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Effects of Clenching on Exercise Performance:
Verification Using Spinal Function Assessments

by

Ryo Hirabayashi, Mutsuaki Edama, Hideaki Onishi
Institute for Human Movement and Medical Sciences,

Niigata University of Health and Welfare

ABSTRACT

Teeth clenching has a significant impact on exercise performance, but the optimal
clenching strength for peak exercise performance is unknown. Therefore, this study
aimed to determine the relationship between exercise performance and spinal function
as a function of clenching strength.

Two experiments were conducted in this study using two groups of 20 healthy
adults. The four clenching conditions in Experiment 1 were 0, 12.5, 25, and 50% of
the maximum voluntary contraction (MVC) of the masseter muscle, and Experiment
2 consisted of three conditions: no-bite condition, moderate effort, and maximum
effort (max condition). In Experiment 1, measurements of spinal function and
ankle dorsiflexion tasks were performed for each clenching condition, and the ankle
dorsiflexion task was performed in Experiment 2. Regarding spinal function, we

measured spinal reciprocal inhibition (RI) and the excitability of spinal anterior horn
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cells. For the ankle dorsiflexion task, ankle dorsiflexion MVC was performed for 3 s
under each clenching condition. The items analyzed were the reaction time, peak ankle
dorsiflexion torque, and soleus (Sol) /tibialis anterior (TA) electromyography (EMG)
ratio.

The results of Experiment 1 illustrated that RI was significantly attenuated or
eliminated with increasing clenching strength (>25% MVC). The excitability of
spinal anterior horn cells increased significantly with increasing clenching strength.
The peak torque was significantly higher at 50% MVC than at 0% MVC condition.
In Experiment 2, the peak torque was significantly higher under the moderate and
max conditions than under the no-bite condition, and the Sol/TA EMG ratio was
significantly higher under the max condition than under the moderate condition.
The present results illustrated that during high-strength clenching (=50% MVC),
antagonist muscles are activated simultaneously to increase muscle strength. High-
strength clenching improved kinetic performance (joint fixation), whereas low-

strength clenching (<50% MVC) enhanced exercise performance (joint movement).
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PEIREBDBIS LCWs. SRS OElo X H =
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63.1 = 9.1kg) X% & L7z, REFGEIE, ~vi v
FESICEOSVLLOTHY, REOHHEEAES
DEGRAFTERL 7. MEEHEIITERNER D
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L TR L 72
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125%, 25%, 50%MVC D 45kE L7z WD
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LKL AEREL Lz, F72, &ToOEREELT
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b X WEA L O G (4507 TEBLZ. £ty
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RIDENTIE, KRB St O BIEIRIE (109H)
O peak-to-peak fH & -39 L, Sol H S HR1GE A 35
X OMPERIE % 5 L 72, RIOfEIE, Sol HJX
SRR ME % e K M BEIRIEME Thr L T % EKRCI2 T
BH L7z (Sol H-reflex amplitude in %mmax). %%
WA L DS o OBE, &l Lz
BRI o0 H BRI AB L2 BUBR A B oD A O H RS
HRWEME % Br LT % Z5CICCHEM L7z ([Amplitude
of conditioned H-reflex amplitude / test H-reflex
amplitude] x 100).

BRI AMBEOBEREORIE S L THW/AHK
Yo ENTIE, Sol H FLYTHRNE 0 peak-to-peak fiti %
PRIEME E LCRIBL, WA LOEHETHRLNC
H SURHRIEME O 15 3 2 INEF L TR L 7:.
B LD S0 B OBR 1% Sol H KAHR IR %
ARMUEIRIEE TR L T%RELICTHEE L7 (Sol
H-reflex amplitude in %mmax).

FOGRER & L€, TAORIGEER 1%, 200 B o
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(SD) D% EMGH B 2 7zl & L7z $7z,
BN bV 7 O FUGKERNIE, 21 B ORI & %

ST A

B bV 7 EIME + 3SD Ofili % BT bV 2 1l
DB T L L7

Y—7 b2z, REESTEREE 3T
W NV ORKEE T L, 2B 0FEEE
BHL 7

Sol/TA EMG ratio (&, PBAHi bV 7 OB 5
50ms ¥ THOTA B L UFSol ® EMG & 4 &1 Hi 451l
5 ML, Sol EMG % 5 TAEMG % & L T % %
FLIZTHEI L7

1. 11 f#Etunsg

RIZ, A L 6O S x WSSt & WS % 72
O\ BAE M E ZICRCE BT 24T o 72, R
EE LT, &Mk LOSMORlE%E: (single &
25A) OIERIE, XD H % thi7E IZ Bonferroni
FilE 24T o 72, BRSO A L D S H
(0%, 12.5%, 25%, 50%MVC 4 1) o It # 13,
Bonferroni % W/ L EILBME L 1T 7. B
BERT A O B L EB) X7 o+ — < 2 XA DI A
LOGMEOREBIZIE, Wik LoFMo—ZRIZ
35 SARM E —JC AL ST B AT 2 ATV, S ERRE
& L C Bonferroni #: % fiV> 72 £ B ILIHE % 175
7z, FEBRHET OB MVC LB B O & 2 thf
BV WIS AREKEEIXS% & L7z

FH Yk AK— VR Vol. 43



—161 —

CTI 2ms 1 b CTI 20ms
¥k
x 100/ " 4 100 | ok
; O”M—O/. * 4
I go; 80 4 O__O//_O//@
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o 1 TE T OMA LD 5T H KPHRIFE D B2

RI L7z72% (p <0.001), DI#fl%3Ro72. WAL

WA Lo Gt & TS 0 2 2 o S E
U E WA DR KL, WA L DS O
EREEBOF (3,57) = 4502, p = 0.007, n
2=0192], FEEUEHOENFELEDF (2,
38) = 91477,p < 0001, n?=0828]. F7=, 2
BROLHNEH %780 72 [F (6,114) = 10.563,p <
0.001, n2 = 0.357]. single 540> H RS2,
WAL ORU CHEEY RO P72 LTz
o T, FAFRIEIIR T 2 Sol-H ST IRIREE O %
i, BEBRIBEEE IR L72b oTidhnwa &
EIRT.

B A L o> 5T S 17z single 5 & CTI 2,
20ms §=fF % ik L7 (®2). single §F & bl L
TCTI 2ms &1 Tl&, 0%, 125%, 25%MVC 4k
¢ H RCHRIE A3 F #1234 L (p < 0.001),
Ta #H BCHD ) % 580 72, 50%MVC &4 Cld Tatd
ANl % B0 e o 72 (p = 0107). WA Lo
M C oL, 0%MVC &M & b L <
25%, 50%MVC 4 14 ¢ H BT R IE M8 A5 A & 12 3
mML7 (p<0.001). 125%MVC 5/t & eiix L <
50%MVC &%, H FAHRIGME A =23 L 72
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DR ToLEL, 0%MVC S & gL <,
25% (p = 0.003), 50%MVC 41} (p = 0.012) T
H SCHRIRME A IS L 72, 125%MVC 4
L T50%MVC 413, HCHHRIEME A A
FIZHIML 7z (p = 0.019).

2. 2 HEERIAMBROEEM

Mk A L 8 G 1 [ o0 SCAELN 52 — JC L 1 53 Ko AT
DFERE, WAL DERMEO TR EZFRDT-[F (3,
57) = 61680, p <0001, 52 =0765]. Hitkk
EL LT, FMWALDOEMN:OHKHRIGED L
BTUE, 0%MVC e & i L T 125%, 25%,
50%MVC &£ T H RS RIEE 25 B2 L 72
(p < 0.001). 125% ZfF & I L CT50%MVC 4%
¢ H RGHRIEME A ZISBm L 72 (p < 0.001).
25%MVC 4t & it L T 50%MVC 44 H B+
IRIFME2EE I L 72 (p < 0.001) (K3).

2. 3 TEHEETREZRE
it P [
TA EMG O K5 EE B 12 B W T (F4A), T A
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0%MVC 12.5%MVC 25%MVC 50%MVC
T A L oSt

3 iAo B

AT D AR 2 — JCRE & 43 B AT O 5,
A LoEMoEMETRO RN o72 [F (G,
57) = 2489,p = 0069,n2 = (0.116].
FIEE bV 7 O FUSKEERIZ BT (B14B), MEA
L 8 S8 0 BRI 78 — TC L B 43 B3 AT O #6K,
A L OG0 ER R4 RO [F (3,57) = 2.905,
p=0042, 2 =10133]. LA»L, FHEHREICE
B L DL TOBEEZRIAD 2D - 7.
¥—2 bz (H4C)
W A L o S [ o0 AR I o2 — Je IE 1 45 0 AT

DFEFNL, A L OFRMEDOEEE O [F (3,

57) = 3236,p = 0029, n?=0146]. &Mk L
DEMEOE =27 Mo & I L724R, 0%MVC
Gt X HB L T50%MVC & CTE — 2 PV 7 A8
HEIZEME R L7 (p=0011).
Sol/TA EMG ratio
W A L o S 1] o0 BCARLEN 52 — T FL 18 43§ s A
13, TAEMG [F (3,57) = 1443, p = 0.240,
= 0.071] (K4D), Sol EMG [F (3,57) = 1.149,
p = 0337, n%=0057] (E4E), Sol/TA EMG
ratio [F (3,57) = 0.884,p = 0455, 1?2 = 0.044]
THA L OEMFO LR E RO % ro 72 (H4F).

2. 4 BEEHMVC

FE BRI £ O MVC (92 5% 737 0.352 + 0.041
mV, FEEi#0.359 = 0.038 mV) % FE L 72455,
HEEZROLP->7 (p=051). L7zA->T,

FEERIE D DRI T7 |\ IFBO IR o 7.

2. 5 =2

JE B R

moderate =1 D i background EMG 13 25.6 =
3.0%MVC7:o7z.

A B C
0.3 0.3
*
40
02 02
S
[%] (2]
z
0.1 0.1 80
20
0%MVC 12.5%MVC 25%MVC 50%MVC 0%MVC 12.5%MVC 25%MVC 50%MVC 0%MVC 12.5%MVC 25%MVC 50%MVC
EAWE I Wik L gt CERWIP I
D E F
200 200 15
150 150
10
[%2] 12}
£ 100 £ 100 2
> > ©
€ E 5
50 50
0 0 / | | 0
0%MVC 12.5%MVC 25%MVC 50%MVC 0%MVC 12.5%MVC 25%MVC 50%MVC 0%MVC 12.5%MVC 25%MVC 50%MVC
& L s &t A L&A & L s

X4 JERYETTE

TR (%28% 1)
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A L&
=
15 ok
10
S
5
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Moderate Max no-bite Moderate Max
I U &

5 LRI IERUE (925 2)

A B
0.3 0.3
0.2 0.2
2] o
0.1 0.1
0 0
no-bite Moderate Max no-bite
I 2 L sh 5t
D E
200 200
150 150
[2] (2}
£ 100 £ 100
> >
€ €
50 50
0 no-bite Moderate Max 0 no-bite
A L st
SIS RE

TA EMG O S RIIZ BT (H5BA), Mk L
O AR O BTN E — TCBLTE - AT O &, T
L OFMOERREZRD %o 72 [F (3,57)
0.300,p = 0.742, n2 = 0.016].

BIET bV 7 o BURFERTIZ BV C (BI5B), M
I L D A4 o BUAE I 7 — TT T 1 53 H o AT O #%
R WA LDOEHEOENR L RO LD -7 [F (3,
57) = 0461,p = 0.634, n% = 0.024].

¥—2z L7 (B5C)

W A L o> G i o> B AR 5 — T L 18 45 B o0 AT
DFEFRNL, A LDFEMEO LR R %2 FRO72[F (3,
57) = 13.906,p < 0.001, n? = 0423]. %MhH L
DEMOE =27 bV 7y % b L7243, no-bite 5&
& lL#g L Cmoderate 5 CTE — 27 ML 7 5
FICEEER L7 (p = 0.002). No-bite 514 & It
L Cmax & CE =27 Mo G EICHEEE R
L7z (p = 0.001).

Sol/TA EMG ratio

W A L o S ] o0 BCARLEN 2 — T L 1 43 B3 AT
FHIE, TAEMG [F (2,38) = 0.185,p = 0.832,
n? =0010] (E5D), Sol EMG [F (2,38) = 2.702,
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p = 0080, n?% = 0.125] Tk L 50 5%
%33 (H5E), Sol/TA EMG ratio Tl L
DEBO TR FZHO2[F (2,38) =3715,p =
0.034, n% = 0.164]. A L 50 Sol/TA EMG
ratio & H % L 724 %, moderate 514 & i L €
max 5= C Sol/TA EMG ratio VA &\ 2B E % 7R L
7z (p = 0.009) (KI5F).

2. 6 KEMVC

SEER T % O W MVC (92527 0.424 + 0.047
mV, 92Er#20414 + 0.047 mV) % LbiE L7248,
BEEZRORPo7: (p=027). L7z2oT,
FEERE OB OFHIET XFRO bk b o7z,

il

3. # =

AHFFE D main findings (X, WA L ORI ASHAN
T 220N, RUTIES £ 721308, B REHT A
Mo BAETEIHA L. EREEEEIC L 288
IRT =< VA, WALDIZL-oTE—2 ML
7 DN % RO, EEEOR A L © TidSol/TA
EMG ratio 23841 L 72.

ARFZEORER LY, FRBEET M O B L
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A L ORIV L 72, JeATHIZE T,
EFBRERN R & LT, WA L oIk o TR
B X UM O s % B T = SRR OB
%
A

N

ZH D D OMFEIED FREMEATIIC LY, 5T
RIEIEI 2 0032 2 L A ShCwa Dl A
WHEEIZ BT D, WA LDIZHES Sol H LG oo
Kik, BHIED FREEMEAC & % miitEzhfc
HHEFMEEIND. RIS Y T, A LD
5 fE % 20%MVC L _E o i BT H RS 2 51l L C
W7zAS, RIFZEIE & S ITKEREE O 12.5%MVC 5
#4C Sol HESHRIGMHE A I L 72, Z of
B, BT A TRELS Y, S5 ICIRERETO
IR EE C b PR E R R A R0 5 2 L 2 S A
|2 L72. Jendrassik maneuve |2 X % & B2 3 ) 5
DA TIE, 10%MVCIZ L 5 TREZEETLEH
BERT A OB EES AL MG L Twa
D) @iz, KEFRIE125%MVC DA Lo
IZBWTCh, mMEEERNRE 726 3155 7 Il
BETH 722 EAURE SN,
KWFORIOFF L 0, TatH LI £ 25%
MVC 4% THIHIAFEAE L, 50%MVC &4 Cid
WEI2EE L, DIFIHENE T RCTOMA Lo e
THIIDHRAT L 72, RLIE 25%MVC 54 L) _E T
AL ORIV IEES L7z, S TIFZE T,
TR E DI A L % jendrassik maneuver |2 & - C
RIDEST 5 2 L 2 LT3 230 Lyl
SATIFZ TR, RIGHIOBIZ, Wia Lo ihpE
BEAIC AV Sol Horeflex A58 HN3 2 438, stEif
WOEEE QR 21T TICEHI 21T > Tz, RI
(&, RBRRIB O SR KA L CHIfE LT %
2z e pn, EMICRIZFHITE T ldo e
WML H B, TD70, ARIFZECTILHE I 5]
WH % Solmmax D 20% |2 & b8, 1EME %R RIH]
HlEoOFH A TREE L7z, Wik Lot RIO
WEGB L OHED A = AL & LT, Renshaw il
A A U7 ORI, FR T M o S 11
RIHENB &, BB 5 O TadHI /e = 2 —

oA LY RI& WSS, Wk sen L
PHESRTWEY, o Ehs, WALD
SEEEHEINZ AL > T Sol @ F 1l £ AL 0 B 28
HKk$ % 2 & T, Renshaw M5 % 4 L 72 BB
fil2sE5E L, TA 2> 5 OWFIENTE= 2 — 1 > H»
S5DOANTTEIHIL 722 & T, RIAHTS, HEL
el ENHEZ LN, AREOA LD (125%,
259%MVC 4= ) EIZIE, WA LItk HREm
L O B RS R L, RIOEREIZFRA L 7-
728, BHEEE) RO EBIEM LGRS N,
a2 2 EATTE DA LDIRETH L]
ReEDSRIE S N7z, —H T, EHEEOMAL O
(50%MVC LI F) i, FHlm L o B 4 H
WKL, RIASEES, WAL T/ ofrifse
TIE, WA LDIZE > TSl 721 T L FEPLH O
TA O F fHT A AN O BT 5 2 & 26
HELTWL Y, EMEOA LI,
Lo FEHEEAL 2 BN &, B [ E S 7z
N7 = ARG S 2 LB L2 L
DEREETdH 2 W RRPEAD R S e,

i L OAER /N T + —< ¥ A T TRH
&, ¥'— 2 bV 27 H550%MVC 444, moderate 514,
max & TEM L 72, SBATIIZE T A Lo & 3 E)
INT F == v AOBEEE LR T, &K
B OWEH LI L BT DR TP o
LD — 7 PV 7 12T HEIIAYT
Hotz. RWEOFKRLY, WA L O 2K BRI
MO BAEER K IZPE> T, E—2 bV o &1
&R AR SN L L, 125%,
25%MVC C il fif /A i o BLAEPEASE K, RIOD
DAL TV BRI bLT, E—=27 hLo
OWEINIFED o7z, —DOOFERE LT, AR
BRI H B E= Y — TS L DR %
BHEEICIMA T, BT RAE Z 90 L 7272
W, TEHREELOTLEo I ENERELT
EzoNnb, ZOERERNT L0, EEBR2T
® moderate 54Tl WA L OEREDOFEI 237 <,
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T EREOAE FTTE, =7 V7D
WnEolzZEhs, FER1TOER/ ST + —
XY ADOFERIE, TEREOPELEET L LE
Wb,

Sol/TA EMG ratio Cl, moderate 5=f} & I L
Tmax FAETHBICHEML 72, b o)/
T F =X Y ADREREER ] OF RO R T
FAE X ¥ % & moderate 52413, max 5ot & [k
¥ =27 bV o OREI% F2%, moderate 5D
F L OFREETIZRIFEREDEAE, Sol/TA EMG ratio
MEMEZRT Z EAH S M & % 572, moderate 5t
fF (25%MVCHIf%) OMiAH LOHRETIE,
AN & B EBEGH O, B a2
FlTHEEREDEREL TWA I NS, TR
MEICEH L (Bl L CRHERES) BB/ 87+ —<
Y A% R &R AT REEAVRIE S /2. max G
1, EFERERY R & A FEEH O TSI
T, FEYUH OB R 0 B R L RILO
PRI T I X 2 oE L5 &2 3. 20
728, FEPUEIFELE < (Bl L CRARTRE E) oF
8T —~ v A% A LS5 EEEAVRIE S U
7z

AWFZEIL, ARGREE D S S E TOMEA L5l
JET, HRERE % &0 CEB)/ ST 1 —~ v ADF
Wz —#I AT > 2R MOMATH S, Tz, Kif
FRER LY, TAY = M LT, R L
DEERRT A LT, EENT =< VAN
M L3 B REMED S B M & otz 4
%, AR — VBRI DA L O TR % H
L, OB L OmEE L BN T - A
EOBREHEDIT H2UENH D EERD.

4. R F

ARWZEDRFR L LC2o%IF o5, 120HIE,
R BEHT A4 o> WL ME O FHIZ 3T, H/Mmax
7 NV—F XY =7 EFN TR\ IEHE
70 T BERT A O P % 7R T 2 0o 72T fE
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Wi s, LaL, Sfiifged? ciaEhemlL
THIBREE % —5E & L CRBERT AL o Bt %
BRI 2 FER VTV D, BIEFH A1 >
I, H/Mmax ) 7 )V— F X ¥ N — TIXEHFED
ATOFHN L TE 720, Ak LoHh oz
IR TH D, 20710, KiFgixeiimes?
L AR — B ORISR EE TR 2 4T 5 72, 20 H
3, BT R A R O A O FHANC 5
FoTWwh, FOe, BEEEHF O L 720
LOBERRHTH -7, Sk, BEEsTHo
B OEEE AV, BEAEOMNE S 280
THET 2 LB D 2.

5 #& &

RIFZEIE, FHREOMEA L Tld (50%MVC
PLL), RIOBEEK TISMA T, ¥—=2 Mok
Sol/TA EMG ratio 238 L, $EH0H; IR+ % [R] IR
PSRRI S LEB/ N7 + —~ v A (B
F5E) I LA LOMETH > 72, —H T,
R E O A Lo Tld (50%MVC #iii), RIDHE
FEEAICINZ T, ¥—2 v O8N, Sol/TA
EMG ratio DX T % 728, FEPUAG & #0132 HERE
ERRAT S, IS EHINT -~ VR
(BEEEEY) 1238 L 7216 L OFRETH - 7.

B
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