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Analysis of the muscular sound (MS)
in human masseter muscle
——Relation to bite-force and EMG——

Abstract : Contracting muscle fiber is accompanied
with a rumbling noise due to lateral expansion. It is
referred to as muscular sound (MS). The purpose of
this study was to investigate property of function in
the masseter muscle with relationship between MS
and EMG recorded during sustained voluntary con-
traction. Seven adult male subjects performed jaw
clenching from 0% to 60% of their maximum volun-
tary contraction (MVC). Simultaneously MS and
EMG and bite force were recorded during isometric
contractions. MS was detected by a sensor with amor-
phous-wire core and small magnet.

1. The amplitude of MS signal enlarged along
with levels of contraction, and maximum with 20%
MVC. However amplitude was reduced according to
increase in contraction levels beyond 20%MVC. The
relationship of EMG amplitude to contraction force
was linear up to maximum.

2. The power-spectrum of MS demonstrated
powers were distributed higher frequency bands, and
centers of power peak shifted to higher frequency,
along with contraction level.

3. The range of frequency for MS was between 0
and 30 Hz. The median of power spectrum was dis-
tributed between 5.4 and 8.5 Hz.

Simultaneous recordings of MS and EMG from the
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masseter muscles may probe useful for assessing

muscle function.
(Orthod. Waves 59(1) : 43~51, 2000)
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EHOWENRE L L CEELBRECH S0, HBRD
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NEMES AT HERE O ST 1L IRAE E TRV B & 1 D fEAR 53
FERTH o7z, FHRRHEDIE IEBELL (BE) 1 k-
TH &8 Z 3, BE—IHEER (excitation-contrac-
tion coupling) "? L MEIFN T35, HEMITEE I
MEEB I HE WA T 2 EHBEMEIHR L LOTDH
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F (muscular sound ; MS)*2FEHE OO H 5.
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ThY, BREEOEFELELT KFEXREIDBRHT
52 EDTHRETH S, HEORERTFISO L A8
S ENTIEVRWYS, FHONHEEEN LRI T
DHE L, HEHCHKET I2HENCREI N LIRS
NERCZHOFEHERKBLT 2 5DTHL. ThEFEN
T2IEIEY, MEOOENILHEXTIIES 2
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FELIFAERIAMIL

R ARBER
3mm

(T e 777N

1 7ZENT 7 RO IVFREEME Y

NI | -El ectronic Library Service



Japanese Orthodontic Society

BRI B BHEORN 45
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EBHLLHES L UBEROESREKREERT Y F 20
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5 0, 20, 40, 60%MVC BN ER - #HE5-
= a3,

R 1 %MVC T HEIRIERE & FHE

FET2BET] (%MVC)

s L2
0 5 10 20 30 40 50 60
A 1.4 2.0 2.1 35 1.7 1.9 1.7 1.6
B 1.4 6.3 6.6 10.6 8.1 84 7.0 5.0
C 1.8 1.3 8.3 10.5 8.0 6.2 4.6 3.8
D |0.7 20 2.1 33 15 1.3 1.3 2.0
E 1.9 4.1 51 51 30 29 1.7 1.6
F 1.9 6.6 10.2 15.5 8.0 3.5 4.5 4.6
G |09 14.0 155 12.2 8.6 4.0 2.9 2.3
g 1.4 5.2 7.1 8.7 56 4.0 3.4 3.0
S.D. |0.5 4.4 4.8 4.7 3.3 2.5 2.1 1.5
BT D ym

ZDEE, EFEORENEEAFICL 2 bR
BWENFHEZ B0, EBERKETY 7 avn
TR ENMESET.

BIEWCHIZY, FTHEREDEAKBE T (maximum
voluntary contraction ; MVC) 2#IZEZ L, T %
100%MVC & L7z, 2D+ ZEEEolk &
HIRFICB I 28 B L UBER% 20 BRIEIE L 2. K
12 100%6MVC izt L 5, 10, 20, 30, 40, 50, 60% D
fiE% 7 4 A7V — Fizw L, Visual biofeedback iz
EoT, HREDMEELIBENE2RETEB L
L7z, BEIWEE LI, SHANES% 20 WM
SEER L7 2B, EUMVC 2B 2 HIEIC X, #ER
RS 2 ) 2 712 5 2P B+ ik B %
7.

HBHLUHYE, BHEN BIUBKAHIEZ—EPCM
7 —# 1 a—4%(RD-200 T, TEAC #:#, FH) 25
L7t BEOESRIY V7Y v A 128 He,
HEMOESIZY > 7Y > 7 Bk 2500 Hz 12T A/
DEBL, METAA227749 7L,

. S#5%E
TAPINT—FELTHRT 4 A2 7740 >
TULTF -5 OB, =Y FLra>ta—2%

0 5 10 20 30 40 50 60
(%MVC)

X 6 &%MVC REBROHEOFHRIEENEL

(PC9821V 200, HAES (), HF) 2HWTT->
7z.

3, HENS L UHEORIEOELZTARL 10,
BBMVC IC BT 2 508G 1 B0 5 S MO 7 —
FWOWT, FFRBEBRLUIEEFEYL, IhziE
TEfE s L7,

&5, FFTHRZHAWVW TR —AX7 bV EEE
L, "7—2Z2x27 b VOHRREIBT 2 EEK
(median), B X UEFEFRFELTHAR:. 0L 0,
5, 10, 20, 30%MVC icB\W\ T, CEBILE 1 &L
SI6HBHEOT—5%, HiIiFEBVLTES 7Tuav s, i
BRIBOTIRI0 70y 7 ST T/NT =A< b
NVEEEL, MEFE L, 5 SOBEEIC X - TFF
L7z, &7z, 40%, 50%, 602%MVC 07— BL
T, 16 BEIOHE CIBBICEFBEL D EFEZ S
N5 OoHERIE S BRI & L.

%8, FXMVC B 2IREMEE X U median &
t BUE & O TREEHILEE 21T o 72,

& R

51 1 #E8ED 0, 20, 40, 60%MVC FKiERFIC B
T3 ENETN A MWEOERFEKRE TH S, HiaomA
EIE 3, ZERETH 5 0%MVC TIX 8.9 um, 20%
MVC T51.4 gum, 40%MVC T 40.6 um, 60%MVC
T 23.5um &, 20%MVC THRIEN S > &£ b A%<
%0, 40, 60%MVC & LD KRELRRENE=HET21Z
ENE L B ERAER L. —7F, BHENORKIEE
1%, 0%MVC Tl 4.3x10-2mV, 20%MVC T 29.6X
10-2mV, 40%MVC T 44.7X10-2mV, 60%MVC TiZ
76.6X10-*mV THH, WENTBKE L L5 DZHEW
RKEOREEZRL 2,

F 1 I EREEBEOUMVC BT 3 HEREHE &
2D ERL, K6 CHEBRE 7T ANXBITE8E%MVC
REROHE OFYREBEL{LE 77 7R L Tw
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£ 2 YMVCIZH T 2HERRIEE & FHiE

(% 10"2mV)

20
RETLIWREN (%MVC)
Bk 02
0 5 10 20 30 40 50 60
A |1.1 1.2 1.6 3.3 9.1 82 9.8 12.7
B [0.6 1.9 3.0 9.0 14.6 17.2 22.5 24.0
C 0.7 1.5 2.3 50 7.5 10.3 11.9 15.9
D |05 1.8 3.3 5.6 7.2 10.6 11.6 15.3
E |07 2.4 33 5.4 88 8.9 10.3 11.9
F |05 2.3 4.8 6.2 10.8 13.0 14.4 16.5
G |0.9 4.3 3.7 6.8 9.4 13.4 15.5 16.6
¥ |07 2.2 3.2 5.9 9.6 11.7 13.7 16.1 o s 10 2 " 20 % 6
S.D. [0.2 1.0 1.0 1.7 2.5 3.1 4.4 4.0 (9%MVC)
By ¢ X10-*mV 7T F%MVC REROHEXOFREENEL
(pm?)
;7.0><10‘3
|
0%MVC |
Median : 3. 8Hz
j3.5><10" I
10%MVC -
- Median : 7. 9Hz
~.7.(l><10’2
30%MVC :
: Median : 9. OHz
jl.4>(l()'2
509%MVC

o 0 |

Median

720k 30
(Hz)

8 WEEGOYMVCIZEIFTBBHZN/INT—ART b
RETIFEBEEDOEILEADI-OIZRYMVC IZL > T/NT—ENR

T—IVERLS>TVWET.

%, FEREME I 0%MVCIZBWT 1.4 um L H/NT
HD, HHEARET 2O TAEIIKRELLD,
20%MVC iZ B TIZfh D %BMVC FIER: X W BEC
KEWMETHS8.7um Z2m LI, #LT, 30~60%
MVC L XD REBENRRET 22N THRAK
SEHRBES/NE 2 HAZRL, 60%MVC B
WTE 3.0 um THo 7z,

—7%, HEROFIRIEME (F2, M7 i, 0%MVC
WZBWT0.7X10-*mV L &R/AINTHY, HAsERd
L0 TIRIZERICKE LR, 60%MVC i
BWTIE 16.1X10-2mV L BAEER L.

8%, SENEIE L 7-858aE » & REH L B
HOELER U HEE G D 0, 10, 30, 50%MVC &
BUAZHEDNNT—ART PV ERLTWS. 0%
MVCiZBWTIX, SV —0DfElE, 0.5 Hz #¥—27 &

LTO~5Hz BB HEN, #hiVBVEREET
13 12.25Hz, 16.0 Hz 2.l L7cE—27 %2 b o 72/
BT =B LNz, I0BMVCICBWLTIE, /ST —
DOfEZ9SHz 2.0k L T0~20Hz IZ B\ T
T —DEMBY BRLT. 30%MVC 2B WTIE, V7 —
DfEZ 0~20 Hz K H g I#ER > ¥ —2 L LTIA
CHE LTz, B0UMVC I BWTIE, X6 I EBEEE
W REBRBER S0 L, 0~25 Hz O BEEEEIC /ST —
BEL DL, 30%BMVCUTTRE—2ZBAS5NR
Hhok 19 5Hz 2L LY —2 28DV —%
AL, ZOX3ITXRTDOBMVC BV THED
T —ART N VEREBRT 5 BB I 30 Hz AT
THY, TV KRELEUMVC I BITE, TV EVWEK
B TN =0/ LT, X512 %DFRAEES A
ZOWTE, E—270omlidk 0 BuEERICEET
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(mV2)
1.4x10%
09%MVC
k N . ) lMedian 212, fsz .
] 1.2x10%
109%MVC -
Median : 172. OHz
S 40x10°
309%MVC !
: Median : 168. 4Hz
= ~ t—
. 1.2%x10%
SO%MVCE Median : 158. 6Hz
’ Lo i f + |
0 100 200 300 400 500 600

(Hz)

9 #WERE GNUYMVCIZHEITHRHERND/NT—RART b
BRET B EREBANELE A D =HDIZRYMVC 2L > T/HRT—EDOR

F—IVIZR->TWET,

£ 3 %YMVCIZET 2HHED median & FiE

FeHET AT (%MVC)
wRE 02
0 5 10 20 30 40 50 60
A 8.0 7.2 8.0 7.7 8.0 89 7.6 8.0
B 3.5 5.8 5.9 6.0 8.1 7.4 8.4 8.5
C 4.9 6.1 6.2 7.4 10.6 9.7 9.8 10.5
D 6.9 8.1 6.9 7.0 7.6 8.2 7.6 6.8
E 6.5 7.8 6.2 7.0 7.5 6.3 9.1 9.3
F 4.0 9.1 5.8 6.9 7.0 85 7.0 6.9
G 3.8 7.7 7.9 8.7 9.0 9.6 9.0 9.3
Yty | 5.4 7.4 6.7 7.3 8.2 8.4 8.4 8.5
S.D. [1.8 1.2 0.9 0.8 1.2 1.2 1.0 1.4
Hi{i7 . Hz

BREFID S STz - HERE G OBHFD /T — AR
7 b VIZ BT % median iX, 0%MVC Ti 3.8 Hz,
10%MVC Tix 7.9 Hz, 30%MVC TiZ 9.0 Hz, 50%
MVC T2 9.0Hz TH -7z,

9 1 iXFE UHBRE G ORISR L - B o1
V—ART MVERLTWS, AR MU EERT S
N —BBRENDERICFEORE R HEANA SR
7o’ BENEH L THREERICBLTRER
Zlhg@ED ooz, £, IheOHERD/ <
T—A X7 + )W B T % median X 0%MVC T i
12.4 Hz, 10%MVC T i3 172.0 Hz, 30%MVC T iZ
168.4 Hz, 50%MVC Tix 158.6 Hz TH - 7=,

RIPFEHRETACB I 2HF DO FEXBMVC D
median Z/r L, B4 10 3&HERE 2B 1) % median O
FIEDIMVC 25 % 7R 3. HiE D median

DFEIEIE, 0%MVCIcBWTH - L b{EW5.41Hz
ZRL, 5S%MVCIZBWT 74 Hz EEEZEHWER
L, 10%MVC Tid 6.7Hz £ 72572, 10~30%MVC
WKEWTHU median ZAEICE < D 30%MVC T
8.2Hz #R L, 60%MVCICBW ITHREHED 8.5 Hz
PRz

FIkkICAHERIC B T 2 %%MVC O median & Z D
SEHEOEEEAB I UMLKY, HEHO
median DFHEIZ, 0%MVC BT H - & H{En
D28, 7THz %~ L, 5%MVCTCRBIIE LY
165.3Hz £ 5 o7z, 2512 10%MVC 2 Hv>T 168.3
Hz #/5~L, 10~60%MVCiZBWT LY ENBMVC
ZFHMET 2 DICHE > THE I median 13{& < & 5 {7
L, 60%MVCIZBWT 142.6 Hz Zox L 7z,

% £

ARFZETIE, 0, 5, 10, 20, 30, 40, 50, 60%MVC
HRERFCBWIHEBER EHE R RETLHR T LK
EoT, BixoHFEICEWRET 2T LHE
MOMESERWIZL, BHHEERESNIZBEENELD
B, FHER L OBEIC DWW THRET L.

1. B>\

AR EBOTHEDOIE R W7 ELT 7 Ak
>R, HIESRALI BEAT U 7z SN [ RE OB & 3
BACEH T 2V AT ATH S, FIBEEAIT/NS (R
2 (EHFE3.5mm, EX0.06g) TH53ORAEIID
EMREZIZTEACEHRL W E, BOOER % NE 28
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(Hz)
10.0
8.0"
6.0 -
4.0 -
2.0
0 5 10 20 30 40 50 60 0 5 10 20 30 40 50 60
(%MVCQ) (%MVC)
10 %#%MVC REROHED median OFHE B 11 &%MVC REROH BRI median DLy
NEAL fEnZ1L
R4 BMVCIZHITZHERD median & FH1E
I 2ES (%MVC)
et S

0 5 10 20 30 40 50 60

A [59.6 179.0 163.7 154.1 150.8 160.3 148.3 148.0

B |17.9 181.1 177.4 169.1 157.6 163.3 149.7 135.9

C |37.8 108.1 149.6 147.2 144.6 138.9 130.0 118.9

D [34.7 176.7 169.7 173.9 172.9 163.3 160.1 138.8

E |19.5 174.8 175.2 179.3 170.8 171.0 167.3 156.6

F [18.9 181.8 170.4 169.6 157.5 156.5 146.3 143.5

G |12.4 155.7 172.0 169.3 168.4 157.9 158.6 156.6

#7 | 28.7 165.3 168.3 166.1 160.4 158.7 151.5 142.6

S.D. |16.5 26.8 9.3 11.3 10.7 10.0 12.1 13.2

BT . Hz

mm O+ > YRV SN FKE T 2 IES 2 AN &
M 270, HBIESNOEREE2 /4 XL L THRET 3
ZEMIFEAERRW, &5, BENRICESIE N7
ENT 7 AEBIA Y a4 NTEMNEBRET 27208
EDAAEED > TRy, ZBESPEFIDOLYHD
FA BB 1 DC~20 kHz & JA&BI T, Lo b fEaE
13 0.02 um &, EAH THUNIEEBIORIE CEFITH
2L, SHRINE THEOMETECAHWSNT
B i3 Y EREORIER RO S O
DKL, 7TELTZ 7 A HitvrHEIORIER
BEELLBRVWERELTWS, 20D, BEADR
WHRARE TOHEOBHBEETH S, £z, AL
Y ERAGWLEIEICE ST, MEEXr <A
U7y i3, EBOEMNE (um) 2EHHEIT S
e, XVEZNCHTORE*RELIEETS Z &
BTELEEZD,

II. HBEOSHEMIZOWT
EWMFEIEIRES (BMVC) EBEHIC BT 2558 &

UBHEROBEL2FH2 B TITo 72720, HiES %
BIERWEIIHEZ 0~30%MVC 2D W»WTid 16 %
i, 40~60%MVC iz B\ TliE 8 D F— % % #H
U7z, oM LIR HRFMII S I L > TEL S
EEZ oND08, WIS D BiEAE SR %
7 VA BTN RUK S ORI TIE, B IE
AW 30%MVC KB W TIRAITEFIC L 28 Lix s
SNED 7208, 50%MVC TIRIEEEILEH 30 h 5
CEEEDETEZRLIZELTWS, 20k, K
T 40%MVC L EOBE BT 5 IERF T+
SECEREEZ NS SHE L, K%MVC #
il e A e NSRS Bt Al

I, Rgic>WT

— B, HERTEFEEINLFHIIKREL LS
DHE->T, WEOIFERIIAE k3, SESFL
A5 57 P B OD SRR & S FI SIS 5 DI IEIE
HHILTHERL Twiz, —5, BiE OEEE 20%MVC
FCRAEICIRENAE S &Y, 20%MVC 2882 T&
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SIKBEN (@H) 2REILTWL L, #HIRFOE
B/ & 2B ZR L. o T 0% R I
HERE DS % 3872 Orizio 1%, 80%MVC BTz
BT, EOHEN (IAMG) i3%MVC izt L TA
WK T B2 L BRL, 80%MVC 2882 % LT
5 LHRE L T3, Orizio 513 Z ORI %, 80%MVC
UTsntid, ECESng 2 HRgEoE o
BEIMaHEL IAMG 38K 3 2 &L, 512 80%MVC
L ET IAMG 53849 % D1, AfRiEOIHEORIE
K ODEMIBRTE R KD Z L, BHEEKCND 25
TIOEIMZ LV FHOEMPMFI SN 2D 2 DEHE
HELTHZELTWS, AFFRICBWTIE, B8
TIHE > TIRBEASIEA L, 20%MV FEHER: 2 AR
BELZ R LR L AIRIEHESES L. Z0%b
DOEEFEIZ, Orizio 5 OMEG L EETH - 7223, BHER
TEMEORAME % F4 T 2 %MVC OFEW I, W b
Jo8 —BEAR OB ERVOE VR, IHETRE I3 3 Y
HEREEZL DB L 23D THBEHEZL L. 851
ERMIGFECOHmETORETIX, RETI2HHHE
BRI EMZTWDE I RS, #0710, HEY
94> 20%6MVC LUT OB & 77 FIERI IR 12 %
RAID/NE L, BHOBBEERIGRIPBIN SN TS
RETHY, HRIPANDILRELILRT V. 20
£, 209%MVC LUT O/ FEHRH I B8 W T, find %K
DIRSE U7 EBNEALC X 2 EIE L TWwWAIRAEE, L
RBEGANCEE L - EEEMIC L > ChlER I &h
ZARTERIEMEE L CWAIRETH Y, BHIUEORICER
SN AR DS Z B 7 DB F ORBEDZELIC L > T
HIHF~NORKEREMEFHET L LHEINSE, Ik
S REED S, 20% LT O MVC R I AE DR
BERKELBENZDDOEEZ OGNS, RIZ, 20%MVC
BB Z DA TIIFAERRIZ, &< OYHE D RS e
DRI SRVEEOREE RS, #0952, KEZHH
NEE>TRHOEBEEENBIESIREBER BT
D, FOBIAZENO EHEEBNRD T 5 72 D% DR
BN E>Tn EEZHNE. ZDESI, Bl
ORI U LB IR T 2 B BN O IREE & B
D, HEOREIIHOHEER GRICIVHUE -
7REE, WA ETINL T 24088 RIFEOREE (3
INHE, oELimkE, 58iE) 2RIEL T3 BT
ZENTE S,

IV. BRERY

IERE 2RO CKRFHOMHE 2 8% L7 r gk
5MNX, BHFIZFEI 10~40 Hz O BEECEEHIC5HF L
TPEHRELTWSE, FhicHL, KRBT T E
W7 7 AW THIE L BRI O5E O R
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