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The Relationship between Crushable Food Hardness and Tongue Pressure
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O, FAHETEEBETICONT 2@ %7 70 —F DR
VEBLRD.
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PRBTHIEHRINLS O B, BEOEFL WL
B, BRARLHITEDLETCEREZ B S LLELND
D, ZLOBEZRZAER, NE BSEOBHGICE
WTIFABEBORFICHER T 2HHEIE A5 5,
AR THIITHE T EEMRE (Video Fluoroscopic exami-
nation of swallowing) % W 7-ERREOPLEIFEY Y &
BRHW, EREIREOEFEITHTEY, ZRKARHT
LA ET 250HMAT, BREMICEDLIE 2 TR
BREZ RO T LHiED HLOPHIRTH Y.
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T&7. ZnHICE, EMEMEd 5 0VIEHETOLATE
DIENTH5E (M), BEMEWALZEOIELDEES
Tho [EENE] DoPToOEROMEETHS 5
] 2ZEBTAILICMAZ, MTHERICHETALESA
DHESE, BFEIEFECHAWE TREBICAZLZRZ A
D7=DICEDOTHREORIES EIFEMICERE N T 5.
F72, TRTCOADPHHRICHHETE A X HIZ2 ==
VFFEAL Y7 =TI, [BHICPD5][HETOR
BAHI[HETOREL [ NFERLTEV] Loz E
ZIBEE DO RN b, B [FTo8E5] &
VI BREIIAEROWSORRL LT, —BWICERLT
By, LEUATOHLZBECTHEHShTWwET Y,
L2 LZahs, HIRTIR, 2oREITEEO—2E LT
HubhTtB), AOFEORNIEEMOES & O EE
DEBIZRE SN 0TI R,

ZOE) RIS, FL2ZEFEOH, ThbbLEEI
EHLZ. FELEF, HEEO% (OFRHE) & oM
TR RAALEWEORTHY oz kT, hi
TIEHEDOEHKHET KT 2187 & OB RHKARA
BEH L BB W ZIF TR, BTRERH%L, Y
ARZTEOKRL BEIRE OB P 2 & 51K
T® hHESATC0L. i, 2oREEIEND 2
Licmz, P28 FEOBHEBMICEIC LY, FHHm
WK Z2E L BETLREFNEZTFELTCWALEHIC

LT OBEEMEIMERIGE S N, & 2 FEOBHH
BEGETIE, He MR IN I ERD, &
FEREDEEEAIHEMEMENE I L LR T,
EATHRICE 2L, BRsARETAF T 2BE0T
JEIZRESR SN, AoBEORRICD FRMLELR
LTWwho, [FToaE5] S EFREIIIMS D
OBRERBE 0TIV L WIRFEEZILT, 22
DHFEZATH) 2 L & L=

AWFGETIE, WprlE 2s & &5 3 O W E ME O BI£R
ZRL, AOEFETHLOAELAHOME EHFEICITHE
BBRONLEHNED PEBICKREZIT). TNODWRGE
IZED, HETORELME EFEOMICHESE LN
X, FEEZNET S LT, #sAEREORRICEK
TEBLEEZT:.
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EmoYErRed 5 —ERTH L SIE, WEllE
BERAWTTS v Uy —TEMBEL, 20K, 75>
VX —lhhbnNENETH L THFMEN’® @
WL, HEEBRICEENERICL > TRES LS.
HTORELME HFFMT BB, Z OHERRS O
BEPRRLZLNEERRELE 2> TL 5.

Z ZCHIFE T Tld, YRl s o MRS = BRI
WIS EEEREEHT A LT, UEEST
P BEETEHEEMNERICP»EENE OBGEEE T
Le.

1.1 il sE

PPERIEICIZ 2 ) —F A —%® (RE2-33000B, HEX4E
INE) (K1) 2/EL, HFEMNEE IMS HEHEZS®
(TPM-01, MRXE&H YV =24 -z - 2 2) (K2) %A
|

WM ZEROT — T VICHEETu—7%2EEL, Eif
HMEZ 1 mm/s, HIEEEE 10% 205 8% DT 5% ¢
OIS E, £ 16 BMICHZ TAV— U BEEHSE
7z, BFUEERICBWCTEHHAIEZ TV, TORKEE
B/MEZEIDIET, 5 ESOMERE RO L EiR
EZEEML. COBOTI YTV r—13, AATHEES
FAEMFFTIERERRY OEE20 mm, &S 8 mmOBIFE
WTT YT —FH, ZEBONERIEH 20T
E7Sa—T7TiFo 7=,

1.2 YEEo0E

FUEERICBVWTESA BN EROIE N
(Nm?®) EEEER (%), SEMNEFCHEONLZEN
(kPa) #ZhZhiiskl, WHENEROWEME FHERN

L]

X1 #EREEsSR (V)—TA—4%)

N NIb—/5

S

> BEESO-T

= [ meoes

®2 Jus EERER (BiHAEZSH)

EBROWEME OBBREZFME L7z, &b, MIFEFRLIX
BARMEMETEOREEATVSANLE VW) LT, H
BcEOBREFCETE LN ETE20EHET S
MEERLFHODDEENTWA, AW CIRHIEE
BEFASELBOLWELIT) 120, FETET—THZ
DERFTEBICEATVENE ) »OMERL LTHEE
EREFHEM L, WEE, &4 7EHATY, FIHHE:FE
RETRL.

2./ £ I

Wige 1 i, WHEss s HFENEROMRNEEH
Liz7z®, Bon-mERekic, MIORL25¥) —
ZHELTHLOALZIThYE, NRFOFE L% L
BEOWMLDORLAMTMHETDH % »E0 % WEE L 7.
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2.1 #WEMNGE

AL, MR T HAREICGEST 2% ke a8
Z 48 B EMBIT, FRNCHREBIIKEZ L AEE4 R
i LAEE (Hith) L HICHEHZEEBZENR L. BT
X7-0iF 48 % (BN 100%) TH Y, 48 % (B 10
%, ZYE38 %) EFMTNELE L7

REFFEOARRD BIgIL, FLIEHMCEGEOAEIHEG
ENLZEHETORELWEOKMERMET L2 L1225, &
RED L) ZBEOBRRERD % X 9 BHFEIIEIBIA
<, NEREDORENTHTTRVIRRLERHEOKT
THEME D GRS LUl L, HHRELLT
W THERE D IEH e KA % 8 L7z,

HWETHREPETLTWAOREELO»ZHB§ 572
®, 30 B O KHEMEEHE T 7 A b (the Repetitive Saliva
Swallowing Test - BLF RSST) % Fv>C 48 %4 D T HhE
ZEME L7z, 20204F 8 BICREREM MBS ELRZE S
DERBEBTRERZ T o772 (EFEEF £ 2020-03).

22 BUEREE

WLORLICHWAXYY =i, AR=Y F) 7’
AQUARIUS® (HA&a# - a—F X&) 2527 2
Fy—DRELRDL 2EEOSMLAITRESE2LDTH
5. BIREY =24 7° (BRASHWE) TERLAEE
N—%HB A, BHETHRITAMNRER® (BIRLMITE
HWREH) THRRLAE)—2FBBEL, ThEhs
MEHIORMEZRE L. Mg, fERL-EY —
D X HHEIZ 60,000 N/m?, 80,000 N/m?, 100,000
N/m?, 120,000 N/m? BEEIZ 7R 5 &£ 9 13K A Tl 5%,
7.5%, 9%, 11.5% & L, 3# B Tl 1.0%, 1.25%, 1.5%,
1.76% & L7=.

REORBEHEZILNESD o FkicEoE, AKR—
VRY Uy RMICANT S CIIET LT TMEL, &
FALEI N2 T 1 R Lotk, WiElER v v —
LTHhiHEEL MM, BEIBmmOYy—VEFES
TO—7ERLKE SOBMHEY —ERE (LUETE) (X
3) WKFNFREE L. FELAE) —EHRRIZ5D
BB UM ALY, 32T D% EEIC 20~24 R EHE
L7z, ZOHGEELSE Y L, REREA 10T
TThHhhrI EZMRLLSE, Yry—LIIRELZE) —
EERES, B —ERRIC R LY — 13
TOMLORLIABTICHV . YY) —ERA DfER
WCELTIE, SEBEICAR—VHREBEHAVE I END
FHADIFTVESNREAENTVEETFHINE T
&b, TP EAEICERLTYS T IV AB0B2 Z f#
FALI/ERLZ.

B, TR OEEICIE Utanohara 5% OFMEFIC L B
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BADEE LRI THLhEERZHY, BERER L
NHEENLETHLORELWEOMBLELL LI
RELZ. 2, ThETEHOKE SHIHEES) I
BT 2 ZEAHLPIIHEoTWEED, ETOML
DHELICOHEGT2WRELEEZEEL, FENERON
W—YEERUBOEY — 2 MEIERL, MLosL
EiTharz.

2.3 WENE

YN E LIS T & [/ Uil e Ay, ¥ v —
VICRELAY) %, 2V 75X 5mm, EMEE
1 mys, HIEEZE 66.67% TEXE 2 BIEHE L TESNT
WP OE, BEM, HEE BSERZEEL, I
EROMBDEFE L. 2B, ¥V —d7HET oWk
HEL, ZORKHEERMEZYVIET, 5 MooHE
FEROPIME L R Z B L 72,

24 EEH

WEEDIREZ LIRS B 20 DER, MR, 43,
DFEIEDEHEEIINZ, RSST, B, FEOTHEB X
OB —DMLORUMEREZINZ 7238 HHAZFHICH
.7z
256 MREFE

i, MR RAR, KRR L T, TR
BIRR] 3R, HOFENEEICELCIE, [
BLAT LRV [BHELTWL [BEIZL-ZER
5] O3RE, TR 3 hEEH G CREEZIER
S,

BOR, EEREZ2ETOHEL, EAFAZTAO
BlEZ F 075 LM THRAMD, EHEOTHEL YL
LYDERFHEOBNEREL L. 2B, WEMICIZ
30D ¥ 5 — N F BT 7~

HIE, EBRBRARZIELTWED IMS HEMN
B EHOCTHELZ., HREICHL, FESa—7
ZHELOBOETHRA, OEZHAL, HT20FJICWL L

FTV—iBae & TtMLoR8T L9, BANCHERL
ZRICHEER T2, ThZz3EBYEL, ZOHmKAME

ERHBEOHRKEFEEEL L7

DAV F—=NVEERITT.

B —OHLOHLIE, SEEHOMEZHE S OEDIE
WIE) P OIEICEA L, IREEHGTHLOZOMIZA
N, HEMNEEFAFICOZICHLEFE L5120 THL
DELEfThE. OB, EENFMORRICE 5
Bril 370, BATAHELY —DERIZRE 2ho
2. kB, Y=L XY)—0MLORLOHIZIZ30R
o4 > s = )VEikid.

HWLORLAHR, [ETHLOSLEKARLZ LA
TELBEIPAILTEHETHLOALKARLZ L
BCELGEI[FETHLOET I LIITE 308k AR
OHEVHE] Y —=FToEr 64 LE L2 (—55
RUIRIIz, BESHEL ho72%) BEI[X) —DTD
EhLZEL T RWE] © b BBEECEBICH I
S, FHM L 7.

2.6 WHEHENT
ﬁﬁﬁﬁfﬁﬂ:f_ﬂibl & SPSS Statistics ver 24.0 (IBM) %
, BEKEEL 5% K (HHD) & L7-. BEOLEIZ
RESMOEEMZ Levene DBRE (p=0.05) THIL
72, MISDR\ ¢ E F 7213 Welch ORBRE Z v, #
FED BT DOWTIE, ¥ M€ F 721d Fisher D E R
Wz,

INEFNOREEIBLORAEE L T TORE LMW
S L DOBREICDOWTIZ, Pearson ORERMEBRE T 7=
1% Spearman ONERAHBALREC & ) RKed 7=,

B R

B, HIEMIZIE 30 B

1.0 ® I

PHEAERIC Lo THEONL 16 RBEOMEERICE
FAYHENEMES L OFEENEEEELICRT. WED
MR, RELHEER LW SERIIIFIZ-R L7
O, HFETU—T3HEOET TEFRLILNTE
EHIMT SNz, F, WHENERONEEERZ B
T ZET, PHAEROIET FES I Nm?) Bk
CHEBEROES kPa) W biinL, MR
$0.999 (p<0.01) DIEDHVHEHE S N7,

402, YRERcESh BN EROISS (F
S INm?) EERHNERCHEONATERENEROES
(kPa) OBFRERT. WENERZOIEHIZIE L CEE
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F1 BIEFEFFICHLPHREE FL) BLUCEERTE
Wk e T E 2
e B = B (N/m?) ESEE (%) £ (kPa)
(%) Mean SDY Mean SD Mean SD
10 2,045 + 548 101 = 0.0 074 = 0.0
15 34759 =+ 864 150 = 0.2 132 = 0.1
20 53412 =+ 815 198 = 0.1 22 = 01
25 74166 =+ 1438 251 = 0.1 32 £ 01
30 10,1541 = 1289 301 = 0.2 456 = 0.1
35 13,038.0 =+ 192.7 350 = 0.1 58 = 02
40 16,4885 = 307.3 40.0 = 02 762 £ 0.2
45 20,282.7 = 913.1 449 = 0.1 9568 = 0.5
50 25,579.4 = 7731 500 = 0.1 126 = 03
55 31,7355 = 2159 551 = 0.1 16.02 = 0.1
60 39,6869 =+ 671.1 60.1 = 0.1 2018 = 0.2
65 48,656.8 = 1,070.3 649 = 0.1 2466 = 0.8
70 59,5112 = 974.6 699 =+ 0.1 31.06 = 04
75 81,296.3 = 1,487.6 75.0 = 0.1 4294 = 1.1
80 99,312.7 = 9225 80.1 = 0.0 5394 = 0.8
85 116,055.8 = 4,779.3 8.0 = 0.1 64.76 = 2.6
VERAME - BIMEERRC 5 EAIERR. FHEHIZERE.
Haooe WEHOEEHML, BRERIEy = 1799.37 +2388.6
120,000 e (! FEWEHZOET kPa), vy WEHEZ OIS
wooo0 e (N/mz) ) %ﬂ_\‘ L f_,
£ 30000 Lo
&
L, 60000 o e 2/ % I
40,000 - 2.1 FE oY E
2000 | g 7950+ 238 PRI OBIEEZ L THERLE) OB S 2R
y = 3% +2388.
0’» 21TRT. RAE AL BOMICERELREIRP 072720,
0 10 20 30 40 50 80 70 ] o . S
EE (kPa) FNENOEE % BZI/ER LA A LA BIRELT

R4 #HHEAERTESHhATES (N/m?)
BTESKEFE (kPa) OREE

EEEAE

WEXOXY— LTH) 2L & Lz BT, 60,000 N/m?
FEEZ S I, 80,000 N/m® F£EE & i < 1, 100,000
N/m® & F & M, 120,000 N/m* BEZB IV LY.

K2 FIMEHOBMEEGEE) —DEFEX

ZIALEIGRINE (%) WE (N/m?
WD ;in’l% #E B
HPA RBB n=5 n=5 p?
Mean SD? Mean SD
I 5 1 60,462 + 3469 59,791 + 4351 0.845
I 75 1.25 79,909 + 2520 80,100 = 4326 0.947
il 9 15 100,830 + 5743 105,689 * 5985 0.246
v 115 1.75 119,529 + 3004 121,154 + 4585 0.539

*p<0.05, **p<0.01.
O EEE | 13 60,000 N/m2F2RE, HE& 1113 80,000 N/m2 F2EE, HE & IIl V& 100,000 N/m? 2R, B IVI3 120,000

N/mPiRfE % BRICIEEL 2 |AME - B/MEERRC 5 BORERHR. © FHEHRERE. ¢

3\t Welch DIEE.

DB HIRTE H
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BeaR

WSESE (%)

AH A
n

A

FminE (C)

A
-~

Mean

A B
=5

B
n

=5

Mo
o
me |

SD

Mean SD  Mean

SD

SD Mean
266.5 + 346.9 1177.6= 687.0 0.048*

SD
0.11 = 0.02 0.003**

012 = 0.01 0.153

Mean SD  Mean

SD¥ Mean SD

1.0

Mean

24 0.009"*
4.6 0.028"
23 0.012*
3.3 0.025*

3.8 330 =

404 =

0.20 = 0.04
025 = 0.14

0.4 0433

0.9 0.558
0.7 0.039*

0.8 0.153

=+

84
8.0

8.9
84
8.5

6.3 389 =

49.0 =

329.3 + 277.9 2222.6+ 326.4 0.000™*

+

1.0

+H

4.3 381 =

448 +

448.8 = 297.5 1560.3+ 191.8 0.000"*

0.09 = 0.01 0.000**

= 0.03
0.22 = 0.02

0.17

oy

7.6
8.0

0.4

H

36.2

3.5

418 =

828.2 + 518.1 2022.0* 389.1 0.002**

0.13 + 0.01 0.000**

.

0.6

8.8

*p<0.05, **p<0.01.

IMEERRC 5 BDBAIERR. @ FHETIZEFE. ¥ FEO LW tIRE

=
* HX:

DEEE | 1 60,000 N/m2F2EE, BEE 11 1E 80,000 N/m2F2EE, & Il id 100,000 N/m2 A28, BE & Vi 120,000 Nm2 R, 2 mAlE

% %\ id Welch DIRE.

FTORELME & FIEDBIH

7z, R3ICHABoZzoMomEEL R Y. BS TST
&, BN, AN, BEERCTROMICERE A,
BHITHEEEVSRON.

2.2 XMHEFFE

1) &#FAAHEE

K4, EREBLINHREREEZRT. ARE
TIEHETHRIR T 25 b N 2 & 2 Higeat S 2 b Rok3
572 HHEFIC RSST 2 1T- 7228, Ay M+ 7z TH
WHEEBEIW Dol T2, R RKFEEOLF %
N
2) ¥ —o# Los LaFl

LU —DILORLICHT 5 5 B RO MR EE K
6IZRT. &EMICRSE, BT, IO WIS
HEH3®S 20w 0B L T, [HFTHLODE LKA
AL EATE] 259 LTCHETHLORLKAA
LI EDBTER] Lvozif iz LEBEREZLALN,
WMEM, VO S )SEE S oIl LT,
[BV) =290, 640 LB Lz (=857 RiT 7
EESHRHEL o) | [ =B oEE LTy
Tw] Lo iz LB RSWEANCH - 7. K
BIZEL T, WIFNoWsizBwTy, [FTHLD
HLKARLZERTEL][0AH LTCEHETH LR
LERARALZ LN TEL] o ziMiliE LB LW
A - 7.

2.3 MM
1) FAEEHOBLR

R, FEHHOBBRERT. ERLiBH, £k
KEE, BIHERKEE L OMICHREOHENZED S
iz,

2) BHEEE

B 5B EEFEOBGRERYT. BHERKEEL D
5ldy =06376x+58899 (y =8N (kg), v =BT
JE (kPa)) OBREAAH SNz,

3) fkFH, HOBELETF

K3, HOBEDORKNORKREFELZESIIRT. £
WHREFEDH B, K, HOBESRIBIORKEFELS
BEEEIZED NG o7,

4) ¥V —OFLOALEFM, BAFEL LY -
2 DOBR

SBRIEEICLDFM L, HREORKFELEY —
DS OBBRER 6 1R,

AL 2R LA LIS WEEHME L 2B % £ F
LEM A ER, WEHHLOAL LR T W ESHEL /2%
DL £ T LB E SR THY, EhEiha, b & L7

SHRIICRS L, WEROREHIIBWTY 2 825k 1

AHEEHET ) &3 25 (3) @ 169-181, 2021 175

x£4 WREHME
EfR (n = 48) B (v = 10) ZME (v = 38) b

i (%) 19.9+1 211+1.1 19.6£0.6 0.002**
Rz TE

Rt 16 (33.3) 2 (2.0) 14 (36.8)

W3 32 (66.7) 8 (8.0) 24 (63.2) 0.271

RE 0 (0) 0 (0) 0 (0
WOBIEIZoWT?

—EEY LT A 40 (83.3) 10 (100) 30 (12.7)

BIELTWA 3 (6.3) 0 (0) 3 (7.9) 0.283

BELEZENDH D 5 (10.0) 0 (0 5 (13.2)
RSSTY ([l/30s) ' 10.5+4.1 10.7+4.2 105+4.1 0.879
B kel 33.0+8.9 46.3+8.1 29.5+5.0 0.000**
BATEE (kPa) ' 37.7+84 46.6+5.5 354+74 0.000**

#p<0.05, **p<0.01. TFIHETITERE, JEOLWV HIRES 3\ \E Welch DREE. *n (%), x*A&TEH B\ Fisher DEIERER
EICEBIRTE. U RSST : RRERFET T X b

x5 BRAEEOEHSH

B £ Bk g HICHEZ D, bEPA T4 LT CEZARE L
* (n = 48) (n = 10) (n = 38) T3 125 LT e

(Pa) # (%) # (%) 3 5) HTMLOSE YY) — DS L BAFIE
piolt v oo e Bl 6 DMERE T, a il T 0% [ETHLOKL
25-30 7 (14. : PR e : e o 5
30-35 9 (188) 0 (0 9 (23.7) ot EPT] B e Los gk B
35— 40 8 (16.7) 2 (20.0) 6 (15.8) XA ADEV] EFHEIL2E T TEHTHOILD
40-45 14 (29.2) 3 (30.0) 11 (289) SLATEE, b#BICEE o [BY) =D TORE,r6AL
45-50 3 (63) 1 (100) 2 (53)

50—55 4 (83) 4 (40.0) 0 0

x£6 EU—DMLOALICHT B3HE O
B A (n = 48)

ABB (n =48

7 1) Expr
iR AT ™ -
EHCH L5 LERARARTT 24 (50.0) 29 (60.4)
BB UTEHRAART 21 (43.8) 15 (31.3)
i AR AR B AT 1 (21 3 (6.3)
LT 2 (42) 0 (0
Zib7 L 0 (0) 1 (2.1
ETH L DA LKA RARTT 8 (16.7) 21 (43.8)
5 UTHRARART 26 (54.2) 16 (33.3)
I AR BANT] 7 (14.6) 7 (14.6)
B LIATEAL 6 (12.5) 4 (83)
b L 1 @21 0 (0)
L CHIL D5 LKA GRS 3 (6.3) 21 (43.8)
59 U THRAAMRT 17 (35.4) 21 (43.8)
il BRAABRAT] 14 (29.2) 121
S LT 9 (18.8) 3 (6.3)
Bl 5 (10.4) 2 (42)
ETHIL D8 LA A BT 0 (0) 19 (39.6)
759 U THARMRT 16 (33.3) 21 (43.8)
I\ RV N 7 (14.6) 4 (83)
L7224 12 (25.0) 2 (4.2)
LR L 13 (27.1) 2 (4.2)

DA | 260,000 N/mPA2EE, RES 1112 80,000 N/m2F2fE, BE & Il {E 100,000 N/m? F2EE, & IV $ 120,000 N/m? T2 L.
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F7 JAEEEHOHEBRER

4 RSST #&7]
7’1) p 2) 7 p P p
(%)
RSST? ([H/30 s) —0.021 0.887
B (kg 0.480 0.001** - 0.044 0.765
JREE (kPa) 0.461 0.001** 0.249 0.088 0.534 0.000**

*p<0.05, **p<0.01. ¥ Pearson DHEHRIERIHELH 5 \\ & Spearman DIERIHERIFE. 2 FERE (@A), ¥

RSST : RIEEERWE T T X k.
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DELDPTETH N REORRKEEZFHYL2dD
W I THONERERE RS, YU EHFIICE - T
BEWEHLDOD, WTRBWEPHL %5120 TH
LOSLICRELRFEESWEINT 52 LAVRENL. &

B, WENHIIEREICELYTL2EP 172720, B
HART T - 7-.

F2FKIIC, MEIOERRLVEShITFUFEL
KRB EVBESN-HLOR L OENFETEOBEFREE TR
T. I CHEOAZEE—BE L b o2bon, X
I~NZHLOATOIRLELREFEIREN, Thbid
W2E I oERER S FH SN L FRFEE L ) ENEE
TRLBEOE) — 2L ORERLEVIFERL 572,

z =

1. F & 1

WENESE O EEEZBERNICE(LS S, FES
U—7%2FFH5Z L THONLIWBESDEEEALERE
TU—7ICE DB SNDEEAEROBRIZIEDE
BERL, y = 1799.327+2388.6 (v : HEHERDES
&kPa), y @ WHHEHOIET Nm?)) ORERIE S
Nz, CoOHRI), FEENEOBICEE 70— 7%
TOLFEULNEHETLE, HRERICELT IO
mEHLORT I LML DOTIE RV E ORFEAIL
B ke,

Utanohara 5 O#HIZ L B &, 20~59 OB NE

PEDBAREE L 45 kPa, BALMED R KFEIX 37 kPa

x8 i, EOBEDORRINEAEE

218 (kPa) B (kPa) #ZM (kPa)
n = 48 7 =10 n = 38
Mean + SDVY Mean + SD Mean + SD
TKHIZ DWW
BT 352 =83 50.2 = 4.1 33.0 = 6.3
S 39.0 £ 8.2 45.7 = 5.7 36.8 £ 7.8
R — == —
BOBIEIZDWT
—Eb LA P hn THE8T 46.6 = 5.5 35.0 = 7.6
HELTWS 373+ 8.1 = 37.3 £ 8.1
WBERICLZEEH S 36.7 = 6.7 — 36.7 £ 6.7
U EHE IR,
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@ HEA O H¥B 0 HREI.

ERENTEY, KLV ESNAERRICUTIIDOS
&, BABEMEAT80,000 N/m?, BEAZ I 70,000 N/m® #2
EITEROMLORLSMRELERSING. $/2, F
21 70 UL EOBE#E T b RAFHED 32kPa &R
ENTWALD, EETH->TD 60,000 N/m® FRE

THLORLYTREE W) 2L LR b, HEETHER
LTV ERGOFRFNEEN > LM%
W5 B E O ERTE Z 20,000 N/m? & W) HiEz /75
&, WAIZZ? 60,000 N/m? & W) T S AT A ASHR
TE 5.

L2L, ShHoREINBEREHL EFTHIHEES
O—7%2fLORLBEOETH ), AFOICT 5EM
FHLORLZBOM I OBMETIEZ WD, Kilks
BT, HEAHEMT 2 ICEWH#H Lo RS 5 S 253
HERESwEnLV., BICHFETu—-T7LARTREL
BLrbDiE, FOMET, EEST—T0N)V— Y HE
12 19.6 kPa lZIE SN2 BROWTH - SN Tnwb, —
FT, BERICEZATLE, ZOEMITLITHKL LEN
BHHLOO, —HEICIE, BE, fHEE, BEEDS3
HIChAZ, ZOERGEEOUETHL LA SR LML
Vot o0 RkER DTS 2% %, 2o
BOEY FFCHOEDLEDL I EMNTE, HERHINHE
XOBY =R LORTIENTEL00, HEIKSF
LTHLORE WS RELT 200, LwHIBE,S

£9 HRI OFAFELHLOXLICKBZRAEE

e T IR Y A A 8 B

sy FHEE EEE EHFHE
(kPa) (kPa) (kPa)
L 32.0 26.9 28.3
I 43.1 37.5 30.0
1T 54.2 40.6 37.0
v 65.4 47.1 43.1

) EE | i3 60,000 N/m2F2RE, AR Il 14 80,000 N/m2 2R, & 1k 100,000 N/m2 2, @ IVId 120,000

N/m? 2.

2 y=1799.3x+2388.6 ? y | 60,000, 80,000, 100,000, 120,000 EZzhZhiA.
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A& GICHIET 21T o7z,

2.0 ® I
2.1 HEOWELERHRZIZIONT

Mol cE-mRERELY, 4HIE 60,000 Nm?~
120,000 N/m* BREOW X TH LOK LIZX L T E DR
b—EDORIEERTEMEMHATLLEN D 572720,
2D Z MLH Z W THEERTH S L) — 2 FH
L7z, ZRO0YHEEZMA -0, WS, BEM, 3%
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66.67% IZFXE L TV, RETHNTREDTE
EHRD 66.67% FRTIITTH o 7225, EROHIEMIZ
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The Relationship between Crushable Food Hardness
and Tongue Pressure
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Abstract

Background/Purpose: In recent years, the term “crushable with the tongue” has been commonly used
to describe the hardness of food in Japan. However, this phrase has never been examined in relation to
relevant tongue ability and food rheology. Thus, we assessed tongue pressure, which indicates the process-
ing ability of the tongue. The purpose of this study was to clarify the relationship between crushable food
hardness and tongue pressure.

Methods/Participants: We categorized the study into two surveys. In study I, a probe for measuring
tongue pressure was fixed to the table of equipment for measuring physical properties and loaded at a
speed of 1 mm/s with 10%—-85% measurement strain. Then, we calculated the relational expression
between the values obtained by each measuring equipment. In study II, 48 healthy university students
were enrolled as subjects, and their age, sex, body condition, and level of teeth correction were recorded.
We tested their swallowing function with the Repetitive Saliva Swallowing Test, followed by their hand
strength, tongue pressure, and jelly crushing ability. We prepared jellies with a hardness of 60,000 N/m?,
80,000 N/m?, 100,000 N/m?, and 120,000 N/m?, and jelly shape was determined using the same probe for
tongue pressure measurement, using two types of gelling agent.

Results: In study I, there was a strong positive correlation between the numerical values obtained by
the physical property-measuring equipment and by the tongue pressure-measuring equipment ( = 0.999,
p<0.01), and the regression equation was y = 1,799.3x +2,388.6 (x: value of tongue pressure-measuring
equipment, y: value of physical property-measuring equipment [N/m?*). In study II, the tongue pressure
required for crushing increased with hardness, although the degree of change varied depending on the
gelling agent used. The regression line obtained in study II did not match that in study I, but the actual
hardness at which foods could be crushed with the tongue exceeded the estimated hardness at the pres-
sure levels tested.

Conclusions: Our study determined that by using the equation = 1,799.3% + 2,388.6, the upper limit
of hardness of foods that can be crushed with the tongue can be estimated simply by measuring the
tongue pressure.

Key words : swallowing function, meal form, tongue pressure, texture, gelling agent




