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Activity Patterns and Coordination of Jaw Muscles during Natural Mastication in Rabbits

PiES T, BT MR
Yuya NAKAMURA™, Masako FUJIMOTO* *, Tadataka SUGIMURA***

The masseter muscle, one of the jaw closing muscle, has an important role in producing masticatory force.
Although this muscle is known to be composed of the superficial, intermediate and deep parts, it still
remains to clarify the difference in the functional role of those muscles during natural mastication. To end
this, the electromyographic activity of the central area of superficial part, and the anterior and posterior
areas of deep part of the masseter muscle as well as the temporal and digastric muscles were recorded
during natureal chewing of hard food, carrot, and grass in awake rabbits. Furthermore, the jaw movement
trajectories were simultaneously recorded in vertical and horizontal axis. The following conclusions were
obtained from these findings:
1. Mastication is smoothly performed by changing the masticatory path, the amount of and period of activity
of each masticatory muscle, and the degree of cooperation among the masticatory muscles.
2. During mastication, the central area of the superficial part of the masseter muscle and the temporal muscle
play a role relating to masticatory force, the anterior area of the deep part of the masseter muscle plays the r
ole of guiding the mandible to the maximum mouth opening position during mouth opening movement, and
the posterior area of the deep part of the masseter muscle plays the role of guiding the mandible deviated tow

ard the masticatory side to the intercuspal position during mouth closing movement.
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Fig.1 The masticatory muscles of the rabbit (Weijs at al6))
Lateralview of the superficial masseter(MSS), the anterior
deep masseter (MPAN),
(MPPO),the temporalis muscle(TP) and the digastric
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Fig.3 EMG activity patterns of masticatory muscles
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Fig.4 A EMG wave(upper side) converts to a integration
wave(lower side), in order to investigate the cycle to cycle
variation of the major components of the rabbit jaw

musculature and the correlations between these activities
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Fig.5 The jaw movement during pellet mastication
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Fig.6 The jaw movement during carrot mastication
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Fig.7 The jaw movement during grass mastication
4) NHIEHRR 3 o LL i (Fig. 8)

PARRRIE TIE, XLy FZIHNE L7z & & 328 R
IR~ R & <ARAL L7272 0 A2 80 0 IR L VG880 &
NI, =0 BOEZHEE L7z &, 2l

Ny ML 2 X0 R REAMIS
FTCOMFRGDB/NS o TefedH by NEIHE L7
EEDOXOLRHLNYVIRLIFRO NPT, F
7o, BARARK T, Nby MAWHE L& X (3K
AL S I KB AL E TR K & < B D TefR K23
Roblz, =P EHEEE L & &L, WAL
PO OMHOYPEE (point 17)  F Tl 3 2> IHMEMI

WD ATED, FENDIXE O EROER)ICEb o7
72, BN E LT, S TROPBBRD bz, £z,
W AZENE L7z 3= DU 2HE L & & LR

w%lﬁ

DIRFEZ R LTZD, B e LT, HARBEONMOERT
DTN~ BT 5 8RO b7,

Up —@— pellet

I o e

Closing
phase

Fig.8 The comparison of each jaw movement



2. MR H OIEE N 2 —

Nly b, =V VrBL HEEZEE L ED—
NELWER S 2 35 1 F 2 &l DIE B S & — v A et LTz,
1) W A H
(1) MELPEEfa

Nl hEHEE L E XX, BOMORRE» S K&
IEEEIRD, IZIEFHED point 5 THRAICTESE) L 7=,
Z D%, WHERANIZITS < 2 N TIRB &I L,
BIAMTIZIZE A LTEE LW & W 5 B A %A DX
Z—URRBOBNTE. TR LT, =020 BE
ZHM Lz L%, FAOMATIINLy hEHB LA L X
D &5 RIEEEOSIIRIEING 5 W ITREITRD b
T, IHERIZEEIT/ NI holz. LER-> T, AN
HTIEEIZRHEBOHHTEBHITRD T, RL—X
WCWERIR AL ~BAT Lo, 7288, BAOFETIZIZEAL
EEIE O b o7- (Fig.9) .

—@— pellet
=—@— carrot
—f&— grass

(mV+Sec)

point

Fig.9 The integration waves of the superficial masseter
(MSS) on the working side

(2) NI
Nl bz L2 L X0, EEA L RSP D
DEFEPHRE TEE L, PARHTED point 5 Th

ROIEERBEOONT-. o, =V rBIY BE%E
WHIE L 72 & X%, PARFEORTED HAESITIEE) 25

KLU, Xl MZHIEF L& X IR bR KIES)
IKF (point 5) KV &4 LIENTZRH] (=P
7, HE : point 8) THRAKDIEENFED LN, 7
B, BFHOAETIE, HEWEIZ)»2 D5 FIEBIIRD 5
n7pinoiz (Fig. 10) .

I point

—@®— pellet
=@ carrot
—hA— grass

(mV=-Sec)

point

Fig.10 The integration waves of the superficial masseter
(MSS) on the balancing side
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Fig.11 The integration waves of the anterior deep

masseter (MPAN) on the working  side
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Fig.12 The integration waves of the anterior deep

masseter (MPAN) on the balancing side
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masseter (MPPO) on the working side
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Fig.14 The integration waves of the posterior deep

masseter (MPPOQ) on the balancing side
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Fig.17 The integration waves of the digastric (DIGA)
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Table 2 The amount of maximum activity of masticatory

muscle during carrot mastication
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Table 3 The amount of maximum activity of masticatory

muscle during grass mastication
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& IEEMRAl & D FJ RIEE EIZ R E RZAENRBO BTz

LoaL, B JEM ORKIEEI I, FHEWEIZ)H) D
O 9 M & FERHMEA] & OEEIZ—E THh o7z (Table
3) . F, FORMEHEMELTY, WHEERT R,
W i TR £ 7 08 s L OMAIEE A 0D fie KT ) 2 (L MEL Mg oD

E O MREDSTZN, BRI AT T L OB IG5
D RIEE) &L , FEMHIBMIOIFE S BRE Do Tz,

4. 45 WELE ﬁi’??ﬁ)ﬁiﬁt TIHEN 2 IR 4]

FOMB L O OMICBWT, IHET 2B KK
\ZIEENT 2 B (point) I OW TR L7=. 7235, THE
THRMIZEL - TX, BAOFGCTH 25N O IR
PHOMTHIEE T2 AR LN, O
T DR AT A5 DA T & IEMEAN G B 23 38
OHNTETD, ZIHDOFHIZ OV TIEE DR X O
AR DM CTHRARICIEE T 5 il (point) Z 77 L7z,
D ~Ly MEIEEGLE L X

BB FRIC B W TRANC B R DTGB & 7% L 72 D 1L FEIE
WA 0D WA R B AT 7 50 C, URAZ FE ML oD W2 7 VR0
7B Fs K OMHMEA D FH R A RIS, DD TRl
OO W35 {0t R 5 I OV DRI EE AT 732 © UM MELRER
VREBHT TS R, 2 L CWEAIR AL O [E Jif
TR AR DR & U CTHEIRI D Wi TR 7% 5 50 708 f
KICIEBY U7z, BHOARCIE, MELMERI o> W i 130 BT 5 0
DRELIEEL, D3\ TR OBE “RE 2 Rk KICHE
@7~ (Table 4) .

D

Point( working side ) Point( balancing side )

MSS 5 5
Closing  MPAN 5 3
phase  \ppo 8 4
TP 5 5
DIGA 4 -
Opening MPAN 17
phase
DIGA 18 18

Table 4 The moment of maximum activity of masticatory

muscles in a chewing cycle during pellet mastication

2) =V UEEE LI E X

PARFRIZ B W THRANC I KIE B 2 7% L 72 O VX IR
AR D DREB AT 750, WELMEI oD g i A0 s s KL OF
MELWEAR DRI 7% 73 (R RF (S, DU TIRRELIE A D 2 A
RERTL 750, A FERELME AR O ARIEE AT, FENE R D WA
TRER 1 e do L ONEIE RN D W R ER R T 3 DD & |

PR AR OISR TRER I T MR S e RICTRE L7, &

7o, BA AR T E PGB AT TS, SO TH
JE 5 D RELHER AR, > D W T IERELME AR 205 fie KIS THE) L 72
(Table 5) .
Point  working side ) Point( balancing side )
MSS 4 7
Closing  MPAN 7 4
phase
MPPO 8 5
™ 4 6
Opening MPAN 16 -
Phase  pica 17 18

Table 5 The moment of maximum activity of masticatory

muscles in achewing cycle during carrot mastication

3) WEAHMG L L X

BA ORI 3 Tl NS B KIG B 2 7= 3 O 1 X JE LI
DWEFR TR F BT, DN T IENELIER 0D I8 A5 T 8 Al
D7, WELMEAR O AMBE R, EMER 0D MR S R A3,
YRAZ WELWERI 0D WS 5 1350 W17 5 508 ks o ORI MELIER AR oD AR B 5
DODE, Btk (THEM O M R4 )7 3 KX ORI
MR D W B R AN e KICIE B L 7=, E£72, BHA
FHCIRMAR RFB AT 50, 56 ME A O W23, FENEIE
IDOPE M DIETEH -7~ (Table 6) .

Point ( working side ) Point( balancing side )

MSS 6 8
Closing  MPAN 7 4
phase
MPPO 8 3
TP 5 7
Opening MPAN 17 -
h
PRI piga 18 20

Table 6 The moment of maximum activity of masticatory

muscles in a chewing cycle during grass mastication



5. NELWER oD i il

A NEME R L 2 EAE L7z & &, FHERNC 3T D A,
NELIEHA & FEREMERI & 12 38 1T D e ds K OVFFERE g 3
T D EEOFEIC OV TRRET L 2.
) XLy MEHBLE & &
(1) PEMEE o 5 7 o> AH B

MEER 1L, EOMORE b IRVAEBI N
KSR TR A% 5 15 & WE 5 v 308 SR & oD FH B A R
B AR & OFBE L D 95 <, WEARIRE R IT

WA A g & OFERIZEN L D T hICEE N
ST, HEH OB A FEE OB T, WA TRERAT
FTER & R R TR E N E ST LZsnZ &
MEoO—DL LTROLNEZ. 2k, ARG OKTGR
FORTTHER & B A OB JE R &SRR OFHEI 2R
Hiviz (Table7) .

LD BT,

=

working side

MSS MPAN MPPO TP
MSS

o MPAN 054

T

[7]

®  MPPO | 064 0.02

£

(<]

S 0.94 078 083
DIGA 012 053 043 -029

Table 7 The correlation table among the working side

muscle during pellet mastication

(2) WEREHAI O i FEE & FEREIEHR] 0D
IS ﬁ”@uﬁﬂﬁﬁnﬁqjy%nﬁ

fhRE L OFEE
WA AR £ 5 Hh 48 L OMAY

SEH X IEMEMS R OB DR EE L N D @A 2R L 7=,

LU, LR 0D S fi55 %50 W7 7 10 2 R NELIER AR 0D W2 s ¢
TR IER & UIARB U722, WA IR AT S, WAL RS
% ds X OMMEERN & OFEBIIXS9 > 7= (Table 8) .
(3) FERELMEHAI o> i HE D FEBE

FENELIEAR C U X MELIER AR 0D WS 5 T4 08 1 5505 & W2 TR 8 il
L THON LD BT T, AOMHETE
DO TEWFEENZED bz (Table9) .

working side

MSSs MPAN MPPO TP DIGA
MSS 0.89 0.95 0.93 095 -038
s MPAN 0.76 0.38 0.39 037 0.17
;':’ MPPO 0.74 0.7 0.61 081 -053
i‘; TP 0.84 0.97 0.92 098 -0.52
DIGA -0.04 -0.24 -023 -026 0.84

Table 8 The correlation table among the working side

muscle and the balancing side during pellet mastication
balancing side

MSS MPAN MPPO TP
MSS

o MPAN 0.76

B

[}

g MPPO 0.73 0.98

[ =

«©

3 TP 0.88 0.94 0.91
DIGA -0.27 -0.49 -045 -043

Table 9 The correlation table among the balancing

side muscle during pellet mastication

2) =V UEMHEBLILE X

(1) WELWERARI O 5 A D AR A

RIEE AR & WA & E0 H Jef & X WAEB 2R L 722,
ZOMDFHEEOMBEII Ly FEHE L&k b
INEoTz. T27E L, by MEEELEZ X, K
TREBRT T80 & AR IR R 788 & 1T - 72 <FHBA L 727
ST, =V U EEME LT L ZITIEFFVEBINER
57z (Table 10) .

working side

MSS MPAN MPPO TP
MSS

o MPAN 0.48

8

"

2  MPPO 0.40 045

:
L 0.97 048 061
DIGA 0.62 -008 -068 -073

Table 10 The correlation table among the working side

muscle during carrot mastication



(2) NEIEHA O HE & FENEMERI O FHHE & O FH B

AR DA ERIIFEE L2y, Ly NAEEL
e 2 X0 B EERMICHBAOREII/NE ot 272
L, Xl MMM L& &, AR AT & gE
& OFBIT/ NS o2y, =P EHG L X
R WFIBI A R L7z, E7, BRI 7 E8 & MR
WETHE &%, XLy MEREE L & X ITmWiERE %
RLTEN= DU EHE L e X iXTEA SR L 72
o7z (Table 11) .

working side
MSS MPAN MPPO TP DIGA
MSS 0.69 097 096 074  —067
g MPAN [ 059 038 041 074  -0.16
%‘:’ MPPO | 0.64 022 055 048  -0.69
2 TP 0.73 0.91 0.98 073  -0.78
DIGA | -054 -052 -076 -051 0.93

Table 11 The correlation table among the working side

muscle and the balancing side during carrot mastication

(3) FEREIEHR o> ¥ oD AH B
Ny FAHE L E 2 X0 SO K>
ey, EEEIZIE T X TORARHBENAHEBE L T
(Table 12) .

balancing side

MSS  MPAN MPPO TP
MSS

o MPAN 0.58

B

£ MPPO | 070 0.91

s

3 1P 0.97 066 069
DIGA | -054 -057 -083  -045

Table 12 The correlation table among the balancing side

muscle during carrot mastication

3) BEAMHMF L& &
(1) VELMERI o> 755 e 0D FH Y

RISEA IO O e & mWHB 2z R L., £z,

WS R % 7 BB I L B L e L
DL, WEAREEESET T & R R LR Z e AL
FABE L7 Do 7z L, MR GEES Al 5 & WA b4 50
EIEN Ly MR L & & LR, HBE Lol
(Table 13) .

working side

MSS MPAN MPPO TP
MSS

o MPAN 0.20

=]

.E’ MPPO 0.64 0.26

o

H
TP 0.97 0.78 0.75
DIGA -0.75 0.30 -068 -0.84

Table 13 The correlation table among the working side

muscle during grass mastication

(2) WELREAN o> FAE & FENE MR O i i & O AH RS

WELMEAU] D W2 7 e ¥ Hh i s X OMBIBE AT 1%, FEPEEHA
OAOMEEE mWHEEZ R Lz, LaL, MG O
3 TR 0 T 57 508 4 S MEL IR 0D W32 A v 8 v ks & AR BE L
7o h3, MEIEHAI O WA ERERAT T T, Ly M A HEE L
fo b X LIRBRIT, FENEMER O WA GRS T, WA
T T F L OMAEARS & 1IX1E e A EHEBE L2 o 7.
F 7o, WHMEA OB L L, = AL
fo b X LIRIBRIT, FENELER O WA GRS AT T & AR L
2o 7z (Table 14) .

working side

MSS MPAN MPPO TP DIGA

MSS 0.90 0.86 0.98 085 —051

g MPAN | 073 0.05 0.15 021 013
‘@

g MPPO | 0.78 0.27 0.53 092 -0.68

2 T 0.83 0.84 0.95 085 -063

DIGA | -064 -061 -071 -080 0.5

Table 14 The correlation table among the working side

muscle and the balancing side during grass mastication



(3) FEREIER o> FFFE o> AH B

Nly NR=V VU RIAG L & & LRIk, HHE
OREEDOZETIBO HNDH0, 2EMIZIETXTOMN
HEEIXFEBI L7 (Table 15) .

balancing side

MSS MPAN MPPO TP
MSS

o MPAN 0.68

-4

®  MPPO 0.86 092

%]

5

5 TP 0.87 057 076
DIGA -0.50 -041 049  —064

Table 15 The correlation table among the balancing side

muscle during grass mastication
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