3.360.65

6.33
1.3640.13

6.77
0.6710.04

6.61
2.0110.31

7.0-8.0

7.40
1.81£0.13

7.20
2.01:0.44

7.00
2.3610.46

8.0 -

10.20
1.88+0.30

9.80
3.1640.82

10.68
2.42+0.42

8.50
2.07+0.19

8.20

£ 0.5920.07

10.20
2.9210.40




Subject

No. r= t= “(n)

#1 0.558 6.046*** (82)
$# 2 0.148 1.216 (76)
# 3 0.255 2.301** (75)
# 4 0.198 1.555 (60).
$ 5 0.282 2.543** (78)
# 6 0.802 11.70%** (79)
# 7 0.254 2.517**  (97)
# 8 0.414 4.941***(116)
# 9 0.007 0.267 (60)
#10 0.780 10.72*%** (76)

x-—6: i B & ¥
AENELOERFHHERME

Cxxx 2t D tp (p=0.01)

xx3t D> tp (p=0. 05)



‘\\gﬁi:iijfs
shiNo~

#1
1.20£0.29

# 2
0.39+0.10

# 3
0.64x0.12

‘ # 4
0.72+0.18

#5
0.64+0,22

#6
0.09+£0.03

#7
1.48+0.27

0.81
1.06£0.21

~ 0.54
0.31+£0.06

0.69
0.48x0.12

0.80
0.38+0

0.69
1.47+0.22

1

.0-2.0

1.46

.9120

1.38

.27%0.

1.42

.44%0,

1.36

.28%0

1.72

.09x0

1.30

.23%0.

.21

05

18

.06

.01

18

2.0 — 3.0

2.25
0.95%0

2.32
0.39+0

2.61

0.61z0.

2.50
0.34%0

2.44

0.37+0,

2.13
0.08+0

2.40
1.30+0

.27

.13

12

a7

15

.04

.21

3.0 -4.0

3.53

0.71+0.

3.30
0.39x0

3.37

0.57%0.

3.33
0.28%0

3.39

0.48+0.

3.02
0.08%0

3.20
1.3710

13

.20

13

.09

23

.01

.26

4,0.—- 5,0

4.37
0.82£0.13

4.78
0.35£0.05

4.30
0.56x0.10

4.57
0.3120.12

4.20
0.54+0.27

4.35
1.36+0.22

R—T FAELAELBEREROOENEHHERME
HEREBRBOTKABALERARHLTIWRVWKHOHRBEE.2RLTWS
(B A7 2 cmHp0 )

LB RAEVIME

TB: HEEHE

(BLfi7 : mV-sec)

5.0 -6.0 6.0 -

5.50
0.75+£0.08

5.13
0.40x0.08

5.33 6.84
0.54£0.13 0.48%0.11

7.34
0.36£0.10

5.47 . 6.18
0.52£0.27  0.43£0,20

5.42
1.54£0.23



=PI EE
. 0.0~-0.4 0.4-0.8 0.8-1.2 1.2 - 1.6 1.6 -2.0 2.0-2.4
shln No. )

#1 .0.80 1.08 1.50 1.93
1.20+0.29 ' 1.06£0.21  1.05+0.19 0.89:0.18 0.84%0.18
42 0.26 0.56 0.91 1.37 1.80
0.39+0.10  0.31£0.04 0.32:0.07 0.2840.03 0.2530.04 0.3120.07
#3 0.60 0.90 1.30 1.60 2.20
0.72+0.18 . 0.52£0.13  0.40%0.04 0.35:0.15 0.43:0.06 0.330.19
#4 0.90 1.50 1.93
0.64+0.22 0.30£0.09 0.33:0.05 0.33%0.10
#5 0.61 . 0.96 1.34 1.75 2.10
1.48+0.27 1.50£0.24  1.26£0.21 1.26%0.10 1.2820.22 1.27+0.22
¥6 0.37 0.55 0.90 1.31 1.6 2.10

1 0.61+0.12 0.6410.07 0.62+0.12 0.5840.12 0.57+0.11 0.60+£0.18 0.70+0.07

#7 ' 0.55 0.87 1.29 1.68

0.73+0.14 0.55+#0.13 0.55%0.13 0.4610.14 0.39+0.12
#8 0.56 0.88 1.34 1.71
0.77+0.14 0.53x0.11 0.57+0.11 0.60£0.12 0.60+0.16

R—8: RHNE (<2cnHy0 ) LBBHBERTEOD NEREGHERME
BREB SO THABAKEXAN LTV RVEBOSENMEEALT WS
LB RAUETFHE (B2 cmHy0 )
TB: HEBMME (B oV-osec)



Subject

No. r= t=
#1 -0.429 3.555%*%*% (58)
2 -0.441 2.776%**  (34)
#3 -0.508 2.285*x  (17)
$4 - 0.096 0.255 ( 9)
#5 -0.436 2.606%*  (31)
$6 0.030° . 0.333 (125)
47 —0.317  2.321**  (50)
#8 0.293 2.141**  (51)
#—9: #H B ®f
' RNELOERAEBHRRME

xxek 2t D tp (p=0.01) ** 2t > tp (p=0.05)



oA
SEREBRP

Subject

BHEm

number Mean

—t ot ot o b —d
TEBWN—=OODNDT WA —

p—
[=2]

N~

.318
.463
516
.384
.328
AN
713
.104
.435
.515
.158
.446
77
813
.281
.940

.250
.753
811
.148

—_0C O WO =0 O OO ONOOOOOC

Shutter-Open

S.D.

—_ OO0 00O OO0OTC OO0 OOOC

[N N ]

.076
.168
191
.092
122
.047
.603
.023
.106
131
.028
.036
051
.050
.076
.151

.036
174
.151
.598

.
'

'Shutter-Close

Mean

SO COCO WO —=-O OO OCOONOOOCOOO

313
.430
.636
.372
.353
.185
272
113
.431
.498
146
.432
.189
173
.297
.660

.189
.348
.678
.829

S.D.

17
144
.270
.081
.160
.041
.538
.032
.060
.144
.025
.075
.043
011
.077
.938

.126
.089
.287

.038

+ t-test (n)

0.168  (51)
0.619  (36)
1.522  (37)
0.476  (50)
0.507  (34)
0.851  (34)
0.504  (36)
1.039  (43)
0.139 29

0.318 3]

0.730  (14)
0.621  (28)
0.747 (36

0.766 (46

0.620  (35)
0.822  (40)
6.482%** (63

8.137*** (39

3.335%%* (40)
1.850*%:  (31)

H—10: MAEMCATIOENEHHBEM (B : nV-sec)
* 2t Dty (p=0.10)

*xx 2t D> t, (p=0.01)





