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CONTENTS
FOREWORD

“Toward the New Era of the Society from the Lessons of the Past”
Akihiko Kikuchi Department of Materials Science and Technology, Tokyo University of Science

SUGGESTION

“Recognition of the Real on Targets”
Michiya Matsusaki Graduate School of Engineering, Osaka University

FEATURE ARTICLES | “40-Year History of Japanese Society for Biomaterials”

How the Japanese Society for Biomaterials Established Interdisciplinary Studies in Biomaterials Science
Osamu Suzuki Division of Craniofacial Function Engineering, Tohoku University Graduate School of Dentistry

Key words Japanese Society for Biomaterials (JSB), Biomaterials science, Interdisciplinary studies, 40th anniversary

The Japanese Society for Biomaterials (JSB) was established in December 1978, aiming to develop and improve science and
technology regarding materials used in living organisms and their application. Thanks to your support, |SB recently celebrated its
40th anniversary since establishment. Over the 40-year history, our predecessors worked hard to establish this interdisciplinary
field spanning basic science (engineering, medical, biology, and others) and collaboration with companies. In addition, they
contributed to society through the application of biomaterial technology. Their achievements made what we are today. To
commemorate this anniversary, this report looks back at their achievements in order to use such information for further academic
progress.

|.Memory of My Biomaterials Research
Yoshito |lkada Emeritus Professor, Kyoto University

Key words  Biomaterials, antithrombogenic, bioabsorbable materials, DDS, Tissue Engineering, scaffolding materials, regenerative medicine

The striking changes observed in the biomaterials research field were described during the period before and after my
chairmanship of the biomaterial society. In the beginning of biomaterials research, non-toxicity and biocompatibility of
biomaterials attracted much attention of researchers. Soon, since not only non-bioabsorbable but also bioabsorbable materials
were recognized as biomaterial, research groups engaged in the drug delivery system (DDS) shared the biomaterials. Finally,
bioartificial organs composed from biomaterials and living cells became an important target of biomaterials research. Much
attention was paid also on the tissue engineering, where biomaterials function as the scaffold for tissue regeneration with use of
stem cells. The today’s regenerative medicine is based on this tissue engineering.

2.The Trace of Challenges for Japanese Society for Biomaterials
Teruo Okano University of Utah Cell Sheet Tissue Engineering Center

Key words Japanese Society for Biomaterials, Fusion of Medicine and Engineering, Biomaterials, Biomaterials Science, Polymeric Materials

Japanese Society for Biomaterials was founded by newly organized integration system of medicine, dentistry and engineering.
Based on new system of the society, many effective researches have been developed. In particular, polymeric micelles researches
in drug delivery and cell sheet engineering in regenerative medicine have been highly evaluated as breakthrough technology for
advanced therapy.



3. Congratulations for 40th Anniversary of Japanese Society for Biomaterials!
Kazunori Kataoka Innovation Center of NanoMedicine, Kawasaki Institute of Industriall Promotion, and Policy Alternatives Research Institute, the University of Tokyo

Key words Public Interest Corporation (PIC), Globalization, Society Vision, Curiosity

On the 40th anniversary of the Japanese Society for Biomaterials, a statement as the past President (I4th term) was presented
here on the past achievements and the future perspectives of the Society.

4. My Memory During My Presidency; 2006-2009

Takashi Nakamura Professor Emeritus, Kyoto University

Key words Biomaterial, JSB, Regenerative Medicine, Young Investigators

I held the presidency from April 2006 to March 2009. In the beginning, | thought that being the chairman of the Japanese Society
for Biomaterials from the standpoint of a clinician, an orthopedic surgeon, had little connection with the society, compared with
being the chairman of the engineering section and the management of JSB. Accordingly, | needed help from the vice presidents
and executive members of the society, who indeed gave me much help.

At that time, it was the dawn of regenerative medicine, involving stem cells, and the clinician participants of the Japanese Society
for Biomaterials tended to move to the new field. To expand the appeal of biomaterial science to young researchers and clinicians,
thereby increasing the number of members, was an important task for the society. Increasing the number of executives from
among clinicians in the society and the starting of conferences and lectures for young researchers in local areas were initiated
to increase the number of participants. In addition, various projects were performed to reduce the delay in implementing new
devices. As for international exchanges, in addition to exchanges with the US and EU, exchanges involving Asian nations were
increased.

5.A Retrospection of 17" Presidency of 2010 to 2012

Kimihiro Yamashita Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University

Key words 17" President, Medicine-Dentistry-Engineering linkage, New and Old Knowledge

| was inaugurated as 17" President of this society during April, 2010 to March, 2012. | have an impression that the period
followed the famous founding and the second generations, which strongly founded and enthusiastically developed the society. Our
executive members were devoted to strengthen the linkage of biomaterials science with various sciences and technologies such as
medicine and dentistry, biology, physics and chemistry. Revitalization of important districts was also our aim for enlargement of
the society.

6.The era of Innovation and New Initiatives of the Japanese Society for Biomaterials
Kazuhiko Ishihara Department of Materials Engineering, The University of Tokyo

Key words Biomaterials Science, International Initiative, Promotion of Specialized Talents, New Medical Technologies

In biomaterials research, along with fundamental studies such as chemistry and physics, establishment of academic fields leading
to clinical medicine from applied science such as engineering, medicine, pharmaceutical science and advanced collaboration
with academia, industry and government based on this is necessary. It is sought a way of meeting as a conference where people
involved in the field can share and disseminate information, so-called intersections of information. International relationship with
biomaterials society in other countries has been promoted. Toward the societies after ten years from that time, it can be practiced
innovation of organization of the society and new initiatives of activities.

. . h . .
7.Achievement and Unachievement by 20" Generation President—2015- 2018
Takao Hanawa Institute of Biomaterials and Bioengineering Tokyo Medical and Dental University

Key words Science Council of Japan, Proposal, Master Plan, Digitizing, Fiscal Consolidation

We made the best effort to perform official events without delay and in the budget that is principle duty of JSB to members:
Holding annual meeting, symposium and seminar, publishing official journal, Commendation of awards, and information
announcement. In addition, policy for future merit to the members is carried out that is another important task: holding public
symposium with Science Council of Japan (SC]), issuing “Proposal” from SCJ, application of Master Plan, digitizing Proceedings
and Official Journal, new establishment of distinguish Research Poster Award, fiscal consolidation, and preparation of 40"
Anniversary Ceremony and Memorial Business.



. . . . h .
8. Message from the President on the Occasion of Celebrating the Society’s 40 Anniversary
Nobuhiko Yui Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University

Key words Use-Inspired Basic Research, Research Philosophy, Principle, Wandering, Someone Who Comes Later

On the occasion of celebrating the 40" anniversary of the Japanese Society for Biomaterials, future perspectives and ideas as the
President are considered. In my principle, our actions should be for someone who comes later in the future.

FEATURE ARTICLES 2 “Toward Advanced Biomaterials”

|. Polymeric Biomaterials : Retrospetive & Perspective Pathways
Takehisa Matsuda Professor Emeritus, Kyushu University

Key words Polymeric Biomaterial, Artificial Organ, Regenerative Medicine, Cell Biology

Polymeric biomaterials have been a major player in development of artificial organs. Now it is anticipated that cell-based
regenerative technology under development will play a key role in the future advanced medical technology. Merging with other
scientific fields, it is expected that polymeric biomaterials may contrite to forthcoming medical technology.

2. Development of High Strength and Biocompatible Tissue Adhesive for Biomedical Applications
Tetsushi Taguchi Biomaterials Field, Research Center for Functional Materials, National Institute for Materials Science

Key words Tissue Adhesive, Gelatin, Alaska Pollock, Hydrophobic Group

Tissue adhesives have been widely used in surgical field for the treatment of anastomotic sites and pulmonary air leaks. Fibrin-
based adhesive is a typical sealant which consists of human blood components and has excellent biocompatibility and versatile,
however, it does not possess enough sealing/bonding effect because of its low interfacial bonding strength to tissues. Therefore,
the molecular design is required for the sealant to adhere onto a living tissue and organs under wet environment during surgery.
Focusing on the transition temperature of gelatin molecules from different souses, we have chosen Alaska pollock-derived gelatin
(ApGltn) as a base material to design an innovative tissue adhesive. We synthesized hydrophobically-modified ApGltns (hm-
ApGltns) with different alkyl chain lengths and evaluated their sealing effects and biodegradability by combining hm-ApGiltns with
poly(ethylene glycol)-based four-armed crosslinker.

3. For Innovative Development of Ceramics Biomaterials
Tadashi Kokubo Professor Emeritus, Kyoto Univ. and Chubu Univ.

Key words Bioglass, Glass-ceramic A-W, Simulated Body Fluid, Bioactive Ti metal,Osteoinduction

Already about 50 years have passed since discovery of Bioglass, innovative ceramics biomaterial, by Prof. Hench. Discovery of
next innovative ceramic biomaterial is being waited. How is it possible? Its possibility is searched on the basis of history of authors
experience.

4. Ceramic Biomaterials —Aiming at the Fusion of Knowledge of Ceramic Biomaterials and Cell Biology
Miho Nakamura Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University, Institute of Biomedicine, Faculty of Medicine, University of Turky

Key words Ceramic Biomaterials, Material-Cell Interaction, Osteoclasts

Regenerative medicine of bone and joint applications is one of the fastest growing markets. The bone replacement and grafting
have 90% of the regenerative medicine of bone and joint applications. The authors studied the interactions between cells
and ceramic biomaterials used for bone replacement and grafting. Generally cells respond to various extracellular factors
and the materials properties of biomaterials is one of the effective factors. For instance, the substitution of carbonate ions in
hydroxyapatite lattice had effects on osteoclastogenesis. Ceramic biomaterials would contribute to not only clinical treatment but
also prevention medicine through multidisciplinary collaborations.



5. Metallic Biomaterials Leading to the Future
Sadami Tsutsumi Professor Emeritus, Kyoto University

Key words Metallic Biomaterials, International Standards, Additive Manufacuring, Bio-Absorbable Metallic Implants

As an aid to think about new metallic biomaterials that will bear the future and connect to the future, the author summarizes the
trend of the new metal biomaterials and international standardization trends discussed in ISO/TCI50 (Implants for Surgery) and
TC261 + ASTM F42 (Additive Manufacturing Technologies).

6. Metallic Biomaterials Creating the Future
Takuya Ishimoto Osaka University

Key words Metallic Biomaterials, Metal 3D Printer, Biological Function

Though research on biomaterials is very active in recent years, the proportion occupied by metallic materials is not necessarily
high. Even in the future, however, metallic biomaterials will hold an important position, so it is necessary to steadily continue our
efforts to further improve their functions. The ability of recently-appeared 3D printers to greatly improve the intrinsic material
properties of metallic materials may lead to the creation of next generation advanced functional medical devices. On the other
hand, it is indispensable to understand reactions on the living tissues for evaluating the essential capacity of developed devices.
We look forward to the creation of metallic biomaterials that will play a significant part in our future life through both materials
and biological researches.

7. Development of Tissue-engineered Products for Skin Regenerative Medicine
Yoshimitsu Kuroyanagi Technosurg Ltd.(Professor Emeritus, Kitasato University)

Key words Tissue-Engineered Product, Antibacterial Agent-ncorporating Wound Dressing, Epidermal Growth Factor-Tncorporating Wound Dressing, Alogeneic Cultured Dermal Subsfitute, Skin Regenerative Medicing

Wound healing process sometimes fails to proceed under the impaired conditions such as burn injury and intractable skin ulcer.
A major obstruction to wound healing is infection. Another obstruction to wound healing is deficiency of growth factors in the
damaged tissue. The critical issue is to remove these obstructions and to provide an excellent environment for wound healing. To
improve these wound conditions, several types of tissue-engineered products have been developed. Tissue-engineered products
include three prime constituents; cells, growth factors, and/or biomaterials. The [st product is silver sulfadiazine-incorporating
wound dressing. The 2nd product is epidermal growth factor-incorporating wound dressing composed of a hyaluronic acid and
collagen spongy sheet. The 3rd product is epidermal growth factor-incorporating skin care product composed of a hyaluronic acid
spongy sheet containing bioactive ingredients. The 4th product is allogeneic cultured dermal substitute. This product is prepared
by seeding allogeneic fibroblasts into a collagen and hyaluronic acid spongy sheet. Although allogeneic fibroblasts are rejected
gradually in immune system, they are able to release some types of growth factors, and thereby regenerate a damaged tissue.
The clinical study demonstrated that these tissue-engineered products are useful for the treatment of burn injury and intractable
skin ulcer.

8.Tissue Engineering — An Opinion for its Future Direction
Masaya Yamamoto Department of Materials Processing, Graduate School of Engineering, Tohoku University

Key words Tissue Engineering, Anastomosis, 3D Printing, Organoid

Current tissue engineering aims not only at its clinical applications for patient treatments but also at its technological
advancements for basic medical researches. Based on the past and present researches in tissue engineering, | will discuss about a
future direction for tissue engineering.

9. Biomaterials Playing an Important Role for the Future Artificial Organs
Kou Imachi Professor Emeritus, The University of Tokyo

Key words Atrtificial Organ, Biomaterial, Biocompatibility, Blood Compatibility, Antithrombogenic Material

To begin with, | mentioned how | had a relationship with biomaterial. Then what kinds of biomaterial research | have done, and
what kinds of difficulties | have experienced were introduced. | also introduced the present status of artificial organs and how the
biomaterials contribute for the artificial organ development. However, biomaterials also limit the artificial organ development by
their unsatisfactory biocompatibilities, durability, etc. Finally, | mentioned about my dreams in near and far future artificial organs,
which include much more difficulties. | hoped that the young material scientists would challenge resolutely for the difficulties to
realize the dreams.



1 0. Biomaterial for Future Artificial Hip Joint. —Current Stream and Strategies of Development
Toru Moro Division of Science for Joint Reconstruction, Graduate School of Medicine, The University of Tokyo

Key words Artificial Organ, Artificial Hip Joint, Aseptic Loosening, Dislocation, Infection

Artificial hip joint is one of the most successful artificial organs available to relieve pain and restore hip joint function in
patients with debilitating hip diseases such as osteoarthritis and osteonecrosis. In Japan, more than one hundred twenty
thousand arthroplasties are performed annually, and recent surveys revealed that this number is increasing rapidly because of
the expansion of the elderly population, in whom life expectancy and activity levels have increased. Therefore, increasing the
longevity of artificial hip joints to avoid revision surgery is important. In this article, | focused on current stream and strategies of
development of biomaterials for the life-long artificial hip joints.

FEATURE ARTICLES 3 “Roundtable Discussion”
Moderator:Nobuhiko Yui Tokyo Medical and Dental University
Panelists:  Mitsuru Akashi Osaka University

Toshihiko Maekawa FUJIFILM Corporation

Yuichi Ohya Kansai University

Tetsuro Ogawa Olympus Terumo Biomaterials Corporation
Tatsuya Shimizu Tokyo Women’s Medical University

TOPICS

“Polymer Engineering and Medicine / Biology 44 Years Aspiring for Interdisciplinary Research!”
Toshihiro Akaike Biomaterials Center for Regenerative Medical Engineering, Foundation for Advancement of International Science, Professor Emeritus, Tokyo Institute of Tehnology

MEETING REPORTS

“Society for Biomaterials 2018 Annual Meeting & Exposition”
Natsuko Kato Graduate School of Engineering, Osaka University
Koki Nishi Graduate School of Engineering, Osaka University

“The Ceramic Society of Japan Annual Meeting 2018”
Hiroki Chigama Graduate School of Biomedical Engineering, Tohoku University

ESSAYS

“Why am | Trying to be an Investigator?”
Yasuhiro Nakagawa The University of Tokyo, Department of Bioengineering

“A Frustrating Thing Often Gives Me Good Instruction”
Shigehito Osawa Department of Applied Chemistry, Faculty of Science, Tokyo University of Science
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Coming Journal of
Soon !! Biomedical Materials Research  PARTA

Special Issue
in Commemoration of the 40 anniversary of the JSB

¢ Reports on the history of JSB
¢ Review articles by invited researchers
¢ About 15 original articles

Guest Editors: K. ISHIHARA, T. HANAWA, N. YUI, T. YAMAOKA
https://onlinelibrary.wiley.com/journal/15524965
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Holz., DVWTINERHIIBRERGHEMBORAZE
& (integrin superfamily) XV CTRAESN, HIEDOF
EDDEE, BIEICKHMEBSEMAEE TETLTL
ST LD ITEINTC.

INbOMRAZHEZ, I0FERLDMIEE ER LT DRI
DEFAATERRERIIEBIFZOMRDEFNSFICHE
EL, BRISBEsn>2oHh, ALEBLBHEREEOMIC
BT HRBEORIRKEE200H5. ZOHMBIFIERE
REDBH: - BEARNCKEGAL NI EZ2HTLITME
HTHY, IPSHIBDOEZICLD, SHIiCORTHIE“EHT
FICLIBAER ORBRLFIENZAEELBVEHERS
na(R1). £FEBEERIIERRD TEHTHIME
Aty o2(MREERF, BEERE - ZHE) PBIE
EF (A DA1)EEAIMRH(DEN, BENALER:
scaffold) # A B LB -7 UMBBIETHD, L£HEABEIC
SoTHEBFDBEBICRISLTYETY>Z, BISHIEICLS
TEBHEBAHELARLIEE - BELZHKRSEHDTHS.
INEERRTBOICIE, AIWEEFRHOBELEES
L7z & & (biointerface), MR LN IRE O
BLOEM GBI A BEOBBORET - T -
BERMO—EDIATLADPBETHZ. BEMHIEC
ARy MM, vMonxo > BLEF/ AT o Eifin B
EEEROEBEMELTENSDHDBFOMEEDS AL
THERENICERLDDH S,

MEIZ0AHTE, EROELVWEARZRITZHEA
RAATSRHER SR BRE T 2RFTOBZE iz boTI NI,
MRIOEEREEIE, FOEFESSLICBOLTRMMIC
FF/HAX, BREANICREIWOA—F—TERINBEIE
EREBLCSNBEBRIBELODHSE. —F, EFiEF/
YA XDEEROBELCEEHRLAGES. MEEYFED
ERSHCPEREOBEMREBVTRRROF/BEDH
BHrb, HAEHZBVIHMBELAD =X LOREREL
IERERICATEEICRoT WS,

ziE, MEEAIEMICEBELTH)L, TREDOS
WS L EEEE B T2 - RTHEVIE = Rt
THRBICITIEDERIF, HERETEMELDmulti-signal
transduction® &y b7 —2 DR LEZNICE->TRERSINDS
%tk molecular process H 2R (Cparallel BLT
serialiZ #1792 (spatio — temporal coordination) Tf2%
125, #RE/ ~h)yIXRMIEBICIHED, EAUCEISH<HE
REEDRE, HEXR, EEXR(DML - Rot- B
MeEE), FRI—IZ-EIE, SHICHfE/ RS
FEHOBERE - BEERELECEEHROTERICESTHE
795, zhbid, F/R7—)VDEE (machinery) H2 WL
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FEHFF/cvriLiEnTnsg, MaEEZE (adherent
machinery) (ZffEA < My IR, MBEL 75— (integr
N BLUMIRROT/F ERICEHEIIEREHOBES
FTHD., BELILLWSESREBEZNLTHRERICE
h - T(outside-in signal transduction), 7ZF>DES -
it LZ OB TFEENM (RN AT FAN—TER) BEL

LT FEBICEER SN, RSN/ EKICLo4kE

NRDIFA> TV B THRRBARE DS, IO

“outside-in” & “inside-out” ® I FHI/NF U Iz Lo THARY

DEDPRESNDG, BIREBEDOES -BESHBRIC

TN (cytoskeletal dynamics), EEZKBEOMREE - SHIR

ZICLoTEREE R, BENERIS. ZOLILMIEHERE
LHEsBEDMEEEIE EHKICB I/ RT—IVDEEETIET

5é,

1. BBEO A L S R/ N BT

2. SOKREGRT—IVOHE LMBRITEZREIT2EELR
%

3. BHK, RENT, BOBEICRELIZESHTEREE
DEBBLUEEICEELBELCEHEZHEbORE
HA4X

4. EEDF /A= PV DORESOHR TR DECLEZRAL
SEMENT CGELSE TESIBEEE

HETBIENTES,

—7hA, EERICBENTE, SRESRICI>oTELDDS,
REBSLTANDZHANL 2 EFTS. ALRBOWE
(E#E, BfE, € WISHE), BESLCAPIELS
B, ZOHFRRAFLRGHHER - MIEHAELBEILICKRE
KEEL, £BRVETIVIDREHHO—DICKoTVD
(Mechano-biology). #-T, AIMICHBOBERY
BERYHEBIF TR, MREECREBHATAEOEAR
DOHBEFIRDI-DICIF, HIEAZM DX (Engineering
Design of Extracellular Space) 5L U A HFE X
% (Biological Stress Field) & {HL T AT § 2T H3NA
THd. TORICE, BIFEICEVTE AIMEREATNY
JADREBLVZRTBIEEIM, BFEICEVTEHF
APLRBICEIGT DR - ZERTOFEREEIIALE
# (Mechano-active or Mechano-responsive Scaffold)
M BEMRINELUONAFIT IS DREDERTH .
FoaRy MITIC &Ko TG - A bhA> - MERRA TRy
2% = RICISBIERCE LT = BB I oK1,
ASoeeticinz TR RN TR OBIRMEO D 2HEBAR
ICINATHDEEZTWVS.

MU EFEDDE, B2ICEFABERISBLUEBBBED
E£F0BCHEHLIUVESEADEE (Nature’s Strategy)
LA R ERET L BE (Designer’s choice) DA A DHEE 1M
ERLT:, B3IC3EROLEBEIEDSS, MREOHEE
ERICBb 2 EHE, RIGRRERE, HEBBROK
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Nature’s Strategy
1 Interactive
communication

Designer’s Choice

2 AHoBhE - BRBE AR MR L OR S REEER

Nature’s Strategy
o EMITHTHETHRLDE-FL

( Adaptation toward Self-Defense Mechanisms, Biocompatibility )

o BElZBEDEINIAFE

( Wound Healing: Tissue Adhesion vs. Tissue Adhesion Prevention )

o SR NBEEDFERBHEE

(Spacio-Temporal Process of Bioinduction & Tissue Morphogenesis)

o ERRTHETDH/NAFTANZVIREDEE

( Mechno-Biology , Mechano-Compatibility )

3 Ao - AR BEBESLUNZNES

Designer’s Choice
Passive Co-existence with living Tissue
How to “Cheat” Nature (Physico-chemical cue)

How to “Activate” Nature (Pharmacological cue)

How to “Mimic” Nature (Biomimic cue)

Active Co-existence with living Tissue
How to “Induct” Nature (Bioinduction cue)

4 AARBHE - AR B AR O MR XIS DM IR AT HE B

RO FIF, EI-BEITIERNDZEOBICHIEE R
LT, it s oM RIERET DIg# 2 RSN TLS T T
O—FZEHNLTR4ICEEDT:, EOF7TO—FEEIRT D
M, ESTdesignerOBIOREEZHENZS,

REROBEERMATIL, ZOLICIIVFAT—IVTT
WFE—FORZEREMEMRENICIRRIc LT, H4OESR
Bifia R - 3 RWICEAEbE TIRTLETEHIED
RETHB., wraprbbw(ran, XY, FLTFH/R
R—Z2DOMEHCB o TWCEE, 2ZiCiE, BUSSHFHEVETH



Bl FEDOEREF LV, IMIEMSDECK
BB MOONTVBERZTRLAEW, ES, iPSP&E
MR O FERM AL INNIE, BHEENAF~
FUFPNELFRA70BL0F/ I T EMMBgigfER T &
DRABGICEoTEBDENNRT I L VT aBITIED
+HFEINE, —F, BRTLEEFLILLGENTIE
EFIZE, URICIKETHREBRIO TSR o1 flBE
MB2OMTEFLIREIE TV, MERTORBREERE
DRSS, NAFTTUZIVHRICHDED ANDONDD
H3. INDLOPRE FKENVEEF T, FMELELTOED
FNAFXTITZVDORLE, ALOFMHEFEDERE, FHL
WEERDAIHZE, ZoMFIFRRELTWS, E&EiE, &
ATENRBRA TEBIERTHR - HB LTS, Z<DF
YNOBIERMD D, B IZAEFSEOTTRMEICE ITEN,
HEWNEAEHEZERIGICITbDHINTE.. INHDRE
Moo eRIE LRV RIS, IREBEIEEELL,
BeZzHKIRTEET7T—<ZROTBEINDIZLEZHEALE
9.

BRI IZETH, ER0LOEKBEINIT—TY. #EE
ICRANTEOT, FhORONIZERHID, ETHLD
ESEZORBFOHVE, FNCEREREH,IOERENL -
EADBDD TRy oI5 Death Valley IcDOWTHLR %
MANSETWEEEY, FTEIEBOEELRIE, 5
BEWAEMARTE DM BVWRRTHAEICHROER
ZIMRLT, BNETIIRLITEEHBEIZIENNAT
T, MFAORETIMILEVDRIREREMFRIGE RES
ZWGood Listener THEZEHDEETY. BABMEDOHE
YRR - EREABIHRICEDET(RE). —FH, HAREH
ffadDeath ValleyZR6ICRLIZ(ZNIEER ZAHT), B
ROFEULICERL, ZOMEIEBEROE THGHES
NEILBEICE, PEMEZERLCEHARDELOLRE
XDEPEICADET. BEVAFDOIEZDeath Valleyx X7
ICEFT., FLOWEEDTAOSANICHBHEERSZEIC
EEBLWRRICE>TWET S, ZODBFTREHFLVER
ZUDHVTUOKTEDICERRITRNEZLELEFLCTVET.

Journal of Japanese Society for Biomaterials

EILLVEFEE mosurs

High Motivation
Good Translator
Good Scenario Writer

Defined Design Criteria
Defined and Responsible Role
Good Communication
Good Listener
Continuous Interest & Effort
Reliable and Robust Partnership
Mutual Respect at Both Parties

K5 EILEEOEARNELE

ThTIT DHHEE DDeath Valley

- EEREN (T—YDHRE) ORI

« BITISBATTETIU=UTREAERIT ORI
c TRREATEDIIERES DRI

« RRLERZHERO XA

B MDT AN EEMEELMS
cEBREICRMSERITRIN
FEREHDDAMEL (RO EEFEIZFY HEELY)
BIEFEELTRICLLARILOMEESITS
FILLWFEOREMZERY ANDDIZiEEE
« IRFRAOHER (X ERRE S

Bl N TOREEBT L AR BYOBRLADEL)

K6 EHEPEE DDeath Valley

1 ZE AV BDeath Valley

REBFEEDORNGIEBLMBHEHES
2R TRRETEOER

<R (ERETITESLTND)
cEHDEAIVTERLIE

< EREARRERIZHRE
ERARATRBBLOR SN

7 2% dDeath Valley
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(whole process of morphogenesis / implantation)




NAFZTUTI —E iR —

TR ARREH) - RRIBN A =TT

B2 208 S P U 72 5 o
B o A AR BRI 352 5 1
Db FE

ARBEERIEFMEORIZOME - (k1 - HBELZEMNELT
BHEICERINATWS, MREFNOT« TV RBEEFIDERKICE
WTERHBALLNTWVEA, BVEKBENEEZETEHOD, 4
B - WA LD BB MICREL DS, AFTIE, ARIBEEH
DEBMBLLTEER~BRREBEEEIORATYIISHELS
FrrEW, INCBL4DO7IVFIVELZEATLEIEIICLDFEmHA
ErWELIARBEEROREICOVWTEEE T 2.

F—U—RIARBEER, €3F>, 7, BKE

HO ﬁ,c,\ Tetsushi Taguchi

EIIBTREREEAN WE - MRETTEE
HEEMEMRIIRILR N1 A HREEDE

- Biomaterials Field, Research Center for Functional
o ’ L Materials, National Institute for Materials Science
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I 1. Loz

ARBEERIE, £FEBMoOMEIcEIToHMm-
BHERHALE, bR RIRENIILES, ARIFME
DRIEBZEAE - IEIT - BT DRICFERA SN, ThETE
RICBVTHEBEO AR BEERI S BERESATNG Y,
INLOARBEERDSS, REBRKICBVWTIELEH
INTVDHDIE, EMIBRERMNETEZT74T7 Y RiEEA
THY, ERTHEOHN60%%E HHTVEY, 747U R
EHL, bovey, DT ULAFY, FI3ERFHET
ICBFB747V/ =52 DT4TUADEESRIGICED VIV
DOTIVERDAFIERE - ESRREICEE 2. ZOEEH
i, MROBREEBEOIOCRTT AL TBIZ0, £1E
RNEICBNTEVNBEE BV, LHLESD, MEXP
BHROECSTEBEICSOVTEMABIC T 2EER
EN+HTEWZO, %?éhé?ﬁ%-v—wﬂw;ﬁﬁ
BONBTWEWDREENHD. —FH, EFSBEZEMELT:
MRFONARBEEHR - sz%ﬁ*ilé:l,’( AHA DK
BIVNIBEICEFENEL-34-VeraF> Iz F I
(DOPA)FOHFI—NVEEEB LB FHRY, F/k
FOBLUF/o— S BESNTOS,

ABTIE, BEBRECFVTESVEERESRT LRI
ICEFRBRNEEETIARBESRICOVWT, B4DTTo
TWIRERERBN TS,

I 2. HSFUHFHDAZ/ BEBLATHEE

—Ric, AT UDRBMUTIEN TINAY I ZEE
P—EEETBILIZEDESTF U ELDD, FOREWRE
&, WIELSBEC REREMERCHE'. DT, B
7J<h£t._,u3“é%*’szi—'f‘/@iﬁv”"lﬁ;ﬁ}#ci, SEIKI 'i

T t79’-/¢‘kaiﬂ5'f:/%(7ﬂ)/ l:l*l:l=\'”/7°
U‘/)Aﬁtffﬁsayb%é*aysiﬂﬂayﬁ\&:énzmé‘” #1
IZiE, BkoE 7;5‘12791/,5,&0)%%&4\/@& VI
J. TIYRFEIFUDAI/BE 10007:/@&7%%
LD 223ETHBDIZFIL, /m7J<L.€E,L,\3'57_'45l:°7H3

RESFUDAZ/BREE, 100073 /BEREL-D198

BTH2. 22 TR4E, NRBEEAOBEESEL

T, BB THREMERT AT YUY SHFELSF > (Alaska

£1 HAEKOERLZESFVARDTIVLEAZ/BEE

18E%
e B Pro Hyp Pro+Hyp
3 (/1000AA) | (/1000AA) | (/1000AA)
e)
B 36.5 132 91 223
THFEF 258 118 79 198
RIS 13.8 95 55 150




pollock gelatin, ApGltn)ic&BL7-. ApGlni& 10007/
BEELIDAZ/B2150ETHD, 10°CETOMEE
BERTEVWIEEAHZ Y. ThbLTIRELSF R
BEELD, ApGItnBRIFER~ERBTIEBRAETHEZZL
o, ARBEEZEFORSELTAVEE, €5F VA
BEINETEIELGKBRARKICHDICICFERI2ZENTES
EWIXYy BB, Ffz, —RRICESFUERYILE - KY
JVI—IVBEDRYIZATIVEFELD, MO RGELD
DOBRNICHBINDT D, RSB EZEETSILLS
RIBIEEIEG EWS BHBL DS,

THEEN

MELLOMBPY Y RBREDRETOEBREICE
WT, EHEMEZER - BRICHRNICEBESESICE,
MR IZNEEHAD» OO FRADVBETHS., £IT,
ApGltnZ BB ELTRY, ZNCB4D#EEEE T
FIvEWEEE A LTZBRKIEAPGIN (R 1a) &/ L7, &
Bic, BHNIZBRIKILAPGItnE IR IC B W TERRE B
EE D H B Pentaerythritol poly(ethylene glycol) ether
tetrasuccinimidyl glutarate (4S-PEG) (B 1b) £z #i 4 &
hEdZLITEDin situTIE{L T 2ERKILISESF U EE
FIABERL7-. BUKLSSESFUEEROEEMTME
LT, 7oREBIRICXS I DM EREDREEITo72. WE
ME, ARBEERONMAELLTRELSNTOD
ASTM(F2392-04) ¥ 12t o THT o7=. E2ald, BKE

I 3. BKEISESFUEEHOME - Filc i

a . 0
) Ri:
Propanoyl (C3)
o

NH, Hexanoyl (C6)

o

AV VUN

Lauroyl (C12)

o
[

Stearoyl (C18)

NH—R1

NH,

b) 0-R:
Rz—O-CHz—clz-CHz—o— R:
¢H
0-R:2

0 o O
n n
Rz:(CHZCHZO)n—c—(CHz)s-c—o—N§>
(o)
1 BERETCERIINARBEEROBEAESY

a) BBkt #>€ 35 F>, b) Pentaerythritol poly (ethylene
glycol) ether tetrasuccinimidyl glutarate (4S-PEG))

Journal of Japanese Society for Biomaterials

BEARH,LAPGNF D7 I/ EIZFILTH 10mol% D ERK 1L
ApGltnE S GIEBRID, FUXIVERETIRBIRICKT T
SMERELOBFRERYT. MERER, FLFIVERED
HERBETNVFIVER $IHKILAPGINTIE, BEAZRDIE
MW ERE AT 2ERLROONT. TN,
REFIFNEEATEIEICEVBRBIZE LA LU
R, BEALEBMOREMREEMLIZCLICRERTS
tEZbNTZ. 2 TMERERBRBZOBEER - KBARAE
BARAEECHELILID, BUKEZEALTOEVLAPGItn
(Org-ApGltn) TI3AB# & D[R FBF LR MT 0N R D T DIz xd
L, TMEBREDEVCIS-ApGtnTIHARBIFIE,ERAISN
7z. (B2b)ZDZ EIFAPGIN~DBRIKEE A A RIIZK
BRAEB A~ OMEBRE LR ESCIER, BEEFKE
IRiBEOFREBEZIBINSEICILERLTVS,

a) 509

S 400 |
Cc18

:g Cc12

£ 300

fu

a8 200 |

t

E 100 Fibrin
@

0 1 1 |
0 5 10 15 20

ZIhFIEHER

X2 7YRBIROMEHREICK T 2HUKEHERKGFE
a)ERE LTNVFVEROBR, b) KEIR-EFEFBEBER@O
ARIFVY-TF DR EERER)

70, AR BEEER o REAREE~NOREMEZBIEL,
Sy MEEMICE T2 — U IS B0 M AT/, Fvh
BHERmERAVWTHI7—Y— TV EER LI-BICEEH
THEL, MEBCNIIMEBRELREL]:. B3anL
S0z, BhAREICxILTHCI8-ApGitniE W E#E %R
L7z, MERERREZOBEEFMBBEFAEZHEISL,
E3bD &SI Org-ApGhn TIERNVIBIELSBRSNZD
XL, MEREDEWCIS-ApGitniEE F T IS AR B A=
DEVEISNT. ZHIEC18-ApGtniEEHI & H i fE &
OHEERAMLEL, FREREHBMLIZZEICERALT
WBEEZDND, INHDRERDND, FEBEHIL, KE
RELVIHICBRARTHEIEN PO ELE ST .
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a
) 60
* *
S st
a =
£
&,
B 30F :
=
,E 15+
0
Org Cc18 Fibrin
b)
Org C18 Fibrin
A /N ’ A
‘\./'5. A
= -Wi‘»_:‘;’,u-“ s Tj?‘:-’i‘:f y ST TR
SIS SR A Ty T Fel, s

H3 BUK{bsSE€SF U EERIOSy MEHMIC T —U IR
)5 5F>(Org) Bk{ts5€5F>(C18) EEHFID>—Y
> 7 58 LW R & (Fibrin) £ LE# ("p<0.05), b) i i ffi- & H)
BFREDOAT IS - IAD VL BHRER

I4.EE%$:XA@@%

C18-ApGitnEEH O & FHBIC X I EAD=X L
AL NCT DI, BRKILISESFULEMBEATN Y
7 Z(ECM) BLUMREDEEERICDOWTEHEi 21T o
7z, MECHOMBIE, FTICHEBKEETERTZISR
FroaAI—rYr, MRBEEUES T THEZT71TOXIFY
BREDECMTERINTWS, ZITCREATIXEVHIG
PDITICE-T, 747 0% I0FVEDBEEBEREL I
B, C18-ApGltniEOrg-ApGlitn L ELERLTBALICE WES
EEERTIEERLMCLI. F4TORIF VR, O
BEARICHBCESF U LOBEEEEE LTV LT
Z, $950 % DBHKMET I/ BETEEINTWS, ZD72d,
ApGItnICE A LT BUKEN 747 axIFr L0 FEHEE
EREA LS EELEZONS, 3Dz, MECHHOMMAE
BMEETERIPISRATFIEH6 % OBUKE7Z /B TH
BINTWBZEND, ApGtnDBRKILIZECME DERK
HEEREZR LY, EBEAERLICHRENTHILEE
Zbniz, &7z, BHIRIVELTZC18-ApGlitnZ R i ZF 1
RICEHT2ET, MIELOMEEREZHRENICERLE.
HABEMBRICLIBARERDD, C18-ApGltnicBVTL
DEDESFUHFHMIRREICTEFTIDILNPELLE
Gofz(R4). Zhnid, BKEEZEALI-ZLICE->TIRE
—ERTERINMMBRRENOT U H—RIELTTE
ICERETSLEEZDNI.. M EDZEnD, €5F > DBRIK
bIc&k->CECMBLUMEE D BKEMEERL A ELT:
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&R, EHEFEBANOREME B LU EREL 15
SnpLEZLONIL

Org

nuclei

C18-ApGlin

"4

nuclei/
100pm

4 BRKALSSE€ZF > (C18)DMifIREDER

| 5. Bkfeuss> mEmOL R

EERRNICET2EEFECYOMBBRICTMELT, T4
RI7ROBEFE(TV) EERL, < IRE THEMBIC
AT BIEICLDCI8-ApGItnIZE K DR « TIUREDFE
T o7, BMEF OB FIFHICERUIER, 74
TV REBEERTH2BETERICO®E - RIS — 7,
Org-ApGltniEEFITIE4BRMUAIIC, C18-ApGltnixEHl
T 8BEMMURNIIC, BRILPHTIVEEDEYRIEZEI
ERITIENS, TLICHBBINENIZ(F5). C18-Ap-
Ghn#EBRIC BT 20 BRREDEEIE, BUKEZEAICLD
MIBEBAIRIN, KIFOEER NI DILBCR
B LI-ZEickplEZONS, S5IZC18-ApGltniE
ERITR, BEFABELCHABAOMIEZEIERINT
ZEnh, BEFBECYI MRS - BIE - BEZRE
IHRBLELTCOREBREIZL, EBRFMNEIBH TRV
LSRRI NT, ESFUERRT 57/ BERHIE, Gly-
X-Y(X, Y>REAFNAZIcFOU>rRUeraoF>TOoyy)
ot IN, BlEREOBRICKEMEIrOELESNGY
Myoz45070F77—€(MMP)IC&DESF > HF D
RIFREESHIRTSNSG. MMPICEDEIRT SN B ERALIL,
GlyPro-GIn-Gly-lle-Ala-Gly-GIn  (GPQGIAGQ), Gly-
Pro-GIn-Gly-lle-Trp-Gly-GIn (GPQGIWGQ), Ala-Pro-
Gly-Leu (APGL), LeuGly-Pro-Ala (LGPA)EA®D, Z
NOEHMIEEED LEDDBSNDEMMPIZEDE L > TW
3. —7, 4S-PEGRAURTEULEHFTHED,
BB R OBR CELESNIERERICKS4S-PEGEH
DI, 4S-PEGHRD I XFIVEEA I IKDRSNBEL
SRFHEEITD. ZOLOLEHREERTDLE, SYPKTIC
B2 EBERECYODIREIL, BEHNBLUMKDEDN
ICELCTWSLEEZDOND, U EDZEND, BRIKILAPGItn
LAS-PEGH OB SN ARAEERIIE, SVWEERE
ICINZ, SFENEEEITIENMonELRoTL.

I6. HEHDIC

ATVITSESIFUoDT I/ BEO—EEBHKEICERLT:
[BRIKILSZESF | EERDETHIARBEERICOV



DZ )

T, HaDMDIBAERBAL. AIZRDRAEIE, AREM
ICBEWTERWREO—D2THD, MBPEHBEDOELS
EEEETICHSVWTHENLER - HEEatERITH
B gfioalt i, FMFMoRMEICEND, BEEOH
HE - BFNEBERRTES, i, XROARBES
Flo LS Gin situ W EHEREEE B WBEREEE - O
Ry rFNE~LBRAETHZ0, ARPBEDEIHEIC
DEMD, EEBHIBICODEMTESLLEZOND. BHEXR
A AR O R R A EE T ISR - IEIN - BSH (> —
U 7) T ENAREGREREEME - HiTORIHIE, &
Wk, FMOFHABRTAREKEETIILICEMRTSL
E2bN5.

AR, KB TEBLER FLERISH) 2R OCRERS
RFB HEYPENZHER ERMEHREORZRELLUE
UMREFAEAYE - MR REE ERMERARLS (7
HEEED T NAARIYS—TNW—T DRIy TEHICHREITo7-HDT
Hs. BARBLIVBREOTHHICREHEBEL LFET.

SEXH

1) Matsuda T, Itoh T, Yamaguchi T, lwata H, Hayashi K, et al.: A

novel elastomeric surgical adhesive: Design, properties, and in
vivo performances. ASAIO Trans. 1986, 32: 151-156.

2) Hyon SH, Nakajima N, Sugai H, Matsumura K.: Low cytotoxic

Journal of Japanese Society for Biomaterials

tissue adhesive based on oxidized dextran and epsilon-po-
ly-L-lysine. J Biomed Mater Res A. 2014, 102: 2511-2520.

3) 20174FhR ATADWNAF=ZA(A TR HHOPHTFHLS
ABEOBMEST ~A>TS0b, FAFER, RUBEEE-
HADORKBPT~, RASIEREFRETIRA.

4) Lee BP, Dalsin JL, Messersmith PB.: Synthesis and gelation of
DOPA-Modified poly ( ethylene glycol ) hydrogels. Biomacro-
molecules. 2002, 3: 1038-1047.

5) Rose S, Prevoteau A, Elziere P, Hourdet D, Marcellan A, et al.:
Nanoparticle solutions as adhesives for gels and biological tis-
sues. Nature. 2013, 505: 382-385.

6) Fujie T, Matsutani N, Kinoshita M, Okamura Y, Saito A, et al.:
Adhesive, flexible, and robust polysaccharide nanosheets in-
tegrated for tissue-defect repair. Adv Func Mater. 2009, 19:
2560-2568.

7) Mizuta R, Taguchi T.: Enhanced sealing by hydrophobic mod-
ification of Alaska pollock-derived gelatin-based surgical
sealants for the treatment of pulmonary air leaks. Macromol
Biosci. 2017, 17: 1600349.

8) Mizuno Y, Mizuta R, Hashizume M, Taguchi T.: Enhanced
sealing strength of a hydrophobically-modified Alaska pollock
gelatin-based sealant. Biomater Sci 2017, 5: 982-989.

9) Taguchi T, Mizuta R, Ito T, Yoshizawa K, Kajiyama M.: Robust
sealing of blood vessels with cholesteryl group-modified, Alas-
ka pollock-derived gelatin-based biodegradable sealant under
wet conditions. J Biomed Nanotechnol. 2016,12: 128-134.

10) Mizuta R, Ito T, Taguchi T.: Effect of alkyl chain length on the
interfacial strength of surgical sealants composed of hydro-
phobically-modified Alaska-pollock-derived gelatins and poly
(ethylene)glycol-based four-armed crosslinker. Colloids Surf B.
2016, 146: 212-220.

11)lkoma T, Kobayashi H, Tanaka J, Walsh D, Mann S.: Physical
properties of type | collagen extracted from fish scales of
pagrus major and oreochromis niloticas. Int J Biol Macromol.
20083, 32: 199-204.

12) Zhou P, Mulvaney SJ, Regenstein JM.: Properties of Alaska
pollock skin gelatin: A comparison with tilapia and pork skin
gelatins. J Food Sci. 2006, 71: C313-C21.

13) Standard Test Method for Burst Strength of Surgical Sealants.
ASTM F2392-04

14)Kim JH, Lee SJ. A biomimetic strategy to design biomaterials
for in situ tissue regeneration. (eds. Lee SJ, Atala A, Yoo JJ),
Academic Press, New York, 2016. p. 185-201.

NAA=TUFI 36-4,2018 301



NAFZTUTI —E iR —

TR ARREH) - RRIBN A =TT

XLIIVIANAFTT
U @IZOK: %10 ke
WL T

Henchiz &3 EHFH LS5 RNAF< T YT IV TdHSBioglassD
HKERHODT TICHIS0EIRBLIZ. 5%, DI—DDEHM LIy
IANAARTUTIVDBEZHEFI-NTND, ZAEVDICLTHIEE
TH5ID. EELOELWVHAREREZBEADD, ZOAEEMEE
%3,

F—DJ—F ! Bioglass, f&R1EHTRA-W, BER, E£HRFHEFS

BHE

>,

INA{R  IE Tadashi Kokubo
FERS, PHMAFLELR

Professor Emeritus, Kyoto Univ. and Chubu Univ.

302 ~AA=FYFIL 36-4,2018

I 1. Loz

CIIYIRANAARTITIN, THELEEIIVvIRADAE
BMED, ERODFICHOHTESZ LD, 1970F0
HenchiZ&2BioglassDFERICLoTTH o7z, ENETI,
IV IREEBRMRIELTIE, RUITEEHI O
ICIEBWONTZEb ol G GELENETICEHALNTC
AIFEETAT, EERTHREEREICERDEZNA, &
HCHBRINESELTZHDTHS. LHL 19704, FX
UH70US REOHSZDOHPRE THdHenchid, HSX
DOHIZIEEFANTREERBICIRDEENG, £ETVD
BLEEELEALTILEIHDDOLDHEILEROT, Fn%
Bioglass®& & T3 7z, MUK, ZDBioglass®% BIE1EICF
WaEAE, BOBREEMMEERRTIMEL BRI,

FNLltE, 7RIAMESEKEREH S X (Ceravital®), 7K
B 7854 MEkE(R, B—3Ca0 - PO, Befs A, 7/851+—
DASAMFAMEERERILTIZX(A-W), UVBEHNVT DA
EAVE, FIVAV—NBIEF S EBHEORLBLIES
THZEDNELIICSN, TNODENENOEFHEELL
TBEEMRELTBRISBINSLIIChoT. 35IZZ
SEEEMRIUINCD, BETIR A AT, ATREHEE,
DABEHEBEBMIIRGEEDEIZY I ANAFRTUTIV
bRFIN, ERIKICEINTC.

S 4%, Hench?'Bioglass®% %R L THIS0E 75,
ZD50FEDMEIZBioglass® D R & 2Hkic, SHLELIIy
IANAFITUFTIVHERFE SN, ZNOHERIKICE DS T
BELBEZRICILIICEIZEERDE, EFZvIAN
AF=RTIFIVICIE, EEODFTILICEELKREZR:
LIB2BHEENIMOONTVLEEAFINS,

LoL, EEEOMEAFEFESINTHDLT TIC20FEU EH
BBLTWS, 5%, 50ERTICHench #H FHELED -
TeHIR, THELLEEFNTEETVWIABEBRICESL
TLEDIHSRERDIFILRACLDIIC, EFNEMEEZRT
CIZIVIRNAARTUTIVOER SN, Tha2iicte>
SYIANAARTYZIVDE2HICH O ND I EHPERFS
Nad, ZNEOHDIZLTRAIBETH SO0, FhAOBELWHFRE
BREBALDD, EICEFRCIIIZANAATTITIVGE
ROBELEINTVEDZIEoTHIIL.

I2.Eo®%ﬁ

L, KRFOZIEFA RSP I HBRIOFELLTOH
BRI, FERIE, RABRFOELIIVIROHMRE
ICFREL, M20EMb- i LoBMRBEIIvI/RDHRIC
RELIZ. ZOBRRARIOBLOEIZIYIANAFITYTIV
ORRICERL, REBAFEFRBEB o/1-PIBRFET4
RCERBT2EMMEMELEIZIVIANAFARTIYTIND
MRICHEBEL.. ZOMEMICIHLEZEL/ZFEROHRT,
BRI Z<DANDEBERAVIDDIC, RO=ZO03H5. Z



NE=DDFERICEET DD, AISRILSIDERBERS
THLZER, HLLWERZAAHTEY M EXTNED
LA,

1)19814F, HIREMBMIBLTT/NIAbEIFFAMFA
FoMiERETHSENE, £BRRNTELERICHRES
L, LrdbANOEEBZEZCEBNEEZRIBERILH SR
(A—W)HEBENBZEEFKR LT

ZOFERIE, TLERHHEATREKED LiFon, %<
EAF2OERY, ERFLOBFEHFBEONREL ST,
ZOMERMCHT IRIFERIC, B1ICRTIDICATHEHERCES
ELTERSNE0,000 AU LD NN, EIIKRFE
DR EBILICESTCBLWEIELT, BBENI(A—
REMRTIBAN SN, ERZLHSXEYEETH 2 Corning
Museum of GlassiZbERaN7s,

Bl SESELROBERIEHT SZA-WO BT TAM

2) 19914, UL RHNIILEESEEIIvIRTECTSH,
BB THRCELBMETY, £HENTREICT/NI(
FEZERLIZTNIE, ZNENLTELEERTIIL, B
LUMBAEGRRTREICT/IANBEEZDED I,
MEERZ LECTH, BUERP TRRDIENTEEILE
FRLI.

Bl Z D ERBUAE (Simulated Body Fluid, SBF) i, 4

OMBDBREERERNGBRELTAVLN, ZNHZHE
722006 F OFRERFR L IE, 2006~2010 F D Ic#F kL
BOHFTRHBEICSIBINIHmIELTEFON, S
HIZSBFZ F W EHEAIE, 2007 &I EBMZEZER M (1SO
23317)Icmzbnlz. ZORRICRL, 3—Ov/IN(F<
FUFILE=George WinterE 2\ 5 37z,
3)1994%, MFI EBELUBLDF IV EEIL, BE
TCEFNDVEDKBRISZELIZE, NBANET B
T, EENTREICTNIIMEED, ZNENLTE LR
RIBMEERTILICRARESND L, BLUHFIY
B0 AFERLIBICLVHARNTHEEERTI2EH
BEEARILIICRBILEEFKR L.

ZOEMRERERREBIE, BICE2ICRIELIICAIREE
BLUATIHERLLTERLSN:, ZOBRICHLT, 7
XUBE53vU5 % Stookey Lecture of DiscoveryBEn3%
5ani..

Journal of Japanese Society for Biomaterials

M2 FhY—MBREFS > EBAOATRBEEG () L 20Kk
RIS

Kawanabe et.al, J.Biomed.Mater.Re.PartB: Appl.Biomater.
90B,476 (2009)

|3. S DRBICEHET B DI BT Tk

DEERED/SA—bF—%5157-2&

Fhid, NAAXTIFIVOHRRICAZIE, EEHTFOMH
RICERRETS LD o7, €Iy IAMBOMELL
REREIFIIRVED, BIKISH EEKOBEINIATTIT
WOMBEITII-OICIE, BIKREDH D ERIENTER
Dofz. FEWICH, T HenchD WM B IR E F (T,
RFEOMBEBRO THIZWER >TWE, REPARE
SFMBEEARZREOINERRBIRE, PRNEEREH
Bioglass®OW & —f&ic LEWwaé, FhOBEIOREAS
CEMBRMOBNR CEFEIcFEEzIToNT.. HRAEE
EEEMBRIES7DT, ZOERECIHIZFEIEICES
1. 22T, IEESIVIROMEE EEEARIDOERKE
DORIT, Bioglass® #2255y IANAFTTUFIL %R
RIpHERMARIIEEo7c. FER, 1-27BIc—EEH
RICEED, %z, EALBETHRIIOZEEL, B
TIERAIFERD, RICEIEDHIRELETEL.. IR
BHHEEFEOMTIE, FLOT—IHNBELNIEICTTELITL
Nz, RAIELTESSy I RRES, HREHEL, 8
ELYENMEZML, EFMRELSMIBEEL, B
MRBRICKD, EMFWUBEZTMLI.. IOLHEER
T, BRRICHBLEEROHIARIZTHEDAEN TV ST,

W#oT, LR=ZO0XKRICEETIHICE, €F3Ivy
AAREHD, BICATHERRBCEIBRREDO/A—MF—%
BIczED, DEEHETH T,

2)FATXBMER o TRATIZE
HELINAFTTUTIVAREIRDDICE oo TRADICL
12, ESZYIRANAARTIFZUVRROOKE o7
Hench®Bioglass® DR X & — D721 T EICH &,
BLEBREIN —RTEHIETH o7z, FNIZEDBioglass®
&, BEWRIZEE5<, LrbERRTELOREICHEMIIC

NAAZTUFIV 36-4,2018 303



NAFRFUFI — kiR —

BOWINEEEDZDT, ANIBELTERSTHDIBRESN
SIED g ols. EIT, HWMMICECT, £FRTEL
ODREICTIVEEELSLWEREEUT SADRFKL, ThiE
DO RBEICEoT:.

FITHREBZD7-DICIE, FITHMERZHOQIEELL
V., LOLETT X RILGABRES L, BITHREDOR
EORICHObMN, HIRDIIENERINTVWEVNHLDIEE
ERICHDZON, EFOBER-OKLILHRET LD
IZ%5. %Eud, BRAREELTS.

3 MBERM A7 E

MREENEESTD, MRAEEZRELRFNILEDR
WA, BATHIREBZ 57201218, BITHEREMELEL o
TMBOKBE iR BIER T NEELEL. EALFES
BRI, TOMREDENETORBRDFIELSITLS
TR%E5.

s, EERE1ORRICES-OICIE, EFIFERID
FERRIC, DVPULEEUCHBERERICIIIRNAT
DHBEILEEFATWIZE, ABREEROBHSHEEIS
IZAMROBFRIC, BERERTITHSENESERETS
ADHIMMBES EIF5ZENTEBZE, BLUH AR
ICHSRERE— I SE3IC1E, HIREV AL
TEOTMEAT D2 HENEMRILERBLTVILIENK
SR 0Tz,

F72, UoRHANVVILEECEIIvIRYUATD, 78
FAMI L OBRBEMAREICHBERP TR, BESSD
FREBTHEOREICT/RIA OB R EFRTIERE
ErHHszThiE, BEICFRIIMNEEEBL, FREN
LTBEERTIEVWIE 20K RICES-DICIE, #nE
TICH AR OFERITHIRERAICLOR G ICFRSN
B RTEIZEDPRERIL T .

Ibl, FPIVHY—MBMIB/IZF TR EEETEFIVE
BABoNEEVWSIEIORRICED/-HICIE, FrUTLS
I EZBICECBICTFIVEIRDETEHIRIE, KA
BRTHIILAAVEREL, REIIKZEOTI-OHZHE
SEVWOIHSROKREICFICETIMBEToCLIcZED
AWTEIIoT:.

ZoESi, D ER=Z0DFERICEK, FNAA<TY
FIVRRICABRIC S Iy /AR E ELTRATIERY
RENREERI-LI, #AEUC, BBOEBMELI-VLE
FEONAATUZIVIRARE L, EICBLWEDZEY, I
BRIfiEZICE T TELLIICODTEIENBEETHS.

4) ERRISHOBAr DEROMEELBRLIZE
MEHEERRISB SN THO TINAFARTUFIVERIENS
IES 2. BRERSASINEI-OICIE, MR, £5RTE
HIcE-oTEDbNIREICH, ZOREMEBEEEEHIRIES
NGFNELRLRV. MRE, ZoBAL»BIHMETEZEE,
MROFERRFE RiED, TNEEIMEORRIEH%

304 ~AAF=FTYFIL 36-4,2018

B2I.DIZERTH2.

ERIEHTIZAA-WEALBLELTREKRIGETSICE-oT
%, AT IAZEERNTRBICE>TERLCED
KW MEEOZLZSBFFRTFEIL, 20 {tOREEE
WHICERLI.. Z0ER, RERKLIIRIE, AIEMH
BRBBELTHWVWONSGIRD, 100FEKITNEVNESEL
FHlsntz. Lo, REGHEOMDIABEZELRT
5iciE, AERETIRAOBERNMELBIGVEE DN,
ERICEOKRBBEEBRLI-AKRIIIRIE, FERIC
WIFL/., 22T, RFERMLIIZE, AIBHBCBE
LUTERbaNT:. ADIRBEESHORTLGEICE, HIEE
HICEN BB/ AT ESINEIENLEEL
WeEZbNT,

Rz, HERAAHIAAWEEFRTRBICE->THEAL
1S, ERIETIALBO/EORENZTMmT /20
2, ERIETIAEDBEDREBEE ZBEFRMEHR
ICEDEEMBICEIRLI.. ZoMER, B3ICRTLIIC, B
BIEDIRRBEFRRTEOREICEEBOT I OEE
EEoT, ENENLTBEMEAL, Bioglass® D& i
ISV B REAICESRWI LR ooz, ZHITE
D, ZOEEITIRE, SR TBioglass®kDiEdhIc
RPICBE-TRELIHEESEHISToLMEESNT .. SDIY
VRANYILEELHENRITY, EHRRTZOREAICT

3 EREASZA-WESY MEERMOZBEFEMREETE
Neo et. al, J.Biomed.Mater.Res., 26,1419 (1992)



NI DEREENE, FNENLTBLEALEBDEH
Fantz, —FH, FRIMEBEEBREBOMRHL»D, £&E
ROMERE TOT /RS MNBREK L, BIERBRELHT
b, 1FVEEEHFRRICFEELLIBRMUEEHRTHANS
ZEDTERIED Dotz TNEZODHREHAED
¥HZEICED, BEERD THRRED 7851 MR S
ZIRANE, FRLEMBOBEEHEEYMEREL TG
TE3EWD, FRE20FRLFISHaNT-

Thbt, BRISBLIEELHEE*EENICERTSZ
LiF, zoMBloER LORFERIEEIC, ZORRAE
BB AR T 2B E 5252 LICkoT .

5)EMEEEHRIZL

LEROMEIL, HERIEHTRA-WIEBHESHEICZLVD
T, NIBRBEOITFACEEZLZNIE, ATFLICIEEIE
EMENELI-SBMHINEELWIEEBELCLI, &
iz, &BMES, EERTREICT/IADERBEFER
LazTE, BLEEGLBRILLBAELIICLT.

D5, BBICTRIAMNERGRENE5T2HEICHR
EHEDRINE, BEOERICIGZDIENTELRD ST,
ThiE, I EIIvIMREBEOFEBIZILEERKLT:.
BEDOIZIE, TNHOEEELVESIRTL.

SBEMHORTIE, FyrEB N FICENICEFRNMNE
EEZ25EHEINTWS. FEIRKIC, ZEDFIIILA
FoEESCBALF I EEMPDETEIHIRIL, KARHBT
FRIDLAFVERHL, REICEZBOTI-OHEZEDZL
EEHloTWz, ZOTi-OHEE, FERTYVEAF LD
WILAF U ERDAATTRIADIAEREFRTDE
HFTE.. 22T, FAVEBRMEIC, 1FVFEAEICK
D, FRMIILAAVEFIATHILERHALT.. BoniFs
V& BIESBFRTFEED, ZOREICTNRIAMERRBL
7z, LaL, 4F2FEAICE, 100 FEbEL:. Z0AE
&, EEMEIBROENEHRICIHEZGOEHIRTLT.

FIT, KEROFEIL, FIVERBAEKBILSTIID
LIKARIZLELCGEW, FOHBA—T >V TRRLTKER
ELTHborz, BonzFIr&BA L, SBFRTREIC
FIREAMEeEoTz. ALFoVERBAERIEBICIEALL
5, ELLTHEERGESL, BrRETIERS, BD
RTELT, IHLTEIORRIEENT, BRIEHTIX
A-WTILER SNED o TR ICEN B SR
»ELNTZ.

ZOFBTEMBEORYICHERZ 7D, EZDHFK
DHEICHDHHFELLIBCFBREAENTTH oM. Lob
ZITEDLNIDE, KEBELFNOLKBREFIVERE
DHEMECRERISIETTH oIz, TARBRMERISE, £
BOBEOEMFRICL>TESKICHRLRINTWSTZSD

Bofz, LoL, RABOWRAIIES ZoHKBIE, #
R0 EORFHFLELTAORBHERAIN, ZDH
ATHEINTERETESREIL, ULIEOLTAIKRBEE

Journal of Japanese Society for Biomaterials

ICEBfbsnT:.

6)SLLDHEEEHRAIZTE

BMGRIGE, ReBICA~NBRESNsARMZRH->T
Wd, LRROFETFIVERBREICEASINIZIIITA
AAVE, EEICEASNBEITH, REFCHTPT,
FRIODLAF L HANTTLAFVICBEBSHRZ THELE, AV
SOULAFVIIRGHRTHRTS, EERTHEVT/RIA+
e 525LEZONS. FIVERBEKBELF N IA
KBRRISET-18, BNV I LIKARICE T THNEIL
HIEE, EBRICFTIILAAY DIV ILAFICBEHE
Hh, FRLIHENROONI.. ZOEBILHIVTILIKE
RIS RO LR AN OV FULEDBRINLTSE
K&, EERTBHEBRERET IR ILAFVRRIO
VFIULAF U ERIRT BF I RBNBLNT. ELhL
TULIKAR—INENIE DR, BEIEKBIRICZEITN
&, £FEATHEEORAIVERBTEFIVERBIE
b7z,

KB F MU DLKBBRDOR DI, BICGRRICE %
MELIEZE LT, FIEBIESBFHRTF/NFA MEfED,
BEERTELIICE ST, LDIDEIICMBIN-FS
vEBOEIMEIE, BRIETICBASNIR, FILEEFE
ERCIEBERASERITTES, HARNICEASNIRD,
ZIFATICBEE2BFERERLIC. ZOBOZIF
i, BTr—JLLTERTHLLEFINS. RERKXT
FEONTVWSEHT—IE, ERL0FEICKRRA, EEA
ELWFAUHBTEEBELEY. 20-0FBEDEICE
EITI-DICERBBIELELELTS. AZILFEAVN
i, BRBBIEELELYT, BRICBICHESTZAFE
DT—IHBELNIETH 5.

I4. =DODERHOLIFINZIVCODODER

HED, IhD=0DHERICES/FZBTHZD, hb
DIFBHLEFEINDEVCOD DR DS,
1NBFEDERR

BFERSE, BOGELAVEFRICHBEELATHR
BRRWV, 7oL BAMELNZBFNIE, FEOMEIZEAL
TSBRICRESNEZDT, BOTERGAEMENCLDHIE
TE%. BREERIMENEL, SOLIBLZI MDYV ED
WOOLEEFRATREICT/NIANEELFIVERBICIR
EBSINTWE, GEINLDOMEHIRESNDZDH, LD
FRENZTF RGN e E2F 5L BICRESND DD AR
poicEnnE, MBBEREFIET LN, IENRET
DAL ED, HBERE, BTETERAELRBIC, &K
LICHEHTERLDICLDETHS.

2)F I &R OSHRMEDIER

FoULRBIE, BHIZVETFNHIGERISEESNI-E,

MBMEBINZ IS TERRTREICT/NIAMEED, 7

NAAZTUFI 36-4,2018 305



NAFRFUTIV — kiR —

NENLTBEERTELIICED. HHFIVIZILHIN
JZ9Lb, ZOLOEHEEZRIBTVN. BE¥FIVEET
ISR EOL. EnsbHINE, BL4OL2E%E, FNF
NOFMEEI LT, £ERICEORAATHREICHES IS
DAL MBS,
3) &RV EFNEAIrLORET

mEl, £BMRHE, RbEHD, &BEHAVLR,
FORIZHRHBBUICRBAINTE.. 2BV O,
BERARLRINTVWELIICTERZS. LHLILEW
REarbRETLE, €RBICEBERFRLSTLDS.
BziE, FErELBLELE, EHNBEICEBNLF
IoEBO1BLLTURLN, ZNEFNOEERD DIRDE
WZHEDEFEIDNATOEL, L, FIVERICE
EEMENST20ICER L FNIRLNENIEEF 5>
ERICBRALTAHZE, ZOENPERICEIoTEKER
BDIZRIDEING. TN, BEFOEEEHD, KA
B DR, BIRKISAHLZD, REDOFERS &R
BLIOL, EMEBLBEOREBOARICREICEEIL,
FHRHTRERBLIZDT 200 THS.

BIRWL—Y—REEBAVWE3dT T4V T ELNE
BB rELETHAICE, SBREBIB4LERERET
ICEDPNZDT, BOICL-oTELLMEREEESRRT A
UL HD. EEOEEKBOMER, 2F0FHINME
R TIEGRS, BEHERICHERELTCEBINRITNIER
IRV, OB EL e REINSGED, FLULME
DBl EHSNB AL H 5,

R

IHLTC=Z20HREARICLIER WL >THDE, =
DOFKRIE, NAEOMRELOZRICL>TRIEES 2D
NTRBEICES T ZEIZR DD IND.

hid, AEBFTOIRRERI LD o7-DT, HDEFE
SEORFEHIZZLL, ARICELOVHREBIF- L o7-.
LdL, BERIEHTIZAA-WOMBHREHIFREINDIZON,
BOBFI T4V IV ROR MBI OEERICEIN, FRIE
COBZHOBRIEE S DARERT, 74—INVIT7—%
NI TEE L CREHEEHE LRECHRIDIILERD
bN7h, BCKRD 1BEMECHRD AT TRfESnE I —
ICHBINT, REEETERIDIULBICILIZSNIZOLT,
WOLHIEIBRRBICHTERTIILEELOHDELIICE
7-.

I—OyR_—NAATTYTZIVERIE, 1998 FIc3—0Ow/
ANUUATHDHTHIZGeorge WinterEx 52 T<NTz. XU
BEAFROFRICEIBRIEEL, Z<OWERHELHRLILS
7. ZOERICELEIREL o720, FRICHELTH
DN NAFZTUFZVOEFBRBOERICETIREIT
Hofz. HBIFOMEICHY, RLLFHLVWBEIEDL

IS.EOQ%E%H%tLtﬂ@@ﬁ%%&Q

306 ~AA=RFYFIL 36-4,2018

NBEIGo7-0T, BiELEETE/0Ic, BEL, &
EEHTHISEVWSBEORET, HALMHIOEKERE
BREOLNT., PO LIEIIETTH o7, IXNTORE
DEERICHB > TEMmINTZD, SHEKTHUWOATWS
BAREORBRIZIRTEFUIYENSTVETHS. Fhid, &
FICADZGRMZ FLEAERWEE LD oD, FHIEDE
WICBN TR TH o7z,

ERERtIIvI/RxERIE, RIFRICSHL, REWVHE
HEBELHBOLOT, BEHRALMTHI NI VRY
VAIZEHL, Z<OMREEHLIGoT:.

INBEBLTADE o7z AT=Bid, Fh%Journal of Bio-
medical Materials Research, Biomaterials, Journal of
Material Science: Materials in Medicine, Journal of the
Royal Society: InterfaceZiE DEIBEEDIREZRBICHRBL
Wiz, ThoDfREZEREZ, EBRRBOBRICHES
NDT, ZORICERZERMRELEZY, HRT—VIC
DWCEMmL, BEABMICHH LG, INOHRELD
XiE, BRTRELNEVWEZLORIEETDEETICER
wnie.

=-®IcAFXHEICKkROENBZE

DBINETICHERL, FFLL, ThEZHERICSED
EEMROEFBSLUAROEREBEEOREICEDLD

Bolcicbfbbd, KRIZICERKIGEDBEENIL>TVER
WHDH3EDHB. Fhid, DPABFTERERREMESZy
IHUNER, FIH)—hHTILMBFS A4S, BB—INE
WBFSLERBTHS.

BAOMEHNL, 2, 3OoMELE—EIC, FRBRFZFHE
BORVFr—EEILS FIF, BYERTHRENRESE
»o, ERAICEHLI-DOTHS, HRDZDEER
THRARICGE>TOWB RS BREEEZBADBESA
ICHBIT-WEE - TIT oo ARTH o728, R
HIRNT, RFEFEMEL, SEEMML, ERLEEE
I5EBEI T,

BE2LEIOFIVRMEIL, FIVHU—NELIEF S
PALRBEICERLaN/ZRIC, FREFNEEMELMERE
CENAIRBHASRESS, BIUAIMEERF
IoERBELTHELIZDBDT, FEHAEHKONVFr—1
(%Ub Hf, RBAZEZFHCTRENREH GO, X
BILICBALIZdDTHEH, INbERILLE,LENT,
BFERI2E8AZANEALETY, steCr.

Wb, FIREEEBELTOBKRTANEKOONT:
5, ERIECIIZROBERLRVWEREZETILAND
n, ERIBITFOATNS. LHLINbiEunInd, %
ICAIBRBEESICRAINI-TUH—INEMLEF 5> DL
BHREIK—EERLIZIZTOHBDTHEDT, BEKRTA
MELTRAUDLEIONZAEELSI R SN TIVDDOTH

I6.ﬂﬁt%é%%-%ﬁ%ﬁﬁﬁ%t§ﬁé



5. ERMLICATTOEEREERESFLSHEE(PMDA)
LELE - REREOHERZLE HH RTINS,
TRELEARMICIE, BATHERB - BRINTZENEE
WEs, RBCRBKCHESN, BFCEIEVNOE, B
KOEFERBEEVGELRD, BFEH, £RME EiliHo
WFNICBEWTHZL ->TED, LbEFEPLEOERE
12, BARDBEHICHALLTTHRULEREESRZ —HAbES
BHT-WEDRBEIARIFTVWBZEICERAT S, BEMEIFD
BAEEERDPBEoTIAWVRD, BNIZARELB-TCE
Th, FHbNdZLFEV. BEROREDLMbDONTVS,

N 7. soo

i, €IIVIZOMRBRELELINAFIITUZIVOIRR
ERIALIZICHED LT, BFELIEIIvIRDERKISE
DAREMEELHRT, €SI7RDBREICET>TVTIE,
BEODBEICRZIONEVWER DL EIN, EFIvIRDE
FHEHI TCEBODBICETHRELITSIEICET.
DFER, REKZHS - REICBSEIZIIANAATTITIV
IZDWTELLSICROOENEDD, XFBDICIFZFOKSD
IZISZ BT EDHELD T,

1272L, BEOIHEFER, REIMHEHARE B ZM
2T, EMPFHEOBITIEADAGZEFE L ED T2, EhUE,

Journal of Japanese Society for Biomaterials

s, BNIEMFOEMREN—FF—LLTHFLTULE
DTEDRBEERCELI o212 OTIITTIEL V. MROE
FIRICIE, MROBEMRICLLITEEVWET SIS ROLNT
WBEELEHDDTHS.

ZZICRRLIZDIE, €FZyIANAARTYZIVOEH#
B oTc— ADAREF DOHITHROETZTHD. ROt
K2, B1HRAPEDBIONGI o/ BEEZTOBZT, N
AFA<FUPIVOFH LA LI DIFEWT TSI L ZHARFT
D.

XHERLI-EBIRICIFIEIBXERE ANGED 72D, HEHIK
DHEHIERBEOSEXBBICETEXMESIRLTULI:
TEETZO,

SE X

1) Kokubo T, Yamaguchi S:NovelBioactive Materials Derived by
Bioglass: Glass-Ceramic A-W and Surface Modified Ti Metal,
Applied Glass Science, 2016, 7: 173-182

2) Kokubo T, Yamaguchi S: Novel bioactive materials developed
by simulated body fluid evaluation: Surface-modified Ti metal
and its alloys, Acta Biomaterialia, 2016, 44: 16-30

3) MARE: €53y ADEBRDISHA—Rani itz EROH
FTHRMsLIHESL—, €I3IvIX, 2017, 52:465-480.

NAA=TUFIV 36-4,2018 307



NAFZTUTI —E iR —

R R« RBITEONAE =T Y TV

LITIIVIANAFT =T
) 7v

—X 73y 7 AM B Ll A
FOMDOR M AZHRL T

FEHBEEERESRICOERICHVERERITEHHEO—
DTHY, ZOLHTEBEMH - BBEHNIOUOMIHV 7 e h
H5, EEEBEMR - EBREAMHLLTRIAINGESIyIAN
AFRTUTIVEMBEOMEEBICEBLIHRZIToCE/. M
RIER4GHBARF O oEEEZ T 20, NAFTTUFZIVED
HEEBHIMABICXI T EALRBOVEOTHD, ZOMEEN
MEFMEEESICEEERIET. fIZE, €IIvIANMFTT
YZIVDOREBN LG RO —DTHEINAFOFSTNIA ML, ZD
BIHPICRBREEEIHILT, HEMRBRINEEZESTS.
FIYIANAFRTUTIVIE, SHBRENTFLBMELENLORKEL,
BEREFDOALEDLT FROWE - RIOETHLEICHFSLTLK
LEZONS,

F—T—F €Iy IANAATTYTI, ME—MREHEEER,
% B AHkE

EF*\:I' ZEFHE Miho Nakamura
RAEMEMAS EAME ISR

Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University
Institute of Biomedicine, Faculty of Medicine, University of Turky

308 ~A1#A=FYFIL 36-4,2018

| RSB S LSSy I RNAFTFUTI

SEEDORIZRAMES LHFECHLL. DNAZELTARE
EHROL50EMICHIZD, 6 HEIEb--EERHEIS
BHDOREELT, 20034, ebr/LLBEIBEHRILTT
L7z, BERHZOEKR N /LFTEICE DA LEBHIZS
L, KELEmMEZ L. N/ LFTEO OELNIERF -
TAMEBEDERGET—55, RIOZEPABBRICED
O('I%%&%bm(,, ZDIEHmHO OB LI E D RFKHEA
Fan, KRN /L, T/LRIEISEERY TN, 2D
BEIEBRMARLOBED, REICZOREEBR, EE-
AlEE - 2R BREESELVCEZCEMEFEHIOLL.
BEFH D1 FHBRE TCEATOLEGTRITOMBEREL
TEZLI124D, 200 BB EORRDYRAIARE, *7>
FWE—IWANBEFEBERGEEDALICETIEHREI TR
ftana, cniE, ERNEREEEZRBCT, ERAR
ISR, ZLTZDOHEI toCEIVRRICHRALT—
HTH?.

EESBCHRIZEMOERIZERELL, Zo—flél
T, EETEATAEA) ODEEB~DFEAZBET 70
PP EOTEERIIELDEHONTWS, LMY,
CT, MRI, g2 T, BAGREERIOEBRERT
EQRBEBEEROIBIENTERZELD, FHBIKY—IVE
LTEERO—E=EIARMELNDHD. £z, IBMOTI+YY
FEZEHREREICFEL, ARECARICOLLZHMA%E
BLZLT, EREOEMLE, ERBOHIBMRICOEDD
AEEMLBHDLEEBINTVD,

—%, ITUZLVHEHETH, ATy T —5ITH
SEEESNTWS, KER, ANVBIERAIC, FHEER
KWICEAHTITIFNZ < T/ L AZSFT47 | &
BBRDOVEDELTEDT. INHEFELED, BINT
HEEIY Y-V TLHIUL LD, BATHYE - R
THE L RO EBEDHEERFI SR SN, BEREN /A
HEICBFTINAFAVTARTAIRES D DOIERIZH D
HOD, BEANGEFO—FEEUADZ L. IFUFIVX
AV TFRTATRD, Eﬁ%-ﬁ—»ﬁ%@b&f‘o?} E R ER

bEELEEZTVWS. Iz, FEFHED LICHMH
@:/tﬂ%%ﬁﬂjﬁﬁib, B EBALIIADEDIOIF
HINAEBBIRVFr—DEDHLS,

EROFlIzRoN2LIGLENS, ESF, MEFEHEIC
BIARISRMTESICHIELELD, NMFXTUFILDE
HeEElt - BMRETL - AL EDDONTWS, St
BYHFREEOCEBREEDIAERS, EEKEI O—/N
MBIFILEAERICH S, EFISMRENFENvIT SV
FELT, €FIvIANAFATTUTIVARICH10EHRE
LTCET:., €SI IRNAFTTUTIVIEE - BE LV o7
HBERRELI-BERERICBULWONS, BEBBLEER
miBiE, BMIEOERICHEY, SHOLBRRERITEEFE
INTVWBHHBO—DOTHS. fflziE, BEBBEEES



5E 2015 &5 FELURNICEEEMBREERE6S8UBEL,
RHIBRET2020 FEICIT4ERFVICERETIENSF
BF—sb5H5".

B BAERNB T, BERBLUBBHELIRK
DHHEL->THED, HOUDOHBIcFEEHDHD, HHD
10%TlE, BER -BEREAVERRRETES, e
EEMHE R BEABRBEEEMS Yz 7ORTDE S
HEIBBERBLUBBHED BT TIE, BKTEHBNVIHE
BINTVBI-HBREHZFIAINTVEA, BETIE
BIENMEPRERLEEANDR DD, ALENZFHIN
TWa, ATBELTNAROFTTRIAM(HA) ERRIY Y
B=DIW>IL(BTCP)eRKETDIVBEAINTTL, TV
SF, DNAZTF, NMAHSAEHL LRI MERSNT
&/z. oL, BRBOBELLERT DL, AT EHME
BIEERIPML - HiELHHNINDEWD AL EELTERH
SNTET. FIzIE, BIMPESSCELIBMBONS
LRIEZBRETIENTEIAIBZEMTHERATILNL
TEZD, REGBRIEBOHEY, ARCHKEBIGEET
INTHHREFOBKREBELENELIIGEIE, BR
INBWZEHH D, BETIEBISELLOILK P B EE
| EZENELT, MHBEART B LT 2R, Bl
BRI HISSEDILICLD BB R LICHEE 2R L
fThbhTunsd, HARMATE TRERNLELIIvIZINA
ARFYFNDO—DTHED, BEAFKOALIBEMHTHS.
HARI% - ERLICHEE, HA- 35— > BEE&FOERL
(W& - MEREE, BBELEE), BERAIER
EMOEB(ZHEIEARS, EAMRLE), REBT7
REIAMBERORAB(AMKZE, BIBREE), VB
FOIHNT DL A= U EEROBRREEGRILKZ,
wABEE)E, BERKOMBREESFERKICTOATVS
(BERF20184F).

I B52yIANAATF YTV EME DI E R

EHFEITIVIANAFARTUTIVOREBICEDBE LD
T, MBELMEOMEERICEBELTE.. MO RSGK
GHICDOVWTIE, 1980FR20Z20EEMNRIESNT
&fc. EETRIMEEEFHELCER ETRES MR
ZEELUICERICKD, MRBIERICTITIHMEOREN
HESNTWE?Y, EERMIRES VR TIBEETSL,
BEHAREICES TESTICACED, HETEEVL. AL,
BEURIULIRETSLE, ZoERBICIGLT, DHEEIC
AL AEINT 3. SOICEETHE, MIBoRREEE
DHFWEBERMEEbIRE SNz, BHEFMEIET VO
SICoTHEERENrELSY, $7:, MERBMIES IV
DESICBLTHMEFALRESSY. BRBEREE:
EUCBRMHLBHEECERMBANLOMEEVWIE ZIZAIL,
HEFRECHERRMIE,»OBEF ML BEENIC
RIBEEZDNTWEY, €SI IANAFTTUTIVIZ,

Journal of Japanese Society for Biomaterials

&
. f&ffl: e
UL ENG OO0 |
e ﬁqﬁ/ 7
g 1

1 RO R THRREE

INEDOMEEIIVILTVWBT-0IC, BEEEERTIE
DRBINTNS,

R. K. DasbiZ, flifg~oADBRIBMELFZH>TFNE
DB TFVICHEL, ST FIVEEDOREEHRLTY.
BIE T, AAMECEEEEAMEERF S MRE
ZREEN LHEREANBRSMBESN, ST FIVICED
BNz Re. BHERFEOARRFEHALINAF
RTUZNVEABOME T, INbDORIBHBEILEEZD
N3, HBETE, BEEOMM, #ME, FRIST—ZFO
DEOEHRERANL, (>FIUVESCEBHBERD
ZARL, MEBEIVAIEEREIELDHETIBHRITED
fTbnsd, BFEicHTaMIEESETE BEOMBEISE
DEIBEEZOND,

NEBH ORI 3 B IERAIEIBIE T H SR EHE
BICOVWTHZDIEDBEINTVWSY, flfgr~FU7
WICRHLTITO R EEE L — MR T2 LEE LY, Z0HE
HO—D2ELTEZLNEDIZE, in vivoRkéin vitoRDZE
BETHd. OFD, REMBEIEEFRRNICHENTEE) - Em
PREBICL>THIEISINTWS2®, EFEACERDH U5
PRILMRAEE S Ok - ERBE R >TWBIHEL DD, FT2,
2TOMEHIAFICACIREETEbITTEES, ZOR—
HiEECTH80-90 % THHESONTVWBIELREDERD
—DOTHBLEZLNS,

EELFFICBRMIRICEBLICAREZTTo WS, B
ABICLBEME, BME, WEBMEABFEELTVLSZE
FIE<HENTWS(R1), BFMREHMERBMEELD
DELT-MRRBTHD, 1BaS—5 Y ExoNVEECERE
AR5, BoEBEBEICERLTEMBEELED, BE
BRTHEWIRy NI —IBEERL, XB=DIVAILR
BEETIESNTWSY, WEMIE, MKERSMIH
kTHD, BEOMBEIME LTS HEMPTORELEL,
BEERINEEEEB IS, REMLLIMIETH D70,
REELZDET R =V REBZT. ®E, BIETIUVS
FHESREER-TEALD, BHFEMIBLHBEMITICOL
TOMELSGHERESNTE. £HRBEROMIBELIE, B
EEZRINT2HEMIB(1%), BEEES TR T 25 M
(9%), BEHICEZLI-BMI(90%) »oBRINTUL

NAA=TUFIV 36-4,2018 309



NAFRFUTIV — kiR —

A FDERE B IRUNE
fz:
FE°

Carbonated
HA (CA) 4
4 (wt) %

Carbonated
HA (CA) 8
8 wt) %

Bone
(28wt "

100pm

K2 REF/SAEICHEITE(A) e MEEMIREEREL(B)RINE.

5. A, £RBRMRORZHE HO2BMIBOBYE
FULTIZBITBEEECAN /o v THEE DAL D ICS
noo5H3". B, BEERICHEELLESD, Rid
BEENLTESMIE - REMREESEHELTLEY.

EEHDI, UIZYIRNAFRTUTIVER RIMIBEENIC
DWTHIR 1T o7z, EMREMAREEMIEE B L THe
BETZIYIANAARTITIV L TIREBESR T o7, £53v70
AMBELT, BERSBINTUWSEHA, BTCPEZ R
Z, WEMRETINMEMEE CGEBSNTOBREZ/RF( +
(CABEKYEBV.. ZORER, VoBAVIILES
BSAMBEMBEER T2 Y1t TIIRBHBEENE
G352E, RLYYBANVYILEMBOLNTS, 754
MoREBEEEIHILT, WEMBESL~—H—EET
OHEBHTEL, BERINEELZESRLEL'Y. ZoRE
WINEE RS E BV ETS . ZoEAD
—DlE, —BWICHE TR T 2EEM LV EIEDHEE
TH5(E2). 0D, KEEBEHNEMTDE, WEHM
BEFZIF VLT ERIENDHHBEBEEZERL, Z2Zic
&, FOFV(R) EEERERTECFaU(R) 1 EBE
T3, ZDZEIZLD, BELGY-VLIEEEESBL, B
INEEFR 5.

EROERE, WEMIRICTTIEENLIERTHE,
BHREREN LI-MENE MY TIIVE

310 ~A1#=FY7L 36-4,2018

DIV ILMEOEEIZOVWTHRTTE/-01C, £HFKE
BEBEHLI- B — BHMELEEREAV. YU
BHEEE(MLO-YARERRIR) 2 L~ X BREMEND A HIEE T2
&, BB, DM SN BB ML ERF (M-CSF,
RANKL) "2 0% 3T, BT ORIERME L, OR
WEMBLTERIN'Y, coZirbRBEEEDHEE
EVSMRISHMER, MIEOSMCFERFHBEICH
EBE 525 LN ST,

| B52yIANAFTFYPVREOERER

BROMERBEFRES IR, EFE, RHEER
HEMFECESOZEERZS, T4V FOFVILKE
EBWTCEAMREZITOEELGE R E W2V, 2018
F6HICJSPSZEMEIF—TAE - T4V IV FRERE
I%7—7>ayZ|(BAREKRE WRESEE, RtX
F)DA—TAR—F—%FEHIE TV IV, 7—I¥ 3y
TTEMRBRREROE DR R EEFET—<ELTED, 28
FICHAIANIRTREFBLIZ(B3). Thid, EERS
EXFELV S A—Y—DDD T — RNy I EBONEE
BHBREORURINSAFZIVOHTHD, 1—HeUFq, v—
TT4vTDFBELT, RFEREHPEERTICRETSIS
R THB, RERBERY MT—I5CGORIRAERE R
TEINATUVEEETINELTHAONTED, BADLED
&0, HRPFORMEELSMARALDHDZEND, HF
JNETEDONTWB[ERFNESOT oM E, Natureid
20166 B9 HE DSpotlight on Food Science in Japan
EVWSISAPVTERE VSN, HRNICHIEEZEDHTVS
D, ADIWANIWVRTREBCT, AUNTHEEESZBO/A—
Fr—2y7OHEDToTWNS, INEOMDEATHRL
nha£3ic, EHmE, ERENBRENIISEEEICK
LD TEHBVHERCS.

NAF=TUYFIVHEFZREREHOFZHMH)EFTHS. T
RTEHED, BEONAFIITIZVATF T, <FU7
WEEYDORBIMRLICELLTETVSIDTIEAEWESS
. poTE, EMEIERGETCHLI[ECERT D]
REFo I TR VF—ZEfTE3 | [ACORNCRELH
BIEVOEETERINTE. 12D, NAAITUFIVE
TR, £MHPEFATHEIHTERYEZ ATHICIFR
L, REoeesE5T22FTIRES, BEFIS¥%EMA
HEDEBIEILEST, SHICEMKRELYEEER T HH
BHZEIFHEINTVS, ZOLDIZ, TTETHELLINA
ARFUZIWENBEREHOZ M DL, FeTERERE
OHEDY, FHES, EREF TOEELKZETR:L
TW5, 7FOPHIVICEDZELHFINGLLIE, SH%FET
FIDFEYMEOHEKEL, EYCEBOEEHNPLICE
niE, ZRUCHBLTANAASTUTIVHIREM EICZ KL
L, B4 GEM OB CETEIEELRKEERI-TLIICLo
TOKDTIRBWZAI D,



Journal of Japanese Society for Biomaterials

B3  FUIAIWVRSRDFEED—EF (photographer: Mr. Kari Vatjus-Anttila from PPSHP)

ERFEHBEDOERFKICTSD, RLTRZT4T EEVZRL
F—U—RiE, Baimlt, ERBEN ERS, REHE,
BEME, KEZBINE BBISENGWEEDS. R
EEREENENGHTE-0ICH, SBIGBEEFZDALED
SFHEFHEIEITEERZHELTLESS,. FHES
LLTRRICERITDIILBREHCILIRDEETHD

BEmLIcHEVEHELLIENETTIE, NMFT
UZIC L DMEFB BN BR SNET—RbHD1I5D.
DESIBERICKL, FIRIE, FROWE, RIDOETH
IE, AIBSHoBELRLE, BEhBFHES, 2F
DQOLA L, ZNdbtIZIvIRRNAFITYTIVIRE
HLELTEDMAATOEZVWEEZ TS,

KEICHEoT2H, BEARNAAITUTZIVER L RIFR40E
FHEMRZBIEE—SBLELTAREEL(ES. ZOLIRER
BREESICARERET IR E R LS oI A
BISRHSETWIIZEZW, BERABHLINETICEL
i%bf’%ﬂf:%%&kﬂiéhf%T:%%E%*EE&ZOX;Ubhé

, SRWDELONAFITUTIVIARIZIERAZ LR
75" E ICERDHEFETO I NIEEE Z TV S,

SEXm

1) Market Research Reports 2015, Regenerative Medicines: Bone
and Joint Applications, BCC Research

2) O’Neill C, Jordan P, Ireland G. Evidence for two distinct mech-
anisms of anchorage stimulation in freshly explanted and 3T3
Swiss mouse fibroblasts. Cell. 1986;44:489-96.

3) Discher DE, Janmey P, Wang YL. Tissue cells feel and respond
to the stiffness of their substrate. Science. 2005;310:1139-43.

4) Engler AJ, Sen S, Sweeney HL, Discher DE. Matrix elasticity
directs stem cell lineage specification. Cell. 2006;126:677-89.

5) Das RK, Zouani OF. A review of the effects of the cell environ-
ment physicochemical nanoarchitecture on stem cell commit-
ment. Biomaterials. 2014;35:5278-93.

6) Bonewald LF. The amazing osteocyte. J Bone Miner Res.
2011;26:229-38.

7) Bonewald LF. Osteocytes as dynamic multifunctional cells.
Ann N Y Acad Sci. 2007;1116:281-90.

8) Nakashima T, Hayashi M, Fukunaga T, Kurata K, Oh-Hora
M, Feng JQ, et al. Evidence for osteocyte regulation of
bone homeostasis through RANKL expression. Nat Med.
2011;17:1231-4.

9) Zapanta-LeGeros R. Effect of carbonate on the lattice param-
eters of apatite. Nature. 1965;206:403-4.

10) Nakamura M, Hentunen T, Salonen J, Nagai A, Yamashita K.
Characterization of bone mineral-resembling biomaterials for
optimizing human osteoclast differentiation and resorption. J
Biomed Mater Res A. 2013;101:3141-51.

11) Nakamura M, Hiratai R, Hentunen T, Salonen J, Yamashita K.
Hydroxyapatite with high carbonate substitutions promotes
osteoclast resorption through osteocyte-like cells. ACS Bio-
mater Sci Eng 2016; 2, 259-267.

12) Bonewald LF. Establishment and characterization of an osteo-
cyte-like cell line, MLO-Y4. J Bone Miner Metab. 1999;17:61-
5.

13) Zhao S, Zhang YK, Harris S, Ahuja SS, Bonewald LF. MLO-Y4
osteocyte-like cells support osteoclast formation and activa-
tion. J Bone Miner Res. 2002;17:2068-79.]

14) Spotlight on food science in japan: Promoting health through
ME-BYO.Searching for a long, healthy life. Nature 2016, doi:
10.1038/nj0485.

NAA=TYF7Iv 36-4,2018

311



NAFZTUTI —E iR —

TR ARREH) - RRIBN A =TT

RRZH A RITES
EBNAT =TI TV

RREHL, RKRICECEBNMFYTIZNEEZD—BIEL
THEBTR, EEIFREICE->THEbo TS ERIEE LI/
ARIBA>» 75> FEMEBR(SO/TC150) ELTUTY > EED
3R T & (AM: : Additive Manufacturing) &4 (1ISO/
TC261)+ASTM F42 THEINTVERFHLLWEBNAATTUT
WEEBIEEDBRICOVWTIED S,

F—TO—RI@BNMFXTYTN, EBFHE, 3IRTEREERE,
EHERRIRERE

7 FESE Sadami Tsutsumi

FRERFLELIR

Professor Emeritus, Kyoto University

312 ~A#A=FYFIL 36-4,2018

I 1. Loz

FREEZHE, RKEICBCEBNAYTIFNEEZD—
BELTHERBTIE, EFV’RFICEoTUELoTEER
BEEE,/ NABBAY TS FEME<(SO/TC150)
BLOVTY U EED IRTHEEEN (AM: Additive Man-
ufacturing) P& = (ISO/TC261) LASTM (American
Society for Testing and Materials) Technical Committee
F42 on Additive Manufacturing Technologies TS
TWBHLWEBNAFTTUTIVEEBZEE L DOBIAICD
WTHED .

2. DRILAARAVTSURERNAFRT
U7

ATHES BRI GRETERBINEZDAV T I ME—
FEORAFREFAINYT—> 305 bDOBEROA(V TS5
FCHD., LHOLEEDOBREREMICLoTROONDHE
BEREICKEROZ ML H S, BB E4DBREIC
FATEE, HE BEELSGETSID, BEOCTS
VP TETDEMNEHN—FTBZEIFEEL L.

ZOMEABRT I ED 1 DELTEREELICRBICEE
LAY TSN THBIHRILAAR(F—F— XA EH B
FIR—YFSAZR)AV TSV DFERAHPEFTONS,

ZOEIBAVT IV EEBcOBRBERMLI:&
BERREBLTHD, QOL(Quality of Life) DM EHEXR
EWRES R HFIN, LCERTIIENEEND.,

DAGLAARAL TS5 b OBAERELTIECAD/CAM Y
RTLDBETHZD, —MREICERINSEEIEUS I,
BELEM D1 O THIBFE—LEEREE(EBM : Electron
Beam Melting ) 5% 2. BERINEUNNEEETIE2007F1 A8
I Z DEBMSE TRIEL 7zAdler Orthott DA > 75> Mz xd
LCCEZRSE(Conformité Européenne FUMES DEHESR
S A ESINTWS, FAUAFDAICBEWTH 2011 E1 BIC
EEICLoTERESNIZAV TSV PDERDLEN, TR
2018 FE 1 BICHBE, EANERHOEARIRRINT
Wwa.,

EBM3R BB &E AR (AM) O —F&TH % 2%, 1SO/
TC261%ASTM F427532009 FEIcF B L TREEFEDHE
B EEEIToTWS,

BHETH, BRAABEOBKIEERKADZNICKLT
INSBEYAZXTHZDY, LHIRIC/INEIL L THREIZHICE
BRFEETHDI-DIZ, MAKEEDATBEH I BEELRL
FEBIHBZ L, ZOZEFREZEDIZRTFIFDOANLICH
BORKTHIDT, BFEXEROTIO7EERHES
E[NR—YFISAXFANLBEOBEE - R MM EAERE]
ELTEBMEE LI $E 150 ARIBA> 75V M EME
B /4 ANTEEHNEER(SO/TC150/SC4) IcHR1%
FERHLTWS,



SUS316L SUS630
SKD61, S55C
Other Super Alloy

Aerospace

Ti64, 1718, TiAl
SUS316L, Cu
Other Super Alloy

Service
Bureau

Pure Ti
Ti64, CoCr

Dental

Pure Ti
Ti64, CoCr

K1 3D PUrs—Ic &GO RREERMAI(HTLEIRE)

CAD/CAMY RF LIz & 5085 5 Wik 3DIEE E &
&, BICAIBSOL LHE, HI EERBICHEVNT
FEARHREEICORAREL Do, BEDOMELE
RPN OES LT, BERNRLEAEU LOES
BMEEETILICHoTER"Y, B1IZAMGEIDTY Y
S—IcL B ORREFERMEITHY, K1IZ3DTV>5—
TEBERICERSN, FIHICHENEDOINTVESE
BNAAFTUTPIVEEM R EEDT:.

R1 AMTCEERRBICERSN, EHICHEIEDONTVEIERE
NAF=TY 7 I

® Ti6AI4V (Grade 5)

@ TiBAI4V ELI (Grade 23)

® Pure Ti (Grade 2)

@ CoCr (ASTM F75)

® vy Ti-Al(Titanium aluminide)
®IN718

@ suS316L

Amorphous metals

DRIRAXFAL TSV MERE O RKEEENICHRZL
SNTHEBETIEGRLT, BA4DEBEFICTIGLTHRIRET - &
ESNTDDTHEHD, LHEILZDOMBOBEMRILDL
CEPRFRRELRELFERAE CHIEMPEZF IS LTRE
THIcHIC, REMETECKRE, HRLTBKIZILNE
BTHD, ZITOWOIREEELETLROLISHETD D0
EEETMSIaL—arThHE. BHIETRA>TIVH
DMERSMEITIMTE/HICOE1—FPIalL—aY
FEO—BTHLIBERERICHEEMN (FEA : Finite Element
Analysis) D@ A EEIC 2009 F I EEH B E 0 A TIRE
HHELITAIBEHEEHIRIAICENT, SHICIEE
FEEZDIIS-TS TOO13ICEFFINTWS, ZOFEED

Ti64, 1718, TiAl

|

Other Super Alloy

Journal of Japanese Society for Biomaterials

AIRAXRAV TSV PDBERE
MEHHICZ 2R RIEAL G SN
ZREHDOLPEFINTVS. AR
BEEMBITICEBATRBH AT A
DB BEMEEE L EIRE
LT, ZOEOERZE TERR
BUS)LIcAF TEZ I EITH T

Al Allo
SUS31ZL B2.
b3 —DODASLIMBETHEAE
BEHLIVIEHIFEEEOISEHEE
Ti64, 1718, T HRITAXRICBNTIE,
CoCr, TiAl EAEE B N E T BT55

E, BrEoftichE, BEKE
DT ITHEEDOEEEREL
TWBDTHICIC T O TIERELRE
TEONLEELL, EEEIROLE
DY EZDIEHADTITHED
R - BETHEEINERSNSZ
EDRBERSINTVWBRREEZDE, 1BBRTITIEE
4% (ASO: Asia Standards Organization : R4 ) DRI %
BFLZV. FicEE, FE, fB0LARSTFTOEY
PERELLGoTWVS,

INETISO/TC261IcBWT, EERA> TSV ML
LIt BRELHD, SEENLORER, BEEESN
TT =R BLEICRRYFELFIDDICHoTW
5. CTT—9%R7EDDIDETIVEERTIETDT —9F
BAERGEDZEIZENT, FDADEERDICESIL,
S$#I1S0O/TC150,TC261,ASTM,FDA,NIH,IEEEH & & 7-1&
HOBETC261/WGICERIFESET2HEL BN, LDIEM
LEMBEETOREIE L TEENTFEINS,

EFRRL7ZEDIC, ALRXDIZFDAD»HAMEFIE M.
Coburn#3& i, FDA® CDRH (the Center for Devices
and Radiological Health) @ missionic D W TERRAL Tz,
Technical Considerations for Additive Manufactured
Medical Devices Guidance for Industry and Food and
Drug Administration Staff Document issued on De-
cember 5, 2017 ZEICLT, AMZZE 2L 53D printed
devices(FEARRIZ, FDAS10 (k) &ELTHIONETHERETE
I22018.5F 1 Blcleared(FRR) SN LD ZLTHD, BAE
cap P RHBIEEREBE L EIXOKIZAY, 510,000 Rk 33%
¥ o IDEIRITEMOMELNTED, EEMHPDETHEZT
L. ERCIR, MEROREEP, BREBEICOVWT, 2%%
TmEVS7IRRDEEE, 0.1 mEEETORRBEEAIC
TEEEER/ITIDOBENDETHILED RENRIN
7z. FDATIE, BRICHAT > REERLTED, ISOZEA
DEELAADIA-TWD., FEIIFDAH A > REISOE
ELEQBEEHEZEDKICEZDONEERLIZA, REFATIE
T—2ANAT—ATCEHZLICKRTIZ2DELDHLEDOEE
THol:.

NAAZTUFI 36-4,2018 313



NAFRFUTIV — kiR —

FHCELB IRV VAEEDERTRRHEISL)

EipbdsoRketic, BERECERIN, woE
KICEDBESBINCHEE, WERELREERARLLD
ICEER) - OEARIDBFICEITEEZFOELWEINEE/LT
Wd, ENHODREICETIALIER, ALBH, ALE,
BEABIL— - DAV EEDHNR - ERIBA TS5
FHBVWEEBHBYCRERAE ICFERA SN EHZIZ
FLLT, @BMENERAINATWS, INSEFEMRRM
TR T IIBAICH VWO ERTENL, ERHicE»2H
CEHEX ZHBEMRELTCOREPEETHS. ZDT:
DICAV TSIV MRNC I, £RRREICET2ERBEEHE
(EFEMEEETEN, SOICBEFERTINEIBEIC
IGCTERSND) ERRICHZHNME LV DT EFERE
DOEEFEORAMEBEIRDOND,

RSB TRHEBECALERICKOONEMEELELT
OEROB4DOBL7IVAVICTHRMEEE T2 EbEL
D, REBFPLHTHOEEISHCES - BREOHED
DHEEB~DERBEEHCILbROONTWS, BIL, OfE
ATIHEIRESTHRMELRFICROEN TS,

SREHAEBEEICST2ERERERNBESIV TSV
W, BB KBER NG BREERN, BEHELX
MEEEOBH, BUVAERCHLBEIN, BEAEANICH
FEHHIEHN100EMBEHEEINS. LYEFICHITIERE
BHEABBEEA VTSV NIRRT HD0IERINERY
=055, MFIRTFIVEEIMERNLHDELT
BFEL, ZORMELTE, AFICITHEMEOTIHBL
UBREDIODOTHLEBHBIMEEZELTVSIEAL
25, LHLEHD, EEKICESTIEREIDEY THED,
MEBEEIRDVDEIELLDIEAV TSV RO
KI-OD2EBOFMABELLRD, BHEICHEN, B
B, £8NLABEESIZT—INE V. ZHICKL, &
F, £EARNERIS—DZOBEERAVTIVMISH
SN, ARICFOFERANLI>TVWS, ZORBDOBFHEL
T, WEBEOILICEATINK > Esn, KFsns
TEICEDIK, ZEBEREZEEVOIFETHRMNICHIRSNGT-®
BOBCAELGZ, 72720, FIVEFEOMENEELZR
LEW ), ERIMMICENIRESNTODIDOHIRIRT,

|3. ERRINESEAL TSV (AR EEER

(A%

ZDEII, FEUHRIN—bENFN—R—E1H 3.
INHGEMORFEHEASHEIBENLEESH D
MEISREBESNTED, 20—DLED32EMD<S
FYUL(BEME) THE. BEMgIIERERRZ(FTUX
TEG)CRMANY, TEMHNGETREERSNTS
D, RE—HEEMNNOGHA(MENBEAT )b
WBEo12%, SBIDEMOEMEEL LT-EBEMEI D
- BALPRFIND, ZOFMLE, OMgIEERNBET

314 RA#F=FYFIL 36-4,2018

RTHY, AATHRLTHOREMDIBVEFRSNEZL,
QOEHIEE, B, BECENEBRMEIELTORBRE
KEnwZL, THH, Frr, BIRERYS—ORAEHE
Bol:EERAABES A7 NLTUSH DAL
BL. 3D, INETRINERMIELESNEGDD, Z
OHEHIEE ORI CHEMI BT ESIN TS BEAR S5
ICBTBFSIT(ME)ATFA> TS M REEM) DG
BHAREENZED, ZOWHBN00EANDSADET
BAEWEE 22, BEHREERSF LISV TEEbE:
600 EMOMBICHE T 2IcHT-D, FHIRMgH B2 5/
BLENERRRTDIZHDFRICOVWTLTICTRRS,

Mg EAERICESTHEATETHD, MBPEEHL 1~
1.8mEq/ID EE THNITAH ICLDMIBRIAE D FIF 1473
WESNTWS, MgBEIEE L THK S HERRG)ILBRET
HH, FOBREEDBEABICECanET, RHMICIEK
BOWBEILVESN, BRBOBEALLUIERERZV
LIEBITICLBZEN L INTWS, LHLESD, (>
T3V oRBAFIBHLTHERT LI LEREET
51:0ic, MgBloA> 7oV M ehopdBEILERES
HoRE{LELISEIME - BEREEToToD, 1>
IOV ERBELSIEEFICBELATNEELEV I LIEH
EIFTZIRN,

SIS, RICHINTESCORBRERIREKBENIADFKE
ciHT24E, Mg RINAEZ R CEOLELH 5.
INETOMRBEEEICMgERZATE - ATEE®
F - ATRIBELTBES 2EPALICIGCI-BEICRRET T3
LERIIZ, 4175 hoRER NEBEBE EFRNREIC
BIGTEDMHRET /- DICBELOMREHE T ILED
BADEBELLTHERINTVLS.

WRGDD, ATV MFAFOEROBH (ME,XE,
BB ABBELRE) FERASH,ILILIFEEE
WBTHD. Z<DBE,LETTELPEOFRDDDT,
BETIMAICISLIbOERAWS, ZMELTEEERX
FYLVATHB316LAT VLR, FVEI, ANVIE S, FAF
J=IW (=TI FEIVER)REDBVLNTVWS, BEEL
LT, EBEOBEEL—F—Dy FLTERLIZHD B0t
N BEELTZD D, 7MY —ERATIRLIDOLEL DS,

3~4rARREOREBMN/KT LTHRT Y FAMERIC
BELTVWSEILRATO—VOEPMBEIEICLD ZT>
FOBIERETZIEDHED T, By BRICITERRTRIX
SNBRTFUIDEENTVS, EERARIERT U FELT
MgBZT VA ME—DEBMEELTEESNTWVS, T
VEDRBEMRERIUIRICHER,BRINSNDDICBEIER
PRI ALTIUME3I~ 45 BEELNTED MgD BRI
TRIESEIMRIERTHD. GRbOREMUEEL R
XL SN EFRRTORBBNOBERELREMLRED TR
ExhTng Y,

MgRUZDEEIECRTRRIZE A FICRAELSE
BAFREFOBWMIRELLD, ACEFRRRINED



RUIBREDPFHELPBEFORELED)F LS
LERBICLIBMEOEBAECMERELLEOREE
AEzREIERMEREN. LrLERItOBRSTRICE
SEFESMHDE T 2TMET 570 O E BRI E (1SO/
AWI TS 20721 Implants for surgery -- Standard guide
to assessment of absorbable metallic implants) £31SO/
TC150/SC2/WG7 HLUTC194 I BEWTERICEZENT
HNTNW3,

£E51399.999%(5N) BE OB MEMgE AW 5B
EBOBINSBMLOBHESSL—MEIZR—>TL—N %
ELEE - BB E - EHRARIFEEZ BRI 2EREZ1To
TWd, SyrEEBTBERTRPUIFRELEICEEYA
ZOMgFL— e BEL,ARMICERTHEL. #BA
B4 BEBIDETOHRRPHEAPRIIRTDOIvIBELUY
YPEHREFLTCEHD BRI EHHCHEOSHS Sy ML
Lotz T, 2B BLUFMEBBLICHALHrEEEDHDWV
RO RZRO2EBY L o7, BEEERECMgY
L= EAEORGITE (MECHERIEBELL)HE2VER
HETE KRHRGE) FBRRBEOVWTNOR RICBENT
bhh ol 4rBHETIEMETL—FD 10~50%DE £iH
DROLN,EBAIREIN TV, MRECFEREICS
WTHEEBEIROONT FERLOHERICEVNTH BE
HRERHOD LR MG EERD DB LD o7z, B, D,
BB BICOVWTIHEMENEBREEERL/I-5,Bor
TN b eRO Loz, U EOBYERERELEDLD
EMEMgREFATORLELBLLPRIEERS L
HBRESNT:.

2 BHREROBMERIEN) T XU A% ERE(300°x507)

BMEMgORBHERO/ Ty MIERORELE
GHBTHY, ZRPCERBBICE>TEEEFE>TW
5(BF2). MglZANM EoEMEICIERIDILICLLT,
MElsEL ELEL, BFICASEIE- - BHEERL, T
BESRV, LIzdoT, ZOAYDybEEEICTIRATE
RORICHLELINIATEZDT, R3DLSICTZHR—
YTU—FERTEER LT, 100umBL T O ERC AR
HEERCIEEIEMIHAEETHD, AT b EDMDEREE
BICISABEIPEEINED.

Journal of Japanese Society for Biomaterials

M3 BMEGIBN) T IRy LB = R—>FL— F(40X1Y) &
*2(2°)

§ 4. sboic

BEERICHITIEBREEFOREDOEAFAERITICDOL
TRRNALIe. FEMORFEICHVE>TEENTERDISH
HELGIN, BEEBEDOREEZRF O TVWIZ(DEEA
BEPRRITONLZELETETHFINTVS,

B#IC, AMOBRRE#REZEVW/HTLE LGS ICHME
MgD HRIFRICH DAV /-MgH RBEAFEMT RO ERRIC
RE I 3

SEXm

1) TERE BEFC—LHEEEFRICLSCo-Cr-Moa & B AT
DFJEEME 2018, £TH3,57: 150-154.

2) Shah, FA., Jergéus, E., Chiba, A. : Osseointegration of 3D
printed microalloyed CoCr implants—Addition of 0.04% Zr to
CoCr does not alter bone material properties 2018. Journal of
Biomedical Materials Research, Part A, 106A: 1655-1663.

3) Waksman, R., Erbel, R., Mario, CD.,Bartunenek, J., Bruyne, B.,et
al.: JACC: Cardiovascular Interventions 2009, 2-4: 312-320.

4) WA BF: ARt EMROERICA. ¥ I % 2017, 68-
12: 903-909.

5) Hanada, K., Ueda, H., Inoue, M., Matsuzaki, K.: Development
of balloon-expandable EW31 alloy stent for pediatric airway
problems. European Cells & Materials.2016, S6: 6.

6) Kuwahara, H., Al-Abdullat, Y., Ohta, M., Tsutsumi, S., lkeuchi,
K.,et al.: Surface Reaction of magnesium in Hank’s Solutions.
Materials Science Forum 2000: 350-351, 349-358.

7) Al-Abdullat, Y., Tsutsumi, S., Nakajima, N., Ohta, M., Kuwaha-
ra, H., et al.: Surface Modification of Magnesium by NaHCO3
and Corrosion Behavior in Hank’s Solution for New Biomaterial
Applications 2001.Materials Transactions, 42 (8): 1777-1780.

8) Y. Al-Abdullat, H.Kuwahara, C. Peng, S. Tsutsumi : Possibility
of Magnesium as a New Dental Biomaterials, International
& American Asso. For Dental Research Conference (IADR),
Washington, DC 2000. JDR, 79 : 618.

NAFRFYFZIL 36-4,2018 315




NAFZTUTI —E iR —

FHEE R RBITEONAE =T Y TV

KREHS BENAF =
TIT7 IV

NAFRFYPVICEB TR RIGEEFBICBATHED, F0
FTEERMBO 5038 &EMBTLHEEEL, LHLED
5, REREEWVTCHEBMRBREEGMNELZ 8, I5L5HEE
B ECEF/REDEAZBERICHEITTODELH D, AFEES
L7=& B 3DV 9 D& BN T2 B D KIBRERE
ERMR OB T NAZRBIEICOLEL DN EE TS, —
B, TNAZDEERERHE I (FE AR O RIS DIRELRAIRT
H5. M, EEEEILOF7 FO—FICLoTHRLDRFEEES
EBRNAFITUTIDEENDZEZERFT .

F—TO—RI@BNMFYTITN, £BE3DTV>S, LA

AZA EAH Takuyalshimoto
PP

h Osaka University

316 ~1#=FY7IL 36-4,2018

I LI

EE2OOERNIICIE, ZRUVILDBFETS., Inix, £
FHEDINFENSRZECHTT, SAREDT-OICEDHE]
BREVICTELI-HOTHD. EEIMAETRLZLI-HEFIZ
MBEDLED oD, FIVHLICIEHEDEER T LILF—
DRV DHD. ELURBRBAN L G722 DIREDH
ATRERTOFEABRIIEZELIR72dDD, HEFEAR
KNLERBARER CHo7-. REWICHTIELOER
BH2HDD, SOLEIHPEFEDOADOHTRVHDIEIHINT
NI0EEL, FROMBEZECDIZILELES, HBZXZFLD
MOETEREVIEDIREITRIZLTINTNDS, BAAIC,
RASRREE T o7z RIC, MUEIEF T LEFELTL
1oL BINSTREIBREBANDOFRIEIC, SRV VAW, 75
VYDESBRELMENOHER, REOBRALLOEE
ROMRIERWSEHZ N,

ZOBEEDHHIRTEIC, BRDOIIZEDATEIZEST,
NAARTUTIEDE LD ITE T TEBNEVNDD ELLST
W3, EZEEEORESHOADRNAFTTUTIVEEDIC
EFEF->TED, ZOEEEEHICEDL-THEMTZT
HHIL, BEEFICODVWTHEFEOI I LEEIGERRBREL
BINO—KEETTU— B ALICBRODHEIA, IV
IV ADERESE, NMARTUTIVEDEMEES LA
EBEWETTHS., FTH, EREONAATTIYTIVIC
BRI LS TRBRD HEANDEI B IR ICHVDOTIEE
WEBSD. SHBETEIT Rk EITIoH T, BANAS
ARTUFIVERRIA0BAFzMRI-S, B4DREZHE
INAFITITINE, EDRIBICOLDBNAFYTIT IV
PRICOVWT, FILEBRMBHCERZETODOHLER
THIZL,

LIAT, EEPEINI-DIE, RERHPRIINTHED
BTWI1980FETH 5. FLLHRLEIZBiomaterialsiEn Al
TSN/ ZEICFR BRI ERLS. ITADKKREDT,
WA ERONAFTTUFNRBIEEICRONDLKOE
BRNAFITYPIVRARZIRDIBED G5, KigeESED
TULETLY,

NETOEBNMFITUTZIVIRRD
fIEDF

SR, Tissue Engineering® RS Z #LIZES:E L TiPSHR
REOHITHMENAATTIZIVEZDESZICED, N4
AR TFUTFNVRARIGHEHFRIICED EroTHD, BREFEIC
SZHOBILFERINTVWS, BCE, NAFZFUFNL
FREFIUDLDIRELT, 40FHDJournal of Biomedical
Materials Research 55(Part A, BicH o=z & EE)
L5 IZBiomaterialsi D E B OMRFEITR—SHOE L%
NI, R=IEEEMO—F%E/-ED, 1990 FR %
HOEIMICIEIL, REDEVKELHRLTLS.



Journal of Japanese Society for Biomaterials

12000
10000 I Journal of Biomedical Materials Research §&
[ Biomaterials %
8000
fé
1 6000
g 4000
2000
0
OO~ ANMNMTULOMNMNOODOTTANMTULOMNMNOOODOTTANMNMTULOMNMNOOODO~TANMT WO O©MNSO0
NNMNOWWOVMWWOVVWWMODDDDDDDDDDOOOOOOOOOOOOOOO T T ™ ™™™ ™™ v
[oNoONoONoONoONoONoNoONoONoNoRoONoNoNoNoNoNoNoNeoNoNo NeleolololololololololoNololoNeNe e No Nol
FrEFrFrFFEFFEFEFEFEFEFEFEFERFRF R R RS r s s s AANNNNNNNNNNNNNNNNNN
RITE

M1 BANAFITUFIVRERDRILSINIZ 1978 ELIED, Journal of Biomedical Materials Research 5575 UF i Biomaterialsis D F1TE 8 D 3

R=IHDEA.

ZOHIZENT, BB (NVIRDODDT, €BAF
VIEBRO)ICEA T ARSI, 1980 FE TIXMESICIBES
N7-96%R DResearch article® A T12%R (8¥Ric1%R) TH -
7z, LIAPEETELEBICHOIEBMHBEERTD
ZIEIEKRIBISEALTWS, —F T, RUT—7IUiEHE
bEAADIE, BB, RO MIE, EELETF, FNHD
HEBE{L P DDSY AT L E W S AR R AEFBICEE N LT L
585THB. A, ERMEMRICEI2E(ER)E
DOAERIE, FA0FEFITIEEIZ, P<IVH L, Co-Cr-Mo,
316L2F > LR, Ti-6AI-4VTHD, RIEEREKRTHULLMN
TWSEEBLEMNDBR TH 7. ZORRIE, Tl
LOMRRIBEIEHLICZEEREEETHOAELERIEE
WV, TLEUEETR, SOBELEKMEREL/-REOS/
18P, IS EFEBPRERLDIVI57>aVICH
FTEHHDANEVTRLTWS,

ShIClE, LR RZBELICHEMORIRICD
WThH, FLBEMBEFEONII—2 3> iFEVHOD,
AATHRINTVS, RRHIELTIE, BADIHIER
NEO-oDEYVIERTIEAS", ARTRELISELS
BEIENTE—BHOLAL TS P TH o> THIREFM D
AELED UGS (—HBOMgES & ITKRBINERIS
BEhTW\3)?®, MRIBERO7—F 777 MERDT20D
BHCRZEEL"SErEToNS,

Thbb, ERINAATTIFIVOMREIE, FEHMO
RIELWS FAEEERLDDD, BEESERICHTIREM
DIRFEP H DN 52 BIELTARICERLTELE
DTENTEDIEED. @BMBEIZZOEHEE - 5LV
IHENEBMMELID, EDDIFREIBICEIEFABEL
MIELTRERTRTHE20, FLBMEH-BEHZS
DTIFEL, EBMEHCIXERLTILETHREEMAA
DEFEEUENETEILDIDETH-T-DILEZBN
5. ZOLTT-pEBAREARICL-T, IREMICHIKLE
NRELORINICEBNMAYTUZNZFERTHILED

AEELL-TWS, LZ5, BELIETL, EED
DNAFITIUFIERIEGHT, INHDLDNAF<TY
FIVIZEREONBEFNEIBLTVDDIZEED RMBHELY,

~HI-BEBNAFRTITIVD B e B~

3DFUvHIE, B/ DDOFI-ETo/ AP —ELTE
EEBINTHD, EETNARDAIEIZENTHE RGA
YRIMEEZTWS, EDDIF, CAD(Computer aided
design) ICEDWcEHBELR=RTEBEROEREEE
LI2ZEDD, 1EE - FRICEOLBHEOKEERIR L E
AEELTBFRELT, NMARTUFZIHARICEVWTHZED
FEEALRBRICIEALTVSY, SHEPHINT, S5ic
IFB BN EFRICE OB TIERIBEARAEL
BHAY VRIS L2 BRIEM O D FHEERET P B
mEgONELRON, ERICAEDIYTED—EDA>
TIURTFNRAREID T S DR R LR % 2 F THRER
THEBAINTWS. 3bic, ZOFERBREEZENL, £
EDBEIIRICESWEBTNAADHRYLMELIZKEL
BT HFaND. £BTH, BFE—LEEERK
RICKBTIWHRILAARFIVEET L — D KRB E TS
TWa, 72120, REBHEAEIL— P ATBEERTLL
Wo 7T EEADIDTUV ST NAZADERKRBA IERS
NTHELY, DENGEBFEEOERLEZOF MO FEETH
5. Lo Lass, 3DFUVIELTIHROMMES T
Bilc kD EFAEORALEBEY NS ML ET2E1
BOFELARLETIBEMTNAROREICRI T2,
HEDTCORKERAOPFIERE->TETVS,

—h T, 3DFUrHIcLDmERELIZBIE - ERIcHE
TEHDICLELEFLL, EE, EBEMBOMEZOHBDOD
REICLDBHEEELASIESNIADTVWS, BTH, SR
ELRBREICLI NSO RS EIIE, 1> TF5V T

I £E3DFYLS

NAAZRTYFIV 36-4,2018 317



NAFRFUFI — kiR —

M2 L—PEBERETHESNERESHER. (a, b) BETI-15Mo-5Zr-3AI82ICT, RF v VAN TFI—XBLUTICXY TR ENS, FREN
EXR3MIC<001>BEE A, EFARIC<011>EERAL/CEERFESEB. <001>(RTRRINIEICHTIN) ICTEY Y IEERT. ()
SUSB1BLICTRF v Y ARSI TFV—XTHRENS, EFFMRIC<011>ERLIEEL<C0->BRLEIEEET2ERESHEM. (b)oL>%uH

EREEBOTERO TR, XR® VLORE.

NAZD BB ICBOTENTHS. B2, EFED
PDU—HYREEEREAZRELTRRLI.ESEB O EZ R
3. BEERETIE, 100 umA—5— AR EAIIZT
AR ORELMEDB SN0, AR TORE DEE)
(BRAREOBB AR - EEPHME) 2HEL, H—1t
THILT, ZOLL—BGEABEBEETBHMETR
AIEETHD, 3bic, EBMFTOBERALTHERF >R
FSFo—ickoT??, SHicRABRELZL—FEEICE
TOBESEBZIENTES, TNk, BFRIICEDS
CHEBEEHHORIRNABELLD. beclEExB IoRE
Ti-15Mo-5Zr-3Al& 4 (1SO 5832-14:2007) 054, B
BMEEESAICLD, Ti-6A-4VAELRAZEDH 110 GPa
»o, BIBELLTD 44 GPa(BiERLLIcBED<001>iC
FITHRIGE) ETOV I RO TR LD, SBA
VISURDEBEY Y IRWLIGHERICEZ B HFEEED
L oMEIIBHTEETH, FERAMUHEICLEES
ML ERWABY YV TRAV TSV MIBWT, EERICISH
BRI RORRERLEETLTVS. FIROBVE
& FEREBEEMEFIHEBASbEEILICED, Bk
HEBEE BE LIS TV NS TRIBOHRI LAV TSV NT
NAZDEIRHAREL B ',

3bic, EEEHOBELREE, B2(c)TRLIEL
SLMERFNAMOELS2BHAREICERTILI-BREE
(CLM; Crystallographic lamellar microstructure) & o
ERRGHMMABOTREDERLL™. SUS316LDE
&, ZOBRAEICHIFIIEMOL =V TICEDBERIEHH
MEd204%57, IEFKEBMA1.2 VICBDIEE, T
BHABIRICRETS. 1.2 VEWS BRI REEHED
Cr,O; B ZMICARENTIBMATHD, L—TTEE
EREIFSUSIT6LOTM A DRFEESISHLICEE X
3.

Z5L7:3DTY S Ik M ERMEOWEIRIZBED
ICRHSNDZEDRZVWDHIRRTHIHDD, BEBRSHT
EBREEALTWASEK Y Z1L—va P, HHRATER
INODHBIEYIT—I%ERTHILET, FERNICIER

318 ~AATFYFIL 36-4,2018

REROEEEErTLICFHITZ04L5Y, MERMEER
FTLTTNAZER T DI EN AR L LD LB fFsNns. 3D
U, BICREFRICRDIEE SO RAELTTIREL,
DTV HMBOEICE ORI ER COBEEELE
EIRTII- OO LB ERELTCRBENAFTUTIVER
®HEEB|L, REREEITNAAROAIEICAS(EBTS
LIEE S 2.

| 7R MBI 0D A e BE D A B

LODBIFEBRNAATTIUTNVICEWTI, FEREREL
REBLTHT, RRTREBONOREICT/NAZDMEEE
L a7-oicid, £ERTOTNARZDHDDED
H7357, FAMUOAFEB O EEICHRSNDT
ERRARTHS, LIznoT, RKEEBINAATTUTF
WORIBIE, ZNEBRLICBOERBBOBEERITEE
ICHITLCERBSINEINETH S, EEIPBTIMEIIN—
FTE, BICATEBA(ZICE)ORISE, FOHEEIC
BT AHIMEE(Ba5—5Y /FIREA M RANE) DL
NWVTEZZYVIL, FRUEDOWTAVTIUITNAR
ODRLELEZZRIDILTZIFRICHREHE, EHONTW
5. 35IBOBA, RINGEEHIFOT I, BHR
ZHRTHEIFAT AV A ORI B REIFIELINESZ
EHIRELTVE ',

R, IO5LIAHOT, RIPHKOFIGmEEHEEHICE
DWWz B (Ti-6AI-4V) ®A THER %6 e A TRXESED
2T L OPEREZIF(FNEN20174E, 20184), BEIC
BEIAMCERINTWS, IO5LEFHLEBT/NAZD,
BEOREEBI2DED, FORBHFHBDICIELIEDL
RS DETHEH, SHHBRFLKTHIINAFTTIT
WVRBRDOHRT, DE(EOFRDTNAZRDILLZE R
1IN TERBESE 22D ELEIEEHDIEDODTH S,

Bz ECOEROBBCMIE, 2FF, NMFXTUFIV
IZESTDRAMABER DA ORI IXKREEPB DI H H
ZBHBH, IHLIHEETELICL, ZOEZFUS I %



AEeLd2IEd, KELHEINAFTTUFIVAIEIZEST
BELHREZED 1 DTIREVESI D,

I BbhDI

NAFITYTPIELTDERBMENE, 40FFIHSRRKRE
BAINTWREMTH-oTh, HOVLITELFLHKEOR
HAEZCELTWS., DEEDEIDFEGOEMICNIFT
FUFIDEFEGHIBRETELLD, BRAMBE DO
REIFR AT TIT O RIEED R,

BE, ARORRE, EF0RM»r O LA THLIHE
EHRHEBEEEFCH, PHEFAN—, SOHICEHERHRE
DEEFEOALZDMAREMICEICHDTHS.

513k

1) Niinomi M: Mechanical biocompatibilities of titanium alloys for
biomedical applications. J Mech Behav Biomed Mater 2008,
1:30-42.

2) Willbold E, Weizbauer A, Loos A, Seitz JM, Angrisani N et al.:
Magnesium alloys: A stony pathway from intensive research to
clinical reality. Different test methods and approval - related
considerations. J Biomed Mater Res Part A 2017, 105A: 329-
347.

3) Lee JW, Han HS, Han KJ, Park J, Jeon H et al.: Long-term
clinical study and multiscale analysis of in vivo biodegradation
mechanism of Mg alloy. Proc Natl Acad Sci USA 2016, 113:
716-721.

4) Suyalatu, Nomura N, Doi H, Tsutsumi Y, Hanawa T et al.:
Microstructure and magnetic susceptibility of as-cast Zr-Mo
alloys. Acta Biomater 2010, 6: 1033-1038.

5) Bose S, Ke D, Sahasrabudhe H, Bandyopadhyay A: Additive
manufacturing of biomaterials. Prog Mater Sci 2018, 93: 45-
111,

6) Ishimoto T, Yamada K, Ito M, Hanawa T, Nakano T et al.; Tra-
becular health of vertebrae based on anisotropy in trabecular
architecture and collagen/apatite micro-arrangement after
implantation of intervertebral fusion cages in the sheep spine.

Journal of Japanese Society for Biomaterials

Bone 2018, 108: 25-33.

7) Takahashi H, Ishimoto T, Ito M, Nakashima Y, Nakano T et al.:
Design and development of spinal cage for rapid induction of
new bone with preferential collagen/apatite orientation. Jpn J
Clin Biomech 2018, 39: in press.

8) Ishimoto T, Hagihara K, Hisamoto K, Sun SH, Nakano T: Crys-
tallographic texture control of beta-type Ti-15Mo-5Zr-3Al
alloy by selective laser melting for the development of novel
implants with a biocompatible low Young's modulus, Scripta
Mater 2017, 132: 34-38.

9) Sun SH, Hagihara K, Nakano T: Effect of scanning strategy on
texture formation in Ni-25 at.%Mo alloys fabricated by selec-
tive laser melting. Mater Design 2018, 140: 307-316.

10) A&, REEFET, BEEX, hHEH: L-YREBEERERICL
% B BUTi-15Mo-5Zr-3AIa £ DR S HBIH. A~—F70ex%
£3%, under revision.

11) Lee SH, Todai M, Tane M, Hagihara K, Nakano T et al.: Bio-
compatible low Young's modulus achieved by strong crystal-
lographic elastic anisotropy in Ti-15Mo-5Zr-3Al alloy single
crystal. J Mech Behav Biomed Mater 2012, 14: 48-54.

12) P EH, A4ad, NERK, BAXXK: £B3DTV> T4
DOEHARIR: B - BEBLFOLBABITT. BREEAR
2018, 53: 137-144.

13) Sun SH, Ishimoto T, Tsutsumi Y, Hanawa T, Nakano T et al.:
Excellent mechanical and corrosion properties of austenitic
stainless steel with a unique crystallographic lamellar micro-
structure via selective laser melting. Scripta Mater 2018, 159:
89-93.

14) Nakano T, Kaibara K, Tabata Y, Nagata N, Enomoto S et al.:
Unique alignment and texture of biological apatite crystallites
in typical calcified tissues analyzed by micro-beam X-ray dif-
fractometer system. Bone 2002, 31: 479-487.

15) Kuroshima S, Nakano T, Ishimoto T, Yasutake M, Sawase T et
al.: Optimally oriented grooves on dental implants improves
bone quality around implants under repetitive mechanical
loading. Acta Biomater 2017, 48: 433-444.

16) Noyama Y, Nakano T, Ishimoto T, Sakai T, Yoshikawa H: Design
and optimization of the oriented groove on the hip implant
surface to promote bone microstructure integrity. Bone 2013,
52: 659-667.

NAAZTUFIV 36-4,2018 319



NAFZTUTI —E iR —

R R« RBITEONAE =T Y TV

K EHAEEDTOHD
pH LB D B ¥

AEPHAMREEBORBEAETIEILRERE, BFL
EEEBROMBERERTORZ THL. BELTMHILTEEE
RETSHIRFEZVNCLTREZBIDEETHS. RlGEEER
EI2HICB4OMEBIFRE,SBFEINC. BRIFRED
FELHED &, MRLMBRREFENAFITIZITHE., &
HRIVBEASBRIBHEMZRFELL. b, eXvorEED
S EHERALTERMRRRET2RRAIGHEM, LRI
[BEERFEERET7H, REEEERERHELI.. Thb0
S MFERRFRTE BIEs RIS N,

F-U—RIEBTIRG, REHSHRAIGHEY, ERMERERK
REAFEFAGHEY, AEEEEN, REBLER

E*ﬁﬂ ﬁgﬁ'ﬁ Yoshimitsu Kuroyanagi

s

H BREMET 7 /¥ —Y (BERFLELR)

Technosurg Ltd.
(Professor Emeritus, Kitasato University)

320 ~AA=FTYFIL 36-4,2018

| NERBSFOIEIER?

— MRS, NAAZTUFPVEERBES FILRAZELLT
fERsNTWS, 1980 FERICIERBS FIEW BRELE
Bantuw/:, [EEICHERTEZEDTIEVWOIEKDH S,
[ERICERALIERERDFILWOIEKDLDS, BESA
DMHIOTNL, “FERTESZIHLNEVWED T TIER
5. FRLTERTHEIEL TSN -EDTF TRIFNLE
bV, 3biz, AFAHREPBNIE, ZRLDdRLMHE
HEEENBENI-BD T TRINEERRNLEEEZ RV, ER
BAFOTANcE, [EBRILTERITHY, 3HIC[EAIE
WOIEBRDPIADLNTWBERS, WO TH[ERMELRE
SINB|EWOIERTIEM BRI BIRE <5, ERFRD
BEEEBICKEUOIF2ILEEFLTERRS TITEDbE
[INAA=TUTIVI|DRATIEDDIEDNEELES.

INETOAFFDOEH DRI A HT, EOWIH
RIS DOABRTH o100 ERDIB>THIz. TRE L DS
WX IR/ BOERICETIbOTHS, BFEL(Dr.
rer. nat.) DRI XIE TV ROBETINDIKATR D DR EE
B9 2b0THD. LEFiE[interesting] LB >TEDMEATS
MRTHD, AHLDORICILTEIEVIEFIEEED o7z,
1982 FEICARA YD DIREILICE, EREBD T ONAFAT4
DRI —BEEOEMENHIRSINTED, ZOHFOH
RICEHERECDLDICHGo7, 2LT, FlEFoRBLIES
IEMBEIRDI.. ZOLEBRFIE, ITERHILOFSO—FT
HY, ‘ERICERTEELHBLALVWERAREEZI TV,
TtERARABELTEERR,» OO 7O—F THRICEDIE
GEIICLEoTHD, BLICRISILDORBRDHR XD STz,

I NEBRHLOFTO—F

HREARKOBEEBEIATHOIZELE! EFELHZDLIR
B boURFEHERI— ML 7-DIL 1985 FETHB. D
LB, tBEASEEARTIE, TAITREOHEHEICIEE
ERITERRETELRWZEDHD, HRBEEHOERLLZERN
GHBEEELADBETHZEWDI ST, BERITIEMOR
D1 BIRHEDOEFE 52Nz, LEXFABEL
ToEEE, AREICHARICHADTESFEE2oNnT., B
BMERENEDIIBEER T TVWEDOLETHET2A4H
3rAMIEERW.. HBH, SEOFELIESEHU TR
Haers—icfprancss:, LEREEREEE->TL
1-2&FiE, MEAESEI—LEBRLII—EEEAHL
TR ERETHRBEER T TV, B8, £dEES
NToT2EMIZLRERBERB L. H5H, EHHE
EROERZICEAEL:. BEORELL, ZOFHIFEIME
TRERZI.. 70K, BOREZ TERVWOLERICARE
HoTADBERDZEFTERL., LoL, MEHIESEI—
LEBHLIZHA—ETREL, bobBN/-AEHBMEE5
ThE, ZLDOEMD, ZORIGHEBEMZERLTEZOH



BREOMER>TUMNDS, Z3BoT-DOEBEMLITICE
FRICEoTzZo I THD, ZLTC, BESAERDI-OIC@H
limportant] TH 20 % ECEF L IC RO IR E o 7.

| O nmmassRENORS

1990 ERDBAEANAFTTFUFTINERICE T IARHERD
FICiE, NMFAXTUTIVEMBREDIEEER%#ZIES oM 5
HHCRonTz, W Iclinteresting]l TH 3. DL AR
BARSHEENTHNL, AR LCERMEZTIRMEIE
B, ZLOMEEEL, FAO-OIcBEERERBIZDT
THEWSERERIFOIONIEEFRILTOARL, SLEX
BHEBRARANBEL-YRE, EFLTFNERELLH
&Y Ilinteresting |GRARICEF LIz, 1 FRICHHT
HAEHARZ R THRAERELIZ. 20K, [Z0oHRE
FADLBERLHDDOD ! | EREIFOERNABEL DL L
FALEZ 7, BRRIRB T, Eclimportant)&B3e 03K
HONTVNBEWEINGEFWEICE L 5T,

FERABF2TORMOMRFERIERITI/ BOMITHEE
TEREMLTHRORIGHEM EREILIZABRTH o7, R
U7 /BORIEECE T UL, RUTI/BOEERIC
BIF2REUDLIRONTLED. B LD FHRETZITNIET
BIEFEEBMRORIEETZLERMIFETIS. 22T,
2UEBEMELEVRI(L—a oY) DA e EIRE LS IC
Bolz, RU(L—OA I )IRIEKAETHIDNGFHREFET
RREERGZIRLCAR VROV — e RIETEHEERD
F7z. ZORRYIRICHERI THIANT 7T VikE R
BLIARY(L-oA o) AU B M 2 BF L TR AELICRIIL
. EREtToFUmXENEAESFAGREMORRE
ICE92bDTHD. ZOMERRETMLTIRE, 19914
ICAANAFTITVFEREMEER G SN, SHRDED
L, I¥RDEDO7IO—FLEEBRRNHOT I O—FICHHRE
THREDHDLIICEZD. B EARMEICERTSSE, #
HIERARICEREBVTWALIICEZS. BHDHI DY
AhViEIDevelopment of ~~~ [EWDEDIZ, ERMICER
TBWICRL’ S EoTz. Z2LT, BOOHREERE, 2
BEMELOTME R ITEVERY TIEHROERY, HRFH
ROBENAARTITIVERNOEAE R, ERARIFER,
RS BEFRN10FMEES T,

| DumnEEF e sEREROMNS

BMERRE L, BeofMBEIELEIIMIBRRERETOMfIC,
NAF=TUFIVEFRDRIE B EREIRHIVEESLTL
%, BICHBOLIBTEIMBBOBAICE, 35— 2TV
0> BOISLAMEAERENREZDONAFTTUTIVDE
BABEELLS, A, A7—7 VI BAIMI TlEEN RS
NARTFRELEVISHET M L CEERFELTERT
3. $hbb, EBLGIHUIDANGIAINDIGEMHFMIZO

Journal of Japanese Society for Biomaterials

BEZRET S 7OV BEOERELGRULLAIGIBAIA
DT MEOBE L (EETS. 3bic, BT ELTIVO
VBIEMERELRET S, AIGERLBEERIIBHT
PELEERLHD. [BIEOILTERETEHEVWIEIE
BEOM R AR REREHC T — Ny I T HTED R DS
EBaLEbLNG.

S RBEOEELLIRRO—D2IE, AHS RO
RAFEOETTHS. MBEBARETFENBLLKRETS
ZEICEVEE RS DR EARETDIENARETHS. B
Iz, MM/VMREBEMERREF(PDGF), EEMRMESFA
R REF(bFGF), tEMEREREF(EGF), MERK
MR RREF (VEGF), Al REF(HGR)ZLEDHMAE
BERFHEL/HEEEABICERINATVWS, BNTIE
bFGF BHFIAE KL TWS., INODERITEBOARERIC
BOLTERYS. ARLEEAREFERADOKARIE
BIBEBALICX L TRTL—THEans, #EEREEED
BB ERALICIHIRTCAR B A PR R T 27 DIcy v /o fREER
DPBRENICHEELTWS, ZOLIIREDAMSERAIIC HMAZAR
REFOKBREBEE LGS, sV IQRERICEIDIA
BRRRAFRIASICKELCLES. 2z, RASL—TCE
B 592RELHD. 22T, INPROEEREER
I520I1CiE, MEBRRRFENAFZTTIZIVEHBTEZ
LD EELLS.

EGFiZA LML REF MO BIEA (R ETIEAID
5. 3biZ, EGFIXRHMEFMIEZRIBMLTVEGFEHGFE %
BICEA TS, VEGFEHGFIZME A % (BT 258 D7
BREEEFTHS. SHI, HGFIFRFLICHEETIEE
THRBRRETO—oTHZ. EHFERIDISHEER
LT, e7ZvayvBEaS—5 > aBEMELT AR DR —
ICEGFE 2B LIRS EM ZRFL T,

IHZH5077O0—FE, MBEREEATEZHRIET D%
HTHd, EEZRHILOFIO—FIE, MEREREFOEL
REFNRENAATITIVEROREBEEES R e Tl
B27-3851CH5. ervorBbaS—TbAlGRRRE
SHBEAIMBATNG, SHIZ, eZOvBIFRIEIHRAIICHWLT
KRR EBRL IV PREROBRACINFTS. &
HUzED, goRODRBERLKBICEENTVRMIER R
AFLoEmosiilsn, MIERRETFOFEIMRIFSN
5, BELICHMBERAERF S EMEHAICEES M0
TEE{RET L, EIELIMRsEE OMBERER T % E
4L, BEOMBOEIEERETS. oL GMEERER
FENLIMBEROEEFERICKDANS BRI FBIET
35, MBRAERFIE, BEOMIEEEELTEER, B
B MMEEENLs o1ER, AROMIEEZEEILS o1E
Br®5. BELICMREERF > RIGIALICHRNICTE
EITBILEFEETEHLGY, MO AEERIHEIBICET
LIRDBISIC—BNICRIBE EZ 5L EETHD. ZD
SOGAMGAROME IR L TR RORETZT2ILDK
MERS.

NAA=ZTUFI 36-4,2018 321



NAFRFUTIV — kiR —

| 5) MR ERF S BRSSP H OB

BB EBOBERFICIDARDFEBEIEEFRIETSZ
EOAIEETHD. ZOREOBERNEREBICLT, LHE
S EBTIANE =L T EWS A ER K BRI BLUE
BEBNRIOBEE THEEFRICITONTVS. ZOFKRIEL
SERAICLIODRESLICER FEOHRZSERIL, 20
BICFHLWERESIVER FEZBATHOTHD, NI
SDREDOERDVES|EBEIT LN AT TES. ZOREMR
BOBBIEIVNIDEMICLZHDTHY, FREMERGIC
BEILTWS, TIAE—Y 73t B BEE 5| &I TICH
DHbEY, FEAEDIEME IXTIHNE—YL T HRDKE
TPEBOEERLZRHLTVEY, BROWEKRIERY
BaloiclE, MEHE SEYETIINE—) S REDRE
IZINRT, BUEEEITEBOEENEETHD. Zoft
2, YEIRTFYEBREIDHELLIL—V—BENERLT
Wa, EANGERE, L—Y—RENICLVEERLELIR
TEICHEIBRIBES5ISRIL, FORICFLOUREBLUE
BEEBEBAT2b0THE. ZOREMRBOEBIEI N
IOEMEICLDDDTHY, ZEMBMBICEMULTVSG, 20
1o, L—Y—RERICAIERELZRETIILNTEDE
NRBr7HRORENEETHD., EEDRG TAH
DBELESNTOBDOI EFBEL TR S ERETILIENERL
ICHE P OCKRRRE RS,

EHIEGFEBAIBHEBEMORFEICE T MRAEEICL
T, eFnrBEOAST—TCDRRY PIZEGFEL R D
TEBLIHHAORBr PEETHAEL:.. FEAZER
BIFEERELTHIRSNTULS,

| 6) B BB A ERIC 51 2 M T35 R OB

ZOEENTFICHEVWTHEB T F oMz IGA L85
(B IS8R ORI EHONTWS, MEEFERALE
EEREWIEBIZHAORRLTHE. ZNdDZ, Z
DO TR LDOBEFKDOSEICLEDEEZONG. 2T
T, EEREMOREORRICOVWTRRTS. KERE
YL, HERFIEEERLEEREICOBEINSG. £E
REFAMIEEERLLIDDOTHS, BEERIINAF
RTUFZNVOEMICIGES Mgz EAANIcDOTH S, 1
BREBENAFTTITZVOEMICIRMEF ML ELAN,
FoicAtEEERLLI-DOTHSE. FAAIC, BER
FOMREFEALIDOEIER], FFr—offifdzERaLT:
bOIRIAE|DEBREMELS.

MR EALI EEBAEROELIEEH K 40ERICH
%, 1979 FIZFHERSNT-GreenHIR DITE R K EBell %
DEEREHIERNLHRTHS. Z2LTC, BREEBRK
DR B RN 1981 FICHRE SNz, EFIL19854FIC
TEREABELODOIODFOMEBICEFLI, 25—
FUDRRUV IR —MEEMELTEERBIORERRED

322 RAA=FTYFIL 36-4,2018

AR GESFRREERLIBRIEEREERHEL.
AR RE KE DR ABMIEICHE LI-DH 1993
ETH5. Vacantifi% ELangerBIR 1 ERA DR IES B
B FERBELTREMIEZHEAANTENEYIRICE
HELUGHB T2 xRIBLI-EL—T5. HEREY
O, BT EBLL-BEERIVIEINS LA
DPOBEFINTWZENIBETES,

BEEMEOREICIE, BBEEE o TOWAWEMIN O E
DEBERIMLTBIETZHEDDD. DEDREEHRINT
ELVEEDRBEALEERGICNLT, tIFROKERR
DAL DRI IEFRIBERE EMBITRILDOEVD
FryFIL—ADMAE RV DIX 1984 FEETH 7. %
bEd, VFROKELIORMTELWNNEEDREELELE
BEBRETHNE, BRIEERKZFR I3 AR DL
M, BERTHRLEEEL. PREMANELTTHED, B
RO EEREBEW E interesting| OEEEETHY, [important]
TRV, GreenHEFEORHELIBREERKIE, 2ER
BRBIEICER>TRONZDDTIEEVWERLIOXETIHE X
LEbdolz, ZOBFRIBEEXRKE IR, BRNOBEERRR
LTRAISNIcDDDE RIZEFHE WO TNEDH IR TH
2.

EEZORELI-BFRIEEREblinteresting| DEIETH -
7o, TOZEICKRDE, 1993 FICRRAREFRKLIZE, @
Hlimportant] TH2 DL EFHL T, LVERNGREERE
BEFORECUVBR:. INMAXTUTVISBROBS T
HBERBIZ, NAFXTUFIVERDIENEREE{EET D6
DEBTEIEWIREDPEELE . AlGARRENRE
DEEReFIVOVEEIS—T LV EFERLOREE R BIC
LDZRY ROV —PEEBL, INEEMLELT, FF—D
KB EREOBMEF M EAAN-REEEER FFHL
1o, AEEEERPORMIFMIRIE, MEFELZRDICR
EIE4OMBERRRFZELTS. EMTHIE7IVO
YBREQS—T VIR, BRHEFMIEE ER LI SRMGERAL
~BEISELERALDHD. TNz, BHEFMIEIDELES
NeB4«DMBRRRTICL2AGARRRESNREENA
HROREREREIROERIERICLD, SHOTENIZAR
BRI LN, REEEERPOFMHEFMIBE, RE
BTN RBEEMRSNEETOR, AHSEBAIICHELT
BeoMlERRRFTZELELCRIGARZEEL, AR
T LI-LEICHh4iciBitans,

B4 BB BLEERIL-_FL/ OV MRS
(2000 ~2005%) DX EEZ T T, 31 EEMKEICLS
EREOLIERBART TR EBFEL.. 404FEFIFR, [MRHT
BRILIBERTHE|DEH026%THoT=. TOHER
BaiHliLCIEE, 2009 FEICHARAALESRFSEMELT
Santz. NMF=TFUFNEBREZFERLI-REEEER D
FFE, ERMICERICBWVERRZRI D7 SO0—FTH
5. MIREROBENAFITITINVESDIOIES S,
BARISEE, AIGARSERAS T TWZEAIEELT,



Z OB EMEICFHEZ TEE 31 EEEE O % fEaLER R
RHOERITET.

BSREICEVWTE, KETIES0FEU LIS EE
AFEEI—RNLRAGRBM ELTERSNATOS, Wb
BIREBNVIZIHBERLTVWS, bAREICHEVWTE, ERM
DHLBDONZHERHI DR EEIRL TR T LI
RODDIORENVIDBERLTVERL, ENDZ, BR
RETHERBEEERFAVIEEERN VI |DER
Hlimportant]E BbNd, BEBEICHEVWTHADEEHH
BEERTAIEEERELoTVBICHEHLLT, BADK
BiABBEOMIBEFERL-BAERRSICEALTL, &
BFOENDDHVERICORSBEEFICEoTVWDIDH IR
TH2.

AEEEERIEEBAERICSVWTERNGHERT
BEBTHHILEELLTH, EEREXLLTRENENG
FNEEERIFELYD, ZOOTERRAEEERT, BEES
BEROREMEISBLTHERELIZHDSY, 4)E5)TREL:
EGFESERISHWEM LEGFSERBI 7 TH5.

REEEER FESITMREERALTVWSOTIDIR LIS
FEMOTRMEBIERING. SREGINREEER
B ORFIREOEMEEMABRELLRS. —h, EGF&E
RSB LEGFRB KB 7 ILHBER A LB H LT
HIZERTE2., 20O LERFEOBESDEAEDOER
AT IRSLERLED,

| DEBTSEERL - BEERORE

BAREHSBTOWRREL, RRCAOEREEREICTFHE
FHRZEDkDHOND, LHoLEDLD, NDEFBICHDIDLBIE
BEVOHRSBFOMBEEMRICTAITOILIMOTEHL
V. 20FBHC—DDFEDRBINT:.. DIARDEFOE
FASRAS, IREREVAEEL AV EEIC, ENTIIFEDIZLD,
ZOHHFOESENICT A TES. iz, FROB4A
EEAEMLTIMEESD, [GEURIC, FimigcBiE"
Bz AR T 22D AEETHDI LW RIMVGREL &
BV EE, “FIDVEBLTHAD. 2D&OLHEIE, 5E
BRICEEIRAATREE TR T2IEA TR Y THS. LHL, [30
FRICK, ZOIOGHFEZRIBTDIENTEETHDIEN
DEREMVWCEEIC, BT RSGTNE, 30FERICIEEIR
AL FRTRIENRYTHE. ZOISLBEEEDHFD
ESE TR BEEKRENGEDY, [The Promise of Tissue
Engineering | (Scientific American, p.43, 1999 )ic it #an
TWd, BRED, I0ELOFHEBEEROHEL T
TIEBALAWL, BESABVEDFoTUMNBZVDDOTHS.

B TIZ03ERIE, MLMIERRRETEEFRTEON
AARTIYTIV)THD, EPHRIEOIERICHIZZLE, EFL
BHEXBEICTIETD. 2OBFHEERLEREEZNITD
EDBEETHD. EARMREREEZEICHBARMRICEES
CCREREERZMIL, Ric, BEOEBLLTERSY

Journal of Japanese Society for Biomaterials

BTENEIEND. BREREBEOHEILEIEITHD, BED
EBLLTERSEIIENRE|THS.
MREZESREBERZITRICTIICOICBELTVSD,
LoLGss, BEOEBRLLTERSEZEIZETEHD
RiEEV, REROMBIEAFZEOMBHBTITL, £H
LIEDEICETTEDDEEZZEALHS.
ZCDMREFIF20F~ 30 F O FEE 2B L TR L in
EEROMIZRIEY. Lol, FRIEIT—IVTIREY, &E
WREBEH, ORI EEOAL, BEOEELLTERSES
TOERIED, RRAREGIFALHEMEFHEETD. X
BlEsLU0BEERICEIZRRFIEORBLEEORIFE U
NOFRTNEFEILBINTSD, BEOEERLLTY
REEIETOBRIGRLTERTIEAEY, ZORREEE
R EBEEEOWIEBLUTERELL.
ZO&IERRERERDLE, BEERSBFOMRELE
BEADAREM A B KICELDIFIFELLVERS. RICEL
A4S, RIFOESHELICHLVERDE RIZDEHS
LRWVAABAREBRICBELPBFELEZEIILICRS. Eh
Wz, ESHXCIPSHIEA T HEEMAEIE VWS ZRIT—ASE
L, BCICTHERISE>TLEIMREBESAICEZELD
TIEREFFELLEW., £, BEERSBTOMREITH
BRI TRV LT ALICRIBAL, [BESA/EROR
SHEERELTVBREITHEILERBITIRELDHS.
HBITROIEZOLELIT, MBEEFICHlzoNS.
ESHREPIPSHIEIE, LWAWALIEE-PRSICL3MMET
HD., WHWALREICLDEFICHETS. BFHLFEH
L, REGARIZHEL, ZKOREZDIFI/1DICIF, EHE
TENRETHD., TEIEDPEICNAAITITINTH S,
MRDOAHDY— b THRENTELHDIIBOTHLEFITH 2.
BATRERFOMB ORI, NAATTUFNVEMPBED
BEETHS, ¥k, ESHEPIPSHEEN»DEN LT 24AMH
PEBOMEPHIREICBELETERLIICHENE, ROKMET,
BRI LRI T2/ DICRBLENAFTTUTIVDBT
NELED,

L &)sboic

NAZZTIFIVICEADLBIRAREIBIE, ERFRELT
linteresting ISR 2D TIEEL, BEKRISEO-0OICAs
limportant] TH 20 &< B L TIEREH T LA KD
N3, BIRIZG TRIAKDHOONTWDD L% IEFEICIBIELT
BIRDRETETBIENKREERS.

X #k

1) Kuroyanagi Y : Tissue-engineered product for skin regenera-
tive medicine. Open J Regenerative Med, 2016, 5: 61-84.

2) Kuroyanagi M, Kuroyanagi Y : Tissue-engineered products
capable of enhancing wound healing. AIMS Materials Science,
2017, 4: 561-581

NAAZTUFI 36-4,2018 323



NAFZTUTI —E iR —

TR ARREH) - RRIBN A =TT

ARARZHS - FRITE
A L5

REEZZDIDICE, BEPCERICOVTHNBIHELHSS.
SEEE, Tissue EngineeringTld, ZOEFEGAICINZT, #ELE
MBI LTNAARTIUTDBHBINDEEWD, ERFROMA
EHBEZBICED 0055, ZoI5WIRREREZ, AFFTIE, A
BIRICHEFIIRRESEDOBEBICOVT, FARERATL,

F—U—RIEBTS, M0E, 3DFV>T1>T, FNVA/AR

IJ_IZB ﬂﬁi‘:jﬁ Masaya Yamamoto

RUAARZAZRISFHRRM S X T AT

’*:"* » FHEIK
.-y Department of Materials Processing, Graduate
ol School of Engineering, Tohoku University

324 NAA=FTYTIL 36-4,2018

I 1. Loz

RREEZDI2DIZE, BEPHRRICOVWTHZHED
H55. fABITSE, Tissue EngineeringD EERTH 5.
—7, ‘MRS HEBFTIRI T eSO T REEDH BT
b, 1990 FERFEE0D, BMOERALER, “BEE
I LW EELFEbNI, REEYZTHRICHERINT
WI“B&E"EIZREILT, Tissue Engineering?’, EEG
BeRBEXIOBTHHILEMMEICLI:. 20K, Fifllg
ICREIND, EYFEEBLIIEZHARHLIDAND
n, “BEEE LWOEENMEAINDLIICGoT. Th
CHRAEZEOIEFMRENBKEIES, MIREE:
ERLTOBEERIERSNTOIRRICH T, [“Tis-
sue Engineering”=“T%R"], BEERETIE, Tissue
Engineeringl®, ®23BOYAF—LAIEDFBENDDOH
%. —7}, Tissue Engineering T, &E, EEISAIC
M2T, MEEYVRICHLTINAFTTYZUIFIASNS L
W, ERFEOAEHEEICADDOOHE. ZOLIWK
REeREZ, FARTE, BBIRCETIRRESEBORE
BICoWT, FhRZBRT-W,

|2. EHTHOICED

204 ICf T N7 Tissue EngineeringDEBE %5 IR
IZBWT, NAFXTUPIDBRIZLIZZREIDLPREVWZEIEZE
2ETHAW. Tissue EngineeringiZ B 72N\ F< T YTV
DERBFZZKRTH DS, MHOMETIE, BBIDLIIC,
NAFRTYTIVE, FELT, MREIEEDETD7-0D5
LEZRBMBELTRIBINTE . —F, ZOMBIR
Lo TcERBRIE, VETUVIREZHOE, MEICZL
WIRE, NMARTUTZNDHTHREITON TV E
BETHD., 21 R BI TR 20 ELEoISIRTEICHE LT
b, INBEHLBECEROEEEEHE LR CHES
IZDWTIE, ENOZBHATHERETIRIMHEETHD, s,
MR L BRBM B ED RO RS EFRBRBEY LA X oM
BLOERHOTHERICLDREMIGTIZERINTVEL,

Tissue Engineering (B89 2 EADMFELT, 1970F
RORDHH D 1980 FROMBEIC T TRANY DFFFRS
=TT o7z, EEMEEBVWICEBEORNBELDS
5. —7, 19834 (CiFNadesr’, LIHEYVEANTTL
I/ LERBUEMRLEEAGDEDILICLD, BE
BAL". Sbiz, 19884 IcVacanti& Langerbid, RV
BEKY, ILB—C V- VBEESHE, RUAIVYIRT
WEED LD RBMREAWT, B, K, MlEsoEE
LI LA ELE T, ZNENEERORMBICEAL
12825, BLOVICHBREOMBIEFTHILERWL
FELIZ?. ZOES RO P, Tissue Engineering %R 7E
DEIITER DT/ DI, Langer&VacantiD @4 T 1993
fFiZSciencelc FEFR SN T “Tissue Engineering”E WO EH



ORBITHS. ORI, EHBBOBLEFET
3HEELT, OMiTaER, OMRIBHERFLZEEZAWV:
B4, OMBLESEMH, HoVWEEEMIBLCZEIRRE
LEfRHEDETCBESBRRLNTWS, 3512, 19974
IZVacantitCaob EAFRLIZMBOBA YL, AOEOD
FEalLicERRTH o778, HMFRAIICTissue Engineering
PEESNDEo DT ERoTz, INHLEMITLT, BHBME
DEIEN, EFEEBICKGFELIIEREACIOD RS
RO FEORE L, RSEMEOEEICAVDEFRRIY
HEME O, MRBEEFOREL, BERNEMHEE
mic&af@fE>—MMb, NAFANITHERE, /N4 AN TERE,
NAFYFo5—17xE, Tissue Engineering® B &% 729 Bf
BHERNTHEDONTZ, DI, INBDEHLH, EEID
BaigaLicMRTH, To—EBiE, BEic, EBRIRICHICE
TESTWS, FlicOWTE, BEESRINWY,

Ex1-2E

EE, MIRAEMFIMROERIZERELL, BHMEREY
BOHFEYBRE, BLBEYHREOE/ EFBITEIL
NTEDLDICHEo7z. ZnbHHTissue Engineeringlc 52
12 2IIBHTKELW. Tissue Engineering D FE L RIEF
B 1990 K, MEMERMEIE(ESHAR) PEMEESR
BME(MSC) ICE I 2mXAHRWTHRKRIN., Tnb
DOEDSH, MSCLRBMEILEHAGLEDILICLS
T, B, B, B LREEBESEIRMOBAICHES
nrz® Sbi, BEHESNTELBEFISCMIBAEY
FOERFED, REOFYMULICL->TRENICASICE
D, IZFROMREICHDERTDICEST., ZOLIERKRIR
»b, Tissue EngineeringlcEWTh, MBEAYHFOMR
EERDMATZHTHEMLZ. BHIZIE, Mooneybid, I
BERRMRLO O IC B0 4B EE 2R M L THEH
BREOMIEER T 2 EAS IRy I TUNY—VRTA
(DDS) ® #BIFL, MEEMMBEOHFAICOVTIRE L.
—7%, Hubbellbld, LT 2ERIDETEIRTF
REMHARAATZERBYFOLEINARQAT IR, ZN1D
ERWCBBAREICOWTEREL". $hbs, MMigEE
BNCE DO RIEEHCXILT, EBEE DL IC o T,

—%, RAHRICEL L/ ESHIBRIE, EAEEYMFLD
AHDEVHIRL, ZOMRER, BEBUEBLE SEHLEL
SEEISHLE, REEMRICHTIZBELIERINT
BuwbnhaLdiciorz, $Fic, ESHMAEIL, HeefifgLins
n, HEOEEERBICAUT. 3561, BHMEEMSC
LEMAEDET, B, KB, BHREOMERBRZE
ESHLEVSFYERRBRICE DV -ERIHRINDELDIC
Tolz. ZNHDHIZIE, HETHIRTIEDH DD, &ic
HGEBERETENLT A FEBICREEoBIEENE
o, EFEBICREOY—I—EETOIRBELLNL

I 3. MRAEYMZFARE L Tissue Engineeringic

Journal of Japanese Society for Biomaterials

&0, ZOLILEFEBOBECHEETBERLILD LR
ENRRoNDLDIChEol. nbid, EEICHBLEVIEN
PoOANDIZAD. LHL, FRU LI, TFRHED,
ERMEED, ERICHZIEMLITissue Engineeringic
B3R OBENDE—FH LTz,

TEZ-2ZE

EEISBEEMA L -Tissue EngineeringiZBI 3 2R IC
MZT, KDMBEADSIERILIRE,SEDONELIIC
Kolz, ZOEMI, 2EHr5d, MEEYSFICILTHE
5212EE285. flziE, 20064k, Englerbicdo
T, MREEEEM O DFENRMEI EMSCOMEFEICXT
LTEEERIFTIED, MBEAMRICEVTHERDZC Cell
ICEREENTZY, SbiZ, 20074EI2iF, YamanakabickoT,
AL ZEEMBMIRGPSHR) NRVIEENT., ThbEEs
DI, BAROEMREZEBHIOIFRELINAIYT
UPIDSERSIND LS ICEo7z. BIZIK, SRIGHEICHE
AR TS BIENTEBNIROT VIR ER
DEEMYBEEE M LINAFITITN ORETHS.
Akaikebld, cadherinzBRAIEE(L L7 iIBEEEM % B
WBZEICKDIPSHIEZE RO L LD IR EEETED
ZEERLE. SBIL, RO DALY, HBEDH
FANEIPSHRIEE DML S BIZDDNAFITYFTIVIZDWVT
bHZRINT:, TRHEDMRUCKILT, FE, XH/NAF0
Ttk ENBEZ SIS TONTNS ',

READZ XL T 2MBEYZHRICENTD, /N1
FRTFUPNZEDMBFNLEMOFBINDLIICE-T
&7z, $hbb, REDERICL>TURBOEFERD D
FHRELZL, TN EFMEZEEMIENEERLRET
BEVSRETHS ™. flziE, Bissellbld, HFHIE
HDERLEENAROTNVERWT, ER-BERHRIZOVNT
ER=L"Y. Ansethdld, YXRIDMICHZHEMEHLZE(L
TINAROTNVERWT, DEFOMBEOZEICOVWTE
BLEY. hbiE, MREYMSHRICEVNT, ko4
tBER—ZRETEERFETHBELNMNCTEIENTER
WEBAD =X L%, Tissue Engineering®7 FO0—Fiz&o
TRBPLLS LT IRATH 2.

I 4. Tissue Engineering M flif8 &£ FICxFL

I 5. DDS#'Tissue Engineeringic5 2 7- 82

DDSI&, Tissue Engineeringl23WT, AT ZH
WICEH< O DI RAEDHONTET, F5iZ, DDSEFAELT
AR DML % 1858 3 S Tissue Engineering® 1990
KRN, 20—, B, RERIGHBICEoTVS.

MREERSTREDIVIINIVE, HDIWIETIXIFR
DNA, siRNA, miRNA, mRNAZED LR IZF 4 5DDS
=FALT, ME, B, Zoft, B4oEFEB HED

NAAZRTUFIV 36-4,2018 325



NAFRFUTIV — kiR —

BAE#FEYTS. Inbik, TELT, £H4EBYESE
FERTMBOMEEZ BRI ZHETHS. —H, EF,
JoO77—JDEEEEMICKD, BASEI4AMRERED
DRIFEFFETEZEICE-T, £HEBOBAEEETS
BEILOVWTHHRAEDON TS 'Y,

TSR EEDICIBA LA O E BT PHEEICDLTIE,
K72, FPLELZW, LaL, BEFIZ, HREE,
DFAX—D T REER—RETEDDSEIMDFEIZED
TV, BARICHOOCOMBEZERLTHZLICED,
BOFEADHEERENICAA—S 0T THIENTESL
SILEDooHB. Thbb, BELFEATFBLUZE®EL
TR E BRI BEFEAN B ETAA—D VT TEHR, HD
WEBIESPEF Ry M EQF/ R F TIREH L7/ % %
WREBAX—2> T (MR REKASX -V T T EHET
B3, 3bi, ERNAEFBITIHIAA—D VT HRFK
SNTHD, FREISGEVWHAOMEPCTIRICES LT
MEETHNEEITEIELTES. LHL, KBYPER
AT, FEBOMIEZHINTILELDHD-0, REFR
TiE, MRIZEHEFETHSS. —Fh, MEBOEHCN
2T, BESNHFEMEREDEFBBEMRIZE DS
FAX—P T HEBOTGHE T M EHITLNTNE ',
ROEFICNZT, Z0OKEEZFHES 27-HIch, HF1X4—
SUTRMHBRETHED.

I6. BELBREREZ- L TOSROEN

6. 1. Tissue Engineeringlc 51335 %DERM

Tissue Engineering(Z 357 5 R RE R IEME TN R L,
39, RRAMOMELDERHLHAESICLBREMIBEATHE
LT2REMTH S, /TE, Okanodb M AEHANTIER Lo
EMTEOEFBBBEENEREL VLS, SHOB
ROFIINSBRETHZ. %R I23DTI>T1>7EDHEA
ET5, KOBRUCHIE SN A MRBERYHIERIRT
ETH, MBARTNEHEARTIIEFTEIIENTERL,
MAEMICERLICBEYDIBEAFOBELHIT TERVL
25, Ffo, AIFRICEBLIBERPEVSATE, 1>V
I9TNVMBERWBASEORELMLAETHS, B
BOA>Ixo9TNitRHE, WINbRADHIEA< N Y
JATHHAT—T R MNTVIEEFEOEEEL VWS EA
TEATWRY., o, £HEBBEYLRKIC, RXb
OMEIORENMIEINDLIICT 2N EDHD. LD
TOICHBTEAANOME LOIEATR % RIRT 251l
EFLEELREO—DTHSO.

RIZEZONDZONRIERGFEMTHSS. BllEOH
557, £HEBBEYZOLOLRERELTENE,
KAMCLSRADELD, Hyonbid, BERGFICHBWANAA
SRFUFNVICEET AR EEDTNS D, A FEEEEYIC
i, DTV TV TIckDER SN DD H D, flE>—
PHIREEHETEZHETHD. WITNOFEROBRERYICK

326 ~AARFYFIL 36-4,2018

LTHERATELRERGRIMOEENS,
6. 2. 3DFU>FTa>T

FRBIS T, Additive Manufacturing(AM) 23877272
MTEAMECTEESNTWS, BRI, LFE, BHMROH
559, BHF, £IIvoz, e, MEEAELE, %
BEMEDIDTYY T4 T DRRELTIHRSNTNS .
3blc, AMBUEMBCHAESLELE, KGRI RN
ICIZT, AP PTAAR Y —0E, 1L~
TEHITIIENTEDIDT VT4 7 OFfiibAFEIN
DOHB. INLOEIMICLD, EFEBEERYAOM
MBI O AN LS B EBERICHIEHT L TEDD
H5. T, BUHEBTAVCTNEREEATIZLLTRET
H55. LHL, BECBWSEHEE, ZNooMELKRX
DOMELEFEESERFNEELRN, —F, FRAETIVE
LTRIEMRICAVDES, TNOOMELEREEEE
BELEREEIERIFNIEELEY, KDL THMAIZ%E L
FRICIRETDIENTETH, ZOMIRBZE ICHEEEsE
1. DEMDBELIBETHS.

6. 3. EFIcH &Tissue Engineering -Biffiab-

INET, BRHACECSHEBILGECLDBONE S/
T7AN=, EFITEVEBMELLTHERINTET.
oL, RADHMBASTI Y IR, HFOBECEEL
EQOBRTHEMETHD, NINCBESIEMOERILEE
nTW3a, —h, 79REQEREBEEY O EFBBCREEEH
LRERMEODHDMIBE L LRI AR B DY, RA
DOIBA T v IZRD 052 BBMBIELTGEEINTVWS,
BB 2 DD D, HEWIPIARLEB O DHEEL
ToHREA S My o2 EFIB I EICED, EERISEVWES
MREBRETIIENTESEE5Y, BEEIYHEEDEFEL
EWOEIEHED, BT 2ENETIVTHNIL, B
LB ERBICHBTHIENTES, IO LI imbE
184, ENPSMELOFELHEEEMAR, LOUITNMF
VTP 85— flAEabEEILICEST, BIEMROI-HD
EAETNEBETIRMOMFELIBEDOOHZ. Zok
Sic, BB AR, JAEBENUACD, BehRA
BAOGAIHFINS.

6. 4. #HB%ZFIEF 5 Tissue Engineering
-Organs-on-a ChipX® 7V A/ A F L%

#BR % H{E 9 2 Tissue Engineering& %, Organs-on-a
Chip®AIWH/ARGE, BRATEFBRBICEMOREL
BREIDILICEoT, MMEgEeHHToRificExDZ
ENTED, AFE, EFEBPHEIFOEEED —EBEEML
7oe MBfE & B Mg 575 0rgans-on-a ChipH Al ZE
ROI-ODUAEFNELTGERSATVSE, Sbig, kb
PSRRI EEOFMIEERWT, RAETVERERTEIL
bAEETHAS5. —%, Organs-on-a ChipTld, L
BEMERRIRD THIILLEDEBEDD, RUTXFL
>ax 4> (PDMS) AFIBEENTWS. LoL, BRIKMED
EMHPINET2LEDORMBELHSD. £/, PDMSLDH, 4



FEOHMENT Ry I ZUSEWNAF T TY P IV %E B ONTHES
ETNEBETIEMOLETHSD.
AIHICEEEEETIL0D, MEIEENICERTS
FWH/AEDS, LDEMBBICEMOEAET IV THS, &
E2BIEDTER?, ANH/AFIE, HEMPESHT
75K, MEOEE, MHEBE £ENFELEL’ERE
RTHIRSN/-MIERETHE. ZDT-0, FEEYS,
BIRAYS, BARRE, AIEGE, BLIARDIBFAORL
BN TWS, EFE, Lutolfbld, BE EEBMAE
ERYVIFL> U=V EENAROTVICBIETEIE
I2&oT, FWH/AREBEFELI?, ZZTEELILE,
BMROMEIET—XEANH /AR D Tz—XET, 7
BHOROONBZBUNRERBEATHS. DI, FWH/A
FERICEDLETHEONEZZSEINIFTTIYTIV
BB ETHD. £/, MEEEZENTEILNTED
MEATN Y IZORETHS. 514, ERUIBMERRL
HRE R SEDMREN T Ny IR E R BT EIEHTERESS,

I 7. BbDIC

HBITFICOVWTBENLIREETEIRDRD, ZNEE
FRICEBERIZOVWT, RROMBHBITHEADLESLENDIZE
ERBLESD, BB TEHEIL/EZOIR TR, R
BOBUVRPBARERE, MHMEANZ4HDILEIAM
WriEliw, — 8, EREGBICEFEESONEVWEET
b, PROEBROHEREICOLLIHAIRMECERITA
DGAbH, Tissue EngineeringD—2o D HFAMETHDZ L
FREEOGVL, WTHICLTD, RENICEERICHEES
NBIZLEDBETHSD. MEADPEBRANISHINIEWSE
DEMEICHEERTINAATTYTIVERKIC, NM1F4~
FUFNDHEDT, AIGEDHERFZLELEHHRLLESD
BoMROEMEEELT, 5%, INE T EICTissue
Engineering’ & B 952 EEHRFL LS,

X
1) Nade S, Armstrong L, McCartney E, Baggaley B.: Osteogene-

sis after bone and bone marrow transplantation. The ability of
ceramic materials to sustain osteogenesis from transplanted
bone marrow cells: preliminary studies. Clin Orthop Relat Res
1983,181:255-263.

2) Vacanti JP, Morse MA, Saltzman WM, Domb AJ, Perez-Atayde
A et al.: Selective cell transplantation using bioabsorbable arti-
ficial polymers as matrices. J Pediatr Surg 1988, 23:3-9.

3) Langer R, Vacanti JP.: Tissue engineering. Science 1993, 260:
423-427.

4) Cao Y, Vacanti JP, Paige KT, Upton J, Vacanti CA.: Transplan-
tation of chondrocytes utilizing a polymer-cell construct to
produce tissue-engineered cartilage in the shape of a human
ear. Plast Reconstr Surg 1997, 100:297-302.

5) Principles of Tissue Engineering, Fourth Edition. (ed. Lanza R,
Langer R, Vacanti JP), Academic Press, Cambridge, 2014.

Journal of Japanese Society for Biomaterials

6) Richardson TP, Peters MC, Ennett AB, Mooney DJ.: Polymeric
system for dual growth factor delivery. Nat Biotechnol 2001,
19:1029-1034.

7) Lutolf MP, Weber FE, Schmoekel HG, Schense JC, Kohler T,
Muller R, Hubbell JA.: Repair of bone defects using synthetic
mimetics of collagenous extracellular matrices. Nat Biotechnol
2003, 21:513-518.

8) Engler AJ, Sen S, Sweeney HL, Discher DE.: Matrix elasticity
directs stem cell lineage specification. Cell 2006,126:677-89.

9) Brown TE, Anseth KS.: Spatiotemporal hydrogel biomaterials
for regenerative medicine. Chem Soc Rev 2017, 46:6532-
6552.

10) Tada S, Kitajima T, Ito Y.: Design and synthesis of binding
growth factors. Int J Mol Sci 2012, 13:6053-6072.

11) Haque A, Yue XS, Motazedian A, Tagawa Y, Akaike T.: Charac-
terization and neural differentiation of mouse embryonic and
induced pluripotent stem cells on cadherin-based substrata.
Biomaterials 2012, 33:5094-106.

12) Halder G1, Dupont S, Piccolo S.: Transduction of mechanical
and cytoskeletal cues by YAP and TAZ. Nat Rev Mol Cell Biol
2012, 13:591-600.

13) Alcaraz J, Xu R, Mori H, Nelson CM, Mroue R et al.: Laminin
and biomimetic extracellular elasticity enhance functional
differentiation in mammary epithelia. EMBO J 2008, 27:2829-
2838.

14) Ma H, Killaars AR, DelRio FW, Yang C, Anseth KS.: Myofibro-
blastic activation of valvular interstitial cells is modulated by
spatial variations in matrix elasticity and its organization. Bio-
materials 2017, 131:131-144.

15) Kim YH, Furuya H, Tabata Y.: Enhancement of bone regener-
ation by dual release of a macrophage recruitment agent and
platelet-rich plasma from gelatin hydrogels. Biomaterials 2014,
35:214-224.

16) Jo J, Lin X, Nakahara T, Aoki I, Saga T et el.: Preparation of
polymer-based magnetic resonance imaging contrast agent to
visualize therapeutic angiogenesis. Tissue Eng Part A 2013,
19:30-39.

17) Sakaguchi K, Shimizu T, Okano T.: Construction of three-di-
mensional vascularized cardiac tissue with cell sheet engineer-
ing. J Control Release 2015, 205:83-88.

18) Matsumura K, Hayashi F, Nagashima T, Hyon SH.: Long-term
cryopreservation of human mesenchymal stem cells using
carboxylated poly-I-lysine without the addition of proteins or di-
methyl sulfoxide. J Biomater Sci Polym Ed 2013, 24:1484-1497.

19) Moroni L, Boland T, Burdick JA, De Maria C, Derby B et al.:
Biofabrication: A Guide to Technology and Terminology.
Trends Biotechnol 2018, 36:384-402.

20) Hirata M, Yamaoka T.: Hepatocytic differentiation of iPS cells
on decellularized liver tissue. J Artif Organs 2017, 20:318-325.

21) Benam KH, Dauth S, Hassell B, Herland A, Jain A et al.: En-
gineered in vitro disease models. Annu Rev Pathol 2015,
10:195-262.

22) Takebe T, Zhang B, Radisic M.: Synergistic Engineering:
Organoids Meet Organs-on-a-Chip. Cell Stem Cell 2017,
21:297-300.

23) Gjorevski N, Sachs N, Manfrin A, Giger S, Bragina ME et al.:
Designer matrices for intestinal stem cell and organoid culture.
Nature 2016, 539:560-564.

NAAZTUTIV 36-4,2018 327



NAFZTUTI —E iR —

TR ARREH) - RRIBN A =TT

NTLhgds DARKZH >
NAF=TY TNV

FENAFRTUTIVDEDLDICIEED, FDNAFTYTIVICE
LTEDID LM BRHFEEZIToCED, EDLIBEBDH oD
BEIRDWCELLT:, 20 L THRDOATREROERICNAF T
YZIWDDDMCEERLTET D ERBNTHEEIC, Lo XD TN
FRFUPVBANLEZROEEDORAZ RO TVIIRRICOVTD
ATz BRICSBDOATIHBICOVWTSHITHEDEREAT
[BERLboLRBDBERRKDOALBBOZICOVWCILARERN, Z
NBREDANTIRBICEWNAATTUTIVIRRE HBA LT
5ZLEHELI

F—U—R: ATl EBMH, £FEEHE, MEESHE, 7t
MR

#ﬁj f Kou Imachi
REAZ

Professor Emeritus, he University of Tokyo

328 NAA=FTYFIL 36-4,2018

I FENAFTFUTIEDE DD

1968 FREAFZAS IR TR RREW T2 ELFE
EET LIZAADMABNA AT UFIVERE LD EFOZ LI
BEolhEWITENDRERIADD. KFIRIET % ALK
TEER)ICHBLIAZT SV MORETELZToCW D, &
SLTHEDDHRICADIDEEZEZHUIRLONEG
holz. B, ZNIEESIKROHTVWEHDEEDE, Bh
A ERKODTVWEDIEAS | EWDBMAGEZFE LIFRE
ICRKETE>TVo Tz,

ZLT19694F, ALDEOMELHF TEbIrEOES
FTTHIEHRTHE-AB CHoLERTAFESTERE
FHRRBEROEEMEZR ZHAI.. BOONyIT I
REEDIILENTE, HoRICEILL, —£%EhTTHH
FELEOWDDINGEWTATT—INERET—<EEERLT:
R, AU 208 20EMBICTo7-DIZEVWS RIS
ELIZODTHoT:. ATOEOMELIBE-oTITIS10
FEPEBBLTWD, ATORE T TSR B A B FHER
ELIZEWS DHMEE—DNAZNHA>THD, L5 LEH -7z
DEEZIILEFEOELELVWOIIRTH 7. HINE
DEBEOMNLEVWEFEICX LTEEZZRIZ10ERDHS
DEDITBRZTNEIFEIC DTz o T AT OO EZES ED
LEE>TNT-.

LIFDBEEMREDOHERS Y 7L DBNRIH & DhH
BAMF(RICERXTFERBUR, WA EEFHEESL
EIZEELTEEMRZ=ICELDAATEIFEE B
F(RICHRRASHER, EIBERMEASFRASHR, W
N BLUOMDE=ANZFEo12128, £@TDOADBEHD/NY
I SVRICBARES, E/MEVLOBYIRRICEZETHD
WEZEEFRITRIERDEI o7z, WO FLDTIEI—
BERWIOEMRIEVWOITELENMDBEILIICHE TV
2. ZOSOLFAKOF TEEIRICRNICTbNIZZ
LiE, [HHEE, ATOBEOREO#O—D2IEIRFERD
BoTWa, bLHZIDOAN=ILAERPBLIIMLHEEET
BALOEEBEFEEENL/ —RIVENZD(bWVHEZS
F.ITHolz, [£5L9oTRBI. |ZNDLNAFRFTITIV
EDOBRANDOEDNERZS.

MONAATTFUPNVICE T 2HRADOMBT—<E[RE
HoMBEERICRIETEEOWR] THo7z. MRFY
T2 564 BoRMBIZEZETHELEITERED
ZH2 ETESILTCHBDELRMETH o/, 1970FDIET
NAARTUFIVICE T EF R ELLHRETOHEL, N
AFRTIFZIENSIEEDFENTVRRTHo7.. (20
FogEnN, EBE, #H, BELICISTEAGSFIY
ROOL]| PRSI, BRICED)TEROARRICHEARA
N, DHBEDONAFITUFZIDEBEG ST )M XERL
IeEBRT3IZOVM LoREHESIZBELMICMBERE
RETZEVNSHEREED, ZNFRICHHAEDISOA
ITHOEELG ST,



| FUBILE =W (PVC)R—Z L Uv ED AL

AIDEORTHMBRRY T OB ARERN—FT—
7T, YEBKETIESYa—=>v s/t Ya—>TL0H
WHNTWHAREICIE 2 BMEIEEZEL, B OER
EI5MIFEGoTW L, LabbaETELUBREDY
U=V TLLAFHREY, REHL/FRBICHELBRVWHE
YMRBEToCHEBHTMRIISITER> TV, ZAK
1972 FICRHTELBEDDBEOHTHDOTSZAF v
TEEFEICHLoIZEVSTIHFERAATEIZDHPVCR—A M
DrTHol. ZOMBERERINIDHANEEDFRERRIEL
TEbONTWHDT, £HIZBEHTHETENE, B
ERRFEEL200°CETINE A e L BRIBIRECIRF DS DN
EHTDTEEOESDEEOFROD DA B ICHIE
HXEZLEWSBENODOTH 7. REORBELTIER—RF
LYY DYIVDHIZ200°C EIC A LT- 2B %38 T2
LERFDDYILD 120°CELEicinBSNT-EBH 23T 1L
LTEBREICHETS. INESHIC200°CTISHRE
BT BEEBRTH oA L TER R EICE
*320THs. BEOEIFSEOMRER, #HARE, F
HBE, EERBMAREICLTHARDIERICIY FO—T]
BETHolz. ZHNICL->TIMRA > T OFIERSFR 1> a—
YILRRYILIVREREKDFARICLELTT /10IC5E4E
SN, EBRIIEERICERELT:. PVCR—ZIMTPUIEZED
MBFEMESZFEBICEDLIICHELTR S ELBRH R
Mg HERL, ATDBICES V¥ OEFRSRILHIE
BFEZEORELHHVE-T, BRBMALRICHENMIA,
SOICIFBEAINERRICEES TWoTe, ZLTI976FIC
FEIUREF (NS> EE) ZLERALEVWTI00HEEL
5, O TEEPNERPAETZESICEST:. Ly
L, ZOEBRTEEHBRFICIERTHAPEBRICZED
migFERSERESN, ZOTFEDMERETH 7. h
EPVCR—Z LI v DD RF ZIE-EDRTHD
THolz. [RORT YT HEZIEFNE--. |

| PVCR—ZIL I Y ADRMEH DT~ 137

ZOHER], FhILIBMRES E TAvcothane &L S H
BN OGFEEEM>TW . KEAvco-Everettif 22T
@ Nyilas & = A3Biomer(CK E D Boretos i &> TRIFE S N
7270ys - AT—FI - RUTL Y THICEthicontt THE
RibEnizbDT, YFELTEEPBNERESMBEES
HzBLTHED, ATOERAMELLTEESATVLE, )
% polydimethylsiloxane(PDMS) L £ E & S#5Z LI LD
BiomerD i HIEE X7 D EFIC LD BN MR %R
TZEEFK R LAvcothaneb & LIcHDTH D, ZOME
FEEBLICIABPO /NI —2 ELTE R SNERKR L EANTFT
a5z, Fhidtetrahydrofuran(THF) 2%Avcothane &
PVCR—Z I DERETHDZLICERL, PVCR—

Journal of Japanese Society for Biomaterials

2L Yy DRMEIZAvcothanex I—F 4> 7 TEBITEW
TWeEEZT, 2ZTNyilastELica—F4> 7 DA gEMEL
AvcothaneD ¥ > TV EDIFTHo 20BN ERVEHE
BFHEE V. NyilasEE2BEIFDELIT—F4> 71
H3E2EES, a—F 7 iIcdoTEE O ME HAHE
SMNEEENGEZILETHD, BOLIEEICERLHZDT
2HEMICHBH TS, 7272LAvcothane lFELD R LA FERE (2
MW TRE, BE, BREEOBBEREFICLoTHME M
RELEERZITE. ZDI-HAvcothanez IR T 55L&
LT (DEARFATILEHDEDRWEBERITSIE, (2)
BE, BEIAHTRLEISZ10007Y—v—LbERE
TEILDZODEH L DETHS. |EDRELDH ST,
BEHRICBEQIIDLTIERZSEFLLTUIZRLG D AEY
HTDITZ100D 7Y = I—LDREBESNTZ. RALT
DOEDFVEL X, AvcothaneD AF A HEEL Lo 7
B, INEFFIAFICLIRIORMEEME TH 7. &
EoREICHIMBREMEIEa—F > LTERTIEND
DEFELHPEBICHRTHHOTCOHATH o7 LBI DY,
ZORREESICEBN T, iiE—IREFCHmA
REZFEALEVCHH OO R TRICIEFRIRIFT—
EDOBERICETRUY RN UAEMB R IERoN
¥, BETRETBICRONTW (70747 VY DNET
LEIRINGE o7z, INICH->TVYXFOEBRMbEALE
AED, FFEEBRIEBIYIDRICELNDLIICED,
AT DBOHEBOIEE LTCORRKREROEEHERAKRYAF
HobIEEoTE ., 1980 FERICIZZORYFIZAFLF Y
(BR) IR sn, AEEF U #iIES5IZAvco-Everett
MR L DAvcothaneED (> 2% E L, 1990 F I
E7A B (R pbnb s oD RMTBE TR L
TREREBEBELHEICHA TR OB FHILSNT-ERKB
BN AT LELTHDORICHTERRICHEDLNDLDIC

Tolz.

| BN AT FYF ORI EDin-vivoREEH

1980 FERICRdE, bAEDONAATTFUZINIHFIE—
KUCFITEL, ZKDORZRHEA, BEISFEFELINAF
< FUZN DM HEDin-vivosHl DKIEE 1T B LD C
o7z, LaLin-vivoRERICHEWTIEEIM O EFEEI K S
CIMRORECTHERORELZRA—ICLTHBETIZLE
AAEET, I RonmeHozZROREE# <
LTWz, 2 TR—OMRMERTTELBEONAAITIT
VRIS 25 EEEEL. ETATOEOYY
INEEREREDONAF<TYT7 IVl ZEAvcothane) T
A—F4> 755 FOLTHYIRICBBEEOTAITA
ENAFTTITNERHFRT DOERIcnIZED IRy MRIC
IA—F4>0 35, ZOATOEEVFICEELE4DOMTR
ECE4ORHEFEL, ROAIOEBERBRTS. TAH
ERZIATOBEEERIBEKTH ICOTELM D
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REICNELCIRPEERA>ZABRCEETETCHEE
L, R=ZMPCETAMBOREREEZLRTEEND
HDTH>.

OB ETEGTRAMNeKBESNIBLONAFXTIT
VOB TIHEHICPMDSEB T AY MERYIL S
(KP-13, AxA) D EEINICENICMEEEETEILE
ST,

ALIDBBAIFORFELEDVIULREEE
DfEEA

AILDBEHRER T} TI-OICERTOADOEH
OICEFROBERCLS I Z oD RPDBETH S, LT
DFOFAES, BRRE, Hmie, MM AL
REGRIEELD, FPSEEIINV—TICS A LT YL
BRI ELEEDF R ICEEEKELTL . ZoR
VPEIN A TLETH o 12 DRIBMAAETEYIC
PRELMFAHEENSHT, IS ESLVERREEL >
TV, ZITIRAY 7 OLENERRICHA, 19704
ZDE—#3ELTOED(Oblique Elliptical Seat Door-type)
FEMIDIANTIHRZ 1 BETRFEL:, FEEZ30°EITLS
LicdoTHOBRBRMEZREMBLZZICT 70 B OBEHE
DRELE2RDFMARIIATIVESARTNIVAR(R
DTFFEY P ELIHDTH o7, ZOFRDIEBEIFERBLLL
R 7IHBE2EFICHENL, RPETFTOEoIFELoTL.
LHL, TORBEVJIZRUTZZTVDRAREHEBLTLY
SI:ORBICERILEMETECIHERALHoT. 22T
RODTUREF A HEMICE A H B R TN
R EIETESEEZRDRY TEADEEIRICINSTA
NUYAD Yy IR THTIz. ZHIEKRBEIITUERZ
DED I FER SINDZLEIE L HEoTz. $TEIDDS
DREFFEDNZZHDTHZY, FHHELIRTMEERE
L TEBRWEITH S,

OEDHR IFBNIHTH o715, BRARYFICBVBIC
BEEIPLSBETCARREO TARE A 1 EHEEBEREL
7-ER R BB OIAR Y 7 ICiE T TICH BIRDBEKR T204E
Bl EE#E D H 5Bjork-Shiley(BS)FEAWAZ LIcLiz. M
BARYTD2ERD / XIVIZBSFHEFRA LA DIRRE <
LOTEETDIDTHDD, FME/ ANDIrOvF—5—
DREREZEICIAASAAD AL, BCiEUr s Rmgel
THRT2ZLEDHD, BRIKRAITHEEICE STz, Thzuw
DMBESH DR DEBEETH o7z,

ZDIDICER FTE—MMELTRREBGRLICHE TED
AIROHEEPBETDHS. £ZTERELIZDOHellyfishFH
LT BHRTH o7, BEEDIR—IDLIICHEHIRICER
F-REORMRIILI DERE IRy MIICIEERT
SEVSHBEGIEET, MRFAYTAEIC—FLLTES
TE5., ZOREEBLEMBR T IEVFOEBMERRIC
BOTHIZEN- AR LM ERLT. ThED,
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1 EMBREN TR EABICRIKIMBEECT:. JERTL,
A2MEDRLABALICBARRIEOENETAR—TLR
R—O DR THEIMBIESNIY =T/ B HFREIDFIEHM
MRICEF LTV, SOIClD<KHITS 2 ERIKITE LR
OFIESNIZEBIOAICECTWBIEI o7z, ZDZE
DPORKNEDECHHEBICELTRDELS LH LR
RIBIBIEDHET . T4bE, [BORLSHEZITT
MEIMEBLERERIBRTEIV—TEHICLIHERESN
ICETRRIILICDOHF, FICYTIEITAV DDA
(loosening) BMEZ > THFRICT/ODBREEAEL, £~
MEFLLRIRUVIEE DA AL, YDV TL%EE|o
ROAATYVBEDIVYILADEREERTD LEVWIHDT
BAMCBWTIAVISLBIRY FICECTWBREIKRINED
WRHIDMATRGRIATES, (ZORRETLDIHI
2002 FEOHAALRBFROBIXE LWL, )
ZORLUREMARFZOWERREOAXZRE THRD
T2DICFADIFREICHADLTW - EIFERE(GRERA
REZR) D RORABREESTICROEAZRDDLL
FHF L WjellyfishF DOEEEERL, ZhickoTjellyfish
FOMAMEZ10FEERL, BYERTHRIKILE L
RonZihore.

50 EELICRIFhENAATTFUFZLDEHLY O —ifaE
WTHTz, BRI SFEOINAATTUTIVERIEE RO NY
97 FOANMTHOHAERENIZBREICL-oTHED, LA
BEREICHLTHHRB T 2ERIZHBNENAFTTUTILD
ERICELBLEIICHERZEE B DOV ITNIEE
WERD,

I AIBEADNAFTTIVZIVDERR

RECERE, LODIFREEFICEVWTUIEEICZLD
ATIREBENBRRISESNEEOREBOWER EMiEFIC
BRIL->TWE, BEoEEZITATHOALER, AIHE,
AR, AT, ATOME, AR, R—ZXX—H—,
AIME, ALB- -BHRESEFTLN, INODOALE
BHOGINLIRREBIEEOILIANVEISETETWS,

BABITESZASOMEtIcENE, DAEDMRENE
EHIZIB3HAEHZ, IEMLEFITVIENEELRD
2500 AE#ZTWS, DEARDO ALEZTHOAIFE
BORILI-ALESRO—2T, ZECEMAAIRTE
205 MZBEBHE LR TWS, FRATIRK
HENRODRAT VDL ICHNBATIGD FHONIHE
DF—FITRENREBALE THEALNIV—>THLELTE
EBEIIEBREOATIROEARLIN, SETFMIC
MRXONGED o1 ZBANDRBEMOABEICE->TVND, BERG6
m ED ATMERLOBR—AX—H—bII L7 ATHE
BLEZE, ZEIZR—AA—H—RERIZRMOES TEL
INUEASES, BRETIEDWIY—RLRAR—IA—H—D
RIS AIEEICGo7z, ER6.7m, RI26mOAEE



FUNY—HTF—FINTAEERICEABETEHDTY— R
DREBEDI-OMBFERDOBNIEFINE. LHrbIDK
ESTEBBET7TEULEDDEVND. ATDMED 2000 F D
WAL TRBORY T O HIRTED AT DL OB E
POBBEANOBRELLTHENICFEOLONELIICTSTEH
D, PHRELIFTHZIDOSEMTE00HEHITNS, AT
PR e O READOHEY - RITLEVOIARRDBICIZE
LTWARWS, FOFEICL> OO UM ATEEIC o
JLEDATIHAEEFAOERMIFIMOTREVLNIRE
1255,
ZOESIZALIERROERIADNAATTYFIVDOEBL
FBHTKREL, ZOUBTEEDFMEINRETIEISE
MEPEEM OB B> TV,

| ATBEORRIENAFTTYF RTINS

WolES, IREDOATRESSEELEELILIZIFEEVIR
Blcnd, AIERIE1BEIC2~3E, 1EIC4~ 5050
ERERIFNERWVD, FNTHETFREROFAOL
BANYVEFEAL, FHOTEKIOszIchiLERES
DR IE S 2IUREBEESDETHS. FAICHE
DRAAT2ABRBINEITIZEL BB TH D, BED
FEIEC IR E B O MEBE ML ZD7-0I1iERDIC
bEHERTCIOBEBBRIEHESHONIKIZHD. ALH
THEWABITMBERFREZRIIDETHEL, T E
LEVWERFTEHMAERAKLE S MELLDREFICIE
BV, ATME TEERPERSm T OERIE M
MEEIEVOMBRTEEIRRICE>TWEL, AT
I CIRERDOMEREDH AR EIEE IR T 5181E%E
DHEGZWEWDIIRANZRBEOMIC Mg PS> /RT
NEICLoTRIBEN AT T TELEOVLEVI RA D
H5. ANTOIZOBBE~NDBEL LTS F5 250D
B oTWna Y, HUERREEZIToTVWSICdibD
FTMRCHMICLSEBbNIMFEEORENSHERES
N, MEFEROMELILRIMEELENTVS, SHICAT
DIROEFEN r —TIW DR EERS D e OETIREFEDOF
AHFAEMETHS. NATERIZEREDALT AT
EERLELTI970ER DB EICE IO ET IV ORIFEC HIE
EROBELSTONTWD, FOoMEL>Y—DRER
DEKBAMLIHREELW - ORIZICEBBONY Y
ARERICRONTVS,

ZOESICHRAEDOANLFEBEIEITVWIHBEREELEDD
L, HEROIFBEEEE 100 % BIRLTVWEY, K&EWw, B
W, HERDHD, oY —HEEEINE LA ETRCERDIREEIC
ISCT-BEHIEA LY, TRVEF—RALEL, REF
IcbfcoTmie, Him, BKFE, BELGEORMERICEIN
TW3, TMAICRESHZRELIEIFONE. ZhbDK
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I ATEREBRELTCOBINAATTUTZIVICERRE TS
HDT, NLIBFEDORFIEINAFTUZIDIROTNSE
WoTHIBE TIERL,

| ATHEORRDELERTZNAFTFUTI

—RICRIZRAMNZEEEEVWEIAICB T IEBEFZEFD
RRLAWVHELLD, o TALESBIERLTVSH 4
DEEAEITRT 7 DICIEFHBEENICLTEEZEZLDEVL
R, EDREEDTEENTILRIVICBRETEIIENEE
TH5.

ANIBSBOFRGEEZDE, 21 HIEOFEMETD
ERFEDANLBBREZIHD DT o ETDREEFD AT
DZDICHFTEZLND, FEFBREDORZEMEED
ERETHAEROAEELARHEZ2HDT, WEDA
TIEBORIKBIELEZONTVWEHDTH S, fHlzIENE
BEMICLEZEANOTELEOAL, WEBBEERELST
BELRRELEFBEAEIL, £E2ZminimumERETZIF TR
W HEL, £FOERICIGCONBEFIHEEE, RI
MoFERICM2EMAMRET, DEICHCTERE
BMEEONATIy b REDDELL S,

Vo B BB EFBWDELOoF ¥/ ATHERT, b
EDECBRMEFBGEALRBOSHICLIMEEDES
R ALEBROEmMDELDEZOND. FIZIEZATONE
FHDOEARIC—DHEDEIFLLEZHEBPLF RICHHED
BLTORVL, B4F10EULFHICHOBEAT OEOE
BREERL, RURBRTEDSICHBRICINSTRATIDE
EEELCRECTEERDREOELEANEGEREIT o722
EDBHD. HHBATOBORADH &L EEE O MR
EXEBICOYMO—NVTERIET, BRILRIVOERD
BEOARMESHFHESZLETH S, BT TR
BRICTVVEBE X E AR R A B L 7o B A T INT 5 2L T
&3, ReFZoL5EATRSEEZBATLRER] Edmalr:.
R AE CIEERBIEBOLSEY I TILEFSTIVEA
TlEFE O, BC2MPECEEREISNEIN, &
RSB LEOTN T Iy F TITRHMEEE R EDRER
BTH5.

NAARTUZINEDELDICEETEIADRERIZIAE ST
ALHBORIRERER, SOICIAREILEREICS
FTEATBEBOZICOWTRRTHZ, ZOLIBATLEE
BAEIRTEIDEDENAATTUTIVDFEICHD>TWD
SEROTHBETIERWL., ATHEBONAFTTUTIVH
REBIRTEVHREFZEICE, ZOLOLEREDERS
ENEEINTVS, NyIITSURDEBVRERMETEHRL.
FORPLEDDIATT—IERDT—IEEY, FHHBZ
ELEKHAREEUIRITDZ LA PRETZ. [—ERNIEEM
RIEWODBEEFFICHETARLL.
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I 1. BCsIc

ATIRIEn (B BIEn, RRROED, FIRIED, BR9ED, RRIES),
BAVTSUN, ATE, BIMEEMHLZED ALIESR
iE, EHBREEORBICSVWVTEERREZRIZLTSED,
NAFTTUFIWEEREMOESAHVE-T, BERE
PEELTE:. £hMICBiESNI- ARSI, Fis
OHBEBICNTIRIG, EVRIG, MEoslt, B
BEDELWEBBICEINB LIRS, BEEREERICK
THEANLEREL, SOICETOEHNCHREOERT(HE) I
HIEFECHEFEEICTHZ27-00HFHNBEA ML KDL
nTwad, AIREESERE, €53vIXR, ‘%ﬁ%’l‘a‘*ﬂnﬁ\
LB aNTHD, MER, WEHE, WESIEE, BEENE,
PUREMLE, Eéﬂ%ﬁ%a:iﬁ&)\zﬂﬁaﬁkxwama
BATBREARRTIIEDELINTVWS, 22T, &5
TiE, BRAREDILG,»D, EBFRELRICXTTEALEE
IZROENDINAFITUFIDIERKRERIcOWT, AL
R O REFK Z /OIS 5.

|2. ATRESHOEEL T EOTHREHIA

AL ERMIE, ZTRUREEHE - BfHYo~F-
TSFRME KRR B SRIEILAE - IMELE THBE TR LT AR REER
%, ANIREHICBEHEZ2FEMTH, 19614 (Char-
nley 2 3R L 7zlow friction arthroplasty 2’337 D A T
EEHoRBMESNTVS ", BEENICEKORBEEHEL
TEEICE-TE, BRAICAZEaY K- hvY),

BAICEATLAERENZEBRHEREL, HyTICEE
LTcSAF—ERTLADKEIFICEAELI-BEEEVI PR ED
MCEEZERLTVWS(R1). ERLIrLHN60ELFIB
L, BBOEMEADL QOLOREZEM T oEBNTARE
RELTHEILSNTWS, ERTIZEMIY12.5 5 H O Fil
PMThbNTED, FMEHRIZ10ERELRLTI.6fZICHE
IILTWB (REFRFHRA, 2016). ZOLIIC AL
Har AN AOFERICENLTED, £, Bebts
DEIFEEDICEMEZIF-EFDODALEDRBILLTVS,
AIBRESICENEERELHD, FiizeZidi-g2FEAN
Bz (BEBRIN) OBENGENRTHS, LicdoT, AT
BRESHOBERMORRLELD, WHERICEELS525
EHETH D, A, BE, BREZHSIED, RKOA
TITREFICROONBEELBRED—DOTHE?., #27T,
INDEMEZSIODTREDNAFTT VT IVERRD
BRERE, FROBEICOWUERT 2.

1. BiE

SRk, BHa, BEE HNEHLLoMEBT
RESNTHD, REORBERLE, JEEHVADD
BHOLTOEIIRATEZEEEVWS, ATRESHOFMT
IFHBME AU EE, BRELTRETE-D, FARSNDHEE
THZEBLRERA DL, MATIAREMELHD. B



FAOSEEFDEDOFMT1 ~5%, BEHR TS~ 15%DIE
ELsnTuwa?, BRAT2LE, BE ENT, FHITREE
7D, BMOWEEZRIURRERZIDIELED. EERN
IZiE, BERETTOMBICIEOAGIENTESY, E
X, WIEAOEENBSING. £/, BALEERICK
BEI25EICE, BERINSSDELLES,

BAZEavhR—3r2 b
(hy?)

AT L

B1 ATRBIE OEAEE

BREANKESTUFPVOBEANDEZDE, FA4F—LiH
HEDEIBEEARL, EMEELEHISHEEILK
THIEDENTHS, LHL, RETEZATRBEOK
ESFBREFOBRICEVREINDGI-D, BHEEKRE(TS
T2OICIEMEXS T4 —%ELTI2DLELDHD, EFEPCTH
AEADEZDD, KECHPRETH 7. HE, BT
SE1HADZRBEBARYTF L2 (highly crosslinked polyeth-
ylene : HXLPE) R ED T FUZIDHES LD, THEFRRFE
HPWEIN, KEBEMIMEASINDLIICHEo7. 1962%F
FER22 MmmIEETH -7, RETIELI0 mmEZZ
BEBHHRSA, EARTH32 mMmOBESIFRELD,
EBRICHRADEEME T LI EBESNTVSY, — 7,
NATEITAF—DEHDIELLoIHER, RTLDFRYIES
D EHXLPES A F— DA > EV JIZL BRI R E SN TL
%, %7z, HXLPEDEBICKoTHREEDIELIBPEL LLEL
THEEESRELIZEFVWE, KELBEE, NGB
LR TERB IS 2 TRELAHEILIZBEL
LLTREEHND,

2.2, A

ihADBIEE, FHEBIBEOBRMEIEREMELEC
LIEDDIRED. ZOERMEERLI:xZO077—UH,
BRINEB%EETHHEBMIBOTR - SEEE(REL, AT
BREHFAROBERRESIL, MACESY, L1257,
RFUFZHIHOF7IO—FELTE, BEEHRSEEERT
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BEPTFERVIFLY(PE)XERE - €53v/XDUR,
BHEAMHOBEAELEOERLE, [EEMERISE
BZL|EBIELT, BALHRITHONTET.

50~ 100 kKGYyRRE DY HIWIEEFHREBHA LT
HXLPEIE, 1990 FEft#¥EroEA T, ERTD 19994
KDERILEINTED, FETERIFEPERGERBRIED R
EINTVS. Kurtzbic kB INbDMEDLE1—Ic BT
LEMMERED LBICENIE, EERDIFEBPEDO0.137
mm/%E 12 5F LHXLPE Ti%0.042 mm/ % EEEFE B 1365%
Y EIEISNTVS?, F—ZF5U7 DNational Joint Re-
placement Registryic&5¢&, £BBHELMEAGDES
EOFMBISETOBEBEBREE, FEEBPED 10.5%ICxt
L, HXLPETIE6.3%TH5”. Z5LI-FRRREE SR,
F—ZSUFP TEPEEBWALRBEE D 4% T, |H
ETH95% L _E THXLPEAIRIEALON TV,

—7%, HXLPEICIERIBRIREVKODO DERELDH DI E
HIIS SO TWD, BIBHFEDEINICLDINERM L
MET22, HXLPEOHHMNGRE ETT2Y. %7z,
LRORBREBEFEBICLIEREDEIINDRKICIZ,
HXLPEILIEZRBPELLER L CERBZHA S50, EL
SNZERMIE, BBRRBIEELBL, LDNSLEREY
DEEDBVEVIREDHSZY. iz, EEBETEL
57—V HIIZLBHXLPEO Bt HLTHEREEDET
CHBMNTEEDBTORRLELS-0, ZONKELT,
20D EDIMBUIELITHON TS, Remeltih Tl
WHBEDSSLREETA, AnnealxTIEIZU—>THILD
BESIBEIND, ZOd), BETIE, WbpdE2H
ROHXLPEDATREF - ERLINTVS,

PEOMEEHRRTEHELELTIE, Anneald x5 TR
L7-HXLPEZ A F+—2% 2005FLDENT, 2010FE LD
ERTERLSNTVWS, ZD5/4F—TH, 30 kGyDyig
BEE130°CTDANNeal e REIC3E I OfTOZLET, &
£190 kGyDBEIE B RoTWBA, 90 kGy% 1 B THRET
LIZBAEHBLT, ZUV—SVhoHKERE1/8IC, 38
BEL25FICLTVEY., ZoRR, MEEELHRBRL
BEEHEEOSAF—IchoTHD, BREHYIaL—5—
HEETIE, FEPERBPELLLERLTI7%, 100 kGy#% RS L7:
HXLPEELLERLTE2%E TEREEA B LTVE ', L,
FHit 5 FOBRKBEIRESINTSD, FHRBERER
0.015 mm/&EL, F1HADHXLPEELLERLTI1/3 &,
R LEFEMFIHRE,LRONTNG ',

ZOLI-PEOMEHRREVI FELFERD, EHLILHM
HESEmOREBEEICEB LI ATRBHOHXLPES A
F—EHRBAHL, 2001 ELDERTERLLTVS. Z
niE, £HROBHEMEREOVUVIBERBN/HEREOMR
E | BLUTKNEBOEBICLZBBEEBONE ICHS5L
TWBZEICEBL-HDT, £FEMEICBNT-ERY >
BEE R~ — +2-methacryloyloxyethyl phosphorylcholine
(MPC)RU~—%HXLPES A F—RMEIZ, F/X—F—Bifi
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(100~200 nm) T/ S 7FEASE-HDTHS(PMPC
MIE)'P MPCRYY—ZERKETHBZEND, BIKET
Ho7-PEREHPMPCALIEIZLDEKMEAEEL, KA
DEERBRED1/7T~1/10ICETHEL, £EOBEHRK
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MEFEK %M 2720, PMPCILIBSAE, BiERE, B
R, BEAAELEEE,ZTCRES VI L—s—HBE
ToTW3D, WTIOFRETH, BNIHERSELR
LTWa, flziE, &£EBBEELMAHEHLETZ2000 5417
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£130.002 mm/E &, BRROSE 1 R DOHXLPED & R #R
EE0.042 mm/EELRUTRINGERINEIS R 2 4D
nTna” 9,
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BET-0, BEODRBICIENAATAINLESHT-ATEME
DBELDRAETHS. LHL, NAFTVLROMEILE
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ERICRETHZ, LIzhoT, BREERELLIBS,
FEERDATTRASEEILBH#IL, ATREHOKRE,
BREOHE, BEMFMIOLELLD.

BRAFRESTITNVOBE A, OEZDLE, MEAME - N
AFTANVLEBR OB L, RED200770—FHH5.
BIEICIE, NFOZIVPREMIICLSFELRE, Kek
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YROOWE, MBEOES EHEEIIFISNSEZLICEE
L, PMPCALIBICL DB A « /NAF TV LREAL IS
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EME BT IVMIERFSEIRMAHFEINTVS,
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3, BHRPEOMERELMEEROISLIWREIE
z2bond, BAFEEEFOHH®, BALYTVERE
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HOEBETLI-GWHEY, RIEOHZEETOHHREALEN
ALRESHERIEITHNE,HZ. EHBRHEmEERTIH
EOVR—RMRIAF—ELDELTEIELTENEL, M
WI2BEERRITEIENTRELLD, BRAVRIEZE
BWIdIENTES. AIRBHOERKICOWVWTD, —HKH
RBISERIE 50~ 55U L EFBE OB VWEWELREIC
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BHHV, BVEREICEVTD, MEPIEREMEAIRETE
BIELWOHERTEBYHTREZEC, ALRBEHF
MUADBETIHEROREEZBIILLHELVEEDD
5. IHLTEBIC LTHEBEETF P AR —Y O HlIIRES,
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