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ABSTRACT

The present study was devised to clarify the characteristics in blood pressure and
cerebral blood flow volume during chewing at different intensities in middle-aged and
elderly persons. Measurements were taken of blood pressure (SBP, DBP), heart rate
(HR), wave height of plethysmography (WHprg), blood flow volume of the common
carotid artery (BFV(c) and blood flow velocity (Vel.gp) by ultrasound doppler using
the A- mode method, and tympanum temperature (Tty) during chewing at three kinds of
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intensities while in a upright sitting position. Chewing consisted of one bite per second for
6 minutes and was conducted at each of the relative intensities of 25%, 50% and 75% of
the maximal occlusal force (OF,,,). In addition, some physiological responses were
reviewed in terms of cardiovascular and cerebral blood flow controls in middle-aged and
elderly persons. Fourteen male volunteers (7 persons in the 38~75-yr group as the ME
group, 7 persons in the 19~26-yr group as the Y group) cooperated as the subjects of this
study. In the Me group, A BFV (A indicates the difference from the resting value),
A Vel.gg, Tty increased significantly at 50% and 75% chewing. SBP, DBP and HR also
were enhanced from the resting values significantly at 25%~75% chewing, and the
elevation of SBP and the depression of WHpy were typically greater in comparison with
changes in the Y group. Based on these physiological changes, it was predicted that the
sympathetic nervous system was activated in the process of chewing. Furthermore,
significant positive correlations were recognized between A HR and Vel.gg (r=0.701),
A HR and BFVe (r=0.616), and DBP and Vel.gp (r=0.670) at chewing. Based on
these results, we estimated that vessel contraction and pressure response with chewing in
the ME group were obviously greater than in the Y group. In conclusion, it was indicated
that blood pressure increased more typically than cerebral blood flow volume during
chewing in middle-aged and elderly persons. Therefore, it was suggested that chewing
exercise might activate a brain function and keep flexibility of brain vessels by increasing
cerebral blood flow during chewing. However, further increase of blood pressure would
be expected by the strong chewing in the patients with hypertension. Finally, frequent
chewing in a weak or moderate intensity might be recommended in daily life.
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£ 1 Physical features and resting values in cardiovascular
functions, tympanum temperature (Tty) and maximal
occlusal force (OFmax) of subjects.

subj.; male
Young Middle-aged
(Y;n=7) &Elderly (ME;:n=7)
Age years 21.1 £238 56.7 £ 13.2
Height cm 170.1 £6.7 1664 £6.4
Weight kg 629 =45 68.7 £ 8.8
Tty T 37.07 £0.32 36.76 +0.64
SBP mmHg 1209 £7.1 -+ 1369 £12.7
DBP mmHg 69.3 =105 -« 803 £73
HR bpm 67.7 *14.7 59.1 +12.0
BFVee mlfsec 6.07 +1.44 6.24 +143
Velgr cm/fsec 18.78 +£4.71 15.66 +4.42
Dvesl mm 647 £0.84 7.18 +0.57
dDs-d mm 0.641 £0.121 -+ 0.423 +0.202
OFmax kef 625 +14.2 529 £26.5
WHpyg mV/V 160.5 +435 180.5 +57.3

Abbreviations : SBP, DBP=systolic and diastolic blood
pressure, HR=heart rate, BFV:blood flow volume of the
common carotid artery (CC), Vel.gg=velocity of blood
flow, Dvesl=vessel (CC) diameter, dDs-d=difference
between systolic and diastolic diameter of vessel (CC) ,
WHpg= wave height of plethysmography. Values in the
table indicate means * SD. * p<(.05, ** p<0.01

HLOMAEEMED25% (YA ; 28.0%, ME
BE L 284% W bFME, LTHEL), 50 %
(Y;54.5%, ME;521%), 75% (Y;76.6%, ME;
81.8%) %ERL, MBMICEEE X L 7.
MiE (ASBP, ADBP), LM%k (AHR) B
L UHAREMIRE R (WHprg, xHRHE%)
DBIREMA Lok, BXOEMAPOEIZER]
\Z7’RL7z. ASBP, ADBP, AHRIXZLHHEIZH
LWL DAERICLEA LA, MEBETIZFHY
25 %A L HOTEEED S SBP L HRO LAY R &
DEBIE o7, WHppg i, Ak Lo L FE
WCHREE DEFHEICH LAERET 2R L2,
YHOBTEEIMER LY KRE L, WEEL bER
WTETHEPEEESL CEEL 2o 7.

2. 3 (A LDHEFORMKE, MARESL
UMERFEOEAL

AREBIRIMEE (ABFVee), BRI

B (A Velgp), WUEH —3GRIMMEEZE (dD, )



w;:;fg Subj.; male
+ r

ZSBP . -0-Y(n=7) —e=ME (n=7)
+I184

B ¥k . kK - R
+i2

2 & —

ooty
,ﬁ"‘ CEEE REE N

P - e %

>4

0 ] 1 ] Ll
1293
100 WHprrGc Mean+SE
"\\ *® *
80 “. ¥ % *%
60 ‘\T _-I'* ‘I 3 x
= A *E . .
*
20

rest 253% SOI% 75I% reclwery
biting of OFmax

B41 Changes in blood pressure (A SBP, A DBP), heart
rate (A HR) and waveheight of plethysmography (WHprg )
during biting at 25 %, 50 % and 75 % of the maximal
occlusal force (OFmax). The symbol ( A)indivates a
difference from the resting value. *p<0.05, **p<0.01,
**¥p<(0.001
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2 Changes in blood flow volume of the common carotid
artery (A BFV¢(), blood flow velocity (A Vel gr),
difference between systolic and diastolic diameter of the
common carotid artery (dDs-d ) and tympanum
temperature( A Tty) during biting at 25 %, 50 % and 75 %
of the maximal occlusal force (OFmax). The symbol
(A)indicates a difference from the resting value. *p<0.05,
*¥p<(.01, ***p<0.001
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2 Correlation coefficients (r) between parameters

subj.;male
Y ME

- HR vs SBP 0.274%* 0.541%*
AHRvs A SBP ns. 0.427%%*
AHRvs ADBP n.s. 0.461%*
HR vs Tty 0.690** Q.772%%2
HR vs Vel.gp n.s. 0.501%*
A HR vs Vel.gp n.s. 0.701%*
A HR vs BFV ¢ n.s. 0.616%*
HR vs WHPTG -0.91(Q#=* IL.S.
A SBP vs Tty 0.307* n.s.
A DBP vs Tty 0.257* 0.383%*
DBP vs Vel. gg n.s. 0.670%*
DBP vs dDs-d -0.753** n.s.
Tty vs A BFV ¢ 0.300%* 0.259*
Tty vs WHprg -0.643** n.s.
BFV( vs Dvesl 0.450%* n.s,
BFVc vs Vel.gp 0.729%* 0.867##*
ABFVcvs A Vel g 0.986%#* 0.991 4+
BFV vs dDs-d 0.628** 1.s.
%OFnax vs Vel.ge 0.463** n.s.
9%0Fmax vs WHprq -0.435%* n.s.

abbreviations : Y=young subject, ME=middle-aged & elderly
subject, SBP & DBP=systolic and diastolic blood pressure,
HR=heart rate, BFV~=blood flow volume of the common
carotid artery (CC), Vel.gg=velocity of blood flow,
Dvesl=vessel (CC) diameter, dDs-d=difference between
systolic and diastolic diameter of vessel ( CC) ,
WHprg=wave height of plethysmography, %OFmax =
intensity in ratio against maximal occlusal force, n.s.=not
significant, A =difference from resting value.

*p<0.05, *¥p<0.01, ***p<0.001

A HR & Vel.gp (r=0.701), B X O'BFV,e
(r=0.616), & 5IZDBP & Velgg (r=0.670) IZIE
DEBELZMEEAPRBOLRI. —F, YETR
BFVc & MEE (Dvesl, r=0.450), 3 & UL
#iE — PRI M E %% (dDyy, 1=0.628) & DM,
WA LSRR (%) & Velge (1=0463) & OREIC
EDORELZHEI RO LN, 252 DBP &
dDg 4 (r=—0.753), HWEBMRKWER (WHprg)
EHR (r=—0.910), BLUMEALDEE (1=—
0.435) L DRMICAOEHELIEBIN A S N7-.

3. ¥ ®|
BRI R ICH A EHPETIE, FHICREL

RTVEREOREEFIIEERETH L Y,
HIEEEBRAIML TWABETI, BELICC

T2 b AR =R Vol. 24

_ —~101—

W B KRR T A EEE LT, HEAFIC
B BAE, EF), KEICHTS10250501E
ShTwa W, SElETE, BREFICBT2IHE
BV EER IS W, REATDH, MEIC
X BN DHHE, BRFMAGHRAEE T IORER L2
EMOPERTHEEZELZONTVWE), 72,
4 LURE RS T 12 O S0 B 12 & 5 S g gk o Bg i

¥, BAEEPONFABAORAEE, B,

RERREE T AERR O ) bR S ek
el S h 2 21516)
STAMFER, HRERE BT WA LDHR
FEDBEIC X BIE, BT RIS OB % H 4
DF|AREINFT DM EPSHS L LD
ERB LN, BARWE N FEIEREIIX, B —
% il 1 72 D R T R K A AT IS A 7 12
HL3~5%®mitizRd” oT, HEDOHEBE
RE LT AR 2 A 1 KB ICRFSES LT
WA LOBAME S X7z, M, WA L OSREH
IV E SEREICLLAEEICERAL, &
SHEEDSBPIIMEHSYHLVAERICHETH -
7z. ETZMEBED WHprg &, KA L OB
KB TR E CREME S Y 20 ~ 30 % DR % 4
FL, YHIRIEFE L2 D o7 (R1). WHprg
OFAKIE, MBI & 2 EEROP/IMEE L
S, HRO LR L L I8 BAERIGEE O it
AR 518, MEBECIIINEGIC & 2 M O®L
BEZLN, DI LIE WHprg DEATY BELE
EFE Lo cBHO 1D LMEIND.
%7, MEBCBIEZS N MEEE (dD,,) DM
FH%L (M2), BLU HRLIME, BFV e,
Vel.gp & OIHBBIROERIL, A LDIZLBIE
AMINEDFLELZHER S5, MEFEOILE, HR,
MEES) (WHprg) EMEA L OB D L FE
EALERLIDIH L, BLiE (BFVee),
MHEHEE (Velgp) B & UEER (Tty) 50 %
MU ETHEELER L (R2). Ty 3SR
MFEEDEALZ KT 2519 LE2 5RTn5,



— 1025

KEBRTII Tty £ BFVoe PBICHE R IEDOHM
(r=0.216) AFEDHN=DT, Wk L OB IR
WEEWIMLZ, EEZO6NE. MEBEOEAL
DEETY D LRI YREL VEETH - 7285, Zh
ZAEHD S & B A L ORI 5 AR AR ET RIS
BEPO LAV, 1B, BERFNy 79—
MA7 IR 2 & Mt B RE £ HEE 5 5 ik
WZHAREBIA/NS {, BRIICH LR TV EE
ALNTWA2, T, HE (A LD) H%%
13 = AR O RO AR A R ER LB I (& X
h, MENEERYWE PWHE) #hibses2D),
HESE IC b A Fa— VT 2 ¥, BLUILEE
BEAS B L7820 ISR 5 A A R
B7oE I & 5 HR, MEOHEINTETHIETHE
FANT V582223 mHIE (WA L) B2,
IHhOOELICHEY L TRt e 5, L
BEND. WA LD TRB S & DWARTERIZ L
PEEDSSHIEAET 53, I RREZ AR
FOBRESZHBIODAL IV ALMbAZ &P
5, WA L ORI 5 EFINE IO I
LAKEWEEZSRTWS T, KEROMIE,
WHprg PGSR, HIMERE O F A HBERD
RERD ZBIEE L2, PRAERETE, LEBX
DA BV 2 WA L ORIBIT A3 2 28 piiE
REEAS, MEOBEI L > THEE L VEEC
B LT D, L LAERDOBFV X, &
1L DIEMSEERAE R D 1T HA50 % DL L ofEAS,
POm DTG VIEA LOBOEME S &1 072, &
L, BERE Z BN TRl L 72 AT ZeicaT L,
REBIIERN CRE LS IS L A BLERT.
F/-MEBETIE, 55V A LOKEOIME LR 2,
BRI L X ) KEWERD A L. hEE
g IE, & ICHOOEERE TOMA LOREE
BEZHIZOPOT, BEX DR MELBEMAH A S
N EHFERPS Lk,

LZAT, MMERECLZERESR, R
i DA AR L 7 iR E O LB RHE &

NTWB 2, 5T, AHEFICBY 2 M
DR~ DRI B 231320 ZEETH L L EbI 5,
KRR T %, WEREIX, HBROAFHICTS %M
BOWA LS (Bl E 2050 T HEICHERK,
BV RGHD) 23752 Lild%<, #R
25 %58 (LT ORI S ASHEA L 2 BE
D) T, 7FIZ50%HBEOHA LD (Hh
DWEEZELTHEALDEENH D) 2752 L
EEEICRR, TRLDEESS, PEERE
TiE, FLUWIE LR % b 312l ot = % 80
SELME L LT, BWIEALOKRELD S IHE
(HRKD3~4#0N) PEBDLhD LEBEDbRT,
FEERE OB T, B WMo TR K%
ZLWLZ EETING,

4. 2&D

FEERE LRI LRREENII T 5H

 XPEEEDRRA LOFEBROHER, LTOZ AL

PR olz,

1) YLAEHAMLE & 25 % TR b <, 50 %,
70 %HME & EDA LN hole. ERBEFELIC
RELEEICHED» - 7. -

2) WRMMIED FHVELLFRICERL,
DL bENALN P72,

3) B, RECIE U CHiE LEEE LD
E3hoT.

4) RARABREE S L, HUREISFEIC
FELAAEEZFIILETES, WALOKTIO0
53t % CHB L 2o 72,

5) MMLyEEIIHEEREL L OWA LOTEH
=L 7.

INSDFERDL, NEHEREOWA LDOTIZ,
A L R O B I B LI 0 ERAEE TH B
ZEMREE N, fEoT, WA LOEENIRHKO
TEPEAL & BRI O #k 2 MR 3 2 8 R HARE C
E5—HT, BIEBETXESLHM0E LR,
BLESES SN, KFFEICE-T, BObh

FH v h AR—=YEE Vol 4



LA L DITTENE LT, 9~ ERHE S
TOEBDOZEA LD THLHZ ENHL IS

o7,

3 &

AREZAT) ICH2y, HEDKZTH: (#)
AFFLETH v P AR -0 FARAM R
LR LET S, &b, MBAELERS ST 21T
ITETHY LN, FRORBREATIEL %
DELL. REBATBLLETET.

X

1)
2)
3)
4)
5)

6)
7

8)

9)

10)

11)

12)

ik

SIAREE, AILER @ SkE O S Aighe & ET),
HERE, 29, 156-178 (2000)

AAHE—, AWEFES | SO, HFEd
IA Ty, 133-137, R, Fx (1993)
INHREES, ARGE, B LB, FHElE ek
EF O L DR, WL, 40, 1-23 (1996)
PO | R CIEENN 2 (3 ERFERSS W,
Medical Tribune (9 H 16 Hf¥), p43 (1993)

HEIDAREG @ 3 15 MM, WEEF, 882-897,

RAHME, i (1992)

SRHIESR, FRET, WL, BEE, BARE
NEMS & R oo 2sfk, BApRHETRy, 584, 37-
48 (1991)

AIFEE | IEERRFOEFICE, BAREMRES
MeEE1 (1), 3-12 (2001)

HIUEH, HARBE, MEX, EOgRB, THR
=, SR/, EREEAR DT LG DI -
Bl ZZ i rhiitkne, HARMBESMERE, 8 (1), 42-
52 (1998)
SR
620, 85-94 (1994)

SiARECE, RINER, MO®RE, AINIARE, HK
FAN, EEEK Fa—a 77 AR
BR M, FRFEENE, OB LOMER
JOICRIZT T2 OW S OFE, BARERESH
78, 4 (1), 51-62 (1994)

BRHIES, FAHET, LW, BES, BAR
N MR & K 4 & fi i it & @ 254k, J. Orthodont
Practice (JOP), 5 (10), 37-48 (1989)
HER, FFAEF, B, SR, BERE
MG &R LB E OB — %2 %%, J.

74 b AK— VB Vol. 24

MG & 45 OfkeE, HAWEEFR,

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

=108 —

Orthodont Practice (JOP), 7 (1), 23-29 (1991)
THEHE | WS X 5 BRrkmi e Loy, o
AvhiFiaTam, 620, 105-113 (1994)

HACSRE LS | EHEH A 2] & 9% -G8, pp6-7,
110-112, pl21, 151-153, 35 (2000)

RHERT, ARFORH, (L s & 5 i
REBEOET EREMOMIR, HAEFEFSMH
ik, 24 (5), 437-443 (1987)

AAESE=, FARBA, Ak—K, FHER : 55
IRIMYE & ARG Mseee, eIV ANEYT—Ta
>, 13 (4), 259-263 (1985)

Ohtsuki T. . Changes in Strength, Speed, and
Reaction Time Induced by Simultaneous Bilateral
Muscular Activity, Interlimb Coordination, 259-
274, Academic Press, Inc. (1994)

BEMT, BRER—, ThAK, BRLE . #BRE
BIREDO 7Y ¥ VEFRIC L 2 EREHREOE
B, TORRMER, BAME 24 (1), 45-
49 (1987)

PEFEKE] | b P ERLR O AR R, AR
FMERL, 51, 387-404 (1989)

Kohler T. R., Langlois Y., Roederer G. O., Phillips D.
J., Beach K. W., Primozich J., Lawrence R., Nicholls
S. C. and Strandness D. E. Jr.: Variability in
measurement of specific parameters for carotid
duplex examination, Ultrasound in Med. & Biol., 13
(10) 637-342 (1987)

FEREIRE, WHS X Bl oMEMERE & 20
W3k, TERIERL, 39, 330-337 (1996)

Bakke M., Thomsen C. E., Vilmann A., Soneda K.,
Farella M. and Mgller E.: Ultrasonographic
assessment of the swelling of the human masseter
muscle after static and dynamic activity, Archs oral
Biol., 41 (2) 133-140 (1996)

Farella M., Bakke M., Michelotti A., Marotta G. and
Martina R.: Cardiovascular responses in humans to
experimental chewing of gums of different
consistencies, Archs oral Biol., 44 (10) 835-842
(1999)

Morimoto T., Inoue T., Masuda Y. and Nagashima
T.: Sensory components facilitating jaw-closing
muscle activities in the rabbit, Exp Brain Res., 76,
424-440 (1989)

HWINFE | PETIC & 2 FREHE ORI, ik
%, 34 (5), 693-701 (1990)

ABRIEH, EAGEESK | HMR L FBRE, HANE
FraFam, 620, 73-84 (1994)



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

