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Abstract

It is believed that the uncalcified fibrocartilage (UF) plays an important role in avoiding stress concentration and preserving
the ligament’ s functions. Ishi et al indicated that an anterior force of 200 N applied to the porcine knee caused not only a tension of
190 N in the ACL but also a compression of 100 N to the ACL enthesis. This study, therefore, aims to investigate the response of
the UF to cyclic compressive loadings in the anterior cruciate ligament (ACL) enthesis. An ex vivo organ culture of the ACL entheses
from rats was performed under cyclic compressive loading of either 0.5 N (moderate loading) or 1.0 N (intense loading) for a period
of 6 seconds, four hours a day, in total period of 1 week. The results indicate that moderate compressive loading helps maintain the
UF structure and composition, while intense or no loading leads to its degradation. The obtained results showed that appropriate
compressive loading promotes the maintenance and formation of the UF layer in the ACL enthesis.

Keywords: Anterior cruciate ligament (ACL), Enthesis, Ex-vivo, Compressive forces, Uncalcified fibrocartilage (UF)
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(1) Thomopoulos S., J Orthop Res, 2007.
(2) Ozone K., J Orthop Res, 2022.

(3) Ishii D., ABME, 2024.
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(5) FID, BEIRAAF A= X, 2024.
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i~ N TFA A= T Ei AT B LY, ILUB-N &
HRMEHA LR —@EETICRTE T Dbk F 3RS, —
T rLUB-C 13443k HA RBTEIIRAFAE T, g £ E 2 f

Ak (RIRSHERRR)
A wER (AR

B L CODERT- D3RR S AU7-. Lubricin ORIiR AL
X HA CBUKMERBMERZ R 32 e miEshn
VDR, RIFFEORE RS, AR EIZBOTE N K
U3 HA \ZXHL CROBEHRMIC RTET A e RSz,
ZOZEE, N KGR A BREERRTER OB T
JEF DB HA CEBENCH BAER 35 AT RENEZ /R
LTW5. — 1T, C RIEDANEARF LU RER AL 1 THA[F]
PEATDH MMP 7730 —ICBW\WC, a7 —7 LA
TERZHIZENMLN TS, ZOZEDD, HA EDBiK
MHAEAERIZNZ, 27 =7 R0thoRgsy 7O E
YER %L C lubricin 22 JE I, £EDOKFIGELCEE R
RO L ENIZTF G L TCOD RN DD, FEEEERIE
TIZBTLINODS FEIBZFEHN T 528 T, 0 FhlE
AKFRBE DB A2 ZALIC O VW TE B TEHLIITAY,
KB KFOFSREICBE 32 AN R ED LR CE D,
4. #&
Lubricin @ N KIiR AA 1338 HA SEHEIITHEAAEH]
L, C KigIaz—rctho @y 1L oM BERE I
LT, RBHREO L EUICT 5T AR VRS,
HA rLUBs

il

Merge

rLUB-N

rLUB-C

1. 27—/ & HA - rLUBs ® =Kt
(Green: HA, Red: rLUBSs, White: Collagen)

A

AHFFEIE ISPS BHiFFEE 25K01150 DBIRA =T T=b DT,

2 BN

(1)  Stefan Z., et al., Arthritis and Rheumatology, Vol. 62,
No. 6, (2010), pp.1666-1674.

(2) Rich RM, et al.,, Journal of Photochemistry and
Photobiology B: Biology, Vol.116, (2012), pp. 7-12.

(3) Greg T. Hermanson., Bioconjugate techniques 2

Edition, Elsevier, (2008), p. 419.
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3)

Bi+ESEDOALT Y v DN
FE O£ T #E '
VHRERNI KR Y AT BT YA RRFERE 2 RIREE T e 2 —

(&

D272 BAETES 2 EBLT 570, AR <
I, BB AR DA MED > TWARER D 5.
b EIs I <, AT (ACL) 1% +TFHHr
(PCL), FH, #E Ll LT o0. BIHS « O BEERE
PEIZBWT, BEFRMEEERZ N ESE 52 ETh D
NT VU BERSILTWNDONR, ACLDONVT Y v oDy
A S TR, 207, ARAFFE T A X
D, ACL D)LY v DBARICOWTHRGTT 5.

[771£]

AEHZIX, R T % ACL (n=1) ZHv =, ACL X
PRSI BB R & 02 mTNBIRRHER (AMB) & %44
MRRAER (PLB) (272, k&2 T 7 ¢ VEEL, #
s, 7= UmEEER (REEEY) & 01 % T rn=X
—T¥ (Merck) TETNEIHUFEIRIG(LZ LT=. €D, Anti-
Lubricin/MSF 5K (Merck),
(2T R L Yt % 520 L 7. xhbedefa b LT, DAPI
Z AV, IESTEAMSE (Olympus BX53) THiZ2%Z £l L7-.
AT 1%, Imagel (NIH) Z L7z,

FANAT o 727 i Oz #E i P oBE T ACL &
PCL, YA, KEEF#E & OEfMikEINZ. £ 2T,
ZN D OEEREAL (1) AMB—PCL JTA7 Mk, (2) AMB—
PCL jE{7#2fil0, (3) AMB— - A #:filif, (4) PLB— KIRE
WO BRI &, Hlser FR A O JEBERERAL (5) AMB — KR
MaEEEEZER L (K1), V7V D534 2 2 L7-.

Alexa Fluor 555 (Invitrogen)

7 150-300 um O EfEIEE &> Tz (K2). Zhick
~(3) AMB— AR A B2, (4) PLB — KBRS #E$2fih
HTIIALT Y I ETH - T,

[Z%]

ACL DONT U 2 DOARIITENARFE DR 8 D Z &8
DI oTz. ACLOT VI T |T I v/ AREMTME Lz
FEERFHINC 35U C PCL BRI XAt DAL & bl L C@ihE
BAREADMENZ ERH LN E 2o TNDHO. RIFFEDHER
EEEZDE, VTV AT K D BIEBREMEL Ao Tz
LHEERSND . 72, ACL OKBRE B S P H
720 ET, WEBRMEORB 2D 5 X 51254 LT,
ACL O RERE AT AT 72, IR RE 225t
DRFEAETDHZ ERRESINTNDGD, ZOERITEL D
HERS DB AR B 72012, L7 U LU BRI TD
DAREMED & 5.

b l KﬂL =
TR E/g=)
JEARED

0

jEamey \_ )
T el

21 ACLORIEANES&-AMB (a), PLB (b)DBIERE

Plr, Scale bars=5 mm.

FE1EAED (5) KBRS
R I)LTJUSY) .

(NE=F=bliki

42 ACL®D (1) PCLEHIEADED (2) PCLIEAHERDED (3) F HIEANED 4) ARRE
[CHBTDILT VS DREBEICFEREBOERE (Scale bars=200 um,
[ 5] [ Sciik]

(1) AMB —PCL {7 #2565, (2) AMB —PCL {3 50,
(5) AMB — KR &S OREICAT U > o hi% <
BlEisniz. £72, (1) AMB—PCL Qi Bfiis, (5) AMB—
RERE AT TR TIPS b LT ) o pmL, —

(1) Kropf EJ., et al., KSSTA., 2013.

(2) Sun'Y., et al., Connect Tissue Res., 2006.
() H LS, BRAALF AT =T A, 2025.
@) Wll, EERFHFALEm L, 2018.

10


西村　勇真
10


4)

NETREREE T CRER AL N I E NI RE~ RS TR
Yot ek
FORHSIRT: « AT DT WA 0 - e A7 & TR

1. =

/8 NIEIZ LS CAEIES 2 M8 NERRIE, Myl 5 BEE AW 7] (Wall shear stress; WSS) Z &A1 L, il
DO ENARE: - Blf) L7k~ LR Z2 B (L &, RSB O—D2T 7 F 7 4 7 A2 M LD I
WEIEDLH., 20O LD RBREZE L & TN IR RE 2 2 b S 1, I BEDOBERE &t H MHEHERF IC W CEE
TEEFEL, —HF THEMBOIEE - BREREIXMEEBICEG T2 Z L BHm6N TN 5.

ZHE TOHREITENT, REBIRFDIZEIT L, FEAEBRR 7 & O 2 FF - 72 i 2N B REE ~H 2245 L 9
RIMPEAFEAEL, TO KD Rl & KRERILIRCMEE & o 7o UE R & OBIR R S T\ 5. ikl
EHES B S 4D NGB OBERERE EME 229 5 M ) FEREIC L - CTHl & 2 S, HERIEICED > T A Al
REMENEZ OGN TWA. LavL, BN CTEZIMGE L MiaE & OBIRZ MR T 5 Z LIIREETH V, RN
FHRR 2 N = RSN SEBR I K D RS RD 5TV 5.

AHFFECTIE, PEHIREES B 2 B\ T2 2 /B S8, @22tk 0 @ WSS L BHENSN MO IER
XTI Fo 74T A MEEICBIIETRELR -

2. EBRFIE

HN—=TF7 A BIZFEfE L7- 8 P REPRNEMaN a2 70 MIELZZ & R UFEBRICH W . AN
Bl LC, MmE S L <IHMEWZEHRENEZMHINTE 5 7 —F v o " EZ AT 2 B ORNARE1T-
7o, WmEREZEN (EEEZER) TIEEV WSS EENENFEREZ, FRmENS 15 FEEV 7 EZE (EAE 22
W) TILmEW WSS EENER R D5 TA LS. 2T NEGIZXTT 5 WSS EBIEZNENDRED
DR STz T VNN OTRNE T OB L 0 R U7z, B asreg, sz & miaE s o—o
TIFUT 4T A NORSLBEMES UG L, MIRREZ R L 7.

3. FERBIOEE

MR L OMEAVE S AN, BRI R S S NI 8 2 MR Li- E E Th o 7. TEEISE
At L= N BRI T, £ 20Pa D WSS & BhENFIRFIC A U 5 fEIIC BT, Mk o Ef s skt LT
BT ENCECE T DB N ST, T 7 F 7 4T A 2 MO RERICEAZR AR biviz. —5 T, HEaHE
e A LT NEGIAIZB W TC, WSS EENEZNENAEM CTE 25 EAT 28I LR, Mhimicst
THMPAERB L OT 7 F o7 4 7 A bOERMEZLIZR SR T-.

AEFRAO 7R EPH O 2Pa FEE D XV EV 8Pa FEFE D WSS (2% L Cal i PN R IR X R o J7 [N EL 1A L 7= T REdS
FOWENDFRNT 7 F o7 4 T A MEFREISEDLZENMOENTWAD, L, MAFRICKT 5N
Fa DB MBS T, Fifse)7e WSS AfFICx L T3~6 Kl < WM GIBREINENRO HILD L 51278 5@. Fz,
6~10Pa LL LD @&V WSS 12 & & S 7= N MR 3 AUkt L C— RIS E A S TS N2 ARE S L [ 9~ H B &
IREINTVDD, T b b 24 FFERREORIMAMBZEOR R E L TURSNTNDO. AIFFETIE 2 K OFILA
FIZE VMBS LI OT 7 F o7 4 7 A2 MEEOFRE 3T 2 B AMESBE LT DR 235580 S iz, fEk
® WSS FIIZ I, FEFICROWNEMIROIZRENZ LG5 TR Y, o883 WSS & EEMRRHIZ/EM
LIZBRIRIC L > TR SR ESNARRNRBGTHL EZ2HN5.

275 3k

(1) Kataoka, et al, Med Biol Eng Comput (1998), 36(1): 122-128.

(2) Sakamoto, et al, Biochem Biophys Res Commun (2010), 398(3): 426-432.
(3) Sakamoto, et al, Biochem Biophys Res Commun (2010), 395(2): 264-269.
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AFM &M X 2 BERNE N FESSBEARIC RIETEE

The effects of shear stress by AFM probe on cervical cancer cells

REX-Bt B fEAX =REX-I £k BME
REX-lR € X3y REX-I nttHh EE REX-I k4K

Ryuta Shimamura**, Kaisei Sato*, Kim Sooyoung**, Masahiro Motosuke*, Shinya Sasaki*

*Tokyo University of Science, ** Graduate School of Tokyo University of Science

1. ¥E

BB O W 72 D& ERICm S, MG 2 N0 L CRIIEBBISE T DV AT ATHD, AW FNT AL
7 a VT AMENMEHESN TS, AN N TP T v a VORGSR E LT, ZIEZhbi=Y, ok
WA & BBV O BURIC O W COFEHIZRBRAE A R D STV D, SEFTHFZE I, BT OB RBSBIN+ % Z & T,
BB REDN T LEMEE N TN D 2 &, £/, BBENMEOLBAMIL, BENRRKREVWI ERRESENTNS D, L
PDUZRN D, EMCEIRIG S NS OB REIZ 5 2 AR EITFRAE STV D DY, BB 72 I C & 2 EREEfIP 03
IR OEMEIEIZ 2 2 B OV COREEFIL 2. AL TIE, JFEFOEMEE (AFM) MV, AFM 81T X
% BRI S R A OB IR AR ME I K IE TR OV TRl L 7.

2. EEREE
21 EEHH
EERY o 7T = SEE AN Td S HeLa flfiaz A=, #llElX, MEM (Menimum Essential Medium) 55#1i2 %
FeT h~vwdg b= U U OREY, ROy VIRIIIGEZRE L, i 37°C, CORE 5~6 %D 5T Th:
FTerATo7=. WIET DML, STHERELTHD 48~72 FEE L2 b 0% Az,
22 EEBAE
FEEEAN A IR O BRI R IFTHEBLTET 720, BERPOMBREGD ZX w7 +—AH—THEETT-
7-. AFM % SPM-8100FM (SHIMADZU, JP) # il L7=. 74— H—7HIEIL, FEERBRNI% I L O RS AT
BTHIEEITo 7. (DI, HIEROBEHER TH 5 JKR2 MiEDOXN A RT.
1.27F,
Ko ———— 1
VR(8o —61)3 @
ZIC, KITWMEER, FOTRRERS S, RIZAUFLA—MOERE, §, - 613 LIARRETHS. LitoXa Hn
T, AFMMIE TR/ LN 74— A D —T % b L1, WEEREZRH Lz, BENT, 7+ —AD—7 05 X8 LRFIZE
BENDEREIEEEL B YT 5. MlaEE2E > o0 77 VRogEEE chHH 7Y a s ) v 7 (EGL)DES %
HWEDD, 73 —Ah—7ZBIF Db N0 OHEE 2 “MEICH T, RABDRESZ7Vah) vy /7oBEs L
EFRLT., F7o, HSOFEEELT, 74—AN—T7OBEXZMREAEORMEL LTHEB L., 74— —7HIE
X, JEE 37 °C, EEME 2.61nN, EEEE 16Hz TIro7-. F7z, BERBT, BE 37 C, E&EE 6Hz, &
FFEE 2.61 nN, A% ¥ HEIE 30X30 pm, EBFEE 30min TITo7=.. B F L=, EE6pm DRIY AFL v
HKET T VAD L FUA—DRIHBIZR T BEOaa A XAV o F L= FH L. R T L N—
DIXNREHIE, 0.12N/m ThHo7-.

3. EEBEE o ’
3.1 BEftEE ﬁa 15 2
Figure 1 12, FEESRBANIE D HeLa A0t ORE 5 g2 t
RART. BB ORI 124KkPa, BEERRG B 4 | o
DWMEHIT 1.61kPa L 72 0, BMERENKRE 0D Z LAk = 5
BNt 205 | e
32 FEA & 2
Figure 2 |2, BEEREAER B4 O HeLa flin D EERE 11 DO HIE 0 Before After 0 Before After

b R Rd. EEERBRATORES /113 1.64 nN, EEEGAERZ

1£239n0N E72 0, EEEMBEICEES K& < 252 Figl  Elastic modulus of HeLa Fig:2  Adhesion force of Hela

DR S LT

33 Wit 15 05
Figure 3 12, PEESABRREI O HeLa ARG ORI D I E & 5

ZoRY. BEERBRATOMIMEIE 10.2 pN/nm, BB (X 111 § 3 04

pNnm & 720, BEEEEREICAIMEN K E < 75 2 L sk 210 T % 03

SN, % %

34 EGLEX £ 5t €02
Figure 4 |2, BEENMAT# O HeLa M2 EGL B LOH & Qo1

TEAE R AR, BB AT 0.43 pm, EEERRERTE1T 0.31 pm 0

. ot o 0 -
Ly BEEEERLIC EGL BN T 5 = L SR ST, Before After Before After
Fig.3 Stiffness of HeLa  Fig4 EGL thickness of HeLa
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4. EE
4.1 TEESR

FMAE OBERE TR 2 45 5 IR B X R B D—2 L LT, MIENIZIZT 7F 74T A FEWI X IED
EARPEET D, BATHFERICE Y, MBS SMb S &, Fig. S OXICHTZRT IF T 4T A O
BEAKERELD L, 77T OEAMPEE 5 BEICITMIRBA M OIEER D 2388425 2 &, Mo HESR I
JMEOEINEFET D Z LR EN TV D 3, RERICBWTIE, BEIC X D RO MRS EINT 5 2 & 235
WENTZ., ZhUE, RO B CTHIBBIC L - CT 7V F U OEAMGNELZZ T, MREOHE &
DR HBMNFELT-T-dEEZLNS.
4.2 EEHhE EGL OBE&R

BEENOFEERX L LT, RS, 2BRHEAREO—RES L, HFMNCI 2 ZRESGO “EICRE <Y
Fois. T L= IR OEEIZB WL, —IREAFIRERA 2, ETHNHFIELRWG, ZKKEG D0 1M
IWBRXEAIEEZ 2 N5, £, EERRLOEMICHEWTIE, EEEMHBOTEIMNAERICYalcrdz &i3nl, B
FOETERLOKFBECELIY TEMARET S, 20k, HTEIINELRZRERS TIX, B O LR
EETHVEDDD. HTBANRKENRY 7 b~T U TIIRITHEET F X, “EREIZELCDI D FMhnbEE
TNV F—FRHHEL, IKREHLEHNT, UTOXQTrRESZEEZLND Y.

3t R4R, A
=—X X
2 R1 +R2 12nD?

T IT, R, RIZTHEROEEE, A4 TEEEDOFER, D NESEEHTHY, D AN S BT EEAEN FIlIkiL
72 % . AREBR T Fig6 ORI, BEAICEY EGL BB LZZENBEX LN, EGL BB L Z L2 XV, Fig7
DRI T o F LA— L AR AEEE LT < 220, ROICHBIT D DINELRY, EERMICEEN FAEMLE-Z L
NEZOLND.

)

5. #8

AFM R & 2 BRI, +ESHRMRoMiER, EGL BIE S, BENICEZ D ELFE LR, LLTFom

AT

(1) BEEGHRIZ LY, HEOBMEEN ER925 2 ERMERINE. ORI, M ~OMmARIRIc L0 -7
7 FUBEAMEE S, MBEEOEDNEN L0 EEZLND.

(2) BEESRMIZ LV, MIROmIMER EH3 5 2 &3 R Sz,

3) BEEGHIZ LY, MO EGL @A T2 Z &R IN. T, BEEEKIZ L > T EGL BRERE L
wEEZLND.

4) BERFICEY, MlaogEs N ERT25 2 LRIz, ZOFRNEE, EGLNERE L Z &Ik d&EaE
BEDWANZ LY, BEZRLF =R EF L0 EEZLNS.

TR

1) K. Tsujita, R. Satow, S. Asada, Y. Nakamura, L. Arnes, K. Sako, Y. Fujita, K. Fukami & T. [toh: Homeostatic membrane
tension constrains cancer cell dissemination by counteracting BAR protein assembly, Nature Communications, 12, 1 (2021)
5930.

2) M. Kane, P. Beri, J. Tuler, I. L. Williams, A. Kumar, S. Klein, P. Katira, and A. J. Engler: Adhesion strength of tumor cells
predicts metastatic disease in vivo, Cell Reports, 44, 3 (2025) 5930.

3) C. Higashida, T. Kiuchi, H. Mizuno, M. Maruoka, S. Narumiya, K. Mizuno, N. Watanabe: F-and G-actin homeostasis
regulates mechanosensitive actin nucleation by formins, Nature Cell Biology, 15, 4(2013) 395-405.

4) K. Tsujita, T. Takenawa, T. Itoh: Feedback regulation between plasma membrane tension and membrane-bending proteins
organizes cell polarity during leading edge formation, Nature Cell Biology, 17, 6 (2015) 749-758.

5) H.C. Hamaker: Vander waals attraction between spherical particles, Physica IV, 4,10 (1937) 1058-1072.

Polymerization

Actin pi‘m\\h oy (Nt
}

Fig. 6 Wear mechanisms of EGL
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Fig. 5 Actin polymerization
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Fig.7 Change in minimum distance due to EGL wear
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6)

Prediction of Anisotropic Cartilage Wear Using a Finite Element Musculoskeletal Model: an
Experimental and Computational Study

Dangdang Wang', Zhongmin Jin', Junyan Li**"

1. School of Mechanical Engineering, Southwest Jiaotong University, Chengdu, China
2. Department of Orthopedics, Shanghai University of Medicine & Health Sciences Affiliated Zhoupu Hospital,
Shanghai, China
3. School of Medical Instrument, Shanghai University of Medicine & Health Sciences, Shanghai, China

Background: Mechanical wear of articular cartilage is one of the primary causes of joint pain and revision surgery in
hemi-hip and patella-retaining total knee arthroplasty. The superficial zone of cartilage exhibits unidirectional collagen
fibre alignment, resulting in anisotropic mechanical properties. Consequently, cartilage wear may also exhibit anisotropy
depending on fibre orientation. However, in vivo wear testing is invasive, highlighting the need for computational
musculoskeletal (MSK) models capable of predicting cartilage wear under physiological conditions. Current studies
remain limited in this regard. Quantitative experimental data describing the relationship between cartilage wear and fibre
orientation are scarce, and existing wear laws seldom consider cartilage anisotropy. Moreover, conventional MSK models
based on multibody and hinge-type joints cannot accurately capture articular contact mechanics. Although prosthetic wear
has been coupled with MSK simulations, in vivo cartilage wear prediction during physiological activities has not yet been
reported.

Methods: A series of cartilage—CoCrMo wear tests were conducted under four fibre sliding angles (0°, 30°, 60°, and 90°)
to evaluate the effect of collagen fibre orientation on wear behaviour. Based on the experimental findings, a novel
anisotropic wear law for articular cartilage was formulated and implemented into a finite element (FE) model via custom
MATLAB coding to compute wear depth. Furthermore, a validated FE-MSK model of the lower limb—including
cartilage, ligaments, and menisci—was developed to represent deformable joint contact. The anisotropic wear law was
then coupled with the FE-MSK model to create an integrated simulation framework OptiMyo that is capable of
dynamically predicting joint kinematics, contact mechanics, and cartilage wear progression throughout the gait cycle.
Additionally, the influence of postoperative patellar height on cartilage wear was assessed to elucidate the combined
effects of multiple biomechanical factors during gait.

Results: Cartilage exhibited pronounced anisotropic wear behavior against CoCrMo. Wear depth increased progressively
as the sliding direction changed from parallel to perpendicular relative to the collagen fibres. The proposed FE wear model
accurately captured this anisotropic wear pattern. The FE-MSK model shows good agreement with experimental
measurements of knee contact forces and muscle activations. During gait simulation, patellar height markedly influenced
patellofemoral contact forces and cartilage stresses. After one million gait cycles, the pseudo—patella baja configuration
resulted in the lowest cumulative cartilage wear.

Conclusion: A novel and effective FE-MSK wear-coupling framework was developed, incorporating both joint contact
mechanics and anisotropic cartilage wear characteristics. This framework provides a powerful tool for investigating the
in vivo progression of cartilage wear and offers valuable insights for optimising joint prosthesis design and intraoperative
positioning strategies.

Cartilage wear testing FE MSK modeling Validation & Analysis
$

Model validations
Superficial collagen

c = = » =
- T = - . 0 -
fiber & Sliding e . BB E8E
direction — fiber- - 5 wh = E §
- sliding angle « ) S =" -
S . N S
. Schingpiise 8: © 5
5l 31t = 2 e 2%,
[ T 1. S
g 2 oz | L ~ He =3
. d ” . (eTwszi i Ines 23 » 8 il
"'. Tissues mechanics Dopth- ot B e >
> > (W i
0 30 60 90 1ih 2h 3h Cartilage wear patterns
Anisotropic wear Nonlinear wear FE MSK = End 815
s Em
- ; 3 v
Anisotropic wear law ioedecreell N Total step §
W =P s\/ wpcos? @ + wgsin? @ s ke il
'S 0

M < tol X

tol = 0.6 Nm
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7)

Tribology Research Activities in Malaysia-Japan International Institute of Technology
Kanao Fukuda (*e-mail: fukuda.kl@utm.my), Shahira Liza Kamis

Malaysia-Japan International Institute of Technology, Universiti Teknologi Malaysia
Jalan Sultan Yahaya Petra, 54100 Kuala Lumpur, Malaysia

The Malaysia-Japan International Institute of Technology (MJIIT) was established in 2011 at the
Universiti Teknologi Malaysia with the goal of introducing Japanese-style engineering research and education
methods in Malaysia. Since its inception, MJIIT has focused on research and education in the field of tribology.
From the beginning, tribology was made a compulsory subject for undergraduate students (it is currently an
elective but will be reinstated as a compulsory subject in 2027). Since its establishment, the institute has also
focused on research by establishing a Tribology and Precision Machining i-Kohza (TriPreM). In keeping with
the founding purpose of MJIIT, TriPreM has hosted the Malaysia-Japan Tribology Symposium (the first was
called the Malaysia-Japan Tribology Meeting) with the help of Kyushu University six times since 2012,
providing a forum for exchange between Malaysian and Japanese tribology researchers. The seventh
symposium is scheduled to be held in Kuala Lumpur, Malaysia, in July 2026.

From the outset, TriPreM has focused on research and development in technology and human
resource development, placing emphasis on collaboration with universities, national research institutes, and
companies, from the perspective of tribology as an engineering field contributing to human society. As a result,
the TriPreM has co-authored papers with many universities (Kyushu University, Institute of Science Tokyo,
University of Malaya, Universiti Putra Malaysia, Imperial College London, etc.), has conducted faculty and
graduate student exchange programs (Kyushu University, National Institute of Advanced Industrial Science
and Technology, Nagaoka University of Science and Technology, University of Hyogo, Tokyo City University,
etc.), and has also undertaken commissioned research mainly to Japanese companies, and promoted students'
internships and employment by many companies regardless of nationalities.

TriPreM's tribology research spans a wide range, from fundamental research into friction and wear
phenomena to applied research geared toward commercialization. However, we always strive to balance our
interest in practical applications, including the usage environment, with a scientific understanding and analysis
of phenomena. Research themes include: 1) elucidation of tribological phenomena and their influencing factors
[1-6], 2) development of tribological materials [7-12], 3) development of lubricating materials [13], 4)
application of tribology to biomedical engineering [14-15], and 5) development of new transmission
mechanisms. Regarding 1), we focus on elucidating the effects of the atmosphere, particularly humidity, on
tribological phenomena, and we are characterized by methods for controlling trace humidity levels and the
quantitative evaluation of water adsorbed on solid surfaces. Regarding 2), we are developing composite
materials using plant-derived fibers with environmental considerations, developing environmentally friendly
hard metal plating, modifying aluminum surfaces through anodizing, and performing surface modification of
nanomaterials. Regarding 3), our main focus is the development of greases and additives using waste cooking
oil and natural materials. Regarding 4), we are analyzing the causes of damage to resin materials used in
artificial joints and examining ways to improve their performance, an area we plan to strengthen in the future.
Regarding 5), we have devised a new speed-reduction mechanism that has a simple structure and is space-
saving, and are currently working on understanding its characteristics and improving its efficiency. On the day
of the presentation, we would like to introduce more specific details of our research and development.
References

1) K. Fukuda, Z. A. Subhi and T. Morita, “Analytical Study on the Growth and Transfer of Adhesive Substance
Generated on the Surface in the Early Stage of Sliding”, Wear, 330-331 (2015) 64-69.

2) K. Fukuda and T. Morita, “Physical model of adhesive wear in early stage of sliding,” Wear, 349-377, Part B
(2017) 1528-1533.

3) N.D. A Manaf, K. Fukuda, Z.A. Subhi, M. F. Mohd Radzi, “Influences of surface roughness on the water
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adsorption on austenitic stainless steel,” Tribology international, 136, (2019) 75-81.

4) K. Yap, K. Fukuda, J. R. Vail, J. Wong, M. A. Masen, “Spatiotemporal mapping for in-situ and real-time
tribological analysis in polymer-metal contacts,” Tribology International, July 2022, 171, 107533.

5) Q. Chen, T. Morita, Y. Sawae, K. Fukuda, J. Sugimura, “Effects of trace moisture content on tribofilm
formation, friction and wear of CF-filled PTFE in hydrogen,” Tribology International, 188(2023)108905.

6) K. Yap, K. Fukuda, L. Amspacher, R. Pero, N. Randall, M. A. Masen, “Humidity-induced tribofilms of
unfilled PTFE,” Wear 584-585 (2025) 206-424.

7) N. A. Mat Tahir, S. Liza, K. Fukuda, S. Mohamad, M. Z. Fathi Hashimi, M. S. Mohd Yunus, Y. Yaakob, I. S.
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Table 1 Results of multiple regression analysis
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HARITE BB EN A IR B L,
6°F TIEH & S4Ld. 15°LL BT Y A 7 38 hn
DI DMENHRFTT SIS, RSA DEIRERE D REEIZ,
WiFT U A7 OB L OWHE RI Bk DAL 23 % 5 234G
KNI L TV A GEIIRRERET O NE L 705,

A OENINZAE O RISV T 2 fif
B &L Cuevy (Markes et al. 2020). & 2 TABFZET
13, RESERE L 72 RSA OFIHIZEMEIC OV THRETT 5
ZEEHBERICY A 7 aE— 3 KO von Mises s )
IR L LETMm L 7-.

2.5 &

DICOM 7 —4 MHLJFHE & SMR & a VX — AT
2 (Lima) @ 3D AIREHZETVEEKR L. £T L
WEHE, VAT 4T, R=RATL—}, ~XJ,
EHAR—=2 ATV o, TEHAR— A7 U 206 DO/X
— k65 (K1).

BRI L HREIIZE NI 58,450 & 243,966 THESL
Liz. NI v 27 47, "R=RATL—}, ~XF
A CoCrMo, EFF, THA—12 A7 U 2 Ti-6Al-4V,
MEFEEIISCRIC RS S UE LIEEE R 1 IR LTz
(Sanjay et al., 2004) .

R LR BN A EE LTz, RS
CLLTHERBOEIZIONEZZ L AT 4 TIZART LTz,
AR K OV ph A B 13— 2 7 L— N D% & & L UE|C
0°, 45°, 90°, 135°CHEffL7=.

#inf % 00, 10°, 20°0D 3 DDOLRMEZE LT-. 24
MEZFNFRUTBWTEAMI LY von Mises it /) ZfiF
L. v~ 7vF—2a OBEHIZN—ZAF L — |
TIDZENLL DB T8 B O ZENL % 5T AR 22l & L
7=, AFREFEMATIL LS-DYNAver.R11.1 (LSTC), #HY
i A LT

iYu,;/yﬁ$% Iy 7V 2747
{g” —AR=27L=}F | (CoCrMo)
T Ry
L8 FBH- R Y 2
(Ti-6Al-4V)

M1 RRHE L E MR

*x 1 MRERK

T e | Ty AR

B (kg/m?) 8.30x10°  4.40x10°  1.80x10°
YV 7% (MPa) 2.15x105  1.00x10°  1.70x10*
KPYVEE(-) 0.30 0.34 0.40

Sanjay et al. 2004, Anglin et al. 1999

MEAN=S.D. (n=8)

04 —
= [ wEBRIVa— wdRRY e FHRIYa-—
€ 02 -
X &H BB
Ny &
SRS
y A |
o~ -04 l
.
> -0.6
0° 10° 20°
HEMEC )
R 2 KRRIBAEICEITSHHE 135° y#OT4o0
E—>3av
55
(MPa)
.3.0
2.0
‘ l1.0
0 10 20 o,

X3 #4485 135° (ZHI+HEEEED von Mises [t

3.#H R

ShiRks L OV 135°0281F 5 yio~A 7 nE—
a NIBERA O EERA 7 U o — R ICB
Lz (K2). ZRIZEHRWERAZ Y 2—nFH
FREREIZH L LIAEND FRIA~Y 7 M52 &N
B ST~ Tz

% K von Mises i SJNIAMRIZ BT 4.4MPa, Jaiihiz
BT 5.0MPa &MEE R L, %18 2000 135°F Tz
FELTHOBOIRIGHEBZ 72N ENRHENE o
7= (K3).

4.F &8

it 135°F TOZE LR FRERY A, THRNVERITH
HZ EPHEINTWS (AEB, 2025) . #ZIlck
D _X—RF L — NORIE TN AW B EL D &5
Z, yENZESE YTk,

~ A7 aE—a 03 150 um A ADH ENV— A=
VI MEEN D (Formainietal., 2015) . ABFZEICE
WTIRR~A 78T —2a 33um THY, |5 Sh
Al % FE S 72— A = 7 O R BEME IR & HEEL
L.

B OIS D T4 Lz Z &
flLoHE L BE Lo THJE L2V (Farron et al.,
2006) . A7/ A% B (Frost., 2003) & ¥ 3~10MPa
TEIRNECDZ &, BIRIGH XY von Mises Jin /)
WINSWMETH -T2 L2 HFE 2, BIICEFEL 20
CHEER LT,

5.% =

%I LB EEEIECT 2 =27 L — D~
A7 uE— a3 B0 von Mises S TDENS,
& 20°F TlIshRds L OVUE HEMEIZ IS W TR ENE
NELND EHEE LT,


西村　勇真
18


10)

A novel robotic system for hip joint biomechanical testing: Visualization of articular
contact

Ryui Kumagai !, Yuta Sakamoto 2, Daisuke Suzuki *, Atsushi Teramoto #, Hiromichi Fujie %46

1 Department of Mechanical Systems Engineering, Faculty of Systems Design, Tokyo Metropolitan University

2 Division of Mechanical Systems Engineering, Graduate School of Systems Design, Tokyo Metropolitan University
3 Department of Rehabilitation, Hokkaido Chitose College of Rehabilitation

4 Department of Orthopaedic Surgery, School of Medicine, Sapporo Medical University

5 Medicine-Engineering Collaborative Research Center, Tokyo Metropolitan University

6 School of Medicine, Kitasato University

Introduction

Internal rotation in flexion is believed to increase the loads applied to the acetabular labrum and induce labral tears and
subsequent osteoarthritis in the hip joint '?. Quantitative evaluation of labral loading and subluxation is essential for
the prevention and treatment of these problems. This study aimed to develop a framework combining robotic testing
with visualization of articular contact to assess acetabular labral load and stress in porcine hip joints.

Methods

A 6-degree of freedom (DOF) robotic system, originally developed for
knee joint testing (FRS-2015, Technology Service, Japan) 3), was used - / ‘ //
for the present study. The hip joint coordinate system, recommended by e P N
the International Society of Biomechanics (ISB) (Fig.1) ¥, is 'S,C) /‘3 \\} v r,‘"“*C”‘f -
kinematically analogous to the knee joint coordinate system used as the 4 Cpv R
reference coordinate system in the robotic system. Therefore, the joint [\L\*‘*\% §)

4

motion and load control algorithms, based on kinematic and kinetic Crm
descriptions >, were adapted from the original knee system 3) for the hip
joint application in this study.

To establish the hip joint coordinate system in the experiment, we

Fig. 1 Hi int inat tem. C,,:
developed the following procedure. 1) Acquire the 3-D geometry of the ig. 1 Hip Joint Coordinate system. G,y

intact pelvis, including bony landmarks, using the 3-D scanner prior to Pelvic coordinate system, Cyn: Femoral
specimen preparation. 2) Fix the specimen to the robotic system (where =~ Coordinate system. Rotational axes are
some landmarks are osteotomized off) and scan the geometry of the  defined as Flexion-Extension (FE),
mounted pelvis. 3) Perform image registration using Random Sample  Adduction-Abduction (AA), and
Consensus and Iterative Closest Point algorithms to align the intact pelvis  ,¢ermal-External (IE).

geometry to the mounted geometry. This allows us to virtually restore and
determine the 3-D position of the pelvis landmarks. 4) Utilize force control for
passive femur rotation (pivot motion) to determine the hip joint's rotational
center. 5) Define the pelvis coordinate system with the origin at the rotation
center and the orientation determined from the restored pelvis landmarks
following ISB recommendations. 6) Define the femoral coordinate system
similarly. 7) Establish the hip joint coordinate system describing the relative
motion between the pelvis and femoral systems.

Custom fixation clamps were developed, and a 3-D scanner (EinScan Pro
HD, SHINING 3D, China) was employed for digitization. After fixing an
immature porcine hip joint (11 weeks old, 35 kg) to the robotic system,

Fig. 2 The 6-DOF robotic system

. . .. with a porcine hip joint mounted.
internal/external rotation tests were performed on the joint up to 2600 Nmm P PJ

of torque, at flexion angles of 0°, 20°, and 40° (Fig.2).

For visualization, the hip joint was separated into the pelvis and femur. The geometry of the acetabular and bony
surfaces was captured using the 3-D scanner to develop detailed 3-D computational models of the pelvis, femur, and
articular surfaces of the femoral head and acetabulum. These models were subsequently aligned with the robot-acquired

scan data through registration algorithms identical to those used in actual joint testing, thus preserving the exact
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coordinate systems defined by the robot. Ultimately, the relative motion observed during the rotation tests was visualized
on these computational models, with articular contact quantitatively represented via a heat map illustrating the surface-
to-surface distance between the articular surfaces.

Results

The internal/external rotation tests were successfully completed at the three different flexion angles without any
technical complications. The internal rotation increased with flexion, measuring 8.8° at 0° flexion and 20.5° at 40°
flexion. The contact area, defined as the portion with a gap distance of less than 0.0 mm, was in the inferior area of the
acetabular articular surface at 0° of flexion (Fig.3). The contact area shifted anteriorly with the increase of the flexion
angle. The gap distance remained positive in the mid-range of rotations but decreased to negative values when the femur
was situated close to the maximum-range of rotation. This was probably due to the rigid body assumption for the femur
and pelvis in the visualization. The maximum penetration depth was 6.53 mm (gap distance: -6.53 mm), observed in
response to 600 Nmm of internal torque at 40° of flexion.

W Distance (mm)
7.0
Gap
0.0 Contact
Proximal )
Anterior 1
Penetration
Posterior Distal
-7.0

0° Flexion 20° Flexion 40° Flexion

Fig. 3 Visualization of hip joint motion and contact distribution. (Top) Reconstructed 3D kinematics of the hip joint.

(Bottom) Contact heat maps on the acetabular surface. Red indicates penetration, while blue indicates a gap.

Discussion

We developed a novel robotic system for hip joint biomechanics to improve the understanding of the joint biomechanics
and potential injury risks. This system can conduct a hip joint loading test with respect to the hip joint coordinate system
and visualize the articular contact between the femoral head and acetabulum. The obtained results revealed that internal
rotation combined with increased flexion poses the greatest risk to the porcine hip joint, highlighting the importance of
this system in biomechanical and bio-tribological research.
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NAARSLROS—HEDFEVEEDIETT
RERIERIARE TFEE #HIER EL4KED
1. IUsIC

NAAZAT1YIRE, TEMCERIEVIIEZDEE, BRRUCTFTINEE HEE, BLUZORERAN A LETH
HSHSRIEL, ATHMNORDETZ BT FERMATR D E Thd. EMFEHEECOIDELDBIECHWVT, R
SNEIRIF—EMRZRVEBNS, BECRBILEINIHEEZIESU TS, LOnl, B B - Bz NAR0
S—(F, HEARKEMNREFUGITD L, £aEEORBEZAZERTHD, \AAZIATYIREDFRFNMEN TS
TEVDETH.

A ARBIENCRREN2EMOEER ML, BIEREESMAMZERICEIRALTVWILIITR, BEEEE, R
BICE M, RYHEHIERE, SARDHEEZATL TV, BELE, EROMIE, MEYRmECRSN2MiliEs
b, HRZEREMESHIENCEEEST, BN, 48, EEAEMREFHEE OB EIEEEZRIRL TS, INHSMIR
5R(&, MR AIEEE OB ER DMK TIEIEFRATEY, EFERIG, RAZES), SNEPRIBMEECRELES
SEMREVTERRI D2ENDD,

FCEARNAROS - (CHBVTEERRLZN ENEVFE | THhd. EAROEEREE, EFEPIEENIECTE, HED
FOMEE, RECZERIG, BEEEEBU THEEZHERS - 0189 2. COLORENIIHEREHIFHBIE, RO
EMRICHFR BB ISRV EVSERVEEETBIRL (EARBICRR D, TRNDS, SR TIREFEPZLZH]
REUVISHETRBENHNELTED, ORI\ AZIAT1WIZDARE N MIEN 3D

IR, DUREREIRNSAROS — AR ZF TR EPEALARU_EFRHERELT, [J42hL ALINSEBXINTWS. 7
1OV AL L, BERZT IR OMIRFE TR, MIEERCHFEETINEEELLDD, toYT 50205
sHAIEHRE AV TGRS IEAR - TR - Sl 9 X0 AR T D, B - EFRERREEREMEC, BRBEFENSELEN
HFHEEIZN, NEEZIREE, FBEEBESICI O TREIREAGELAIEERITRTHIEEERT .

EHRNE T EEHIEAEE, RIBZAPEEIRRECCU CREARR BRI ZZ LS 2B AT ATH
h, TNEET1h)L AL FBIET BERELS AT ALECHIET 2, EIRE D TOHRERRIE Al FTORSE, A
T3ATACBVTEERICEM U EN P EMAREZEIR T 2 Al 882 RULTLVD,

IAADATAYIRENSAROS - DRt S, RIERZRE, EET/NAX, YVINIRTAIARE, SHRBIEHADEIC
BVTEBRUARIBL TV, SE(E, EMCATES 2SN DIEMOERGIEIRIEE, HRI%5T, RMEE, 351K
32T LFIHINEAR RN SEELIADTENRDSN D EVCFY, FEHRIEL, BUATYINGETTI ZEIRNIAZ
IL—LD-9ZEN, RIERRSAROS -0 RZK T EEZSND.

2. ZA: B8 AL BIAD=X LR

EREDICE, FITENDICENSIRDINEN DD AEITE, NAANAROS-DIRRAFR(CERIFELLT, H
FRIDEEMERE (AFM) ZRVEBRAIZBNIT. K 1(E, KERATIORRETRERE(CTFZRINIKINEN, B
(LML TF%, RIBZRARFRDIEME (AM-AFM) ZRAVTEERUERTHS V . EERRI4IER
BKPICHVTERRI R ARG SALIEAISE, BE 49 N, RE 20 mm/s, EEZEIEEE 16 m LU 60 m O
TEMEU, BIERIOIEEEE TIEH 6 um OKFIBMEREREINZOCHTL, 60 m EiBEZOERE TIKIENZEH
KUTWBENTERTE S, COFERS, EIEIEREOIENNCE VR MEINN T 2tEREE RELTLS.

AFM (X LFM (Lateral Force Microscopy) E—ReRWACET, F/RAT—IVTOEEHAERIEETHD. MEBERN
AR RM(CHIIDERREDE bZ, NZHESEE (endothelial glycocalyx layer : EGL) OBE(CLOTHEL
fehERER 2 (ORT 2 . BENIBCEDHSHUS EGL ZRREUHIRERE TR, EEGAISEERRENS S MEE
RU, EEOIEOEIMNCHSHEERELEEREINRN O, —7, [ESEMRETE, EECIEROENNIC o TEEGE
MMENNTZZEEINFERSN. COBRELT, BEERICED EGL OBEBENEZSN, BWERPEEEHOEL, S5ICETR
MEROIREIFEDEALRENSE, INEZIFIBERMESNTLS,
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Fig. 1 Boundary lubrication or fluid film
lubrication on articular joints.
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Fig. 3 Slippage on organ surfaces.
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Side chain
Main chain

Fig. 4 Slide between fibers. Schema.

LI MENRH B Fig. 5,). Ziud, EEOAREICEDS Z
EMHTHD. BBABNTET HRY, HIERELHEDIC
X, FORNET, WEIS &S ARSI OfEE A B
M2 LZHIZ 72 D (Fig. 6).

Q\"\" )W)\ l! ')'. ﬁ«’

»\wz RN

I'{oAm‘

a. Entanglement of fibrous polymers.

b. Fibrous polymers that flutter due to
slippage.

Fig. 5 Fibrous polymers inside mucus. Schema.
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Fig. 7 Collagen fibers in superficial layers
of articular cartilage. Schema.
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Fig. 6 Lubrication technology.
Reduce shear stress within the lubricant.
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Fig. 8 Rolling lubrication in musculoskeletal
system. Separation of moving surface
and friction surface
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1. Introduction

Recent studies have reported differing findings on the boundary lubrication properties of synovial fluid (SF)
constituents [1][2]. This study examines how different sliding counterfaces affect the frictional behavior of
articular cartilage surface lubricated with SF constituents.

2. Materials and methods

Articular cartilage specimens were harvested from healthy bovine fetlock joints within 24 h of sacrifice, with
an approximate age of 20 months. Using a micro cutter, cartilage tissues from the proximal phalanx of the
bovine joint were sectioned into square specimens with dimensions of § mm X § mm.

Two copolymer hydrogels were employed: RX-6-HB-55-g (HB55g) and RX-6-GB-55-g (GB55g). HB55¢g
was synthesized by copolymerization of the hydrophilic monomer hydroxyethyl methacrylate (HEMA) and the
hydrophobic monomer butyl acrylate (BA), whereas GB55g was prepared by copolymerization of the
hydrophilic monomer glyceryl mono-acrylate (GLMA) with the same hydrophobic monomer, BA. In both
hydrogels, the hydrophilic and hydrophobic monomers were present at 50 wt% each.

A metal sphere with a diameter of 2 mm was used as a substrate, and a 0.4-mm-thick hydrogel sheet was
attached to its surface to construct the hydrogel—cartilage friction pair. Rotational reciprocating tests (0=30°)
were performed on articular cartilage against a glass probe or a hydrogel-coated probe in a Nano Tribometer
(Anton Paar NTR3, Austria). Measurements were conducted over a wide range of sliding velocities (0.05, 0.1,
0.2, 0.5, 1, 2 mm/s) and under extremely low contact loads (5, 20, 100 mN) to minimize contributions from the
bulk of the cartilage tissue. To assess the lubrication performance of individual SF components, the contact pair
was lubricated with different lubricants containing proteins, hyaluronic acid (HA), and phospholipids.

The lubrication regime was assessed by estimating the fluid film thickness using the elastohydrodynamic
lubrication (EHL) model proposed by Dowson et al [3]. The viscosity of the lubricants was classified into two
categories according to the presence of HA. Lubricant viscosity was set to 0.0015 Pa-s for HA-containing
solutions and 0.001 Pa-s for HA-free solutions.

el )

fovre sem Control sample Step 3

Friction Fresh sample Step 1 Step 2 Incubation 1.5h

Equilibration 1.5h
n force vemor N ~ . -
"J Glaws peode hydrogel | 1

S TUPBS ‘ !

PBS fresh SF and
lubricants

Specime

Fig. 1 (a) Photograph of the tribometer. (b) Schematic representation of the overall experimental design.

3. Results and discussion

Overall, the hydrogel—cartilage friction pairs generally exhibited thicker fluid films than the glass—cartilage
pair under all tested conditions. Lubricants containing HA consistently produced thicker fluid films, and this
trend was observed for all three friction pairs. In addition, the fluid film thickness gradually decreased with
increasing contact load.

Notably, when comparing the HB55g—cartilage and GB55g—cartilage friction pairs, the former not only
exhibited higher coefficients of friction in most lubricant conditions, but also showed greater sensitivity to
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lubricant composition. This behavior may be attributed to the more active adsorption of lubricant constituents
on the HB55g surface, resulting in a stronger influence of the structure and composition of the lubricating layer
on frictional behavior. In contrast, the GB55g—cartilage pair showed a smaller variation in friction coefficient,
indicating that its friction behavior is primarily governed by the intrinsic surface properties of the material and
is relatively less dependent on lubricant composition.

Distinct responses to lubricant composition were also observed among different friction pairs. For the glass—
cartilage friction pair, protein-containing lubricants significantly reduced the coefficient of friction, whereas
this reduction was not pronounced for the hydrogel—cartilage pairs. This difference may arise because proteins
more readily adsorb onto the glass and cartilage surface to form a boundary lubricating film, thereby effectively
reducing shear resistance.

In contrast, for the HB55g—cartilage friction pair, a lower coefficient of friction was observed in the mixture
HA and DPPC solution, likely because hydrated phosphocholine headgroups aligned within phospholipid
bilayers establish a low-shear sliding interface via the hydration lubrication mechanism, thereby providing
effective boundary lubrication.
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Fig. 1 Relationship between the COF and fluid film thickness for cartilage—glass (a-c), cartilage—HB55g (d-f),
and cartilage—GB55g (g-i) friction pairs under normal loads of 5, 20, and 100 mN.
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KEHBEZ ALY —%, BEEGHBREIZRCHE L. % off
B, BEEGER IOKRE SR oBERED L REE BT
INF—DHBREMNBED SN, 2 DRI, B
BRI a-~) v 7 ARBEOWIEL 5 v XL af D
B L 722 L B RB LT,

5. BE3H

[1] Nakashima, K. Sawae, Y. Murakami, T. and Michler, S.
Behaviour of Adsorbed Albumin Film on CoCrMo
Alloy under in-situ Observation, Tribology Online,
2015, 10, 2, 183-189.

[2] Myant, C. and Cann, P. On the matter of synovial fluid
lubrication: Implications for Metal-on-Metal hip
tribology. J. Mech. Beh. Biom. Mat., 2014, 34, 349-
357.

[3] Necas, D. Sawae, Y. et. al, The Influence of Proteins
and Speed on Friction and Adsorption of Metal/
UHMWPE Contact Pair, Biotribology, 2017, 11, 51-
59.

[4] Hata, T. Kitazaki Y. and Saito, T. Estimation of the
Surface Energy of Polymer Solids, J. Adhesion, 1987,
21(3-4), 177-194.
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MEZEEPVANAS FOF L OMFEREE & BEFEOBR

et HE', BB E1? LE MG BE GhE' EI A
1. 7L¢NjtathaL&c]ZaLﬁﬁjuﬁiﬁﬁﬁ&]Z%?%KFﬁ, 2. JT - SN KR

1. WE

BAE e C L L= g ke, REBMEEZAET D1 FaZ v, e REMERCHCE OEIEHRE 2 Sid &
L7zl 98 ELE L TORBRIREIN TS, BERE - BB EL L L TOFRER O 2\ LG
AU =T a— (PVA) ™A R Z U ERIGIEIC L - TRIEDR KR E < 2 b 35, REMZRBGEE L

TV K LS fi# (Freezing-thawing : FT) £ V& % ¥ A b KZ 4 (Cast-drying: CD) {E203H DM, Z
NoOFEEZBEEIL L TER LIZEAT PVA N1 Ka 7L (CP V) 1%, BEERHENT L35 2 &R
INTWAB D, Fi, FUAEREOSERER 2 2S5 2 LT, ZOBEBBERREIEBTHI L
DREINTNDEN Y, ZDOAH=ZALIOWTIIRMATH S, AT, @SR ERAERERIC L > T
CP 7 NVOEEBEENET DA N =X L&t L.

2. EBAE
2.1 CP ¥ )L4ES &

CP 7 /VDJFEE L TEAE 1700, (FAALE 98.0~99.0mol% DAY =L 7 )L a—L&xEH L]-. CP ¥
NOVERITIX, 15 mass%PVA OKERKR 30g #EE9Omm DR U AF L v v — LIl LiAZ, -20°C T
8 WEMBifG, 4°C T 16 FRRRBE 21T\, Z D% 60°C, 80%RH DOBEEE F CHLMEZIT -7, SR LEL
OFFIE 1, 6, 12, 24 RO 4 FEZRE L, TNENORE L CP06~CP24 & L7, Z O &R ALER
%12, FO-20°C C 8 KEIBAS, 4°C T 16 FRFHATT\VY, 8°C, 50%RH DEREL T CHME S H7-1%, #l
m¢fhﬁTé EIZED CP FVAEAERILTZ. 7eds, HEHBIEEE LT -20°C C 8 WFfHERE, 4°C T
16 FEREIfRERZ 4 [l 0K U CERL L 72 FT # 1, 8°C, 50%RHm & L < 1% 60°C, 80%RH DEREEIC T i ik
SHETER L CD 7V (CD-L, CD-H) H{E#LL 7-.

2.2 EEHER
PEE BRI X EEE A L A4 A — & (MCR302,
Anton Paar) ZfEHA L7=. AN— LANZIEH T REK
wM7mm,?427MKﬁm$ﬁmﬂLf CP gels
45°fHAL S H 7= CP # L% 120°f80@ T 3 feakis ‘
TEEBRABR AT 7-. KEERBRIC wfﬁ
CP06, CP12, CP24 & H1Z, ZNAERIF Ol T
BiZBW Ty Yy — Ll Tho a2 BEEmE L
TR L=,
EEEGRBRIT FRL D FIETIT o 7=,
O 3N OffEZAME L%, 30 2927V
—7 /jj-‘ﬂ:/
Q@ —EHIFIREREFNLEEEL, FLEK
(10 #)
©® WHEMWEIN ZAf%, EEREREL%G
—EORBTIE, ERTEOOKIZITE®, @% 3 0K Uiz, BB, #E 3N, SR
ik 2 HV, RBRIZE CTRIRREEIC TITo 72, 970 31X 0.00001~1,000 mm/s TR H AR 5 %F
B s w7,

2.3 s REEREN

7V O Rk S TETEEEE O P BT 1E SAXS(UMA X #RHLELYE, AXS Nano Star, Bruker), #iidn ¥+ ZAHIEIC
WAXS(JiAf X ##%EL7E, D8 DISCOVER, Bruker)Z U /=, SAXS HIE I, %#/7w%1L#1m1@
Eﬁ%%mmw,scswwﬂwﬁﬁTfu)Hﬁhkéﬁt% ETITo72. WAXS HIEIXF v TV —
(EfE:2mm, ME : AT T A, JBEH 0.0l mm) IZEEKEOY 7 vE2 AN THIE L. £DBIZY
VTN 1.5mm, £ X 2em OFARIZE] Y Hjbf_.

9',9“ hatt Glass ball

_Pure water

CcP gels

(a) Top view (b) Side view
Fig.1 Schematic images of friction test using rheometer
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Fig.2 Sliding speed dependency of friction coefficient of PVA hydrogels

9.00 8.50
E Values = Mean * SD Values = Mean = SD
E CPOI~CP24:n=5 8.00 - cpoi~cP24:n=5
i CD-H,CD-L,FT:n=3 —_ CD-H:n=3
s 850 ! E 750 | "
ES £
5 g 700 |
= =
g 8.00 r s 650 G
z 2
] & 600 |
@
E 7.50 550
]
& 500

7.00 4.50

CPO1 CP06 CPI2 CP24 CD-H CD-L FT cpol CP06 CPI12 CP24 CD-H
(a) Distance between microcrystals (b) Microcrystal size

Fig.3 Analysis of microcrystalline structure using SAXS and WAXS

3. R, EE

Fig.2 (2457 )V D BEER L O R FEE AR AT ME 2 7R 3. BRERERBR A 2> & s~ & s B A B8N & - C i
LTEY, HokimiiREREtGRCTh 5. RERHMG% OBEERE O ARIL, CP24 B XL O'CD-H TKX
<, CD-L B LU FT TIILIMIFRCNTH o 2. I KEBEBLREICE 5 £ TOZEENL CPO1~CP12 THMEL L
TEY, BRREESAEIT CD-L OABPMO 7 v L0 IRWEZ R L.

Fig.3 127”77 SAXS 36 KUY WAXS (2 & 2 iff sa & AT OF5E R 6, CPO1~CP12 TIIMfs duf iRt L O
WG da A APNZIERETH H—J7, CP24 TIIWTN MO T L LY KEWZ L3RIz, 72, CD-
L BLOFT TIX WAXS ICBWTEITE— 27 20T & A CBHIENT, FEREBICRIT 2851 X3
DT/HhINWZ ERRBREINT-.

T RTOT IO TR EZ ICBEEBREDS LA L2 OB EMASE N2 52 E PR IR, Z
AU I CITEEAE TT RO NELT, L LTEAMEREN XM THY, 0%zl Sfhir
MBETRORFELZEEZOND. BINAROKE UV CP24 3 KON CD-H 1E, @HMERD 5 WITEWEEE
MWAEAET D7 N TH D ARENED R SL72. CPOLI~CPI12 13JEML L =A% 2 & A X BT
KXV NT/R -T2, Gong DDOFIVOEREREEETT IV ITIE, YIVOREFEIIEEL 5257 XA —X
DO—o& LT IEBREOE S FHO 7 — U —£) DEFTHITNDD, TIUIARMEO LS PVA
FIAZ BV TITZE R & U C OGRS b R REEE & R S YA XITRIFE T 5 &8 2 b, Ll L 72850k sl A
ZHO CPOI~CPI12 (XA DEEEEEN 2 /R LIz L B2 bbb, — T, BB R KEBRET 7 VBT
FEFLNGRO B, FLERIRAECREM L 7245 Sh R IR O 2 CII BRI B & 0 I T & 9, ERRE T
TEREAMG O EE M RIR S iz,

3CHR

1) EEEEL, Fofligik, FEBAE 57-130543(1982).

2) E. Otsuka, A. Suzuki, Journal of Applied Polymer Science, Vol.114, Issue 1 (2009), 10-16.
3)  RYeIEE, AEEES, BARTEH, h T A AR v U—55 2017 KER TREEQR017).
4)  SREIEIE, FFLHER, SARIEH, BT A R R U2k 2021 BRI TRISE(2021)
5) J. P. Gong, Soft Matter, Vol.2, Issue 7 (2006), 544-552.

32


西村　勇真
32


18)

RIE =T Va— I ARab VO BREREIZRBITABERAZEE OHE
B 1, HETRRE 12
UHRUR N KRS AT AT A LURFZERL 2 R SRE TR et 2 —

EEN=R
H A

BEETHE 1 BN R A B L CRY, EORHEA T 53
R D— DI ZARMEEIE DD, B ORVE IR B DR %
XA BHZETIRBEERERBL TWAET AR CTHALN, EERICME
TR EE XX TODONTHLNITIT o TV, RIFFET
IR DR B AR BRI E =L 7 La— L (PVA) A~ARas L
ERHWT, s/ E 7R mOBMERIEL, FOEMNMLME
FIRO¥EEHEE T D, 72, TaT A7 Uhy (PG) ZIREGLIZE
BEFEIZEEND PVA/PG ARSI L CHOIEZI TV, Hikii
AT,

[71%]

PVA NARBZ L, 2EEED 15 wt%s3 D PVA ¥R (P0469,
WAL TS 2EMSE T/ E Y —Li230g &Y, /b
FUGIRIEIREIRE (SH-242, = A~y 7R E4E) 8 C, 50 %RH O
BEET T 10 HMEBRIE TRy AN TS TV 25 8ELT.
PVA/PG NARBS VX PVA IIHRIZ PG (FrT A7V H F, — T
AR & 1 wi%bRDINTRAES T, 2Dk, K
T 72 B UL B ST TTEISN 1S mm ED AN/ a2 RS 18
mm X 1§ 10 mm (ZFT BN TR L 72

JET1E, R10 M fEO BT EE T T, J2—T w7 35 ([THY
TEMT2AKHEL 7. [EFDBMITHEEIED S VAR 7 ==L L7
7AREHE S BRI O R WF 22 HNT0s (X 1). Ko
TR FICEBRATL, H OO CEELNE 2N FIEIC
FOBIE RO 72, FBRIIEE B BEERBHE TITY, HEEE 5
mm/s, 2 mm/s, 72 2 N, H77 10 pA 10 mm T 8 EEEML
T BEBEDT I E U1 S BB BB L QD T &IIE T IR, B
LW RN HE e T 5.

®#000
e+

W5 N7 T
1 AN ST LB

[ R]

FEEE L S mm/s DFERA T (K2,3). ES MOBEETHI0.199
VETIKTL, #5MOEETK 0268V £TO EAMNRLI, 48
HOEFRIETITN 0.230 V Z/RL7Z. PVA/PG AR VDR
% PVA NARBSZ VLR TR T L. (EFIRIETK
0.215V (12 3).)

Wi 1)
NEJ5 1A =
0.6 %ﬁﬁ ?%@J %%’?@T 03 ! jﬂj: |
E 0.4 . | : E}ESmm/s : .o 1 el
& 0-2 : : I o W‘i—%ﬁ?
) 02 Wtk AN | . |
| o ' 01 ! !
-60 -40 -20 0 30 o8 96
IRF[H(s)
2 PVA NARBZ L OBAZEAL
|, b R HEE T i 2
S R N | 0.3 | ' |
204 S HESmm/s . : ! : -
_H . ol : < o J | T -
]]%\02 W/'OZ :égi;sal .GEI: :Hfb
0 : : E 0.1 ! ! !
-60 -40 220 0 30 -28 26
R (s)

3 PVA/PG ™A R )L DENZEAL,

(B2 Fiw]

EALOZAIT, BN OERE (FE) OFERICKFT2. B
TR~ OB CILBALAME T3 2720 VB AR E 1, Btk )7
BITITEALD L 5§27 OB EIRIRDBOITAAEL TOD I LD HE
BNz ZIUTABIC I DL FUE MR E T AT LD BE AT T,
FEBRIEL T O AT (S B KB BL N LWV ORE RICTHF & T2,
PVA/PG ARG LTI KO T E LAV STz
PG #INZEOFHK DG, B KD U772 T R A
MMETLIZEEZ LGNS 2.

REI7H

L,_ Al INS R
KOBFDO-EHLER  KPEIN-EHUET

4 ZALVERIEIRTE T VO BRI I 1T D S K O HEL D

(k]
[1] J BEE, BT #BiE. A IIARRY TR T A 2023,
[2] Monika Maeda, Seido Yarimitsu, Hiromichi Fujie. Biotribology Fukuoka.

2023.
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I RTEIR B AR L i S VBRI E = — T ¢ o 7 ORISR 5
FEAME OO BRFE N 1)) 7 HL D HE A

O BEHEFBTL FEsME2 AR AR —1
1 [ESLEEE A EAENITET R AR
2 BERMER AL R R R

HA RUA ¥ —=RH T —7 V7 EOMENTEFRIESR TIX, BIEMELHRT 2 B TEOREIC
BKMET—T 4 VB ENTWDEER DD, ZO LD Ra—T 4 7 A ME N THIEE LSO
fiE 2 5 E i 29 ATREME MR S TR v | 2010 4ELIRE, FDA IZ &K% 10 LA BRG] & JE 4
LTW5b, UL, BKkEa—T7 1 > 7 OREE L GOHEDRAEZBEHEEOMNT 5. R#IE-72#
BHITHFE LRV, ZORKE LT, HEEOBIENEL TIERNWZ &0, HBED A J1 = X 553§
FENTWRNWZ LR ENREZ bND, Foxld, MERICHE S BEERGIHEL G| i Z 9w Retk
M Z HALD RSV R R 2 R, BKMEa—T ¢ 7 ORIEEY A 7 & E BICHEE AT EE e
in vitro FERIEDBAFE & RNITH SN BUKIE 2 —7 ¢ V7 ORIBE & eI L, BlEE,
FET 2 FEORREE B & LIzfsea Bith Lz,

XU OIT, IBFERR R T LR BNV C 38l S L7z A YRR IC B W TR S 1
7oA RUA Y= T —7 V7 EOMENIRRESR A FIN L7, 5 LRV K S ITEE LD,
KK TR Ve L W% T UX N~ A 7 a Aa—FCRIE LT, 7= ROV IEIEEEEF (FTIR)
XY, BT EIToTo, £lo, RIEHOTA RUA ¥ —1 "2 %502, 5 FOYEIRIZIRE
L7z oIt (K1) 2EM L., 2—7 1 > 7 OHENERN Lo RTEEIEIZ DUV TRGE L 72,

il FH 5 D IS PNTEFRMS SR DR TR ClE, 7 M OEARIROE (K 2) MR D578 & 38l
RINTZR, TN DOEREHORES, FPm L a2 Ix—ra Y OWBPEETCHL Z &
DR E LTI b, £, AESEHOHM OBIEITREE CTh - 7223, FTIR #IEIC LY =
—T 4 T OFBOT O, MEEFFECTE T, o, REAERANDZ LIk, Bk
—T7 4 T ORI B LT, S 61T, SRR CAER L HIBE I, KA MO E IRk
DOWE T, FIEEHR DI WIGA X, Ytz L COBEIINE L B (X 3),

A%, FH U7 O FIBED A Bl 9 2 FE. B FTIR °7 ~ v 4tikic X 2 #iiE o
FESHE, a—T 4 v 7 OEFEREFNE, 2—7 > 7 OHEZ BT 2% in vitro iRERyER &
DRI IR E ATV, Bkt a—T 4 > 7 OFIBEO EREMIICHE O 2 FETH D,

2 FRAEONAT—TILRECERS
NE-EAROERKDOE (Fh. R7— B3 71 )L2—LEICEIREShI-EERFIBEY, £ -
K1 EEREERBROFTE L1 mm) K#M. & : Congored & (R4 —)LIE 1mm)

34


西村　勇真
34


20)

1.

BERNESEr Ry MBI BV —RKEBRV DD PVA 7V —F—DERZ

EAS pkER T, RN R

SFROWRE !, SOF BT, A0k ERE?, AR RS

VTN TR, P EERERIE, P TUNRE

TR

DS AFREBEL OB, (KRBT & 2 i LR
BHRROBEEIIS B EOICEEDL EEZDND. —
75, WHEN TSI I LRI 72 2 s 7o
ZEL, PRI KX A B ARE - K AR A ) 5

ZOLH I ROL L, FTBAFSTE CITRIENR
BEFMBARE R Y FOBIREIToTE. ZHET
OHEBFFAFRRIC LY, Ar R > MARENGESHE
EOMF I FE LG22 ATREMAVRIR TV 5.

Lth, Sl BELOFEBIEZ B L, AT
I, RHENRBE R R T D BRI ) — & B
BRI X B D 2B OBHFE 23 A T

ERI ik
FEEHERR

AT TIE, FTRAFSEEE CRAE S 7k SE
FMiEr AN > b 4 5% (EORV4 : Endoscopic
Operation Robot Version4) % iV 7-. EORV4 il
DPFEJER AT A2, BRE B Bt & U CTIREE AT
A2 4H9 5 PVA (Polyvinyl Alcohol) /~1 Rm /L
RO —NVEIY T

K —/UT F—=F IR E L, HuOE & ik
AT HMEE S Lis, F£70, NHEEL B35
Y v 7 (NRZ RTINS HE N LT BRI O 5%k A%
1) AR, MERERA LS L IRE
v Mo Ea 7z,

S BT, WHEHBIORTEENEICHE S > — 1 oBE) %
Bk 5720, BiligE KO 7 U v T [EER
HZRUWEL, = VR EEYIE AT A ZEE L.
ZAUT XY, NEREHERED & 228 L7 RE I #hiE
INFTREE 72 DI L L7z, [} 1|2 EORV4 DSEsaT
IR ERY HY— V2T (T Tk -2 T

35

2.2

EORV4 Sz B Y A7 72 PVA & — /L DRk

X 1

MG

ARFEERTIL, PVA > —LZ AW ABRE Y
B A REL, MBI AT o 72,

JEHI F OV » FIRRO R D5 7 FifHDO Y —
NEVERLL, ZhEi% EORVA JeuiiRl o B D (i
7= BEEEEVE Y U — 280 LT iR A B2 E)
ESE, HERRLHR LT

F1z, OTHT—T 2T, NHSIRTEZENERE
(2B % — LRI OB 25 HI LTz

FER e ELED

ARFEERTIL, PVA A Ra 7l — L vz
HEBE B0 B2 E L, MRgiHii &1 T~ 7.

JEHEB LY v TARD R D o — v & VW
g, HLE Y MBS BT R o e o7
DD, =L NE R E I RS BAT & 725
HRDfER SN, — T, OT AT —VICL D8
BHFHIORER S, —VOELBEL, Vv
DDV NE E RIS ERF DEEER ) 2ME S U
LRI ST

AWFFE CHEZR L7 E I B, > — L DTk
BB K, EPENRBTAIRIC I T 2 HENKIC 3
B3 5aEEE2 A L 0D B2 HN5.

BEIR : AW
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KMFRRRIC K SEEHIE
P ISR, SR Y, PP 83

REATE R B A AR R,

1. [FCHIC

K CHRENT AR D% < 1, INTERE CTH 5K
S, ERBRIEICH D VAT AN E R THE
KEEBET ARG EZF L TRY, ZOE@ERND
DKOIRNEBLIET 2800 TiE ] Th 5.

RFEW 72N T, iz ) > 7Rk — )
w7 RMEEL, BER L — Y v T EORICAED
% FExHEEYES, 372 HEIRY > — LRI L o TRAK
MRex EH LTS, > —1L Y v 7OEELZ I
512, B — L TR e LI L D 4y
PR MR A R L, WA A EEERE AR L 720 K D RREE S
TS, L Laens, JidiEigzaite s Uz
BRI FET S, T72b b, By —v
TR S ATV IS, K DR AR & 72 % Al HE
WRHHRTHD.

AWFFETIE, B S — Vi ARG E 0 IXDIREE & 3
5 Z & THikMREDA LM S Z L2 AR E LTz,
S 6, MEREowEZENE L TY—L Y v
FM BRI DR 2 LB R 28 L, KFnBE S
WOEBE B L-BRIZ OV THET 5.

2. BMEORE
ERTHEMEEE I, hREE v — ) v T e
DRI S D DO — Vi & — DD
=v b ELTIZ, ZOMOZERIIRERE AR DK
AR E T 13E= 2 — b U MEEWIR & B 4 D R
Lz (®1)., =V o7, ERDERY
v =L/~ —/L (PVF) L3 258EE AW, fiiE
DITDAIRBETHNCHE RS LIz, & 51T, HRAY 7R g
ZRbLIEa7D, R A7 VRGBS LBV
H—2F ) T 7 AN=THIR LTz — ) v 7'
ERLL 7= (M 2).

3. BRBKLUBE

PVF R —/v Y w7 Cl, KRR ORE
DHER STz, £z, KEOHEMMI b 5T, %
EUTAREBE B2 R UT-. —0F, MAKESRLETT
IEBGAKMEREDIR T3R80 b, gy —ny v
DERICERTHHDEBZ 2 b R = AT )L
Wkl X aflimaIE, > — ) » ZoRIM A2 S,
BEAKMEREDWMEIZZ G- L=, LivL, RMFICE» T
VAR ME D i & ERERE R L, K FnEE RS M O TR & B
EFT LGN T

PR R R BB Setin B AT SRR

Non-Newtonian fluid

N/

Rotating shaft

(a) Polyvinyl formal
(PVF)

(b) Polyester fibre-
reinforced PVF

(c) Cellulose fibre-
reinforced PVF

Fig.2 SEM images of the seal lip surfaces?.

ik, F/ Brm— 2RI PVE SN
WEN, HEERREYT ot T ORER, ¥
HRED L E L L EEE O EHER S DLk
E 0, AAEE I - SRS TSR AHhEHC
KL CTREWIEATEZ R L, K shEE -~ 015
AREME AT D 2 EVRIB S T,

ARFTEE . B T 23 FEht 3 5 28 R B i
ZEHEMEE JPJ004596 DR #Z T2 D Th 5,

SEXH

1) Nakanishi et al., Shaft seal for separation of water
and air with low frictional torque. Tribology
International 94 (2016) 437-445.

2) Honda et al., Fiber reinforcement of hydrophilic
materials for a low-torque shaft seal in water

environment. Mechanical Engineering Letters 4
(2018) 17-00590.
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22)

BRBTRECSTIRERE L RREORMICEHT 5 EENRE

REEE"
TIEERFERFRERRFARR

BHART?, HEEMBE”
PILBEXRFERGFEFE

EEML, KB
SRR T BT

1.F &

WL IR OMIIE, BAFE OFEE, AT R
H7p 8, ABtBE OIBEICE W T b AW 72 E R T4
D1 OThs. BWERH ORI 2 EUICEHT 5
ZlE, EEAEHEAHO-OSTHD. HAMFICED
BEA~RA 5T 556, MFT 0847 L2 AT
T LR A BT S, O FEICBW TR IET B A
BLicnwz i k<moh, ALK FERET 51
VT AR A E NS (Hanetal, 2023). Jemma
et al. (2007) (MBI T DR OREARIT 31.3%
LHE LT, o e U CERIER B Y O MEE Tk
SNTWARWZ ERMEEE 2. BARTE FORERE
IR SN TV DA, EBRMICHAELZH LI LEZHE
D7, & 2 CAMRIIER ER IR 5 EE DA
=N, CORETHLIVERMICHLNITEZE%2H
& L, WiEksEEIE 21T VR L7z,

2.5 &

EE A AR B A K (1000mL, KE) LWt~ b
20 {E/mL (TN Ta2—Tay, TIE) HEHRALE (K
D). 2Nb&E2ANY H—RLAZ L RIZT160cm O S
(ZIEE LTl > ZIEE L, 794 I T E To 7.
Wi /N > 7 e s DR 7 A Vel £ COW%AEE 1
m & U7z, SR & T A REFEENEE S OB
TR OBREE & L CTED HIL-EIR 23.543.0°C, L
50£10% CHIEZIT > 7. BREIREITCHIZE S X 250
mL/h, SEATAFFEICEE-S& 400 mL/h D 2 5 & L, JIERE
1% 60 min & L7z, sURE N CTOM & #E L5
A5 RIRRA B A, S B — /L (DRmark, ~— 27 1)
EHOWVHIEL, ZoOEZ2FIEMEE Lz, FEREs /) — b
PC (LAVIE, NEC) (ZFi#kl, sXEitm L EMEDias
REWRNIZL DR,

RETR (%) =
L
a) b)
ES LSS/
REERY— )l !
S T

wrteyh i

B 1 RERENED/NE
a) MEEEE b) MRS AIWBITDRE

3B R
FRETRE 250, 400 mL/h WG FEREIIEER & & b
DT 5 Z ENHBMNTRR 572 (X 2a, b). HIEBIA
BOREERERRET, /o AvHEREBELHRELE
RO TH S, MEOEIITWVT O E b R
WZHEWZE L, 50 min A% Ef 77 h—LroTe.
FRET R & FEREORZERIL 250 mL/h (28T 150+
15.0%, 400mL/h (2B T 13.41+10.0%TdH 5 Z ENHL
o7 (X 3).
a) b)
250 ’x

|

ik (mL/h)
it (mL/h)

0 30 60 0 30
FREmER (min) PRI %R (min)
K2 RFEE a) BREMRE 250mL/h

b) EXTEFE 400mL/h

Student'’s t-test Mean += S.D. p>0.05 n=6

30 N.S.

20

10

AR (%)

2

250
Ji & (mL/h)

B3 RERBLERBORER

400

4. £ 8

APERIREIC BV TR O 19% 1R Efi & TGS h
TRV (Jemmaetal.,, 2007). HAAM N9 7pbbEAICK
D TSN DMy ME 1S08536-4 (ZHEHL 25 M BN B
%. 1S08536-4 T 1 43720 50 {iE D EET 20 {E DAL K
23 1 ml \ZZFE LT IR DN EBLESILTWD. 2O
T+ 0.1 ml OFFRFAEN G2 DI TNDHI28, itk
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