30 bR e

Vol.30 (2023)

PR 30 AFEREBIRC>

BT 7 AT v —DEWDHBENC K 2 ik 8
BRUHABHREILENIC S X 250 B ROREICHF LI 50

K#%

W WA PR - ONEP Bl

CREUERMER R KA E W 2RSS UTZER WS TAERE IR0 %)

&

[l

EEDWEETWCIAT, BRET L] IFHE
T2 LFHENZV, TBNEZ &) &, HE -
B RN HEE O THIE « TIUTHED &V 5 —H D)
TEDRNUIC K > T D L> TV B, HBOBICIE,
K., HOBIURKIE. KE, MEBXCMEZE
R TRER DR E N, BT A TIRRES 2 4T L iR
HRWBE N, WEICFEEd % & E N5, Central
Pattern Generator IZ & - THA: U 7 IH I ES) & (& i
TB5TLICKDMIBICEITENS, T OB
(&, DA ARSI SZ A5 A, WELER TR 77 5 0 S P E TRk
R eRls ERMBHEBNEE L TWa, Btz HiE
L7EBROBRIEZ., T OWREEHZAGRMEA TH
D, BELHNERE T I AF v —DENERH L
TWa,

WL, A & L A0 F S M 37 S
Ma e, BHOBEESOHR RS T RHIEEZ 5 R %
CTENHLMTEDDDHB Y, Tl KME T
& CHREIO SR IMHSREDFE I BT 2 ITREME &
2LV RERCEMRREEHB Y, T,
MR O HIENC 1 B BRI S L TWVWE T &N
MRS SN TWD M, THELES) & [ F R - ik
TEEIDRIHE K UZ DRI IZRTE AR SN 20,

WELERSEE B RF oD F AR v B & I i R B 8 72 (A RE 1
slER U, MHEES) & RUThE) - B At B o B,
ANZALZASGMCT B L LI, BiExZEBKD
BiZHOTHE - f@ffird a2 &ic kb, BR77
AF v —DENT K B HEHEHEB) O iR # e s XU
HERMREEIN OB 2L MM 2 L2 HNE
L7z,

HNEREXUHE

X5

AP EHR S EHT 28 7 %O4AFE DA
W R & UTe, BECIEREI O FARBEA: 0B B
fiiEDdH 34, 2tk tEoals - 28 MRE
> TWEHE, RMEEEZET 28, 2R
HUTWEH, BEEEERN T, HREITE. 5
HWA S CICNBZ ARSI L, WEZS . A
78, HRER R A M EE R ORRZZIT T
FHEL 7z (2019-11),

AlE :

W E. =|iK 26 FICRIZN TV 2 e B
T WHRBFFENICT, PRIEEARICTIT>TE 55
Too WIED 2 BERIATICIE M. R OB 28 1E
L7z,

WBREANIE, MR AT L (RS tEY 2, K
B, R (e LERA S, BY) Z2{EH
L. MHWBIERE S > A e U, HEEE I E IS
& LT, MMIMImBIREIE. SEARNIR D EEZ iz
NIRS (OMM-3000. #FNEthEESRIERT 12T, migd
HICHRIV R R, T a—"77% 3 em RFBICHCE L, B
Htifmifie (OxyHb). Mifeiftififis (Deoxy Hb),
2 (Total Hb) Z2HIE Uiz, HEMREIGE)IC
DWTIE, hns R i I i€ 25 Pulse Analyzer Plus
(TAS9, ¥Rtk YKCO) ZHWT.OHZE) (Heart
Rate Variability ; HRV) Z&Hll U7z, MIERREIE. H
MR ZCERRFD 5 73T HMER O 5 o & L. BIERT
IZ 30 PN TY T v 7 A LT=DBIE % Billh,
WHIEH% 13 20 Z) RTINS 2 3 U Tz,



BT 7 AT ¥ —OEWDEHBNC & % iS55 KU BRSNS 2 5 BB EROEICE 59 50

31

fRAf
PRI B U T, Jefrifgs ¥ i e U Caig
7z 6 D0 7ICHEIL (WD, ZhZNDHi
KERIK M PR ENRE DG HAMEIC O Uy Zeifiie, THg O
e 1AW O TER L 7o BEEMRTEENE. O
15 (HR) DZH) HRV O DI BRIRER S D J& 14K
it 210, SR I K U RIES AR O TE BIR AR
it Ulzo 2EE O HIESREPHIE 40 ~ 199 bpm,
DHTHPEREE X = 5% TH O, sy (0.15 ~
0.50 Hz : high frequency : HFnorm), & {EJ& %K 57
(0.04 ~ 0.15 Hz : low frequency ; LFnorm) 7Z#fit}
TEHIENTES, HEMEFRHOREE LT, 5k
TWFRIC R B w22 EMRE 2 LF/HF, LFnorm % fi
MU, 7 EERTEEI2ZE N T ¥ A %2 DEEE R
7 (SDNN) 7 FHW\CRHi L 7z,

et ZIfENTIC &, Mann-Whitney @ U 8 %z
W, g, THIRHOZ L, BRSO LERRET
Zi1o7z (p<0.05),

fm R

M pRBaEIc B LTk, OxyHb IZDW T, A LM
e RHRKHBCIIARENRDONT, BREDE
A LD, FiFEHBA R DM, VM, Ml LVL ic$

W, BRICER L, 2oty 7 TEAEA
FRBHSNEho T,

HRV JlE IS B W T, B AR B 0 21k,
LFnorm, LE/HF &, A EGZ(LIERD S NEH >
Tehd. MHEH O HR IZLZFR & iU, ARIC B
Lz (K2, i, HL - ZBRIICGEDHN, B
mnfE DA EAERD b Nish - 7z,

Z =
HEITDOWT

R & LT, MR D 7T I\, R ZH W,
ChE. MiREiRE. AEMREEINOBmD T 7
AF ¥ —DNDZEZRL T, k- ETH O,
MDA —DWEDONEY L HW LD TH
%o MHESCMEOREIC X O, RGN M. A
PR ENC DV TR, REMREEID LR 5 L F
BNTVBIHTHB Y, HEEEDOZMEE LT,
WHEY X LZRESSTHIBMEEE Uiz, 2hid. |
Y X L2k % 7= b O TR E 7o S BER RS
X B MMMiRENRE, HARMREIIN D EZ R 2D
TH 5, WMiEH, BEMEEEHORM %L LT,
ZnEn. MnREhRE, IREOMEZH W, Th
5k, LEICIHRENTH D, ZFV T IV EA LI

the prefrontal cortex

Right Left
1 2 3 4 5 6
e - e
7 -4 T+—1-A2 13
14 15 16 17 18 19
20 21 22 24 25 26
ol \M nn
27 29 30 32

BIEEERF v >~ X IVECER



32 bR e

Vol.30 (2023)

g
8

E ™1 %ﬁ% _ 80 | [— 16
= 1| ¥ »]
-D o 1w 14
N L
3 0 4 ‘ ‘ E 50 ~{ 1.2 — Agal'
E =1 . g 50 5 14 — Gum
5 L1 o -
(] 1 * 40 + n.s. 08
Es 30 4 _ | I e n.s.
Nn.s. ‘— I
l 23 e n.s.
2 R IRE - BERSEESOR(L
HERMREEIIRAE, X N L RAIRREZH% T & DV ATHE EHThH%,
TdhHs, WHIEHEBIC K O OEED L7 % T &I T
T RO R E RS T, HL - HKEVWS TV
BRITOWT AF v —DEREZDEFICHEOT, FEEIC EARMNEE

IR A HENESNC K 0 LR 5 T &ld. STt
LA TH o Ted, FRK O HEH DR RE)
BlE. HLOFMEREHKRL, ARICEARLTY
Teo T LOREIC X2 RIS KU, BV AV
W EATZEMETNT VS, £z, Bz HE
HIS, BOLWERCZERE LT, BIEOHIE
HMEESNLEEDNTEL, BEREVT—0D 1
DTH 5 HREZAMMNEE LB E R T
%o —JH. HWLDSA Ty MRFRICENT, A LM
MR CORPROZLH & KX K ZSHEINH 5 C
EWRBENTWVD, HREEMZASRZ T Lc=
XAPRRRRIC K 5. BEMROKISEEZ BN 5,
SEREAFE D TTHE L FPHE D B Dy & 5 O 2 A e
RTINS, chbofiEzrLtiEC b, mED
U FR 25 [ 2 9, EEIRFICE C 2 BERE
BOZLIE, B2 ARPRHHZABORERIC X S
MR Z A IR & @A D B O E B D B
b, LRIV aARYRBEELTVS Y UL,
INHICDVTIEARHZEDZ L. SBOME

bz eld. HLDKI BHNE D2 T &
HELWIRRED /5T, Bx 2 BIEEIC X D D
o ER. MEHEAND 7 Ta—F N T & % alHE
MNEZ 5N, T bol&EREHESICHENT
EEOEIEOEOR LIZEETHD . KO@ET
W3, Bz, BEETIVYNAT =, 59D, §
Mg, B2E0ICEERVKIIICTE, HBHWNIECT
NS OMEFTEESE S LW S DB O TRE
77m—F e LT, KR a > Fa—)b, [
RRTGENOHIE 2, HEHEE) &S | A TESE) KTk
HEI KO LM, IO TR E EBfRE I I
FATHRE T H 2 HMBINHM TE 2D THNIE, fEEE
BENOTEDHIRGTE 5, 9%, HAREMICK
ZEHIZ T > TV ETZL,

B

g AR U 2 mi R O ik R BN e s & THOVIEL
BZTBM, BT VAT v —DENICK ST,



BT 7 AT v —OEWVDHBNC & 2 BiETE KU EHRMREIICE X 2 B HROEEICES I 5h) 33

ZDRISITIZ AR D 5 [REMED R E Nz,

A

A2 ZTICH D XL T, MBIz E D X
U 7e i RN i B« B bk B R (R
DERICOE DEHH L BT R,

2 X

1) Hasegawa Y, Ono T, Hori K, Nokubi T. 2007.
Influence of human jaw movement on cerebral blood
flow. J Dent Res. 86(1):64-68.

2) Koizumi S, Minamisawa S, Sasaguri K, Onozuka M,
Sato S, Ono Y. 2011. Chewing reduces sympathetic
nervous response to stress and prevents poststress
arrhythmias in rats. Am J Physiol Heart Circ Physiol.
301:H1551-H1558.

3)

Fukushima-Nakayama Y, Ono T, Hayashi M, Inoue M,
Wake H, Ono T, Nakashima T. 2017 Reduced
Mastication Impairs Memory Function. J Dent Res.
96(9) :1058-1066.

Kamiya K, Fumoto M, Kikuchi H, Sekiyama T, Mohri-
Ikuzawa Y, Umino M, Arita H. 2010. Prolonged gum
chewing evokes activation of the ventral part of
prefrontal cortex and suppression of nociceptive
responses: involvement of the serotonergic system. ]
Med Dent Sci. 57:35-43.

Hasegawa Y, Tachibana Y, Sakagami J, Zhang M,
Urade M, Ono T. 2013. Flavor-Enhanced Modulation
of Cerebral Blood Flow during Gum Chewing PLoS
One. 8(6):¢66313.

Goodwin GM, McCloskey DI, Mitchell JH. 1972.
Cardiovascular and respiratory responses to changes
in central command during isometric exercise at
constant muscle tension. J Physiol, 226(1): 173-190.



34 W EMEIWIZEHRESE  Vol.30 (2023)

Relationships among food textures, autonomic nervous system
activity, and cerebral circulation during mastication

Hiroko OHMORI, Hiroaki KIRIMOTO, and Takashi ONO
Orthodontic Science, Graduate School, Tokyo Medical and Dental University (TMDU), Japan

Mastication is an important and complex function that involves coordinated
movement of the muscles according to the characteristics of the food texture.
The effects of mastication on body physiology have recently been investigated.
For example, gum chewing is reported to be related to chronic stress and
activates cerebral circulation, which involves autonomic nervous system
activity. Autonomic nervous system activity can be evaluated by monitoring
heart rate (HR) variability. The current study was performed to clarify
the effects of masticatory function on general health. We investigated the
relationship among food textures, HR variability, and cerebral circulation. Seven
healthy adults without malocclusion participated in the study. Measurements
were performed in a silent room with a room temperature of 26°C. The subjects
were instructed to chew gum and agar for 5 min. The HR variability was
measured for 5 min before and during chewing using a pulse frequency meter.
Simultaneously, the oxygenated hemoglobin and deoxygenated hemoglobin
concentrations in the prefrontal cortex were measured using near-infrared
spectroscopy. Statistical comparisons were performed using the Mann-Whitney
U test (p < 0.05). Significant differences were found in HR between before and
during chewing and in oxygenated hemoglobin concentration between chewing
gum and agar. Our findings suggest that chewing increases HR and different
food textures have different effects on cerebral circulation during mastication.



