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Fine coordination of perioral muscle activity and jaw movement
during food bolus formation and swallowing
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The purpose of the study was to examine the coordination of perioral muscle activities and jaw movements
from the start of forming food bolus to the swallowing.

Twelve healthy adults (mean age of 24. 2 vears old) with normal occlusion without any symptoms clini-
cally were subjected to the study. Three dimension 6 degrees of freedom jaw movement record devices
(Gnatho-Hexagraph®) were used for the study. EMG activities for masticatory muscles were induced from
the temporal, masseter and suprahyoid muscles of the both habitual and non-habitual sides with bipolar silver
electrodes. Stmulated mastication movements were observed at first to ask subjects to perform the maximal
Jaw opening, maximal clenching and intentional tongue compression to the palatal and lateral sides in a
mouth. Masticatory movements were observed at chewing 6 g of peanut at the habitual and non-habitual side
of chewing. Normalized EMG (%) of each muscle activity during chewing was evaluated by observing the
EMG during maximum clenching efforts as designated a level of 100% for jaw closing muscles, i.e. temporal
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and masseter muscles, and during maximum jaw opening efforts as designated a level of 100% for suprahyoid
muscles. A masticatory movement was divided into the four stages according to time course; those were i)
crushing, 11) grinding, iii) preparatory swallowing and iv) swallowing stages. In each stage, a typical activity
was analyzed by using the vertical dimension of jaw movement, which was moreover divided into 10 divisions
a chewing cycle, and three dimensional coordinates (x, v, z) of jaw movement and muscle activities were
measured simultaneously. Statistical analysis was evaluated by ANOVA and Peason’s correlation coefficient.
Characteristic and significant changes of each muscle activity due to tongue movements were found.
There were significant differences in the masseter muscle activity among four stages in habitual side chewing,
and in the grinding stage of non-habitual side. In both the crushing and grinding stages, the temporal and
masseter muscles worked predominantly, and worked suprahyoid muscles at both the preparatory swallowing
and swallowing stages predominantly. Muscle coordination in terms of simultaneous activity for the bilateral

suprahyoid muscles was found during from the preparatory swallowing to the swallowing stages.

Key words: Jaw movement, Masticatory muscles, Coordination, Swallowing

i

FUERNICELD A F 72 BENEH R Tl S, I
WL OEFNAE o TEHMATER S, S HIZIHEEN &
BEENEETICW 5, Co—#HoE )L, HHEdB
X OOREE B O RIC X - TITbi, Z OB 21
FLEBOBIZE, TERRBED IS E R E 2 53 5 -
TEETHLH. TILFETIZ D SRR T oSl 2
179 720 OWER A Th T E 72, IHERIZ DWW T OIS
TlE, HHIAMGE F ARG o 280 HEgIz T %
H]ET, BYWORE SRMWIRDSIHE Y 1 7 VR
B2 G-z % 0B GHES) & ERNZ T A
H&E, SESELFUHTORREDP R ENTVS, BET
122w T 3 videofluorography (VF) 2 & % @Y E
HEEONE FEIREDOMFZEIZ X D, IHMGIRF X OPEN 20T
T LMHEHIZBWTH AR TTHIL S (Stage 2
transport)” Z ERHLE N E o TWE, T2 DOIR
HTOEWROEBINLEN L 22BN 2L OTIEA
<, FEEI ) AATHD ZE AL L I ?
HESTFEFTRMENBI b TELTY. b
OWZEIZA bu—27 T8, F/2F1 A ba—27 220
CHEE) 2 R R M, PO, A& 325
FTEBIELELONBITEALTHY, L) iElaBss
WZOWTIEAHTH 5.

Z ZTARBISE T, BRI HHET £ TOZHER)
B L UMHEFHIEB O EE O S 5\ ZFE 2 Bl 21T
HZEEHME L, MHEEEIFHLG2 ST IV 72 5100
EEEIOHMIZ OV THE 247 72,

kB & O

B\, THIE - WET AR I R 2 RO A 1 IR
WA T AT HEFMOFE, BA12% (B4 4,

119

w8 %, FIER24. 25%) A H W BRI
HANCFEBROANE AL, mIoREEZEL.
Ala], BIEEOIEMEIE, BWERED S ORE B X
OH I OBIZIC L ) R L 7.
LB, AEBEHWHRFRFHBMEZAES
(No. 20069) DK 4 1F T -7z,

P H KRR b, SRR RN QMR T = 7
ZIREFVIHATR & PAT & 72 B &9 1% 2 1) S
ATo 7. FHEBIRCHRICIE, =RIT 6 B HEFHES)N

EREFIAFY I T (GCHE) 2w/
MRS, W TEEOMEROMEE, AAMTET, Ak

W, EAEE LR OMIEE) % EE 6 mm ORI
SRR % AR I A1 6mm CRlES 2 TR D B FAT
WG LT T o 72,

AKX O 7 — % 13 AD Instrument #: # PowerLab

8S A=V F I T ¥ a— ¥ 5L

1. YIalb—va oz

EBREO K ORI 2 IGB 2 BIgE T 2 HWT, &~
Salb—vavEFriThY/ EEE LT, T
KL, Ik L yF v 7 &irbtd, kI EHIOE,
HIA IO, BAOE, EAEETEN, £iH~0Fo
JEHERfRR L7, ZOLESNLBETIER CHE
oo L) daRl, HEHNELTT- 7.

BIgIE I, AHEEES,, BB, A5 e,
AR, AT AR, A RO R G E)
BIU, FEBO X @ (RIRFTHEZE), Y Ok
FIEEERE), 7 gl (BEEFIER) & L7

Bl CTIHEY L TV BP0 RO T E LT
% 1R & BIR L, FE -l % 2R elshss 2 47 - 72 (11

1), WSREMOMBANEEZZE L, M & Hids



LTy TR, FoEE iR IRKE O RO mE
B & 25100% & 7 5 X 9 normalized EMG (%) (2%
7.

o a] BRILLFLYT
#5481 BIEE S -
%= DI BIEARG -
I =
R —
=t} =
EREGE T ——
Ew .I —
ERLEHR i
£
wE|
i ] # [ 1sec, 1sec,
CASE No.12 BN =M
M1 fKBEOEZ LT v 70—l
2. WHMEE) D@15

TGV B, 3 X OSIREE MR I N M o>
AiEE B L UG EB) 2 #5355 BT, #EEme L
TE—F vy 6gx vy, EHHEMB, 78
Mg I N NEL N NEL N M E B & 4% 2 AT b
7o WBREIIEOEEN, HRICERERE—-Fy v E
PRIF LI CH U2REL SIS 2 BE T 5 X 9 18R
L, BEsEoAmz) XA TIHEE, HERy A3
JTHETN 21T ECOFMEBI B L OHEM LKL
7o, e BBREEEGEIE, SERE2LSOREB LD
H EHIE S 2 258 1hERR L 72,

FPHEHO LT ART ZEMONH B3 ) 205 0
O ETRIAM LA 7 V& L7 RICEEOINGE
BEIEOE 1A 7 VR CIHEBRGE D 3401 %
I e L, #8E 250X E IHH S, FEH S
DT N— % I X L MEFES) I O, HESY
SOEBIETE NS Y AT a—F—F AVl 5%
WCIVEET I Z P L, 2Ol E 2 e T L, 72
A s & e T UEfR I O W A AR & LT 4 #1124
LA (M2)., BPoh B ZREE 2R L T
LREFEW L WIEZELY A 2 V2 T LIRS A ~
V3 ORE LIEBRE 217 o 72, EBMGEHCIEY 3 2
L —3 a3 EHOHIE & A2 normalized EMG (%)
W,

WIZE—F v IHWE BN R O 25 & FHES) OB
DWT L HRS 720, FBEMENH MM T 5HE B2 R
(X, Y, Z) LEEEEMEM S X OV 8 1 nE S )

OWF, Ve, T LB E OO O
o fz Yoy IR TR L 2 R

¥ &SRB 2 & 51210545 L B ICHEB) I nor-

120

stage I m W
HEIBEERS d + n| -
T A am -
AR - - § e " -
ERBEG =i r3 e oo
&M — B
SRLEN 1 =
=@ = i) e B _'___
ERLEH : =
ik
Y HI =
£
Z# I
e _ r CASE No.1 WM &
stage 18RI DeEWN DETRER VETH
K2 ¥—FvviHEo—F)
BRI AR ETERN =T
5 RIBEAR — = - B
-1\! f
ZERIPIER R -—t — i / / \
E 0 i ] - /
R PSR | \
] — —-— — /
RS /'I' \
u oo
EREmE -
A e
vy E] ’
Ry =
¥l -] _FI ) A oi2M1121022
X3 FIRPIL0%E 5 D —B6

malized Z4T\V>, 6 FDOFHIGEEFEE &, FIST 2 B
(X, Y, Z2) LOROOEFIZOWTHBBRE K
w7z (1M3).
(Rt e
AEETLEL, DT & £ E e E (Fisher's
PLSD) B X OHBIBIR D% (Pearson’s correlation
coefficient test) 12X D41~ 72,

ES

i

1. F¥ 32— 3 i)
OF Y Ialb—va VERCB 5 EE) &7
EEE OB TIIRAMORE, 7L yF Y 7HO
MISERS, W & i LRI B R =D AR S L
EEE A TR RBIORE, 7 L v F v ZEEOMITES,
WSfh & g LRI A, T O IR N A B
TP R O B & FEEE I A LR, I
fi & BB A E R, & O R

OMGER, Wchh & LRI O BE R ENALI
7= (K4, 5, #1).

MOETERAMOR, 7 LTy 7k, HEEE



B RRE 2 330 2 GRS )

(1Vs) (F49+5D) #2 FYIal—Ta rEHIIBUAEHIEEOES)E
|
Z1EfA FEEE
60 | T M sM T M sMm
30 & K| p<0.05 N.S N.S N.S N.S N.S
I ]
o N (W A (W
& k &8 & *E & Al & = B EHE
[OmT ®#3T BEM  WEEM  O@ESM  DEESM | erms
E L EQLAORER B ERiEER & L EOLAOBEEE EEA B EEERA
EF B E0TMEARMOM T MEER FE EFREERM & B EOTEEES SN AEEE IFTER : ST LA
SET. FToTRTERMEANSMEEN T REE ;a@gg}fé&;ﬂggmﬁ&nﬂmm& "[4 ﬂ?ﬁﬁ
. - 1] - Al A
% W sousoReR o ERLmn = w sousnaTh v ERemE
4 HEHERC B S W oEIEZ2 (FiE) . . . .
3 HEM, FHEMIEREOSHICBIT D IEEEE
Vg b 27—V ME
of® (F19:5D) i =
BT T EM M &sm JEsm
60 B 2352 2047 3057 2011 1555 16.37
=1 (17.08) (13.33) (15.97) .91 (7.56) 9.16)
30 B E g § § E DA 21.35 1859 25.20 1681 13.24 13.33
I | | E | i g I | E " § % (1168) (786) (1031) 815 (430) (640)
0 — - -t L N— 8 WEAERS 2582 1974 2757 1945 3228 3057
& k 8 & k8 & Wi E BE#
: (23.12) (1227) (13.08) (1051) (2042) (20.64)
| O8T B3 EET OEM W 3EEM B8 &sm o EEsM | BT 18.19 17.04 2094 1505 2513 2673
i J‘.:ﬁ@l?)’nﬂﬁﬂ = Euﬁﬂ‘! = U'R!'{;) (Lﬁ;}:) (;ﬁlg*ﬁ) (;7‘7:) (l‘ﬁlﬂ:) (1‘710.7)
& WSO E R e b B 8 B E A
ZE EOFREERMOGS EMNHER T B 26.58 29.22 30.02 37.20 18.85 2230
F M-EOMAOEER M (17.74) (13.45) (17.98) (2121) (9.28) (22.82)
F R-FORAOEER SM ER LN ES
= PRREHA 17.61 19.45 16.10 22.46 1387 1444
5  HEZENI BT A &HoEEEZ L (E4) 'E (0.08) (0.08) ®10) (1.98) @21) (1043)
iz} T 10.60 14.98 13.60 13.69 22,60 2452
18
£1 FTLIal—arEBCBIERE G e 337 (8.89) (6.87) (5.52) (6.69) (9.99)
BT 11.23 16.96 1359 1456 2547 2883
BABO |[HsLoFy | BE | BE EEE = 8 Ry (1.99) (16.47) (7.40) (7.50) (17.18) (18.86)
HEE L] * * LS R 8 0
HEHE p<0.00 p<0.00 N.S N.S N.S N.S N.S (D) ¥ P <005 X% P <0.00
5;%&
T, M<SM | T, M>SM F4 KBHGAT— 2B A B EANE SR & IS B
NELWEAH o> 573
& (%) <0.00 £<0.00 N.S N.S p<0.05 N.S p<0.00 I]El:ﬂ J Hﬁ;};
BEUE T oycom | T, M>SM T<E. 3kSM T, M<SM SRR SEE R RIEE
BE
B EM<BESM _ .| EEE 12 B EBRLHH | BIEH B EELHE#
MHIBRT—
[P ————, F—— TSR | TSI | TEVFEE | TEFEE | THEFEE | EEeFEE
F B EOTRMEBAEEHENEER FE: T RUEEBH
EFFE: FOFEMEEBEMNEESTAEERE T RIEER 1. BE8 N.S p<0.05 N.S N.S N.S N.S
F A EORAORERE M B
F R EORAOEERE SM - EFFLHRH
. PRiE NS p<0.05 N.S N.S p<0.01 N.S
~ <~ s - N I3 I T G N.S p<0.05 N.S N.S N.S N.S
TIEERABOR, 7Ly F v 7RIz & OIEFEE
MELMEE B ey, R OBEERE IS AR D PR NS | p<005 | NS NS NS NS

ATz,
@Y Ial—YayEHIB 5 KHOMEEOE
=iz onT
G EEEG BT, T T OHETE,
T O BN gk T R, ORI
PALE O E MG R S RmE R L ) AR
WCRERMARLE (F2).

2. MMEAT— ChoRd], N, werHefiEl], W
T 12 & el
1) EEVENLNS, JEEETEEM & b, B, R,

TE EHEOSHIECBVWTAT -V THERE
EDFBD S, F 7% b 6 MM OEITI AR BB & 5

121

HOEBESIIERIKT L, &8 LB EICH

KLTwiz (F3, 4).

2) A M AR — I P P LM 797 72 1 2 D T
BETEIRGEIENSER B 2B O£ T — Y Ol

&, FEEEEHMGHINENG R B 1) 2 IHMg I o <

HERENAROIA, M, o LAk CEIERR
DOENroT (F4).

3) HBAT— Y DI ONT

OF T E B VENL I - T L Mes 0 L e

Bré b, RO EE EHEICIENEEICRE W

iR EE & Z R L7z,

@UHMS T B BRI S IS 2 3 W R B MR



G AT LB N EICR & B EI A %
RL7z.
Qe T A I C 13 IEE B VRN MBI (2 B R E
NELMESAE) - SRS M & b F 4 AR A EE A & e
B HNEEICRE WTHEE &2 R L7z,
(OWE T T B EPEI S E IS - JEE B VRN S N s
b, TR LRSI &I N E IR E W
fimEhElA E R L7
BT, FEE IS & B2, HESHED
WZONCTHIEERG, WHOWEEEI SNy, &
ERHOEBEENRE L otz T, BIEMILE
I BIBER & ) DG OEBEETPREL RoTW
72 WETHI T & TOMME DY THEET, WO
HESL )L FELEHHOFEEENAEEICREL
roTwiz (M7, F£5).

(96) (FH+50)
WA R T

0
B REEHM
30 [ I
------ .
20 + SO e o
g L e e o
N e gl
T Them DPRENE IO FEGR  VBRT

[ -e-- mmm -m- w5 -4 =BELEHH|

6 VNI R0 &2 351 2 B IE PRI
B & OIEE BV 0 B & O 2L

£5 KA 7 — V2B 2 FE MM & IEEEMIE
Wof7E (T @ MBEE, M : ke, SM: FE L)

& {5 (R PR JEE 1 AIra R
CEE e IEEmM ] FEE M
RF—3 TMSMOEE | TMSMOEEE | TMSMORE | TMSMODEE
1. @@ P<0.05 NS NS £<005
[smramr M>SM M>SM
1. rEE £<001 NS NS NS
[smunar M>SM
IO, 5T i pm NS N.S £<0.00 p<005
T<SM T<SM
& WL EE
M<SM M<SM
. BT <001 p<001 <000 2<001
T<SM T<EM T<SM T<SM
& Wi
M<SM M<SM M<SM M<SM

3. HEAT— VN TOEN & BB O
1) &AF5— Y HNOME]

WP O E LT 2 IREE LA, B E R
MR SR & G BB G 2R L7z, 2O L7
Ao THIBERG, WHOEEID/NS ARy, #icEHE E
HREDOTHEN DS E P ICBBE L oz, W THEICL
7eiSo TR DEEIBRE L o7z,

122

NELVE Y] TR & [RIAR L B TR L X B L 5 28 TR )
L, O ESICHOHOEE» NS 2D, HF Lk
EEDIENI R E (oo lz, ZOBRAMIHEVEAON
EE), EE LR OWEENI/ANE B EEAA S
7z, WET MGV B & BTIREC B D O B E 4
FEREVWD DD, HE EHEEOFHIGEIAAG ], g
HNCHARTHL IR E L o7z, BETHICIEP IR
IZBWTH M, BOEENI NS <, HE LR
EREREHEzRL (K8-1, 2).

2) WEREBDK AT — V2B 545 & R B
DOHBIFRIZDONT

WeBRE LA 6, EEMEIEEM (F) B X
OIEFEESE GEE) ZhZ2hofEy (T) -
mefs (M) - H EEE (SM) & ZES) R (X, Y,
Z) OBEEEOMEZ L Loz
OkBcixz - XMW, FEHET-HTH, HTM-F
T, 8 T HCIEFICEOHESA SN,
QEMHCIZZ-XH, FET-HTH, MY,
BT, EETH, IFEM-ET, EET, HMMH,
FEHSM - Y, #HSM M TEVAHBIA AR &7,

@ue MmN CIIY - XM, Z-X, Y, HT-Y,
ZH, JEET-Y, Z HTH HM-Y #T I
HTH, IEEM-Y, BT, JEHT, HMMH, Y
SM - ¥ SM [ Criv B A A S 7.

@OHETHCIZET-X, Y, FBFT-X, Y, BT
M, HM-X, Y, H#T, FFETH, IFEFM-X, Y,

EEREE (%)

80
'§ -50
= B0
@’ 2
i)
= 40 i
g -55
20 ||
0 Hl g0

T @ @ @ ® ® @ ® ©® @
CORTEEgaE T EOE v EERE M 55§ su ES58E sm 4+ 2
BoEWECEmE R FEREERE T MHE M5 SM:FRERE

7-1 105 EEEEaF & Z sEE 0L



100
80
g
a®
:
4o 40
8
20 !
0 i i 88 2ARE © B i { BUMECC SUME ¢ RIS E SIME D 2N
(D 2 @ @ @ ® @ @ @ ®
00 B8 o
80
é 60
&
g a0
7
20
o L | i il
®» @ ® @ & ® © ® ©® ®
O T EEEE T E@Fy EEERF v =35 sv EHHER sM 4+ 2
BoEmieEEM e WA T REE M SM:E i LR
7-2 1077 EIEEEIEIG T & Z SO ZAL
x | v | z | mT [ mmT | ®wu | amm | ®sm
L 2 B
»ET 4 3 4 -
L) 5 2 4 i
rE M 3 2 3
W sMm 3 2 4
AR sM 3 0
x | v | z
o o
TR 4 4 [
»E T ' 5 4 i
L) 4 s 8
"E M 3 4 5
W sM 3 1 2
»E M 2 P v
x | v | =z
— 00
mT 1 2 2
E T 1 4 2 10
L) o 3 L
W M 1 3 1
® M ' 1 2
i sM 2 1 5
x | v | z | mT | mmT | ®m | smm | ®&sm
— Ll
T
O S T Ig
M S
X X E R W WA z :_ggﬁi
;g’éﬁ: FFE I M SM ;ﬁ‘*iﬁ#
M8 KHominsms X, Y, ZBERTHEL TR

AHBE D & 5 72 B

123

B RRE I 33T 2 BH 1o o S )

BT, BT, BMMH, HSM-ZH, I SM - Z,
B SM M TRV AR A 5 7z,

3) BAT— VBT & L FEBEEE O BRI %
WEREI12%D 35D 2 THAH 8L U LETHEL TR
WHHB DO B S N7z lAE LI OV T 21T 72

(X8).

W CIEX - Z M, BBLOEET - BB LU
EMEI@SM-#ESMWT%wﬁ%ﬁA%n%

B CIEX-ZH, BBLOIEF T LHBLIY
IH M, TRV RSN,

e T HE I Tl T - M B O BIEAS W - nE g
CHARBIENIEP I LT 2 3 ODOE W 2SR
b7z,

BWETHCET MHoOBIFESSIIA R ko
7.

EAT— V2 L“Cm\ﬂffﬁféél% PO7-DITEB X
CIEBT -MMEE, BBIUEESMBETHY, T
HHVIEM & SM & DRIITAHPIIERED Btk o
tAif%%t%ﬁ®m$@ﬁ(yﬁ)k P PRl

P SM BIZEWHHBIZRRO H e h o 72,

T

CNFE TR EB) Ol Z W13 % < OB A
mASHWHNTBY, FHEEEBRAMIZOWTOHEHESR
Wk, FNnSEHVL 2 & TOINERER~DBE|IZD
WTOMFHEN R SN TS, HIEER) % #lg+ 2 b
THEEmE LTRDLELTVDLHDIEF2—1 >
THEATHDEN)RENSL L H LT Larl,
A ROWIFED B ISR RG> & BB & £ ClE T
EIT)DECOBBRTHLZ NS Fa—A T hHL%
Ak L7z, F720 T F COBIEIRER RN E L
Tr3I¥)—, E—=Fvy, A~KRI, LZEVDHITFH
na. THePiiFa—grrhregt 73I¥
J— ¥—Fvv, AxKao4fiIZonT, EE))

L, EHRHKOGEELILKL TWwD, ZOHT
Fa—A T HLERESE, F7IX¥)—=>h~Ra>
E—F v VDIETEELTBY, WMo ¥ —F
VIZHMBIC LD RE S, MEAS oL b2 LT
Db o E B RLEIR oD TR VR EERLT
W5, FWIEZ AUSIHEDSSED IO T OB TR
T, ZAOBERLRTWVEVZLZDOTIEGWAE
EZ AR TIEE—F v v B@RINL 72 F0RSY
FE LR T WAEMOIEEBTIZ 1 DI EF o7
BT S AL Tl T 25t S 7z L i LT
BY, SEOMIICBNWTE—F v Y OREIRIL#EY T
Hol-tBbhd.



W OBIRIZOWTIE, ST TOMEIZES
WIS, CENZ AR ATV, HHME - M ISR IR
B (GHBIENIC BT 2 B, oW, EEIREAEE, B
BEEsE ISR BR S o0 &0, $EMG IS B0 5 H38H, 19,
E=REW DA O RIS, ASEAEY, 5 #H 2 i el o BE
£, RO BSWE, B T2, BEREREOBD, 4~
BEHE) 2B e WEEIEER G %2 AT 5 RA124 (5
Y4 %, K8 4%, FHFE24. 2i%) & 7z, 4,
PEFEZOWTIE, B IEVEILNG HINELIG CRE L 72k 28,

ELEIROON oo —EEE LTHLD
Weo 7z,

MG O FRIZ DO VT H L L DIFZEN % SN TW»

BT IHIRERR IR L EF OB TS L ST 2
FRENEREE, b L I3 TOMOAEBA 2 ZLICH T 5

BILE D) RS9 HICHENZIEBOMMEEZA L5 2
EDHISNTRBY, FHEVEENEE & T, — I
MM O Wl & SNTw b, L LBV
BT ARANOHEBIREWE ENTWDEY. Z0/:
B, RAD S DOMZ O AR TEIEVEILIEH 2 % 120
TAHILIEIWETH S, ARSI 2 WG ) X
LADOREME, HGOMA & BHET 2 LMEL T D
B, HEAR SOUIHEE AT X B HEO Mo E ' EE
B3 2082 BT, EMOMMELC X Y IHEoOM
DT 2HERE L ALONIZEME L TWD. KE
oY —7 vy AHEBHFOE—ZA bo—27, KA1
A ba—2%, OBIEEWEZ»O ORI L HE
B o7,

RLERHEICOWTIL, FIH KRFMERRE, R R
HENOWEH T = 7 ICIREFRAR & PATE 25 &
INPEZ 0 SEEE R ATo /2. FREERIERICIE, =
KIC 6 HHEFEBNIEREE VA FH 7771 (GC
HE) ZHWz, ZOEEIINY FT7L—4, 724
AR DPSRY, T2 A AKRTEED/2O T Y
HICHIRNESL Y VICTHEAD Y 7 v F 2 HiET L0
NG B, WRERE O 7 D IZHE - HE TR TR
B HE SN, EMETELL2EBRE LW, 4
%, FEEFTFIOVWTREHDPLETHLLEEZD. W
BHOPEITARKEDILH S, WHHLIIZ% 5\,
ARG, AR, AAEE RO mIGE) %
B 6 mm ¢ AU 2 T R A A8 % FEAR [ B A 16mm C il
ZITH O ERIZFATICEfT LTIt o 72,

WeERTE), BIEIHH I OWTIE, EBIRO KA O
MBI A BT A HT, Y32 — 3 viEd
LT ®mABLO A7 L yFr ZOREERITo 72,
WIC FHER, B I0%, B, A E s A,
ZIANOEFEDOHEFEFIRR L. 0L ESNLBET
7 CHRCERET 2 L) 1R L, EHOHEZT-

124

7o, BISSE X, ARMRSER, Ao BHRSESS, A1,
SEAN s, G AR, A LA O EE,
BLU, FEBI O X (SRR, Y Ok
PR ERE), ZEh (FEE AR & L7z &EH)
THBIL T L3002 1 B 28I, oz kol
BRI Z1To72 L 25, &M CREM 20T % LA
LHEPHR L Do I OWEBREH OMAEE ZE L
normalized EMG (%) |2Z8% L /- fili = filGEh= & L
TEHllox G & L7z

B A fE A ECBIEE L7234, MBS X 2RSS
DOZALIZ R T o 72 ARG & LW CHAREC
Blgs 2 2 Lasiskr.

BHEBIEE O IC DWW T, $RTOMEE B W
TEELHHECTHEELRENALNDL EFHILS,
AT 57 HEFE & IR I A NEL MG 1 5 T 2 s
HOOLNT-DATH-72. TOHHE L THEHTH
L BB EICETOMEZ RO DIEH LT
WEDRL T RWhEER 2o TR REEIE A&
Bred, MEEFHTIRALONZ L OO EE EHEETIEE
OHNRDoTz.

MHIg A 7 — DI & A ez iticonaid, HEE
NELMRAE S T P LM S LS & 3 HELM oD St A T L R
UHAD - R OWEENESII AR Y L, HiE LA
AEICHERKL TV, ZoME[IZI N T TOHRBER
IZOWTOIZETH RSN TV A ] i
B IO D7z K& I ELEL L, WT
B, WTHICB VW TIRERER, %) AREIT
72OTE EHBEOEESINPREL holzbDeEZ N
7z.

B EVEIE MG —IE R I MM A A s o Tid, B
TEPENE M EL MG RS D SIS R 7 — 2 & FET 18 M NE g )

NG D IHI ] D 12 B\ T, VESEMIDS A TRICR &
RIEHEI G 2R Lz, SHUIEEMITRm ORI - 11

BAAT O T VLD L ) S EFICKE RiFE %
RL7ZZb0ER bz, F 78 E MR C o IH g EE
2B WA L Y B2 7 5 72D 14 Cristensen 5%
D3 LT3 X ISEE SN X S IHME I B
TIHBHOEHEIRKEVE W) T &, PEKRL T
LEEZLNT.

NI 2 7 — ¥ O 2 T 2 S I g2 0
T, B NEL V0 NEL IR R - I R L R LR e &
b, BRHAEE AR AR EWHEBE G E R L
7o FoWE N EEAEI A SWENICIE, i AT
SHI - W HRR E WG ENEI A 2R L7z,

WY —F v IHMGE BN R O 257 & FHES) O AH B
DWTHHND 7260, BABPEEMG N CHE R R (X,
Y, 7Z) LEEVEEEH 3 X O8I T nE e o ) BE



9, B, s R RE & O OB O W THE 21T -
72, SNETIZHROBBASHEOEFTO 114 7L
B, PO, A 3 21237 ER L2d oW
R, FEEBEE T L, IR T B L o0 2
EDHRLNDH, KEFZED & 9 ITHERYNIZH - THlA
L L7-WfZR I A D N Doz, & 2 TEEIR L 728X
W L BN 7 S S IZRERTINCIG - TLOEES L,
normalized 4T > 72 6 H O WHIGEIEI G &, ML T 5
FOEENEE (X, Y, Z) DO DERIZOVWTH

BBtRZ Ko7z, T ORER, K\ A T — ¥ Tl L
TRV 2 R0 72 DB BRI 3 X OIRE BT

M > PRI ] & B EPERL IS B 35 & O IR B VR

WBH TS EAEERTH Y, BT - B &S B
L OMIZIZEmWHBIZREO e dro7z. 72T

ORI ER) & e TS EFTEOTE) & ORI HIBIEE
DOENZPoTz. O L5 IHEES) T OB &
AEEYIZIE, N BRR 7 At O AT LR R
LTV wab 2 epEz b,

t =AY
e E

AWFZE I BB A HHET £ CoZHEE) B8 L ONHE
G EN DTSN 2 OV TR L 72855, LT ok
w17,

1. HEHYI2L—vary

1) FEOMECTIEREKE 2 > 725 EE) 2 X 5 #iGsh o
b, RFHEOEEGIZL AW TL Y HERICR - 7.
2) H¥Ialb—a VEETOKMEES O
&, HRSIEE L IEEIE M S T T AR S
RBoLNTz FEMIEEE G OEE) I, WEER T
AONTZDODOEHE EHETIERRO SN LD o7z,

MHMg 2 7 — 212 & B 4Rzt

) EEVENENEE, FEEE ARG HINENEG & b MG ot
ATV NEIBER & I OB EI A XA IR T L, &
LI AEEICHERL W,

2) BEMEEEN—IEBE RS EIC o wT, B
TE VLN MBI IS o 4G A 7 — 3 & JETE B P NEL M R N
WO OBAHIZ BT, BEEILEHAYE 212K
SRNEEE R L.

3) AT — 2 D7

(1) WA S AT T, BB -
FEBEVEMH MR IIENE & b WSS BRI R
EVFIEEIEI &R L7

(2) mWe MO T, i LATEAMHIEE

5 LI LR B I EB RS R L2,

2.
1

125

B RRE I 330 2 BH 1o o S )

3. BAT—VWNTORS, EB) e DM
1) HUMg2 T — Y CHi L TRV 2 207201k
EEVENRMGH B L O EMEIR R oFOmE e, B
TEPENLME B X O EEIENE M o545 R < H
Y, BISEEG - R &S EAREE L o BNZISAHBE I RRD
LN o7z,

2) FROMIFES) & A O RS & O RIS
BIIEEO LN holz. SO &h 5 IHEES) F O
M7 E BN, MEHMRENC BRI OE S AR
DI L T W TWA Z EREZ ST,

Xy, HEAT—I THOERENLEVDEH S
EHHO N E e o7z Bl & IHE Tl E ISP O
AEE ) EHE BB IS X, RV Tl T
i 20 & W T H CUEE I F R REASE & 2 ) P
IEHBIIZE Tz,

F 7T BRSO TR A ST IS E
LTI, HE EHEIAARENCHE L TV C
Wa ZENHLNIZENT.

D' N

1) KRB, HFPIER], ARG, HHEE. B e
Fr RURELIE O BERE Y 22 B2 O BT, AlifEE. 2005 5 49

459-468.

A5, R, MRS 3 0) 2 I A
MR & IR ENH MBI H S S & o AR FEE. 1990 ;
34 1 1127-1139.

e 75, FHIERSRE O /oA 75 & T B NE g A | 2 B 2
T AHHEFIZOWTONIE. JLKHRE 2002 5 34 © 48
59.

MEES, WEETT, REFRE, SRREIRAR, MRESE E
A3 53T 2 e L 72 B E TR o 2 R AT~ O FR
F. FliFEEE. 2003 5 47 : 95-106.

Wi, BB, R, FNE I Ry & JE R
WIS & O ORI AR —7 I ) — 0RO
WEpHERR, THEmAGEE), 25 I ReRE— Hl
MB4EE. 2000 9 : 57-64.

FEAREME, AWIE—RR, InfRainl, TR &ES
5. BEEAEWIC X IS OENE E =R ISR T %
Wrge. #ikdEk. 2001 ; 45 : 494-503.

SR —HR, EEEF, RHACF, SI8HT, K
—P, Frdbe. TR L D S OIRREICE T %
FRPRAITZE. HEPRAFEE. 2005 : 48 1 356-361.
Aktekin M, Kurtoglu Z and Oztturk AH.A bilateral and
symmetrical variation of the anterior belly of the di-
gastric muscle. Acta Med Okayama. 2003; 57: 205—207.
Mizumori T, Arai K, Tsubakimoto T and Yatani H.
Chewing side continuity and masticatory perform-
ance. Prosth Res & Pract. 2006; 5 :10-14.

10) KIFLZF, AAREETF, RHEE, AHTEF TWHE

2)



11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

B, JHAGERE. BEVEILEN & B O RE S K U5
MIERE & DBIRIZOWT, BRFHES:. 2005 5 68 © 220-
226.

Shiga H, Kobayashi Y, Arakawa I and Shonai Y. Selec-
tion of food and chewing side for evaluating mastica-
tory path stability. Odontology. 2003; 91: 26-30.
B, EMG Coordination Pattern 7> & & 72 I
HEE)O SOV, fifkEE. 1988 5 32 & 798-813.
THE—RB, AR, AR MR ES) O BEERNY AT —
LEVE DR O 72 0 OB ER G O MR —. FiRRES.
1998 ; 42 : 857-866.

Shiozawa K, Kohyama K and Yanagisawa K.Influence
of ingested food texture on jaw muscle and tongue ac-
tivity during mastication in humans. /pn J Oral Biol.
1999; 41: 27-34.

REZEAT, REEME /DARFRE. AT A R IELE R 0O SRR 2
5074 — BNy 7 FE. #ifkEs 2001 ;45 @ 271-
282.

Naiki H, Ono Y, Tanaka E, Iwayama K, Uesugi N and

Komasa Y. Mandibular movement and EMG activity
during ingestion and swallowing. / Osaka Dent Univ.
2006;40: 1-5.

HAF, BRE—, el KEHEA, ZUEETY, 7
EREZ, Bl—& AREROEWIC L S IHEES) O
7224k, BREER. 2008 134 1-6.

Peyron MA, Maskawi K, Woda A, Tanguay R and
Lund JP. Effects of food texture and sample thickness
on mandibular movement and hardness assessment
during biting in man. J Dent Res. 1997; 76: 789-795.
Wang JS and Stohler CS, Textural properties of food
used in studies of mastication. / Dent Res. 1990; 69:
1546-1550.

Himmlova L, Goldmann T, Thde S and Konvickova S.
Time analysis of hard and soft bolus processing. Bio-
med Pap Med Fac Univ Palacky Olomouc Czech Re-
pub. 2007; 151: 327-332.

WRRE], PPN, LR, REHATE], e ARE—.
NELIES 53 Bl b o0 S A7 575 05 B O HE L. FHBRRERE. 2003
9 :206-207.

Karlsson S and Carlsson GE. Characteristics of mandi-
bular masticatory movement in young and elderly
dentate subjects. J Dent Res. 1990; 69: 473—476.

Lucas PW, Ow RK, Ritchie GM, Chew CL, Keng SB.
Relationship between jaw movement and food break-
down in human mastication. / Dent Res. 1986; 65: 400—
404.

van der Bilt A, Weijnen FG, Ottenhoff FA, van der
Glas HW and Bosman F. The role of sensory informa-
tion in the control of rhythmic open-close movements
in humans. J Dent Res. 1995; 74: 1658-1664.

Thexton A. Jaw, tongue and hyoid movement-a ques-
tion of synchrony? Discussion paper. /R Soc of Med.

126

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

1984; 77: 1010-1019.

Felicio CM, Couto GA, Ferreira CL, Mestiner Junior
W. Reliability of masticatory efficiency with beads and
correlation with the muscle activity. Pré-Fono Revista
de Atualizacao Crentifica. 2008; 20: 225-230.

Palmer JB, Rudin NJ, Lara G and Cropton AW, Coordi-
nation of mastication and swallowing. Dysphagia. 1992;
7 :187-200.

Hiiemae KM, and Palmer JB. Food transport and bolus
formation during complete feeding sequences on foods
of different initial consistency. Dysphagia. 1999; 14: 31—
42.

INFHEE, ImFE, ARFIL, drEIEw, ERER
JB & BN 33T 2 W IRENEBE S Bl & 111 ] FH 6 7 0 Bl
Lo, RS 2003 5 41 71-76.

PHHE L, HAREN, IHHE, ESIME, HATHEI.
W THEIZ BT 2 OBFANOHEFIRE IO W TORET—
55 1 MU BT 5 HEFEIRTE & PR PR 5 55 B o

RERFEYZEAL—. /NRHREE. 2006 5 44 : 37-46.
MR, EANE—, JOFK BIEWTRIZBIT 2

A, EEEEEBORRYIRRMGET. whiGE
45 582-591.

Palmer JB, Hiilemae KM, Matsuo K and Haishima H.
Volitional control of food transport and bolus forma-
tion during feeding. Physiol Behav. 2007; 91: 66-70.
BEEETy. HGROFED) Y — L AR REE &
O B E—RIFIT B & ORI 2 & O FFEFET—. HE
FIHE T ) R 2006 5 10 ¢ 62-71.

HURSEA HARAR, HIEs. B PO E RIS
X BWETEIEORHEE. FifEE 2000 ;44 292-299.
Burnett TA, Mann EA, Stoklosa JB, and Ludlow CL.
Self-triggered functional electrical stimulation during
swallowing. / Neurophysiol. 2005; 94: 4011-4018.
WA, IR, AR, PR, Pl
FEMI A X % FH A 72 W T 3 B) O AT — 5 A g 0
[E F Wy & Kk T R 12D v T—. Jpn oral biol. 2005
54 1388-1393.

Shiozawa K, Kohyama K and Yanagisawa K. Food bo-

2001 ;

lus texture and tongue activity just before swallowing
in human mastication. /pn oral biol. 1999; 41: 297-302.
Shiozawa K, Kohyama K and Yanagisawa K. Relation-
ship between physical properties of a food bolus and
initiation of swallowing. /p# oral biol. 2003; 45: 59—63.
Kohyama K, Sawada H, Nonaka M, Kobori C. Hayak-
awa F and Sasaki T. Textural evaluation of rice cake
by chewing and swallowing meas—urements on human
subjects. Biosci Biotechnol Biochem. 2003; 71: 358-365.
Moreno I, Sanchez T, Ardizone I, Aneiros F and Cele-
min A. Electromyographic comparisons between
clenching, swallowing and chewing in jaw muscles
with varying occlusal parameters. Med Oral Patol
Oral Cir Bucal. 2008; 13: E207-213.



41) Abe S, Kaneko H, Nakamura Y, Watanabe Y, Shintani

42)

M, Hashimoto M, Yamame G, Ide Y, Shimono M,
Ishikawa T, Yamada Y and Hayashi T. Experimental
device for detecting laryngeal movement during swal-
lowing. Bull Tokyo Dent. Coll. 2002; 43: 199-203.
LHER, S¥EE, HR S, fkd T E, &
FHEEPR, SVurest, JIREW. IH\EFaoBaRIcHE
3 AHMMAT. MiREE 1991 5 35 : 708-714.

EHU BRI 33T 2 BH 1o o S )

43) Christensen LV, Radue JT. lateral preference in masti-

cation: an electlomyographic study. / Oral Rehabil.
1985; 12: 429-434.

44) WHEETC. MO MMEICEE S 2078 H RIIBER

2004 ; 30 - 1-10.

127



