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Abstract

With the rapid aging of the population and the promotion of integrated
community care, effective management of dysphagia in home-care settings has
become increasingly important. Although thickened foods are widely used to
reduce aspiration risk, viscosity assessment remains qualitative and insufficiently
standardized. Moreover, conventional viscometers are bulky and expensive,
limiting their use in home care.

This study aimed to develop a miniature, portable viscometer integrating a
MEMS-based six-axis force sensor with a linear reciprocating mechanism and to
evaluate its accuracy. The prototype was validated against a standard cone-plate
viscometer using Newtonian and non-Newtonian fluids, including xanthan gum
solutions and thixotropic food samples. Correlation with the reference
viscometer, measurement stability, and hardware effects were assessed.

Among the measured parameters, the rotational moment around the x-axis
(Mx) showed a strong correlation with the reference viscometer (R? > 0.97)
across all tested fluids. Mx also exhibited the largest output magnitude,

indicating efficient detection of viscous resistance during reciprocating motion.



Measurement stability was highest at low speeds, and the standard head

geometry provided the greatest sensitivity.

The developed portable six-axis viscometer enables objective viscosity

assessment with accuracy comparable to conventional viscometers and supports

standardized evaluation in home care.
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5007, 2TOBIROBE~ Y Ficks»T, MEMmcES BAlE (Mx) o
MR ons. WREL B~y FZRRT & L&V IRLDOH 5 ZJChtiE Sy
it 2 S5 L 7455, Bt~ v P OTIRBICHETICE B R EZnRo bk

(F (3, 304) = 447.67, p < 0.001). Iz T, B~y FOIkE & 2 BN
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AV IKIR DA E R HAFR AR bz (F(9,304) = 103.41, p <

0.001). Z OHERIHEMICH D %, Tukey-Kramer % & FLiiE % Fwv ¢,
IO Z L Icli~y FEOHIIE (Mx) %L 28558, SN ok
H~y FiE, R (0.75%) CTlRtoIFE#ER~ Y FEEFEERIRD LR
b o 7208, HOREEE D O EREEEIR (1.5%-3%) <217 C, fhpJEfEueRi~ v |
Lo bEmuEAE (Mx) 2Rz RS, & EMED 3%KERICE VT,
fho 3FIHETCOME~y F e ORICHEREEZR® 72(p <0.001). Z DfFHEIL,
BRI DR~ v V23, JAHEIPHORGEEFHRINC B0 Tl d @ IR & LE L 72 1

NEFAETH2ZL2RRLTWS.

BR

e N R DR X, FAMENT R 2 PRI L, BREORELRMEIRT 5720
ICHERERTH L. LirL, Z0FBINIOEBRNRFHEIIKA L LTKRE
REETH Y, L ohIS - BRI TR AR, il CEREEMET
HBHEWHIHBIL, NERGCEETO T RYERITIEE-> TR 19, K
7213, MEMS 6 it v —2 W28 L7 7a —Fic X 2/ - fiif#
AR OBR & A, O A% EREL 2.

1. AEREBEOBMMEEMEREAN=X L

B~y F OEEERIC X > THRMAICE U 2 ¢ AWIGH & ZctE S [liEe
— AV P ERBTBETH B Mx 25, =2 — b VifikB X OJE= 2 — F Vil
ZRWTMREEIC BT, W O RIS S BRE RERIE N Z R L, 2 —
v 7L — MR O JEE & S B 2 R0 2 L iR I vtz &
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7z, Mx 1%, @WMHBIMEE R L7z th oy & I L Tl d @I (&) %
N L7z, ZaE, B~y P OEEERER) & v RHGEIRE O RFE b, FiiiE D
KEAEPT2s Mx TR D€ — X v F b IENICHEE T /2 2 L 2RB LT
5. $hbb, Mx L, EEFOERRH~ v F O x il & I I
i zfEIcdhs LT, MEELCRT20EERALT 22 ENTE,

ZhIC XY &R R L BN MEREENEH TR e FE L b NS, Fy,
Fy Lo 2fiilincldnl, MmEELRE—A v PG ZRHT 22 LT, i
e AWTREEDIEIE & 75 2 S e B % 15 2 & & D3ATREIC 7 o 72 RIAYARIFE D
MHNZMA TS 5.

2. AIEREERLEDE-OHDN—FIT7HEIL

AWIE T, HOHED XS 2 E 2 R/NRICNZ 2720 DRERN N —F T =7
FFEBER Lz, £ 7, Bt~y FOBEBEESHIEOIZL D> EICh 2 25
B i U 724550, BEEERICHEHEN AR RESRO b (p<0.001),
Ffic, 1.5 Hz & 2.0 Hz oo i b a3 <, @l (4.5-5Hz) &It
WL CHIIMEDIZ O DX AHEBI/NI o 72, 2 ORI, ElETIRKAD
EHENCEHNBERL 7 A X LCTHEG Lzoicx L, K#EE < I ifiEgt
CRitE) ZEMRIcRHiCcE 220 E2bNS. CoRICHEIE, HHLick
W CHRE R GG R LT & 2 2 g, FRllo IR AR T 5 L CEE T
5.

72, BRI~y FORBEIMEICG 2 258 IOV Th IR 2 T o 7. &
— VIR DIEHERLIC B TH AR EE AR T LT 2 28, Bt~y F o
EEEE AN TR — RS AR A2 EC I 5 2L T, X
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DEWRERG S 2 L HIEL, BEMoKRMm 2RI T L 2R REE e,
KRB 72 KM TR OB R IAR O~ > B2 T4 v LEtllZfT- 72, &
i, NAIPRIC oW, EAROBVATZHE O 2ICT 5 2 & T, HREN
ZH—LL, ot~y FOEEEENIC X o THET 3 R RIEO A %

maL, MEDKEwEZRmD LI L2 EML 7.

LA L, HEZIZIEE ISR D 7m0d O FR L EHl L 72558, SR o
RICHRTRD SWEEZRT 4T, A% & D8RR D7 285 115E
EDIELDE NI L, MOLREEZHET 2L FL— N4+ 7 DORFRMAHL
PITTe o 72, T OFERIE, SRRSO v IARETRE LCHREESE R

KINETZIFIED 2 2 & T, md KE MR 2 B4 <2, mARHIEEZS
LN ERT—HT, \AEHEZIL® &+ 28ERBRCEVTIESD
ENE L o BRI, R~y FoEEES I, SeeM, 3 0vidAE
O I LTRSS, WMAENCREDBRMRESL X v ey IR e E L 3¢,

J AR E T2 B RUN AR REPE A Z IR L 220 e Ex b, 2D
i, B~y FOERLICH - >TE, BREIBHRMED &b 6 2 BLT
52, 7z, WENR L T2 MAEOMEBIC X > CTHRATRNEIRS R 5 Ll
MmO oS, Wi~y Foko s i, FFEL 72/ 0 R 7%

HEREWZHRT 27-DDEELERTHDLLEFR 5.
3. BHMGEZ1— VTR DXL EFRRE

FEXVbovr—E2ETEII N F vy TICBWT, RERER R EZ
%, a—v 7L — FREEERAEEE & S HBEE 2 o E oy s 2 &

T&72 (R?=0.969,r=0.984). —J5, LAD0DY —RICDWTIL, MK 7
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HEREZ RO ICd 22 b b F, ARGEDRESME T o HNED & IXIARE 7%
BEREERRD O WA o72 (R2=0474,r=0.689). t~ 7 F ¥ v 73,
P FEBES E EERE LB ZE L2 4y M7 — 7RG 2 RO 720 229,
TEZACICHE S RS HEAR F % 2 — v 7L — B ElESORE 2 & SERE S o [
CTHHfEICHREBCE . —), LArDY =R, ZEO R4 X, HillE BIY
WS HEZ S DEME TR o~y 2 VISR O 2. o1k
X, AIEREST O EEEGED) C I3k e LT —7ae AW 2 50%
MIcHG 25 e c&F, i~y FELD T 2 A H A 2388108 Mx )
DA XK, MR U TR RS T — & b CREEHIIC IR
HEned oA RE I NS, ORI, REE X EMEREM

GhIEZ &R, AR 0% R &) BT 2B, koL 4u
V=R ICIE U TRt~ v F OTRIR-CHMERE & & & iciitift 3 2 B2 5

5L HIRBLTNS,
4. ARBEEODBERESEOERE

AW TIE, FICF I v X v HLROWERAZ % L 2k s X Ok
EDRMENRICHEEZ T2 7228, LA»DY —ADOMEHERICA LN X 9
i, TR CEES R 5 &, AEREStoHEE 2 — v 7L — A
HR PR BE G T o0 E S O MHBABI R MK T 3~ 2 FIREME AR S /. i, M
~v FOFEEEPREOMAEZ AL, BOIEICGEEEZ G2 Cnb720 L
FErond. LdoT, fAFEL BRI o A Z KL, 2 oJUTTE
WL T B 720001, X W BRI E R RF o R L, SRR RO
REXR & U 72 56l 7 LUIRIRGE & S 0 S T & L CHLY Mt b B
H5.

21



o am

AW5EIE, MEMS 6 Bl ) 52 v ¥ — & AEE EHGEE RS 2 55 U 72 /WK —
X INIEARERI 2R L, T OAEMMEEFEIEL 72. Z DLEEIL, Bii~»y F
DHEEEIICIVEC2E—AY PP ZEAMT2 LT, 22—t Viilhs
K OIE= 2 — b ViR LTl TR EERH BN L B 7 REME 2 TR 37 Z
LR L 72, £ — XA v Pl E, WRIEPTOER R %2 &l LSS 2 &1L
T52LT, @Ol REEL FTREIC T 5. AREEEFO/NEIfL & oy 7 ) —BK
BIC X 3K — 2 7Abix, NMERIGCEEZ T o, KFRICBWTH, #d
DEELOEBIIC L AAORMEERMETE 2 EEME, KT EHLEZBT

TTOERICHET 525D TH 5.

HEF
AEREEt DR - BRI S vtk etz v F o v 2ot
sel= AURAUH R AR ISR G L BT £

EHORR

W
5
_‘_.
N

[
Y
i
R
p={11
=

R /NEG  ERTESRGEE 7T 2 INUE, BT Fiko
AL DN, Befmims D it
T Mz 0B, RREGH ek H, EHRE, Ao R,

RO LL, &S DR
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1. SEREEOME L NS

A, BRSO MOER: RIERER L, 6 ihEv vy — T—2 -V 2 —
- EEEAGEBI AR, B X OBt~ v FERHSGALHGE L L2
~y FIZIENRRERICHEAIN, T—X—FY2—hboEREIic kb,
IR EAOEBY B & N L O (RifR) IcHERES 2175 . 6 i H
V¥ —E, T OFEEEBTICHES SRR~y Fichib 3 L, PC g
715 5.

B. BUWEKE T oI EE &~k BUWEMEET o 2~1k1E, £ 150 mm ER
40 mm Th 5. EfoFHl2z=> b (60 mm) &, P~y F2=> b
(90 mm) THEK I NS, B~y FOEREHFIZERE3I0mMm TH Y, ©—Hh—

NOFUARITIFA L TS .

X2 HEHEHOERERRER
ERER> S DENIL, T— 2 —EE#NEEIcCATIEN, DCE—2—%EE)L,
A ERG R

X, Tv7ERE N L4 Zuavirue—TF (wfav) TANINE. =4

Il

tomH~y F2EEEH X 2. 60y — b7 Fu /EZE

=il

aICX ) TFYANMEFTICE I N, USB7r— 7%/ LTCPCIcH X

ns.

3. HENEROREAY FiERK
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AERE ST o~y i, 4 BEO R 2R EH W2 A x4 — 8 (B
HERD) B 3R MREL C 37U TR, D i3\l ch 5. AR CH 24
— AT, 12x12x 3 mm DEHIKRTH Y, flio 3ELED FEEO~HETEEL

7z.
4, Za— b URKERIBORERERN DO H KK

100%2°Y % ) v EHIEHC 51T 5, 6 15 2 v 3 — 2 b DK 27T, b
By, Hi~y FOBIE 0 HTH 2RO (Fx), AFEHRO T (Fy),
FHHFOS (Fz), FLUEENS 3HALNZROMEETE— 2+ (Mx, My,

Mz) %R

5. Za—boRKICEITSa—r T L— FEREERKEEE L AERRERTOH
HEL DR

7Y k) VIKREXNRE LTz, a—v 7L — BIREEREOR I X 2R EEHE
fii &, RIEREEE Rt o Uil & DBt % "3, A 1x Fx, B 1% Fy, C I3 Fz, D I3 Mx,
E X My, Fld Mz o iR CTH 5. #lhiza— v 7L — bR EEEEORERHC
X 2 KL (mPa-s) TH Y, #MthLFAEREE G X 0 FHAl S - Sl T B
XU0E—Av ol (Nmm) 2R3, &7 vy FZRAERERIo B IIE L
R 2 (n=20) Z/nd. HERSTOMEREZEQTORL, FERIRY &
SHEENE (pfE) ZHFECL 7.

6. FY 28 UHLRBEREROSEERERS SO H HIEH
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FHY R VALRRME (1% &3 BFBAGMA Y KER) BIERICET 5,6
HE ¥ —b b OHAEHE RS, FEXY, B~y FOB & 0T
b LHIEH D)) (Fx), K Aot (Fy), BEF DT (Fz), 53X 0%
5 3 4% NENOEEEE— 2 ¥ F (Mx, My, Mz) %757

B7 ¥YUEUHLRRKIZEITS2—2TL— FEEEXER &R
EstOHAiEL DR

FH VR YTLRTMERENRE LT, a—v 7L — P RIEEEREEERHIC X 200G
FEREME e, SRR HJfE & DRfRZ /R T . A 1Z Fx, B (X Fy, C i3 Fz, D
IZ Mx, E i My, F i Mz o HJ1fER < H 5. iz = — v 7L — b Rl =0k;
FERHIC X 2 REEEME (mPass) &Y, Ml R EEHC X 0 FHA & 7z &b
DHBLPE=AY FOHIME (Nmm) 2R3, &7 1y M EEEREG O H
il & a2 (n=20) "3, HERSTOMRREZEQ TR L, RERE
(R?) LA EE (p ) ZOfEdL 7%.

H8 BBMEEORL [CLDI1—>TL— FEEEDLER L RESETOH
Hi & ORI

R9Y XV HLRREEIRE L7z, Bt~y FOBBIEIERSHIENE 5 %
3R RRT. /A FIEEAN (15 Ho), BB EFEAMF (5.0H) K503
9= v 7L — bR R (el mPass) & BIFRIEERE© Mx Il (it
fil: Nmm) & QB TH 5. %70y b EERIERIER o 1 fif 2 BIERE (n =
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20) g, BRSO ofSE 2 ERCRNL, RERE (RY) L aEEN
(p fE) %HEECL 7-.

31



x®1. JUE)UBER (Za—bURK) AERICESITHHEANIE

S e AR R o 1 £ SD (Nmm)
(w/v9%) (mPa-s) Fx Fy Fz Mx My Mz
80 65.94 0.09£0.02 0.25%£0.06 0.10£0.07 16.32£2.28 0.58%0.17 0.19£0.08
90 220.83 0.12£0.02 0.44=%0.06 0.11£0.06 26.19£2.08 0.88%0.10 0.16£0.14
100 966.73 0.30%£0.02 0.87+0.09 0.34+0.27 60.92£2.86 2.05%0.11 0.19%+0.10

11 fE5E (80% 725 100% F TD 2% 4| H) DIEEORKEZ T,
REEEAE 3 A 5RHc o & 3 ERHE L 72 P2 m 3. HIEMEDIED D E /NI 2o 72728, SD IIARKR TIFHIE L 7-.

AVEREE S JIE D SD 1%, peak-to-peak i (n = 20) IS WTHEHL 7.
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®2 FZa—bURK (FHUEUALRRK) BIERICEITS

AERERT O H AE

- e APEREE G O 1 E £ SD (Nmm)

o (mPa-s) Fx Fy Fz Mx My Mz
A 162.10 0.04£0.03 0.19%+0.05 0.17+0.06 12.13£0.78 0.17+0.07 0.09%+0.06
B 384.87 0.10x0.04 0.54£0.05 0.31+£0.04  28.76£0.70  0.48=*0.07 0.05%£0.04
C 671.13 0.18£0.03 1.13%£0.03 0.21£0.15 53.07%+1.98 1.13+0.04 0.08£0.05
D 918.83 0.23£0.03 1.34£0.04 0.20x£0.09  66.47x2.45 1.58 £0.10 0.15£0.08

42 fE8 (0.5% 725 4.6% % T 0.1%4|H) ORHWONREKEZ T,

REEEAE 13 A 5khc o & 3 ERHE L 72 P2 m 3. HIEMEDIED D E /NI 2o 72728, SD IIAKR TIIHIE L 7=,

AVEREE S JIE D SD 1%, peak-to-peak i (n =20) IS WTHEHL 7=,

®3. kZa—rURE (FXV bOE—REK) RIERICETHEMEMES DL NE
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TS wE (C)  HiE (mPa-s) AR EERT D I iE £ SD (Nmm)

20 550.50 30.08*+1.15
EABDY —R 30 478.97 30.13+1.81
40 454.33 27.09+1.87
20 1411.33 69.04x=2.46
F~trFrvy 7 30 1258.33 62.32%£2.15
40 991.87 56.09+1.92

FREEEAE 3 A 5khc o & 3 ERHE L 72 P2 m 3. HIEMEDIED D E /NI 2o 72728, SD IIARKR TIIHIE L 7.

AR EEEHE /1D SD 13, peak-to-peak ffi (n = 20) o WCREL 7.

K4, BHAY FOBEREDEWVICL SEEMEOHAIE

AMERE R o H1{E £SD (Nmm)
e i
sk

(mPa-s)
1.5 Hz 2 Hz 2.5 Hz 3 Hz 3.5 Hz 4 Hz

4.5 Hz

5Hz
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A

B

C

D

162.10

384.87

671.13

918.83

11.02£0.16

32.12%0.26

57.23%£0.64

69.32%+0.85

10.83£0.29

32.71%£0.33

57.56%0.71

69.84+1.07

10.68£0.31

32.31%£0.89

57.19%£0.97

69.73+1.41

10.93£0.33

31.09%£0.41

55.86+1.26

68.81+1.42

11.24£0.42

30.43%+0.27

55.50%£1.40

68.03*£1.76

11.84£0.83

28.80%+0.87

54.15%0.68

66.31%£2.46

12.52£2.13

27.55£1.25

50.84%+3.12

64.39+3.77

13.38£3.58

26.33%£2.34

48.96+5.72

61.03%£7.26

42 fE8 (0.5% 725 4.6% F T 0.1%4| %) ORBWONREKEZ T,
KRR 3 A 5khc o & 3 ERHE L 72 P2 m 3. HIEMEDIED D E /NI 2o 72728, SD IIAKR TIIHIE L 7-.

AR EEEHE /D SD 13, peak-to-peak fH (n = 20) 2> WCRHL 7.

x5. ELQHBRE~AY FRRIZE TS ERESTOH AE

ALERE o 1 £ SD (Nmm)

e i s
Ak .

(w/v%)  (mPa-s) BEER REOMTR T J\ ST
A 0.75 45.35 1.86%0.17 1.56%0.20 1.84%0.16 1.62%£0.22
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B 1.5 233.8 14.79%£0.42 13.84£0.26* 14.47£0.21 11.19+£0.23*
C 2 345.6 22.46%0.63 22.16+0.49 20.78£0.37* 18.60*x0.51*
D 3 594.4 38.87%+0.73 37.36+0.37* 35.00x0.50* 33.13+0.69*

FREEEAE 3 A 5Rhc o & 3 ERIE L 72 P2 m 3. IEMEDIED D E /NI 2o 72728, SD IIARKR TIIHIE L 7.
AVEREE R J1fE D SD 1%, peak-to-peak fli (n = 20) 1T WTHI L 7.

* Tukey-Kramer O % HILEME I 510 C, BEHER (A — 8 & W L CHERHINICAE B Z 24RO b7z 2 & 2R (p <0.001).
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A B X5
(Nmm) (Nmm)
451.5 1.5
a R?=0.9893 (p<0.001) R?=0.8585 (p<0.001)
-
2010 1.0 o 3
25 °
59 ©
= £05 0.5 o°
o o) . . O
2 o O O co
S |@oX©
O 250 500 750 1000 © 250 s00 750 1000
Viscosity (mPa“s) Viscosity (mPa-‘s)
(Nmm) (Nmm)
= 1.5 80
H R2=0.9569 (p<0.001) R2=0.9735 (p<0.001)
) -
2010 o
g3 ©
- 40 O O
£ Sos (} % GQOO
(8]
[72)
g |@oR @ ¢
O 250 s00 750 1000 © 250 s00 750 1000
Viscosity (mPa-s) Viscosity (mPa-‘s)
(Nmm) (Nmm)
e 5'0 1.5 5
H R2=0.9857 (p<0.001) R?=0.0571 (p=0.48)
83 1.0
£ 825
88" o % os
- O .
a o O
g |@o® WCP Q 0 Q
S
O 250 so0 750 1000 © 250 s00 750 1000
Viscosity ~ (mPa-s) Viscosity (mPa*s)






A B X7
(Nmm) (Nmm)
+~ 1.5 2.0
2 @
o 5 R2=0.9468 (p<0.001)
2010
2 0
& £o05 O
g M@Q@W @@@@9 R2=0.9805 (p<0.001)
0 400 soo 1200 © 400 800 1200
Viscosity (mPa“s) Viscosity (mPa-‘s)
(Nmm) (Nmm)
= 2.0 80
S R2=0.3018 (p<0.05)
o =5
a O
25
24510 § $ <} 40
£ & O
(&4
S O %%{b @@ﬁ@ R2=0.9819 (p<0.001)
0 400 800 1200 0 400 800 1200
Viscosity (mPa-s) Viscosity (mPa-‘s)
(Nmm) (Nmm)
5.0 1.5
=
2
2 3 R2=0.8011 (p<0.001) 1.0 | R*=0.1537 (p=0.01)
>
2 o
55 5 s
> 0 0
400 800 1200 400 800 1200
Viscosity  (mPa“s) Viscosity (mPa-°s)



A B

(Nmm) (Nmm)

100
R2= 0.9853 (p<0.001) 100

P

R2=0.9784 (p<0.001)

Prototype Viscometer Output

50
@&Q@@ A
0 0
400 800 1200 400 800 1200
Viscosity (mPa‘s) Viscosity (mPa-“s)

X|8




	原著論文 松尾小百合-最終.pdf
	名称未設定

