The Japan Society of Mechanical Engineers

1366

HABBFERHRE C R
69 # 681 5 (2003-5)

OERBRICEH T 2 EHERRED % & hRE

#® No. 02-0959

I A I < S F  HE*

Simultaneous Contraction Mechanics and Coordination
of Perioral Muscles

Itaru KOURAKATA* and Toshiaki HARA

*3 Graduate School of Science and Technology, Niigata University,
8050 Ikarashi 2 nocho, Niigata-shi, Niigata, 950-2181 Japan

Orbicularis oris superior (OOS), orbicularis oris inferior (QOD), levator anguli oris (LAO),
depressor anguli oris (DAO), and mentalis (Ment) are considered as typical perioral muscles that
contribute to the force and pressure occurence in and around lip aperture. This study presents the
experimental and analytical results that show correlationships between electrical muscle activities
and mechanical parameters on bilabial closing force, puckering force, POM (perioral muscle) value
and so forth. Besides, zero-lag correlation coefficients between rectified and smoothed SEMG signals
of LAO and DAO was constantly higher than other muscle combinations including OOS-OOI combi-
nation considered to be most closely related with lip movement. Among lip tasks, prominently high
correlation between LAO and DAO was shown when subjects tried to close their lip bilabially at
principally distal part. Consequently authors succeeded to prove the great importance of the
coordination between LAO and DAO for producing bilabial consonants, drinking and eating, pooling
saliva in oral cavity, and others, while the applicability of POM meter to myofunctional therapy is
obscured.

Key Words: Biomechanics, Muscle and Skeleton, Bio-Motion, Lip, Perioral Muscle, Motor Con-
trol, Surface EMG, Brass Instrument Performance, Myofunctional Therapy
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Fig. 1 Geometry of muscles and surface electrodes!'?.
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(a) Bilabial closing force meter (b) Puckering force meter

(c) POM meter

Fig.2  Three kinds of force transducers.
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FRRIEBOENEEZEDT RMS ENLLHAVSHL
209, AFETIE, EMG {RIE L LTHEEZE 0.1 o
RMS %, HZEHS X =2 IOV TR FEIRRZEICE
TAREESEEZRLZRAY, AERUHE L OHIE
HEBICHEOMBIREERD .
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system: CNS) D5 DIERIC L > THIFHEI NS, £
RLUEH, BYRMEBOO—NRIT7 s VY EHRITDE
& THEE{L L7z SEMG fE513,CNS 5 DIES DK =
ILIAIVITERBLTWREEDNS. COEE
6 SEMG #1d, BOREKRESESE, b,
EA (Electrical Activity) ## 3. EA, IEMG, RMS i&,
AEAITEOTh R UEREEZ 5 E X TRV,
EA EN—F 7 27 ~DOAADILRIBER 2= 8,
HETIE EMG 2HAREESICAVW EEEE7 Y
Fir—RECHBHESNEILLHS. ZO0 EA
MoRBELYOROMEEL 2 LiX, BER2H2H
HI2ZNZhOEHBREROEEZRDZZ LICH
LFBEeEIOND., ZOLE, HEREAEICKSE
W EHIAMDR <, BICKETNTHEE MM H
B, 0ITIEITNIENWThoBEREy hX W L ERT.

COEHIIE T E, Moore 5199 Wohlert &0 (8%
Zh2hEEg, NEEECEDLIHDS> L, B3
ZEOGIRE R IR D 28, BE DR UBEROE
B O SEMG % RRHICRIE L, & EA BOHERIHR
Bekpiz. E55, ZOHR®SREBIERD
WHENHEBROBEICOERATEZLELE. EA &K
DB HED , 2HBHRED SEMGEE% FFTIZL D
—HREBBEBICERL, by M7 AR 40Hz O
8RNI T =274 NVFIZE D BREERS ERE L
&, ¥ FFT IC & h BEMEEEICERLE. 20,
ZHOMAEEBICHBREESE L b, KIFE T,
Ment DAWMMOBHEER Y, BEOBHEICEST 2
BTHBI LS, Ment ZIR L UFHICDWT, BaaM
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EA ESMOHEHEREKN, BEEYo, 1232
DTLIEETE—r 28>0, Bb, HEDOMEEHIE
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DV B 38 1 5 MU R R D 1% & R

4. 8 =R

#5292 788D 3 simulate, buzzing D ZHE £k <
MR IC BN T, BIELENERNS A—F L REHD
SEMG @ RMS fii & OMBHREZ RS, HEREMTF
BWLEEERSIZRY. £, Zh2hOEEE,
HERNS A= A2 DBHERTFL LZRDBRLO
H 2 - RERBSEAT (two-way ANOVA) ZEAL,
& 51 Fisher DBR/INVEREZEW. (lest significant difference
test; LSD test)lZ & 1, KEERDEBIRBDEDIRE %

fTolelh,R1ER2OERERF.

WD EHESIZ RS-,
o HEHSS A—F BRT L LBHA, EMG RiBE D
BRI E LB T 5 &, P4, P6 EDITME /1 & DIE
PHIDERAI L DL TREF W,

hsdb,

EIEEIC, EMG IR & OMRBEIRBO KR E X3, P4, P6

EOEMEH & OED, ZrAOOBHREN L OE
ERREICZE LW, (p<0.05)

R OBMAERTS, FAMHNEOARICE S E

EBE T, LD &S AL P4 BBTHAL, P6

Table1  Comparative results of averaged correlation coefficients between EMG amplitudes and mechanical parameters.
(Two-way ANOVA with Fisher's LSD test by mechanical parameter; * : p<0.05, ** : p<0.01)
(A) Bilabial closure
Level/ P1 P2 P3 P4 P5 P6 P7 P8 Corner Middle  Center
Average | 0.477 0584 0515  0.669  0.422 0654 0574  0.522 0.773 0.754 0.758
P1 011 -0.04 -0.19* 0.06 0.18* 010 -0.04 -0.30**  -0.28** -0.28**
P2 0.07 -0.08 0.16*  -0.07 0.01 0.06 0.19* -017* -0.17*
P3 0.15*  0.09 -0.14 -0.06 -0.01 -0.26** -0.24**  0.25**
§ P4 0.25**  0.01 0.09 0.15 -0.10 -0.09 -0.09
s PS5 -0.23**  -0.15* -0.10 -0.35%*  -0.33**  -0.34**
& P6 0.08 0.13 -0.12 -0.10 -0.10
Q P7 0.05 -0.20** -0.18* -0.18*
P8 -0.25**  0.23**  -0.24**
Cor. 0.02 0.02
Mid. 0.00
(B) Pucker
Level / P1 P2 P3 P4 P5 P6 P7 P8 Pucker
Average | 0.016  0.483 0.530 0.339 0311  0.580 0.508 0.566 0.797
P1 0.47%%  0.51%*  -0.32**  0.30** -0.56** -0.49** -0.55** @ -0.78**
P2 -0.05 0.14* 0.17*  -0.10 -0.03 -0.08 -0.31**
§ P3 0.19**  0.22** -0.05 0.02 -0.04 -0.27**
£ P4 0.03 -0.24%*  -0.17*  -0.23** | -0.46**
=i PS -0.27**  -0.20** -0.26** | -0.49**
A p6 0.07 0.01 -0.22**
P7 -0.06 -0.29**
P8 -0.23**
(C) Pulling POM meter
Level/ P1 P2 P3 P4 P5 P6 P7 P8 POM
Average | 0.540 0.523 0.522 0.548 0.220 0.514 0.319 0.181 0.670
P1 0.02 0.02 -0.01 0.32**  0.03 0.22**  0.36** : -0.13
P2 0.00 -0.03 0.30** 0.01 0.20**  0.34** : -0.15
81 p3 0.03 0.30**  0.01 0.20%*  0.34** '} -0.15*
§ P4 0.33** 0.03 0.23**  037** : -0.12
g P5 029%* 010 004 | -045**
&8 p6 0.19*  0.33**  -0.16*
P7 0.14 -0.35%*
P8 -0.49**
(D) Distal lip closure
Level / P1 P2 P3 P4 P5 P6 P7 P8 Comer Middle Center
Average | 0499 0.617 0.650 0.563 0415 0.730 0.673 0.640 0.790 0.800 0.779
P1 -0.12* -0.15** -0.06 0.08 0.23*%  -0.17%*  -0.14%* | 029** -0.30** -0.28**
P2 -0.03 0.05 0.20** -0.11* -0.06 -0.02 -0.17**  -0.18** -0.16**
P3 0.09 0.23** -0.08 -0.02 0.01 -0.14**  -0.15** -0.13*
8: P4 0.15** -0.17** -0.11* -0.08 -0.23**  0.24**  -0.22**
§ P5 0.32%*  026%f  -0.22%* | -037** -0.38** -0.36**
& P6 0.06 0.09 -0.06 -0.07 -0.05
8 P7 0.03 -0.12¢  -0.13*  -0.11*
P8 -0.15**  -0.16** -0.14**
Cor. -0.01 0.01
Mid. 0.02
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Table2  Comparative results of averaged correlation coefficients between EMG amplitudes and mechanical parameters.
" (Two-way ANOVA with Fisher's LSD test by muscle; * : p<0.05, ** : p<0.01)

(A) Bilabial closure, by muscle

Level/ | OOS OOI  Ment LAO DAO
Average | 0524 0554 0.625 0660 0685

gi 00S -0.03 -0.10* -0.14** -0.16**
B 00l -0.07  -0.11** -0.13**
£ Ment -0.03  -0.06
&: LAO -0.03

(C)Pulling POM meter , by muscle

Level/ | OOS OOl  Ment LAO DAO
Average | 0366 0321 0463 0553 0539

gi 00S 004 010  -019** -0.17**
g: ool -0.14*  -0.23** 0.2+
£ ! Ment 009  -0.08
8{1LAO 0.01

(B) Pucker , by muscle
Level/ | OOS OOl  Ment LAO DAO
Average | 0393 0370 0513 0505 0514

81 008 002 -0.12¢ -0.11* -0.12*
8 ool 0.14%*  -013** .0.14**
£ | Ment 001 000
RiLAO -0.01

(D) Distal lip closure , by muscle

Level/ | OOS OOI  Ment LAO DAO
Average | 0610 0563 0683 0695 0702

3. 00s 005 -0.07* -008% -0.09%*
8. 00l 0.12%%  -0.13**  -0.14**
£ Ment 001 -0.02
a: LAO -0.01

Table 3 ~ Comparative results of averaged correlation coefficients between two of four smoothed SEMGs.
(Two-way ANOVA with Fisher’s LSD test ; * : p<0.05, ** : p<0.01)

( i) By muscle combination

(i) By task

Level / 00-00I O0S-LAO OOS-DAO OOI-LAO OOI-DAO LAO-DAO Level / Bilabial Pucker POM Distal
Average 0.195 0117 0.081 0.102 0.078 0200 Average 0.140 0133 0109 0134
»i 00S-00I -0.08** -0.11**  -0.09** 0.12** -0.01 ::5 Bilabial 001 003* 001
5 00sLAO 0000200200 £ Puker 002* 000
& -0. -0. = e
& OOLLAO 002 0100+ | L2 FM 0.03
OOI-DAO -0.12**
#Cik EMG I8 & OAEBIRE L h KEL 123 _ 05 |
= . . .
s ABOTIEORIE, EMGIRIBL T1EHH & OMOM & o, | DBilbil @Puwker OPOM @ Distal
= : .
BEERED, WINOBMEH L OEL D b ERIC/D % 03 ]
g 0.
. ‘;g_ 02 |
CHDEVERTFLL, NEKNS X—F LRED 2 o
EMG fRi8 & OROMEBIRE & LB T 5 &, £RBT 3 0o

LAO, DAO X DfEA 00S, 001 L DIEICHN LTH
BICKEL, Ment TIEABFICL W BRBFEAEFRL
.

BLE, HZEHS5 A -5 L HEED EMG $RIE & DHE
BERE 5, 001 £ 00S, LAO & DAO iZix, WFh
HEWBAMDLH B LHEREINS.

e\ T, Ment ZBRVWVEUFHIDO S b, —HOMEAESR
TIDWCEE LR, Pt EMG BREOBREZEP D
REDMEBIRB AR 4 IZ7RT. X3, ThoDHEEHR
BOREIREBRT 2720, aub & RIS, HOEA
TeABREZTNZPWETFL LEZARBOEITEE
AL, Fisher DLSD %Ik W EEHE R To-ERE%
Y. ZOFEE, LAO ¥ DAO, 00S ¥ 001 D&+
DHBREHPEL L, POMOEEEDFE L &L
CEBICREWVMETH o=, /=, ZEBIICR S L&,
POM A —# 2 X B HIERKOH, RO EMG O
R OEZE DB EICHARTERIINZIWETH -
7.

00S$ 00S$ 00S O00I- O00I- LAO-
00l LAO DAO LAO DAO DAO
Muscle combination

Fig. 4  Averaged Correlation coefficients between
two of four smoothed SEMGs.

IHIC, PERBEECHI-ZOERENISHES
7z simulate, buzzing D =D DRFXIZ, FHOMHERSEE
MZ 725t 3aFRIZDWT, FiB{b SEMG RIDFEBIRE
BHERLE. R4, HOMAELRAEEZRFLLE
ZalEABSNE#EA L ERETRY. 22 TR,
AFEE DBV L 2HBRBOEICEREIED S
he, =%, BOHARICL > TOIRKEHIAERED
O SNT=. F/=, Fisher D LSD ikiC & 2L E s Hh
5, LAO & DAO BIDAEBEZREDED, fhofiEaED
BELDKREWVETH 7= (p<0.01).
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Table 4  Result of two-way ANOVA for effect of muscle combination and task in brass players. (** : p<0.01)
Source Sum of squares Degree of freedom Mean squares Fratio Probability
Muscle combination 0.178 5 0.036 12.537 0.000**

Task 0.001 2 0.000 0.118 0.889

Muscle combination X Task 0012 10 0.001 0919 °~ 0919
Error 0.102 36 0.003
Total 0294 53

_— = n, —IRERBETH 2 B, 10, FOAIE

OBMSHAE, EMG IRIE, Bl b OBRBEOHIE#E
L, TheDRICEWEBIMDED 2 2 LIEES
BB TES. B L, REEEMTS L EMG RIGE
ORI ChEAREOHBEMENRD SN E RS, H
EASGRICESWCOBR#EIOSRE#ET I L
DEL LD, X512, REIEEHEERD 3 AEEM
HEZHN 5. P4, P6 OEMIE S L EMG IRIBL D
FABAME DS URBASHRE IC D o =08, OAKICEHE %
REIEZ L POTOABNVEEMZRLE. 20D
Z&id, NEREERET 2 & wEmEEME 15,
CHAREETER, RUZDRRM I B0 T AR
HY, BOBICAHT L EME ORI, DAEEHE
LD ROIHMIIZBNTDOALFIBERICH DL E2K
b, Chid, EFSHEERBEEM/CHE LE
EEEMTEHI OB D S, IREEEEIOER
AL DR RENICEABE L T & LEERERICL
75,

ZEhDFiB{k EMG B OAEBIRENZ, 00S & 00l,
LAO ¥ DAO DRETZENZNKREL, ->T, OEMA
FHRCBIT 2 2 h e OBIAEICIE, BOmEaLH 2
EEZOND. MAT, OAMICHAENRRES B/
B, LAO & DAO ORET, o TFho /L b
HMEICEBIC RS RIAFEREDBAZIhEZ. Th
T TO%FL %) BERMENTT 5HE, LAO & DAO
DOHFIGEEIEICEB L6, EESOHIZERY AP
SN AR EORERIL, OBEEDRIFIZBWT,

ZOZHOBEICLIVIEETILEERZTRLTNS.

OB O T IFHEERTIX, EMG 1RI8 L BME H L 0
FEZE AT 0.58 L& <, fEoTTIEH N % HETE
BTN SHET A2 LIEY TR, TIEDN
£ 00S, OOI ® EMG RiE & OB 4#FH- LTV
L byhE<, LA LAO, DAO & DEBE®D B H
REWETH 7. TIEDIEORGOUIEIC L 5 BE
THBHEEZONTWDD, DEFHR &Rk, LAO
¥ DAO DHFIEENR - TREIG KEN T L dbh
3.
SR CHBE U 2 =D O EiE{t EMG O MBIRE

FBHIZAT LT POM ERIEREDOAD NI WVETH o=
LiE, POM A—=% DfFEAK, HHWVWERS V- TV
BICBWT, OERABOEEHE TS HFIGEREEC 2
WZEETBLTWS. b, POM EiZ OBAEOE
KERHAERDIBEE UTHEYTIERL, %
Vo TR, —BRIICEZ SR TWB XS RO
WHORZEANOEENFSIEOD TR N LHE
INB. ¥->T, 5T, POMELEFIEKICEES
52 2HEREMENORES I EOMDOBRY, B
BICIEREL RV LRI NS,

REB, KHETKDE DD EA RIOHEBERED,
KRELTHM02 &, Wohlert S EHIE DR LENHER
MNEELUTUToRMERELE LT, EEIT/NSRME
THotz. TOT L, KFEICBIT 2HTNERD,
NE—FBIROFEREGIETCH Y, tEo>T, —##k
HFOEAICKERESHORNWI LICEBRTS. LPL,
DERMEICHITD ST, BERIOREHIHERIZE T
BEREREMPENEZ L, BFFEOENMEER
bDLTWBEEDNS.

6. &

ORIIBIF BN 200N, BIbOFHEN, 7
71, POM i, BROCIHEMEE & i HE - BEOMOE
BT HRGEE NIRRT A =2 L L, RENROER
B TH B 00S, 00I, Ment, LAO, DAO DHFF
hZhOEEE L OMEEANEZ. £S5 DFFE
TowREEERNISRLU,UTOL S REIRERF:=.
Q) LTOBEHEICHEGTEN,BR#ET2ENSE

&, ThE T 00S, O0I DEFEEICLBEEZS

hTERD, ZThiZdFE LT, LAO, DAO DR

WHEDS R = TREIMNKE V. FiC, DERENE

OAMICRES S LS RBAITE, ZoER[b»

BFZICHENS.

(@) CHAREHEIERUZ ODRM 0T BT 2 hEwE
BaEHD, OBEA#EA L ZOOR LOSMIKE
2FHEITEHZ EOAEEESRINE.

(B) FIFETIToRERNRNEEOHETIE, L4
DOFFELLEIZ LAO, DAO DREINKE L, HS 2

il
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IZthOWThOMEE L b LB IHFIUET 3.
4) MFT PERBEZSBOMATLEZLEAVS

h3, POM A —% & 2 OBEEGH N OFHEDPR S

Ve TNEIBIE, BEZSNWTWAIFEDEMNE,

RUMRIIHFTEROAEEMLH 5.

OBRABEHONEIZL ~TRET S, EE, BICE
FEOERPHREIIRPERVWOBHE AR EDOR
Hohy, BFOBHCHENVEERLELILEDNS
SEE AT JOMBBEICOWT,, EEAZHNBEDS
EEBMICEMLUE. £, ZO20RRZHRLOHEA
EIZDWT, SEMG » 5B 5 hi=ERE2 AV TEER
B U, FEUEBOESHE ZOHEICDVTEH
MBS DT> =0, RKHFETIE, 00S, 001 & &
BIZ, I LAO, DAO D& ITFH L, AROEH
BICKRERFEEERDIETO Ment FERIDBRIL
= E e, BERICEELENSI T 74— F)Nw o))
—TZ7EHAVTBD, IhBIiZoNTIERER, XM
REGIDLE,PS LILRN. LR LAEMES, KBRET
BREER, FZ LAO, DAO OfUESISICBET 3
R, HIZE, MFT ICE 9 2 3IME5E - EfF %0
EF, EEEIIa=r—Yary—VOR%, H3
WZOBSHEOALN REREM 2 LI, EERFEN
PLEEZZ DLEDNS.
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