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Fig. 1.1 Population aging rates in the advanced countries and the
Asian countries!).
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Fig. 1.2 Japanese population prospects and aging rates(!),
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Fig. 1.5 Schematic explanation of the interface,
(a) flat implant surface and
(b) concavo-convex surfacel®,
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Fig.1.6 Shear strength of sample A-D against weeks®.
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Fig.1.7 Surface coatings on artificial joints®),

(a) Co-Cr alloy beads sintering (porosity 30-50%)
(b) CP-Ti mesh sintering (porosity 40-50%)

(c) CP-Ti powder plasma spray (porosity 40%)
(d) CP-Ti arch spray (porosity under 1%)
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Fig.1.8 SEM Micrograph showing porous Ta''",
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Tipowder

Aawl_

Space-holder Blended and compacted Sintered

(b) Replication

P

Sponge Slurry coated Sintered

(c) RP

aser/electrongun
Tipowder

(d) Slurry foaming
e Tipowder - -

h 4
° Foaming agent
S Fp
; A2 A A
Slurry Green sheet Sintered

Fig.1.9 Illustration of Ti foam fabrication processes!'?.
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Cufoam

Mi foam

- SUS316L foam

(a) Cu, Ni,SUS316L foam.

v il
Ly :

SR
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k1 ‘_’ P o

];q":--.rgﬁ Pk L
; :-5'-’_'3%“'\

. : .
Zawits TS S FON° IR Y )

(b) Microscopic and SEM image of SUS316L foam with average of
50 pm pore diameter.

Fig. 1.10 Metal foam fabricated by slurry foaming.
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Femoral head

Corticl bone [RF

Blood vessels

Osteocyte
| lacuna

Bundles of mineralized
collagen

Fig. 1.11 Bone structure of a femoral head.

(a) A cross section of a femoral head showing the cortical
bone C and the cancellous bone S inside.

(b) Cortical bone by backscattered electron imaging (BEI),
revealing several osteocyte lacuna.

(c) BEI picture of a trabeculum from the cancellous bone.
(d) The lamellar and fibrillar material matrix texture around
an osteocyte lacuna (OC) as visible in SEM (white arrow)3),
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Bio-apatite Collagen fibril
Thickness: 2-4 nm

Fig.1.12 Sketch of the arrangement of mineral particles
(bio-apatite) in collagen fibrils. Particles are believed to
be nucleated at sites which in resister with the 67 nm
period of the axial stagger of collagen molecules®3),

Fig.1.13 A bone cell after decalcification treatment4),

20



Outer circumferential lamella
formed by collagenfibrils

Osteonlamellaaround :
ablood vessel

W)

T

Bone cell
Interstitial lamella

Fpa
i R
¥ Fr

around osteon e T éEE)rticaI bone
LY -_. \
‘::-:‘!'-‘-'-:T- 3

Fig.1.14 Bone structure(3s),
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Fig.1.15 Toughness versus stiffness for
a number of biological materials®3).
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Table1.2 Young’s modulus of bones and Ti and its alloys.

Material Young’s modulus, References
E/GPa No.
Cortical bone 10— 30 36-39
Cancellous bone 0.2—3 40,41
Ti and Ti alloys 100—110 42-44
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Fig.1.18 Tensile stress-straincurve of
Ti-6Al-4V, CP-Ti Gr.2 and cortical bone!4®),
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Table 1.3 Typical samples of cages'®®.

Category | Brand name Material Application Samples®
Brantigan I/F Cage carbon fiber lumbar,
{Robert Reid) FEEK composte PLIF
OpenBox | g AMON PLIF Cage titaninm lumibar,
cage {Medtranic Sofamor Danek) PLIF
|
ROI PEEK composgte, Optima® oL IE
(LDR medical) (Radiolucent)
Threaded BhKJme_imhjr — o
cage (Sulzer, Zimmer)
Mesh Veriebral body replacement ’ cemcn.il.
cage {Biomet Merck) s i
lumbar
Y2 Ramp ;
7 al bo
(Depuy Spine} okt

Puros® Allografts

cancellous bane
(Zimmer)

Allogralt
CORNERSTONE-Select™

cortical wedge cortical Bone cervical
(Medtronic Sofamor Danek )

MD™ series threaded
Bone Dowels cortical Bone

{Medironic Sofamor Danek)

“Each sample photograph was put on the vender website.
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compacts as a function of porosity®6).
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Table 1.4 Compression testresults forbone and Ti foam produced
by rapid prototyping, space holder, and plasma-spray methods®®).

Methods P(::'r;;;ity diz:'lzer Yiel(dMs;r:; gt ;ggzﬁi Ref.
(um) {(GPa)
Cortica bone 4 g 150-220 10-30 36-39
Rapid prototyping 33-40 700 100-210 13-20 25
Space holder 50 100-500 130-140 16-18 20
Plasma-spray 40 300-500 85 4-6 67

(b) Osakayakinkogyo Co. Ltd®°),

Fig.1.21 Tifoam cages for interbody
fusion of the lumber spine(29:59),
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Chapter 1 Introduction
 Background
Aging and healthy life
Orthopaedic implants and materials
*Preceding studies of porous Ti
Porous metal coating and porous Ti
Porous Ti for load-bearing application
*Evaluation of porous Tiimplant
Mechanical tests of porous metals
with high porosities
Evaluation of cytocompatibility
l
| |

Chapter 2 Ti foam for implant coating Chapter 4 SUS316L foam for

*Manufacturing method of slurry implant coating
foaming and pore size control = Analysis of tensile and

* Analysis of tensile and compression test compression test for high
for high porosity Ti foam porosity SUS316L foam

- Effect of bonded plates on polarization - Effect of bonded plates on
curves and cell growth cell growth

« Effect of pore sizes on cell growth onto - Effect of pore sizes on cell
Tifoam growth and penetration

| onto SUS316L foam

- Evaluation of cell
calcification for SUS316L
foam

Chapter 3 Ti foam for load-bearing implant
* Analysis of tensile and compression test
for multilayer Ti foam
- Comparison of multilayer Ti foam and
stacked Tifoam with cell penetration
- Effect of pore sizes on cell penetration
onto Tifoam
- Evaluation of cell calcification for Ti foam

|
Chapter 5 Summary
* Summary of findings from Capter2 to Chapter 4
- Issues and perspectives on Tifoam in implant application

Fig. 1.22 Chapters and main contents of the present thesis.
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il 7o v 20K %E Fig.2.2 12x%. EiE Fig.2.1 (a)-(c) @ 3&m T

(Foaming)!X Fig.2.2 @ %&{d = (Foaming chamber) C{THO i 5.

Enlargement
Tipowder

Slurry with [
foaming
agent
and binder |8

Generated foam

(a) Initial foaming stage (b) Intermediate foaming stage (c) Final foaming stage

Fig. 2.1 lllustration of foaming mechanism(l).
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Fig. 2.3 Typical Tifoam growth in the slurry foaming process.
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Fig. 2.4 Optical microscopic images of the
surface of Ti foam for after foam growth test.
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Table 2.1 (ZJFE Ti ¥y & 510 Ti AL RE R 2 3. FEHD I F
PIRiEE 20um & L, F4riE Table 2.1 (2753 ISO 5832-2 k& (AR 1
TN —@RMEI—F 2 MF =y M THERETH D, CIE
Ry Ti ik 7 w2 AT L 72 Aoy kg EIROETH - 7. H 1T
BRI L CRIBICA LTRY, HEEMICIVBAEINTZLES
26D, TOMOESICONTIHEEHOMEFR%ETH > 7.

Table 2.1 Chemical composition of Ti powder and foam

(mass %),

C H Fe (o) N
Ti powder under 0.034 0.065 0.23 0.01
0.01
Ti foam 0.10 0.008 0.054 0.27 0.01
ISO 5832-2 0.10 0.015 0.50 0.40 0.05

Grade4. max.
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Fig. 2.5 X-ray diffraction pattern of (a) Ti powder and (b) Ti foam.
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2.3.3 W Ti OXFHEMER KO SEM EHE
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(c) Enlargement SEM image of the Hyg, Tifoam

Fig.2.6 Tifoamimages.
Typicalwebs are marked in (b)®'.
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(a) Marker for measurement
of displacement
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for gripping
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CCD D

camera .

Fig. 2.7 Schematic representation of

(a) specimen configuration for tensile test and
(b) non-contact extensometer system for
measurement of displacement of specimen®.
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Ti v —bMRTHY, BRATHELNDI T —ABHEIN DO THEARR
R aBEZ R CIERL, B, SemoWEOFELZH 7. Fig.2.9
I% Table 2.2, No. 2 #2438 A (Fig.2.8(b), A-A) DH¥EHEE Z <.
Fig.2.9(b) IZFMRIZ~—27 Ly =71, KEICRIHEAEmE L TH
235, Fig.2.8-Fig.2.10 (2 /- FEE#EN O X Fmid s — MIRFEW Ti @
KEEWATHME, Y HFITREE\|BERFMEZRL TS, Fig.2.9 ®
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BEND, BT 2B LERBRAII X FE Y FiCiEMEnic iy
PN DT,

JEAERBRIT KRR IR TITVY, 718 2~y FEEIX 0.5 mm/min THIE L
7. REBHIL I R T @ TG-20kN Z H v, O3 A EFHINIZIZZE AL AT- 010
(¥ ——o2) % 3 FERLMELSMEOEE G ER L.
EAEBR O fLEE X Table 2.3 12, JEME 5\ % Fig.2.10 (Z/r9. 5] R BR,

MEE BRI 4 3 mIEER L7z,

FH

Table 2.2 Specification of the Ti foam for tensile test®®.

No. Awv. pore dia. Porosity Test sample dimensions

D/pm Pl % Width W, Thickness T, Length L,/mm
1 300 84 W5 xT2xL 45 (a single sheet)
2 380 81 W5xT11 x L 45 (12 sheets stacked)
3 300 81 W5 xT2xL 54 (27 sheets stacked)
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(a) (b) (c)

Ly

Fig. 2.8 lllustration of tension test samples. The arrows
show the tensile direction. (a), (b), and (c) refer to No.1
of single layer sample, No.2 of bonded sample to which
tensile strain parallel to interface was applied, and No.3
of bonded sample to which tensile strain perpendicular
to interface was applied, respectively. A-A is the
transverse cross-section of No.2, whose optical
microscopic image is shown in Fig. 2.96),
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(b)

- a2~ - "

'

) e R NS WU,
ol el h v M i e

-..‘_r‘l

w

Fig. 2.9 Transverse cross-section image of No. 2 in
Fig. 2.8 A-A . The optical microscopic image of (b) is
produced by digital image processing. The webs of
the bonded surface are marked. Stacking interfaces
are marked in arrows/®).
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Table 2.3 Specification of the Ti foam for compression

test®,
No. Av. pore dia. Porosity Test sample dimensions
D/pm P/ % Width W, Thickness T, Length L,/mm
4 300 84 T2x W10 x L 10 (a single sheet)
5 300 80 T10 x W11 x L 10 (6 sheets bonded)

(a) (b) l,

Y

L.,
!

1 { R

Fig. 2.10 lllustration of compression test samples.
The arrows show the compression direction.

(a) and (b) refer to the sheet test sample of No.4 and
bonded sheet test sample of No.5/5).
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24.2 MEABRF ERABRTGE

AEATI B LU TIi GO ERBRGTEIT 1.3.3 Tl Ti LK
1.2.1 THRRZXSIZERABTHERIND / R =T 2B O REIZHE
AENTHEHENDIHBEN LW, T2 TRETI & TikEIRHES LZR
B oz, BRI Tl TV D Ti-6A1-4V, Zr-2.5Nb DA & DL
BEGHRBRA Z/FR L, Mt Mazl o/, BETI L RMOES
BRI E BRI L0 BRI L7, Fig.2. 11 IcBR AR 2R, Bk
TEF 133 THRA_ZEEMAEE (7 — FomiliR) THo, AR
% Table 2.4 |12, B IE% Fig.2.12 [Z 77 .

Table 2.4 Potentiodynamic polarization test condition®.

Item Condition

Test solution Saline (0.9mass%NaCl)

Test temperature

Reference electrode

Counter electrode

Potential scan rate

Bubbling condition

37°C

Ag / AgCl

Carbon electrode

1mV / sec

100c¢m?/min. X 30 min.
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(@)

Tifoam Pore
diameter 180pum
Dimensions
T2xW10xL10mm

11mm

(b)

S e T e s
{qﬁm.:;:.;ﬂw St 1 =1 o P

Fig. 2.11 Schematic explanation of the joined samples.
(a) refers to top view and (b)—(d) refer to side view.
Each plate dimensionis T2.5xW11xL11 mm/),
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243 HMREEESERBRAF ERBRFE
Al MEEERER (WST-11) RABRA

i Ti OflaE SRR OB B X ORBRGTEIOWTE~S. 4
AR O AR A PERBRIC D W CiE 1.3.2 Tl 7=, F&7E Ti o 55k

PEFEAT A AR FR L2 1%, A2 Tilb~7o b N E bR Sa0S-2 % W

7. FIOITFETA Ti FLEE A Ml s M 1 ] I E 2 B 2 FE 9~ 5 B /Y T,
in vitro MR & MR & L C, MRHAEEBR (WST-115) &#17- 7207,
RO R 3 FEOME (L% Table 2.5 12, 4 #BI5EE% Fig.2.13
IR, BRBF OSFEIX 10X10X2t mm ThDH. 5 Higo lTm s AL
O 180um Z 7. 3B Higo DK 5 H & SEM H#1X Fig.2.6 (T
RLUTZ. BRICHOWTIE 222 TR FEIC LY #HI#E L 7=,

Table 2.5 Specification of Ti foam for cell

proliferation®®.

Average pore diameter Porosity
Designation
D/pm Pl %
Hiso 180 87
Ha:zo 320 85
Hso0 500 85
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(b)

(c)

Fig. 2.13 Optical microscopic images of the
surface of Ti foam for cell proliferation.

(a) Hygo. (b) Haz. () Hspo.
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A2 HfRBTERE (WST-11) ORRFE

KRB IXFig.2.14 R T X O ICHB A DRSS Em IS A L 2w
Fovia—rvFa—THELVE—IZEy NLEE. REFIIALVEY—T
£ 120CT30 A— hZ7 V—TWHEL, 122 RO~A 707 L — MNMIH
Ml 77027 LTHRLE—DORFH L. £RICIE 1.875X10° #
® Sa0S-2 fifd % 2.8mL £:#E ¥ (D-MEM+FBS ; Dulbecco’s modified
minimum essential medium (Z 10% 7 VB R MIGZHIM L 726 O)H I HEAE
L, 37C, 5%CO, FT 1,47 Hf#] 1 kEFEE L7, HEMM T ITE A 6 KFH
300rpm T~ A 7 n 7L — MBI EEERZ B Ti NE~ER I &
7. MAT1I HBEICHEBRRIBEZI T 7. RBRIT3FETIT- 7.

_~Tifoam

— silicone tube

Fig. 2.14Schematic explanation
of the Tifoam setinto a silicone
holderfor the evaluation of cell
Growth in the foam®!.
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AR BB E 1L WST-1 32 H w7z, WST-1 k0B S =335,
ZTORMBITEMBPFOI Far RUTHAKRERIZLDT TV U T LA
HWWST-1, AR ) D ARV~ P A% (RFREA) ~OEBREZFHL TW5S.
AR L I Fa s R T ROKARER OMRBTENE, TR b AR LR
WP OEORENEE T b QEEZREEICLY KA TR
D2 L T A M TE D, BAEMICIE Sa0S-2 & 1,4,7 HE:®E L 7o
& U o BB R i H B VR [PBS(—), Dulbecco’s phosphate buffered saline]
TH L%, 500 2.5mL @ D-MEM+FBS, 0.1mM ® WST-1 ¥ X
O} 0.2mM @ 1-methoxy-5-methylphenazinium methylsulfate( 1-methoxy-PMS)
ZEte PBS(—)IBR 280 u Ll #IRIMLIEREHD 12 O~ 707 L —
MZBT. 77207 HELTHBTIZHRFLTWVARNVA LY — RIS
REAOBEERBIIBET. 2012 O~ 707 L — &1 KREELRF
C&MET10 Ml S, Z0% 4 BREE L. 20Kk, &R0 LiE
#200uL & 96 RvAf 7L —hMIppEL~vA 77 b — K —X&—

(Thermo Scientific, Multiskan FC) (2 X - T 450nm O WG E 2 JIE L
o, BT oE, RiEAE 3 RXTo0EL, WHREREEZIT-7.

*HFIE A FE % (RCV ; relative cell viability) 1 Fit X CTHE L 7=.

RCV = Asample — Ablank (2.2)
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A3 RETIiBIUCKEASROMBEFERE (WST-1 %)
W Ti 2 RmEAHEM E L THWDGEICHEE S LD T HAS O i 5E
FIETHEZFMT 5. MRAREFC 2.4.2, Fig.2.11 (-3 BT
ZRV, MBI RIET TSV MOEEREZFMLE. ETHRA
7o MR E R R & [A) U J7 6 KO0 A xR IE A2 A7 =8 (RCV ; relative viability)
ZHELE. BMLRABRAEZOFRNVT =NV LRELI DD, HESL
WOXHITHEML., 1 kE#D D-MEM+FBS % 4mL 12, 2 REGHED
D-MEM+FBS % 3.6mL (2, = L C WST-1 & 1- methoxy-PMS DR AR %

400pL & L7=.

25 ABRERBLIUOEBE

2.5.1 FIRRBR L EMRABRMER

SlERRBR OGR4 Table 2.6 1Z/R77. ZDOREFEM RIS — O Hdh R
% Fig.2.15-Fig.2.17 12" 7. ¥ v 7 RIIPH AR OEEL L LK T &
0.4% 28 2 AL (reload) D% i3 5 72 O IZR LIZ B [EZEOE T
BHol=. £7 Fig.2.16 @ 0.8% & 1.6% O T AT F 1T 5 BRAT — 15 A 7 #h AR
WA CH > TH DN, TOWMME Fig.2.18 ICFEMIC/R L2, & DBRAT
— AW AR 2> 5 unload & reload IZHB T H YU VROEFTR Lo
7. No.l & No2 ZHf ¥+ 2 L RILELDOEITIH D L LTH, HE TolEM
SIEREL e o72. No.2 & No3 2 OREEHIMIZ X 25| iRk G M &
bz,
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Table 2.6 Tensile test results®).

No. Porosity Tensile strength Nominal fracture Young’s modulus
P! % TS/MPa strain reloaded
er (%) E/GPa
1 84 1.1+ 4.0 0.73+0.28 28x0.5
2 81 20.2+ 2.1 1.35+ 0.86 3.8+x1.2
3 81 8.7x1.7 0.58+ 0.11 2407

71



—
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i

—
o

Nominal stress.c/MPa

Lo T L T - = I = o

g : / _____

0 02 04 06 08 1 1.2
Nominal strain, e (%)

Fig. 2.15 Tensile stress-strain curve of No. 1
under repeated loading-unloading process'®),

: ~ Fig.2.18(b)
ED _..Fig. 2.13(&} e

0 0.5 1 1.5 2 2.5
Nominal strain , e (%)

Nominal stress.c/MPa

Fig. 2.16 Stress-strain curve of No.2 under
repeated loading- unloading process
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Nominal stress. o/MPa
O == b W B "R B o~ O

01 02 03 04 05 086
Nominal strain, e (%)

Fig. 2.17 Tensile stress-strain curve of No. 3
under repeated loading-unloading processf®),

JEAERER OFE R A Table 2.7 2R T, 2D s /1 — O At %2 Fig.2.19
(ZoRT. EMERBR A No. 4 & No. 5 OY > 73K, 0.2%EHEM 1 % g4
Ll ABEGFMICL > TREMEEZRL TV, Fig.2.10 TxRT X Hm\ (F
HBIZTAT) XY i (REBICEEGM) LVENYIE, 02%
JEAETN ) 2~ LTz

SlRRER & IEMRBICH T2 X FMoEEMO Y VR 25 &,
5l 12 3.7GPa, JE#E W72 3.2GPa & FHEIZFIE T mim< Tk
DRI REEZNH D LI E X ol

SlRRER & IEMRBICH T2 X FMoFEEMO Y VR 2T 5 &,
5l A2 3.7GPa, JE#E W72 3.2GPa & FHEIZFIE T mim< Tk
WRFHICHBEZR DD LIZE 220272, Bid Ti OY > 7F L 1—4
GPa, SliRFR S, JEMEM 771X, 8-20 MPa THh o7z,
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& Start Dfunloadmg D BD% 7
% 16 [rrrTrrrmr o ErEre CoTTTTmmmmeet ' """ /
o 5 b a0t
N ; OV S ;
g P 5
£ 14 T e il
E - il ; - H ; ;
g 12 b, ___"3' .................... o Luadmg __________ i
= a3 o Unloading
s s Reloading
10 i I I
0.6 0.7 0.8 0.9 1
Nominal strain, e (%)
(b) 22 . . .
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O | ien A aapaii0AD
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: o Unloading
=
/ | at Reluadmg
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Nominal strain. e (%)

Fig. 2 18 Loading, unloading and reloading curves
of No.2 at the parts indicated in Fig. 2.16.
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Table 2.7 Compression test results‘®.

No. Porosity Yield strength Young’s modulus
Pl % YS/MPa E/GPa
4 84 12.8 2.8 1.3 +0.2
5 80 19.4 £ 4.1 3.2%0.6

25
i)
o 20
=
b
w 15
7]
E
n 10
©
=
s 5
Q
= ¢//

u 1 1 1 1
0 2 4 6 8 10

Nominal strain, e (%)

Fig. 2.19 Compression stress-strain curve of No. 4%,
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252 FIIRRBREEMARBEROEBLE

Z AR D5 R ER, MR CTIXAM — R — BANEZ —EOM O
ICHED IR ZLIc Lk by, BEEEOREEBE(ISLHOBEN v 7 RITKE
WrBE25LEZ2x5nT05® Table2.6 3 L O8Fig.2.15-Fig.2.17 7 &,
0.4% 0T HETOEERBRICBVCRE TIHEEIRZELTWVWD L E2
LD . FIAH O 5] iR TILERAT — BAMIZx L Fig.2.20 (273 8%
BRI EAT Y VARBRINTZZEE2RELEY. exT7 VR
DK % Fig.2.21 12577

0.35 T a T
Start of unloadingy ,

0.3}

Loading
0.25

1

0.2 Reloading

0.15

Unloadng

Nominal stress.c/MPa

0.1F

0.05 : : :
1.45 1.5 1.55 1.6 1.65

Nominal strain, e (%)

Fig. 2.20 Detailed stress-strain behavior of the copper
foam in the unloading-reloading process'®),
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Stress

Strain

Fig. 2.21 Plastic deformation-induced hysteresis in the
unloading-reloading process. ), @, @ and @ refer to
“elastic deformation in unloading”, “plastic deformation in
unloading”, “elastic deformation in reloading” and “plastic
deformation in reloading”. A, B, C and D refer to “start of
unloading”, “onset of plastic deformation during
unloading”, “start of reloading” and “onset of plastic

deformation during reloading”.
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AR T AT U U ARBNWE S IZRfTEZ 30um &7 T 5
Z L TFig218 IZA BN D KO ICHHAEROAZ B ST, ZDO LK
ICRVBELILS YU FFEUETETLLEERD.

R (X Hm (REEICEAT) , Y Fn (REEICEES M) )
IZ X % BIERABR, JEMERBR O R 51X Fig.2.6, Fig.2.9 (Z/Rk LK HE D
web DEETHD EEZHND. No.2 DB ERE 2 No.3 LV KX \WHH
(TFREE EKEFRICHENARN SN COREENBEL X252 &,
Fe O T8 O B 998 CREBE A L Z o T b, K8 CRERT o EEE & B b i o
FOVBNVERANTEZABR L CIBIZERT A ENTELHREDEEZXDL
5. £LTNo3 TIERMEBENMEICIK LAKET M TH D72 KD
EEICH G TERNWEERD.

F—=T eV ZHEROIEMRBRICB T 5 ¥ 7R X O I,
Gibson & Ashby IZ X o> THEF I FICE T H2ROEmEH W T LD
ZIN, 224)X, 25)AnfEibh Tz, Esl3&EBD v /&K,

EX 32 HALD Y 7, Cy ColdlHIEE, p*os (FMHRIEE, oy IE
ESBOM T, o*p XL ALEOM ) Th 5.

E*] Es= Cq x (p*/ps)? (2.24)

0% | 0ys= Cy % (p*/ps)*? (2.25)

2 DT —HZEDHEDEIARND, C Colk, 1 & 03N ZY L LT
KOLNTNAHID  BIERBRICEBWTY Fig.2.22 I3 JEM & F L+
Tz AT VX HEMEEIE CIIR ORI T2 B2 62 LD,
(2.26)3%, (2.27)KMBKDLND.
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Fig. 2.22 Model of the loaded and
distorted cell structure.

E*1 Es=1 x (p*/ps)?, (2.26)

o*pl 0oys = 0.3 x (p*/ps)?/? (2.27)

Z 2T CP-Ti ® E; % 110GPa, it /1% 650MPa & L C®, ERUCTRAT
% RALE 84% DAL Ti DY > 7 % E*iE 2.8GPa, fit 1 0%/ 1% 12.5 MPa,
RALZE 81% D Fia Ti DY > 7 % E*iX 4 GPa, it/ 0*p 1% 16.4 MPa & it

BHanz., 2ol X Fmo#lEfE Table 2.6 @ No.1, No.2 B L O
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Table 2.7 ® No.5 L G T 2 EZEx b5, LrL Y FRORIEME
FHEME A T 5 L MEMITIERWEE 2 HEA o4, PHIRXE LT
XX FHEIICHE ONRZYBTH - 7=,

Z LR OB BR I — A ICEME R BR CEIB SN D . (2.26)=,
(22T)RTREND LTV 7 E, EMNNITIXARTREL EEADN
TW5. £ 2 CTHIE Ti B & Ol o ko H TR O K FLE 056 8 B
WZENH DM E L LT-. Table 2.8 (2, RP{E, AR—RKNVH —iE7
ST LD Ti ZAKEMM H 42, —HEE LTHEKLE., 27 Y —Fials
2k BB TR (2.20)%, 227) XL I<EA LTV, Z it
DENEIZ LD TIZ AR LB LAMERN Y - tRnFELTVWD LFH
Zbihvd.

B Ti OV 7 FIiE 1.3-3.7 GPa TH VY, TOEEMEHE Y 7R
0.2-3GPa (2.1.2.1,Table 2.2) Zlt#E+ 2 L FMEU LEEZE XN DHMHIZ
b od=. FEW Ti ©55EM S 1% 9-20 MPa (Table 2.6) ¥ X OVEMEM /1%
13-19MPa (Table 2.7) To 27, WfiH O 5l S 13 3-20 MPa I L OVE
it 771% 5-30 MPa T & 0 R E OFPHN TH - 720D g 05 kR X,
BLOEMMAIXZOMIEEICKA L TEBY, £ oOMIEEIX
0.2-0.7g/em’® LHENH D Z & bHE STV HMY,

i Ti OV > 7%, IR S B X OVEMIM )X EMmE oz L g L
O TH Y NFEREGMELAMZ LT\,
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253 MEAFBRBIUZE

2,42 IZERRY R Ti O RABRE LTT / — FofaalBft,
REBRAEREZ R L. B0 Ti HAEORB A ~HEIX 10X10X2mm TH D,
W e DBEARBR AL Fig.2.11, Fig.2.12 127 L7z, A Ti, WM B
L, ZoHEARBRAFE0T /7 — Foymhfhs R % Fig.2.23 [2~7.

103

/ Ti foam + Ti-6Al-4V plate
104 7 2

Tifoam + Zr-2.5Nb plate

10° AN
\)f/ ﬂ Low corrosion current

Zr-2.5Nb plate i -" f i
\ e——" 7" Ti-6AlaV plate

A

I/A

Current,

Ti plate

Potential, E/V vs Ag/AgCl

Fig. 2.23 Polarization curves of Ti foam, plates and Ti
foam bonded with plates/®!.

Fig.2.23 7056, HRMICHEE Ti z A LIEBRA X EOME TH HREM X

BMEARE Lo TS, BRENAKRES Lo K E LT3
RREBEEREZSICLD2MEMEETATEELE LTETLOND. A
(CE DM EMEICEDEN L REST D &, EERBRA OB M IR ER

82



FEMRMIZHEE Ti OBRELZMATZMEEIZIERCHEE 21T TH 5.
Ti#lt & Ti-6A1-4V # & DA B i O BRI IX T Ti O EIRE & IFIEH
FHLKIFEWEZRLTWLIOT, MEMEOH(ILITEE TN &
B C 7 o 72, 72 Fig.2.23 Ty L7= Ti MK, J878 Ti O 4y #o il 7 1%,
PEFRMFFE TIT A7z 3%NaCl KIFHRIZE T 2 Tik, TiZ ko7 /7 —F
Sy Al AR E RRE R 2 os LMY R Ti o R mfEIE BET ik
(QUANTACHROME #:#, AUTOSORB-1IMP 7 U 7 k 7 AW 7, 200°C
Bt 5 X 1Th) 12 X 0 lE L 0.026 m*/g Tdh o 7-. 5 Ti D E AT 3.1 cm?,
WOmEIL 1.lem? Thd - 7=

Zr-2.5Nb 251, #E T OBEEM I BIEWEMTS, REMID b
BMERELS /2o TWD., ZOBEMKTIE, BEEKNTY / — FERMEELML L
FL2EIITERND.LEB > CERGICLIMEMELILOFAEENEZOND.
Gy E % oG o 0 SEM Bl 4 Fig.2.24 (2. RTS8l
BINRrole., Leino T, Ti L O#EA AL TERMICmEER AL
O TIERLS, 2ERMICHEENME T L HEIND. Zri3liFEA 4 025
T ME ARSI T, AEBIEREAE S D Lo s » 5", LaL,
BRI D H 5 Ti Hid passivation current & FIFEE TH 0, LR
BianweBEZLND., —RHORMAEREFOBZ L LT 10°A/lem® O %
Fig.2.24 (2R L=, AFAEKT T / — RomakRic X 5% Ti iRk
TRBABHA 77 b E LTHERERERH Y, EERMELT—F
DRl & 52 7 TV D8 o Ti, Ti-6A1-4V 38 X O Zr-2.5Nb # & [FFLE TdH
D, BEEABHA 7T MFELTHEMARETH > 72,
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2.5.4 HMIRBEEABRFERBLIOELR
Al MIRHEFERBR (WST-1#) BRBEIUER
e T lZ NV 7 MICli L RE REREREF S Z LI% 2.5.3 T~
CRERBEREBEEFOZ RO EEREENE~DEELZMT 572D

R 3w A MERRBR S ESRAFZE S LT X 7=, Chen et al. I Ti-6A1-4V ¥y K BE
ZHABRO KRR %2 3 FICE WO LRI L ICERET 522 & TR

Z 100, 130, 150 pm @ 3 FEFEIZHIE L7, E-mkHM 25 180um % YEfif
LENOGOARDOEL D ZARICE MEREMLOEIERREZ 9 HRHIC
D=0 Fh LB R 2R L. 2 oREE, FLES 150 um A ol Ae B g
Db BETHY, 130 pum, BDERWZCD . Loy UIER~ D85l M 3E A 1
T TWipdo7z. Xueetal (X RPIEICK Y, TiZFLIK% FLEE 100 pm
i, 300, 450, 550, 800pum, AL 41-47% O Ti ZFLIRER 2 /5L L
7z. B MREEFMAESR h-FOB Z W, b Ti ZAKRER A ©HEjH
B A FE N L=, 150pm RSO TIHEFMpAFL 28 2 THEE LN
HRICHEAE L 72 < 72 B 0%, 200um LA E O FLEE TIRFLIC I o TN ER I HEFiE A3
Wiz L ZHL M LY. Ryanetal IXRPIEICE Y, 222 HAERE
K OFLAE 465um, K[ALFE 45% D Ti ZALERERF ZE# L 72, Sa0S-2 #
faz vy, Ot 2 el LY.

L2 LR R0 G ERBRIE, v~ 77 L — U LOJE
CHifd Az EE, ZZICHBAEZFEETLFETIToTERL. Z0LA
R ILEO T R TOmEAEE S DI Tid7 < A B Tid7e < JEHE <
BT HMAEZERICRBRAICEBAL T F—28Fx6nd. 20O
KO RRBRA AN TOMWM OB L RIS RO X 5 R fLUEM BRI 2
IO 52 LIERETH L. FICKILENELS, HELE b
Hin4RmOMEEHEEZRBRT 258 CIXERTERVWEERHD. L
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LAk O 5B FEA TIXE ISR N2 XD RO BE AR & # L Tnin
EZATHI LML REMIC I T LE > T 5. AR TIX
Fig.2.14 2T Loy a—rBR L —%2El4 2% 2 L CE S
LTWRWEALN D OMIAIR AR RS FAE L 2 2 ik et Lz, #Ef
T 559 Ti OB A KA FLFR 1L Table 3.5 IZ/8 T X 91T 85%, 87% & mv 7=
O REWZ AT 5 7 FA B B SRR 5 15 T do DL ETE Ti FLAR o A A B A 1 B B A
R % Fig.2.25, Fig.2.26 (/" T, Fig.2.25 IZB W CHRIORME L & b1l
2180 m & 320 m AR ORI AT EIT L TW o228, 500um T
X, = OAE A 2N HE CTlX 72 2> o 72 . Fig.2.26 1X# Bk i Higo (2B 1T 5 Sa0S-2
&R, 4, 7T AKO, HESL -V -EXBEMETECHY, AHERRL
L HIZ Sa0S-2 DEFENBE S NTZ. EAILEREE Ti Tk, KILEB K
ELRDITTENM B IS K< R D Em B A BT,

1.0

0.8]
5 0.6]
v I
04/

I ——180pmM

0.2] —©-320pm

0 I I+|50Q|Jrr

0 2 4 6 8
Incubation period, t/d

Fig. 2.25 Cell growth onto Ti foam
with different open pore size
evaluated by WST-1 assay®),
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Observation

microscopic images of Sa0S-2 cultured
with the Ti foam No.1. (a), (b), and (c) refer
culture days of 1d, 4d, and 7d®),
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AHFZE TITEE B DP N OKIIATEED Ko H 6h fiHE L T\ 5.
ZOFEBREMHIT invivo TEEELIZLOTHY, MELXKBOMBIZEL
T, RABSLD/DMELEIVARICR D EHETE L. £DOD
Fig.2.25 IC A 35 X 912425 180pum £ ¥V 320um, 500um FLEEFEL 23 Hf
R HEFEME BN CTW A A Bl bh L &ZE2x b D.

PER D invivo WFFETIX, BHFEMBAFFE L BRI E AN 5% LIk
AL S W 100um DL EE EZEX N TE. B2 5RO N1 KR
FUTREAL NS E R XIS UL P IEE L, LR
300-400um DOEIEN™ H > &b <, FNLBZ D EBMEMAEL RSN D
EDOFRERTH - 7219 Fig.2.25 OFERIT Z D invivo BHFFEHER & LD %)
RELTEHT LI DO TH- .

A2 FEBETI EHREAGROMEEFERRERBIVEZE
3433 TR LD ICHEWTINBRMOREWEMNELE L THEMSND
L& a8 L, CP-Ti#k, Ti-6Al-4V #, Zr-2.5Nb i & %id Ti DA M %
M AR BR A & [F AR TIERL L A2 Tk~ 7= 0 i B4 i 3 BR % (R B6 12 FE i
L. ZTORBRMERE Fig.2.27 1ICR7. COMAADLE TS AEORKIE
&

NEEMOEEIT R, Ti HEoMAEbE ERIEOHKREEZG. AR
BraE R CHARBROMEZ ALY S 2 & T, g Ti (XEM D Ti-6A1-4V
R Zr-25Nb DLV CThofc e LTH, ZORMMUEM & L THEHT
LA EEMEE R L.
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0.8 ]
T
—Ti-6Al-4V

0.6 | *Z2r-2.5Nb

RCV

047

0.2

0 2 4 6 8
Incubation period, t/d

Fig. 2.27 Cell growth onto Ti foam
bonded with various metal plates
evaluated by WST-1 assay'®..

26 £&®

LK TIOEREO—21F, L RA7 1w MEICL D ANLERBEE, A
THEHOREULIE TH SH. AW TIX, ISO 5832 Grade 4 Hlik % 7
L, (a) @WK AILE 80-87%, (b)/NLERIZHIAE 100-500pum, (c)EPEM N H
D, TERLELTEKOHDL ATV —R@IEICKL DI Ti I2OWT,
AREEHIZ KD S 5 J1F i A vk, mE A, MR S & REAT L
A 7T NREME L TABRBIMEZ /R L. BB R EREMmIC B
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WT, BRAEZAERIERRFIEAZRE TS LYIS THEAL, KAl
3 80% DIV Ti BWEME [ % 0B R, EMRBRSMEEZA Ly rEa vk
o L TWAHZ EZH LI L. FBiE Ti OmEMEITAEAREEAKIZE
F5T 7 — RO BRIZ L 0 L, CP-Ti i &L AEOMMEMEE AT 2
Eaon Uiz, e s s P sl CITALER O R 5 3 FBE O %A Ti 2 T
FLBE DS M B HE G AR\ X T 2 B A e L ALAE 320pm , 500pm #UER s
FLEE 180pum &t & 0 B AL 72 Ml B e s KOSl E S A T 2 & 2 B
LML, NEMEAEDWMZL TS Z ENLARBMMEEZ L
TWH Z EZHLMNT L.

AT T NREAMIZEMERD AV IMER M THDLZ NI E
LWy, EFHOANTEECELTLEZE S Tk, EAM TIEA LK
BBV T Ti-6A1-4V 2T AMICEL ALK Ti ORmMAB 2 L72v, A
THEBIHEINIZ 3B\ T Co-Cr TERBRF EMIC LA Ti R ELE ZF A L7V
TOHBND L. BABRRKICE T 2RBMBEMIIT LAy JEREZNIC
o E&BA AL OFHERLS TREESD H. £ 2 THRIE Ti NEM O X
WA mE LTHEH SN 5E 28E L, CP-Titk, Ti-6Al-4V i, Zr-2.5Nb
WERBTIOWEEMEZRBA & L TERLMAEMNEEZ T 7 — Rt
X0, AREAMHELMEMEEICIDFMmL, BEMoRmOAEHEE L
THEHTELARERENZ EEH LN L.

90



B2E ZEXM

(1) FHEIESL - b5 & T3, 54 (2001) 811.

(2) fnpEZE— . &8, 70 (2000) 53.

(3) FAHEBRwW Ao Y=T7 V7, T2 /AT A (2005) 155.

(4) REIEAKA, fepgs—, dep— LR oW, NHEEEHE (2004)
23,97.

(5) K. Kato, A. Yamamoto, S. Ochiai, Y. Daigo, T. Isobe, S. Matano, K.

Omori : Mater Trans. 53 (2012) 724.

(6) SAFTBES, WINEBMRE « AWM B, KA AR, (2005) 160.

(7) PR ERMH RS, B AR, (2010) 244.

(8) T. Imwinkelried : J. Biomed. Mater. Res. 81A (2007) 964.

(9) S. Ochiai, S. Nakano, Y. Fukazawa, M. S. Aly, H. Okuda, K. Kato,
T.Isobe, K. Kita, K. Honma : Mater. Trans. 51 (2010) 925.

(10) L.J.Gibson, M.F.Ashby %, KE&EEAR : /MEEK, NHEEM

(1993) 431.

(1) /MM&E : ®g4JE, 55 (2005) 327.

(12) L. Mullen, R. C. Stamp, W. K. Brooks, E. Jones, C. J. Sutcliffe : J.
Biomed. Mater. Res. Part B: Appl. Biomater. 89B (2009) 325.

(13) C. E. Wen, Y. Yamada, K. Shimojima, Y. Chino, T. Asahina,
M.Mabuchi : J. Mater. Sci. Mater. Med. 13 (2002) 397.

(14) D.R. Cater, G.H. Schwab, M. Spengler : Acta Orthop. Scand. 51

(1980) 733.
(15) A. Obata, H. Koori, T. Yagasaki and Y. Kimura: SCE 2nd

Three-Branch Joint Meeting (Kitakyushu 2009) E205.

91



(16) TE=RR:JE& -PiRoMERZ, 77 32t 2 —, (1995) 263.

(17) J. Chen, E. Paetzell, J. Zhou, L. Lyons and W. Soboyejo: Mater.
Sci. Eng. C 30 (2010) 647.

(18) W. Xue, B. V. Krishna and A. Bandyhopadhyay, S. Bose: Acta
Biomaterialia. 3 (2007) 1007.

(19) G. E. Ryan, A. S. Pandit and D. S. Apatsidis: Biomaterials. 29
(2008) 3625.

(20) V. Karageorgiou and D. Kaplan: Biomater. 26 (2005) 5474.

92



EIE AT MEERHREIE Ti O

3.1 #&=

RO TR L ST, BEARA T T7 0 FOREZMED O
EOMN, ARNLVAY—LT 4 U TICERNTLHERIN, BELHILTHY A
YTTU MDA T EGIEREITEVDATWS . DA
XA 77 MElOEY Yy IR Thotz, B (KER) EREDOY
TREFOTIAEMBNERITITONTE LN, BOY U 7FEoOMmEEE
TERBEESELSITIFRADB OGN TS, AEBLUADIKY v VR F
HBEELT, ZHERALEREIN TS, L LEICik_7=L 51
ZHBRRILEEZ ETHZ LAY 70X, Yo/ RERELNT
VAIHIZELTHE L ORI GICHLEREKLE L WL TE RV
Bz TWiz, KR OMEZRIRT 572012, ML ¥~
JTREBELENTUAIE, MATEEODRYBESIILERERLEE
[FIRFIZHE 72 T 00 CTO Ti ZFLRM B A B - PR T 20D TH L. &l
ELERILEL W) B DM ERICZEZ 5720, A TiN Y —
FMERTHLZZEZRALE., ThbbmEZHIKSAETIE L, &
DEEZHI 2B TCHERNEERARERTIEEZ "B LIZEGIEL
B ¥ e (Multilayer Ti foam) ZfRat LAEE LICREDR 2 B D DD K
SRP|ETHD.

ABFIER L2 RZ2HEEZR, HEERTINERELSXILELND
B DM BB R 2 AR EE LT LTS FRREBICS W T
MET&2AT 9 .

(1) HJEHIE Ti OB 1
W EZHEIERKILETIE & & OEEZH 9 &KL RIE W Tig 0 JF S R
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EELSEERBAZERLEZNAL 05 ERR, EHARzITVWE0®
BERMNT 2L BICKRERT BB ELZ LRSS, FRBEILE
Lo THENHE TE 200 M+ 5.
(2) HE R S
BIREFEOTIEIERLREETIZHE L2206 0 & MR AMEICER
5D 5. F 2R Ti OB E SRR & L TAHKABIZ DD
TR 5 .

3.2 RERGELHRRA

321 BIRABREEMARTEL X ORARA

RMBRBEMIL 2 BT AT U —RILIEIC K 28 Ti o /ER L.
FEORI 22 3670 Ti MR8 O M BEERFHIL, mEMET 23 T S D 17% K AL
RELABETIE, TLTHEMEAET2BAHE 2 ECHAELZREETIE (HL
£8300—400um) N HRERK L2, 17%XALROLAEBITA T Y —Iigik
MOFEWHZRML2NZ & TERLZ. #l& LT Fig. 3.1 IT/ER L7
REBONABEEZ R, 2mm JE S OKILE 80% KA Ti B & Imm E & D
R[RAILR 17T%Ti ZHEKRE L 4 T OF 8 BEAEZZHEES L TER L
KB Ths. REF oL Table 3.1 2R 7 . REBEAMEROH, M,
LITK LR DOfE 7 High, 80%, Middle, 62-63%, Low, 17% % ~3 . ¥HRFE
DOFFITIE SESmmERT. Fig. 3.1 @ik Table 3.1 ® H2L1 ikBx i T
H 5.
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Fig. 3.1 Photograph of a Multilayer Ti foam H2L1",

Table 3.1 7 5 BARMIZFHLA T 5. H2L1 @ H2 X Ti foam A O fL£E 320
pm, [ALHE 80%, EX 2mm %@ Ti TH Y, L1 X Ti foam B D& fLFE
17%, B Imm © Ti Z ALK SRS TE Y, No. of repetition |3
4 BT OOV IRLBEBEBIELHE THLZEEZRLTWVWDS., 6% 4
JEITE A BLEE 2 W CHE RS S — 1K & 72 % . Total porosity I3
ZORBA EEROKILEERL, HZLI T 5S7T% &> TW05. MEE L
T ORI E 3 70 Ti(Multilayer Ti foam) & L7=. Table 3.1 (2773 M2
AR AL Ti foam A O FLEE 340 u m, KALZE 62%, JE S 2mm O FEE Ti %
6 JEFEIE L CHEZEAEF 2 AWV CIEEEA L CERLERBRITH D,
MoEEE L COMEFRITAE B F 78 Ti(Stacked Ti foam) & L 7.

RERL T B % Table 3.2 (27T, JFEO Ti BRICHE L TR
FIIAT YV — O TOEENSHEML TWDE2, KBIZEZLERERIC

FVBKFESHL TV,
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Table 3.2 Typical chemical composition of Ti powder and Ti

foam (mass %)".

C H Fe o N
Ti powder* <0.01 0.034 0.065 0.23 0.01
Ti foam A 0.10 0.008 0.054 0.27 0.01
Ti foam B 0.13 <0.001 0.040 0.30 0.01

(Porosity 80%)

* Mill certificate

AR TR 2.4 TELH L 72 HIEIC L % A% Table 3.1 OBk 12 %t3 2 ff
®H AL Fig. 3.2 10, BIERBRME H2L1 OB S E % Fig. 3.3 1058,
Fig.3.2(a) C/r LM A TIEITHEEE S 11-12mm , S 10mm, HF
12mm, T& Y, Fig. 3.2 (b) OpliEAR A TIEIZHEEE S 11-12mm, &
& 50mm, §E Smm TH 2. HEEREIN 11-12mm & 725 X5 ICFHEE KK
Z®E L7, Fig. 3.2 (c) OJEM RS H X Table 3.1 @ Ti foam B, 17%X
LEY—MIHTLI2RRTHIN, EHME2RE LHEECTEMLZ. &
ABRAII3IEAHELAREIT- 2.
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(a) @ (b) ﬁ

Stacked
Stacked thickness
S thickness
A

Q‘A.—.

Length
-~

(c) @

Thickness

i

Fig. 3.2 lllustration of compression and tension test samples.
Arrows show the compression and tension directions.
(a) Stacked Ti foam sample. (b) multilayer Ti foam sample. and

(c) single Tifoam sheet. T, and Tz represent the thickness of
the Ti foam sheets A and B in the multilayer foam.
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Fig. 3.3 Microscopic image of
sample H2L1 for tensile test.
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322 HMBREBARRIFEBIUVEARF

A F T bOYBEEICITE & OEMEN S, FEMBPIA T T
Y RAIICHES IR AT O ENEETHD. £ T3 REICEETIO
el ¥ JEAE 2 B L T D DT, AREFE T Ti ~O MR Atz e b
B P E B R Sa0S-2 & H W T 2 BB CREM 24T o 72, 2 —(C¥7a Ti
DOIBENHIRAEIC KT TEEEL L5 2% LA L Table 3.3
CRTRE Ti kB & UCIER L2, 8 ICEE I Ti, H2 L HER
78 Ti,H2L1 O MR AP 2 bl L E O 28 2 284 L7=. H2 & H2L1 ®
SPEEEBE S 11-12mm, £ X 10mm, 8 2mm TH Y, Fig.3.4 ([Z5°7.

MR APERBR 51k A Fig.3.5 1. AL MilaE & R0 %
I, MildZzE#Z AR EENOHET L HERRLNA TS, £ DR
R, I TCHBREIZAKORT LICE EED b0 L, JLOWNEIZ K
WNOHEHBIAATLE I SO EITHIAT L E WA e #5FEBE O R 28
KEFRHIADLKERE o TWD . RFRETIEIZOMAEBERZYERT 57
DR AERER %2 Fig.3.56 O X957 FIETITo7. T78bHo5H, Sa0S-2
AWE LY ) a—ry— h(15mm f, 0.1mm JE &), 1.85X10° {f %
6mL }5#% K (D-MEM+FBS) 6mL H |2 fE L 37°C, 5%CO, F T 4 H s
#FL, FIFar 70 ML, DVWT Sa0S-2 TEbAL-Y Y 22—
Y — M%& Fig.3.5 12T X OISR iEmE 2 Ficm il Aoy, &
Ja—rv = RER0nE ) ICERIMMDOAT T AE 2 X0 LICE W,
37C, 5%C0O, F T, 7, 14, 21 HEEEE L, £ D% 10vol.%F /L~ VU v~
—10vol.% A % / — VIR CHEE L7=. Fig.3.5 TxRT X 5Tk 2 Uk
%, sulforhodamine 101 acid chloride (Texas Red) T¥«fa L7-. FHELME
(TR — B AR L THRER L.

IR AME ORI E X EEBEMEE (MVX-10, 4V 8 R) ZHWv, Bk
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ARENOHRBIRWALE DM ORABEEZHE L. F#BRAICSZ 4
FiB7(3.52%2.68mm) B LEM L. AEEREIT, LBORR S 3
D3y Ti sl A 12>\ Tid Tukey (&% 721% Turkey-Kramer) 5 THREHT L
7=. H2 & H2L1 OFERICO VT, ¢ RE (F720L Welch BE) 12XV

fiEAT L 7=

3.2.3 MRARKRICRRGER X UORBRA

MR A PR ALFER IZ 1 Table 3.3 TEIZ R THEBR A 2 HWic. BAGK A
EORMMAERT 2D, RpghxrVa—r 0V 7icky LR,
A= b7 V=T E LAREEAICRELEZIT> TRV I2R<A 7
2L — NMIHE L. % 7UCiE 1X10° 8 0 Sa0S-2 filfi % 0.1mL k3%
" (D-MEM+FBS) |[Z#fE L7=. 20 5%, 2mL O&FEZEML 3 HH
BELIZIEa 7oy ML, RICEEBEWRZ 6 KL B &K
( D-MEM+FBS (Z 0.5 mM B-glycerophosphate }& T 50 ug/mL
L-ascorbic acid ZEM L7 D) ICHKLREREEZ 1 BB ICZHB L 72
MWD, 7, 14, 21, 28 HREFE L. £ LT, ®HHERIETH D calceine
Z, TOWEN1ug/mL IZ785 X5l L, S6IC 4 FEEE#E%,
[ & L, calceine & Texas Red T¥:fa L7-. Mfla@lgiikE L —¥
—PAMSE (LSM-510, Carl Zeiss Japan) I LV, KRR A 3 @Al 17
ofc. FHBMEERCABRLEY KL TR L.
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(a) _ Stacked thickness = Width

(b)

Fig. 3.4 Appearance of a stacked Ti foam sample and
a multilayer Ti foam sample!!. (a) H2 and (b) H2LA1.
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cell
silicone sheet

1 after 4d of incubation

L V\%M—f_,isample foam

1 after 7, 14, or 21d of incubation

1 fixation

—————  cut

1 Fluorescent staining
—>

Observation by fluorescent
microscopy

Fig. 3.5 Schematic explanation of cell penetration assay!!l.
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3.3 ABRBRBIVCEE

3.3.1 BIRARLEHEABRER

BRI Ti O 5 RRBR S X OEMRRICH T 26— 07 2 dhifit %
Fig. 3.6-Fig. 3.9 (Z/~7. Sk, EMABRA K% Table 3.4 1Z/R3 2%, ¥
BT ORILE O BN L > TIEMERBR TIX 0.2% M T8 L T % 23,
BIIERBR CIX L B4 & &3 G m X Tk <RERH Th - 72
BIR EIEMi DY v 7 &GS 5 &, JEMRBRICEKR L CERBRO ¥
VIRMEREm Lol BIERBRY ORI LEEGODRBRAICENT,
HIH O~ bh o D AR — BT — FAMICEB T 2 B AR OMENKE W
fECThH-o7. LEEZ G LERRKIE Ti O LM R RIX, Y 7N 11GPa,
it /) 2% 150-250MPa T& 5 .

— Compression

—Tensile
Tensile

40 Tensile

30
=T

20 /’7 7 |

0 0.5 1.0 1.5
Nominal strain. e (%)

Nominal stress. 6/MPa

Fig. 3.6 Tensile stress-strain curves of H1M1 under
repeated loading-unloading process and compression
stress-strain curve of H1M1.
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180

@ 160
0.
= 140 =
; 120 /—Cﬂmpression
ﬂ 100 — Tensile
E Tensile
w 80 /],‘% Tensile
E 600 .
o 40 JJ
= 0 /
0—(-/ ! 1
0.5 1.0 1.5

Nominal strain. e (%)

Fig. 3.7 Tensile stress-strain curves of H2L1 under
repeated loading-unloading process and
compression stress-strain curve of H2L1.

/ Tensile
100 /’ Tensile
i

300
o 250
% — Campressian
Y, 200 —— 0.2% line
E 150 / —Tensile
o
©
=
=
=]
=

» 7
o0& . . . : .
0 1 2 3 4 5 6
Nominal strain, e (%)
Fig. 3.8 Tensile stress-strain curves of H1L1 under

repeated loading-unloading process and
compression stress-strain curve of H1L1.
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300
c 250 _
o —— Compression
E — Tensile
3. 200 Tensile
ﬂ 150 Tensile
- .
= — Tensile
©
S 100
=
o
< 50

0 ;
0 1 2 3 4

Nominal strain, e (%)

Fig. 3.9 Tensile stress-strain curves of M2L2 under
repeated loading-unloading process and
compression stress-strain curve of M2L2.
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332 FIERAREEMRBREROEL

Table 3.4 O 5| SRR O & Lk 35 & Lg% & il Cid o
N 0.6—07%THY, LBEZEERVIEE TilX 1-14% L ZNHTNWD
FEEMRBRICBOTEE %O OTAHEMZ THMET 2 2 L& < HH
ftL, LIBOEBIALNR»o7. FIERRTIE L B2EL8H 408
58 S OO HE MR 1) 13 A el BR IC S ~BAZE TR KRRERE Th o2, £ 2
TLEHEMTOFERREZ 3ARBMLZ. TS — 0T A%
Fig. 3.10, Fig. 3. 11 (2”3, 1 ARFRBRICAK L7z, L E5IERBIXIEHE
BRI ORLZELTEREEZRE R o2, [ALFEOEWERAE T L Ik
WX, SIREBRIZBVWTIEEADORE S, BRROARBH -2 &IZXD
IS NERIC L DMEDO D RE LS EFER RSN EEBEZLND.

500 !
400
300
200

100

Nominal stress. g/MPa

0 0.5 1 1.5 2 2.5 3
Nominal strain. e (%)

Fig. 3.10 Tensile stress-strain curve of sheet L under
repeated loading-unloading process.
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300 Lo
280 Lo

200 L b

Nominal stress. ¢/MPa

0 0.1 0.2 0.3 0.4 0.5
Nominal strain. e (%)

Fig. 3.11 Tensile stress-strain curve of sheet L under
repeated loading-unloading process.

Table 3.4 D[R & EM DY v 7 3%, HEMRBRICHE L ThlRHABRO
YU TRMENEP o T T OBGIEGRREBRIC IV TIX AW 23 51 5 i
HEZTH0ICEEL, EMRABRCIIREOMMOEERS 5 71- 0 2
mCHEMMEZZ T 2N EHE L. BERE T OY > 7 FI1391H
DEIZEE L, 0T R 04%I281T 2 BRAF—BHAMICET 5 EIFMELS 2o
Tz, EREIRE Ti I2BWTIOT & 0.4% 2B W THIHNIC i LIS
DWWEER & > T2 Al REEZ RIE L TV 5.

THRTHE S LD L ILEME OB MEE 0% < ITEMRBRA R TH
L7120, [ALEE G DM OEMT /) 2o ®iEHiE L Lz b
? % Table 3.5 (279 . HILL (I o8& HIRIC X 5 ALEME L D K&
IRIEMEM /) 2R Lie. Z o) OEALYEE Table 3.4 TR L DICZD L
JE& A3 ST 431MPa & A5 Z ISR T 5 LHEE TE 5. HI B O LM
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F11% 19.4MPa (2§ X 72200,
INHOREMOEGIE LT S, Fig. 3.12 |2 Table 3.4 B X O

Table 3.5 O I & % AL THRH LR T .

Table 3.5 Compression test results of Ti foam produced by
slurry foaming-, rapid prototyping-. space holder-. and
plasma spray-methods(!),

; Pore : Young's
Methods PG{.;?'W diameter Yle,l;? Ss}:\:l;nagth modulus Ref.
& Dipm EiGPa
Slurry foaming,

42 380 230-250 10-13 1

Multilayer Tifoam
Rapid prototyping 33-40 700 100-210 13-20 3
Space holder 50 100500 130-140 16-18 4

Plasma-spray 40 300500 85 46 5
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Fig. 3.12 12132 20X Z g L B T L. dhi#fiL 2.5.2 TiE~ 7
Gibson & Ashby DX L AR TH VY (BANTRT. B HRER &
NO&ERBLZILEOM T (0*p) 1%, HXEE (o*lps) OBEEE L TEED
ZEEMBNENICEBLEZLDOTHD. oy IFERBOM S, CIlxbplE
B, prIEZ KD BN TIHE, ps TEBOLEL AT,

0% | 0ys= 0.3 x (p*/ps)*? (3.1)

ZZTCP-Ti (4F) Dit/, 650MPaY% (4.H)KITA L, H2 D 0%y %
FET DL 17.4MPa £ 720 HIEME 19.4+4.1MPa AT HEE 2o 72,
WIZ Fig.3.12 ® L & H2, M2 i SEARICHOWTHEHHT LS. b5 DE
#1L3.2) ATRIHEGAEZRLTND.

O‘*mZO'*AXTA/(TA+TB)+O'*BXTB/(TA+TB) (32)

O*m (THEB LK DM J1, 0%, 0*s IFHEIEZ M L T2 AJE,BJE DK %

Ot 7) % 7=~ 9. Fig. 3.12 (27 Lo EBRBEIEM & (3.1) X, (3.2) X» b

UTofmzE< T ENTEE.

() @) XFETILZIEOM Oz BBIEHET LD LR TES.
(R ThHLLINEB CTCOHLINIZHEDLLTRIAENGHETE D)

2 B2 XFHRBEZAGBOM I E BB L ZHETED.
(ZOZEIFIAESALEZR S LB HEBEZAOm 1 & L&
EEFERWEIBEZ IR, EEZ RO ) & IT R e D B T HIE S
NTVWLZ LZRBELTND)

3) L BZEZA7R2) X, #HELIrOERINDEREZIAKONM ) %
#9(3.1) XLV R&EmhzrT.
(ZDOZEFI L EZATHEBZAKRIRALLSIAETH> THLHEBE
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ZHEK, BONVTILEEZEERVERBZ KLY RE M %2Fo
ZEERLTWVD)

(4) HBRELIKOMm 1L, Table3.1 D AEL BEDESRELE(|S
L2 LKV HIETED.

LEBZE0EBRETIIZ Y VRLEBELZ AT AIHE, MATHE
ORFEA L ERRHRILFEZ FRICH - THO TO Ti 2B TH 0 #
BtE 6 2 ILEM B OME A RIRT 5 R E LF 52 T&Ez. £ L
J&B % & T BRI Ti O EEE N NOREE RS Ch - 7. JEMRR
MR, Yo 7N 11GPa, M1 150-250MPa TH Y, KEBHOZTHLH
(X, 10-30GPa & 150-220MPa""T®H % . BlERBRERIT ¥ 7/ EN
17-22GPa, 55 & A% 100-110MPa TH Y, AL AOKEHF DO ZI b IT,
10-25GPa & 90-170MPa" " TH 5. L B2 &L BB Ti ITREE &0

NEHEEMWEETWZ LSRR TH D5 Z L ITRHET IR TH D

333 MREEBARBERBIUVEELR

Fig. 3.13 {2, 3 MiH D K722 2 FLED MR APEIZ KT TR EZ R L.
ZD XD RLZIERO IR D E L MR A
FCELS, VIORBRKR TH D, Higo, Hago ITFFRTFLM & & b IR 2S5
MTilCEAL, 21 BEEET1.2mm ST TREALTWE. —J7 Hsep X 14

S
&

B L XTIV E

HE:# F Tld Hapo E R UIRABEETH - 7248, 21 HEZE TIEA 1mm @
RAICE EE o T, fERE LT Hao MM D RE L7 MARIR ATEZ R
Lz, TOHERBIMBANRS YV a—ry— bbb s LI AKEmICH
I oML 2ROl ZmD > TRALTW RO NT o 20 R
TR WA EHER L=, BID Hseo TlE, HEREWVWO THRNITHEZIRD
S THIBPARATE LN, WICRKRERADP S L12OZHAKRE®ICHEE T
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DRI D72 <72 % . Hap (T2 OMIER AMERBRIZIE W TEAEEEIC
BET S L ZHABOEELEDLo TRALTWIIEDANT AP i
bIWEdThHAHH. BRRILRZALMOBYWHERIZLD L&,

R—r A7 v—=R (bonein-growth) I[ZIEHKETH, BE L Z 100um
UEOABENRME L —FEICEZ LTS, L L, BFIZIE 300um
UEOABRBRLEE L WEOH G HDH. BLHITEERIC T E 4 & BE
DO REVILENLERTZDTHH0. LrLAans, 1mm 28
Z T LR T IRRAE ML 23 1 2B R R R S p U

1.5
[ —©H

c I +H5ﬂﬂ
£ 10
2 I
Q£
§E |
ER 05
g F
a [ meants.d.
30—
o 0 5 10 15 20 25

Incubation Period, t/d

Fig.3.13 Cell penetrationinto Tifoam sheets with
different open pore sizes. Subscripts inthe graph
indicate mean pore diameter!"(see Table 3.3).
*Significant differenceis only observed between
H;., and H,,, after 7d incubation (p<0.05).

FEJE 790 Ti, H2 & #8310 Ti, H2L1 O f IR AP o & 5 % Fig. 3.14,

Fig. 3.15 (29, H2 DALBEIZ 300um TH 5.
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Stacked Tifoam (H2) Multilayer Ti foam (H2L 1)

cell contacting surface

7d

14d

21d

into samples H2 and H2L1.Arrows indicate furthest cell
penetration distance in the imaged area. The bottom images
show the longitudinal cross-sections of both samples!'),
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15
) - —— H2

¢ —— H2L1

E L

E 1.0 _

O

c E

S E

®aQ 05

LY -

S [

o . meants.d
> 0 : - - -

© 0 5 10 15 20 25

Incubation Period , t/d

Fig. 3.15 Cell penetrationinto samples H2 and
H2L1. No significant difference was observed
betweenH2 andH2L 1 for all incubation periods!’.

TR AVERREE T & L blc k&< > TEY, Fig. 3.15 2R 7
X9 H2 & H2L1 OFE T o7, 2D s, AR A BT

BlEsi Ti OEKAERBICL - THLIZ LN TE, POMRERKAEE LI

DEBZZ T TWRWI LR TE 2. FEERE T, H2L1 TE < LR

FEIEHIE Ti & RS OMBRAETH 2. F 7B B I >0 TP
(BOE I #eE) OMRADEEHRL I TND.

I

3.3.4 MRAKLERBRERE LCELR
Fig. 3.16 |Z calceine 35 L U Texas Red (2 X 0 %0 L7, Ml O X©E
ZRT . FRE(515nm) D 43 1T calceine fE S TH Y, U BT T A

ARk, ThbbakKibiliaz R L CW\Wb. Fig.3.16 O 28 A #% 0 d k4
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X, AIKAbEE = OB E Wik E A EICHM L2 L 2R LT
BV, FETiNTO Sa0S-2 O A KA RS S 7=, Fig. 3.16 1D
HEHDWIEA L VEICBIE I N D E5r X, Texas Red 1T X DR
(615nm) 3 £ O calceine I L Dkt Did %2 ~rT Th 5. Fig. 3.16 Dk
KEHE (FK) TiX, TexasRed [COHICYEAINTND Z & E TR E
DA RO BT,

A IRACIX in vivo IZB T 2B R &0, &Moo stz s
BEO—>2THD. TDEWD invitro 2BV THEFEMIE OB M~ D Rk
RAESHEREZRARDRBEE L TiTbT& 7. Fig. 3.16 O A KLV 58
AT TWDHELIE Sa0S-2 Mila DR AN LA Th o7z, T OBLER R
X, BEREICIEREE TINE~OFFMORANEETH D I & 2Rg
LTWa. £72t MEZEMIL D 300-1000um O RN T 4L~ D 12 A B HE 1%
FIRACICEETHD Z AR E STV, BEAENTICE T 55
REEZ M 52 FELLTH, MREBRARBRIAN THLZ L2 RLT
W5,

AR DG B TE I Tid B AT 72 MR A J K OVA IRAL 23 1 45
TEHMIEAMEICENT-MEITH D Z ENERSN, BEELZLE L
TOHAT T MIAERMEILEZEZONS.
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Fig. 3.16 Calcification of Saos-2 on a single Ti foam sheet. H,s;.
Green indicates densely calcified areas and orange part
indicates cells(!),
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34 &

AR CHDR A ERAS 7Ty MM ENCIE, BERSOY S
K, BIER, EMERBREIE L, B L OEEICLERERLERRDOND .
LrL, BE=—XEEWICH LT 26 OFMEZ RRFICA 72T 4
BAEHE, WL TEARAWVERBEEO D, WEREBBICES LT
o, BN LRWERFEMEEZETA 77 MR EZRET 2720, R
D RALEORE T HEEZ ST 2 EERE Ti AR L. HER
8 Ti OBEBAYRFIE T BBEE & [ U MR 2 % L, & O JEARE i /) o il
WA = AL TE 2. HEFE Ti OEKILREOMIER AT,

EMRIALEOEERIWLTI LRIETHY, 4177 MIMEEICHEZ TH

CLERTIENTEL., SHIC%HE Ti OAKILLIHERT L Z & T,
mRALEOEEHEEZ "R T ORED 2 7.

BB T1 TR AL RS B 7 BE B & [R5 oD B A A AR5 M & i AL
SN BAF IR M RR APE & D S JE T D MR E R & WAL S H e,
BB L OB RMEICENTZND TOTI ZHETH D .
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WA4E 12752 MEREHNE SUS31I6L O
4.1 ¥E

WEROMEIZBRAN LD IT, BEARA TS MERELILKORTRE
BIMEELTTIiFLTHD, EAMTDHS SUS316L (SS) DERML FLIAK
DHRFEZDLOBICRE SN, FLEAL SN TVWRA>Z!Y. 22T,
BERARBEOMBERIEZIET 5720, M SSDA > TS5 MEMR
AZAEELTRBSSEZRFATHZIEELE. 1075 FNERBEEZILKE
ZDOWTH, EROMRIZHEREZLDIZ

@ RILEMN 70%LL ETH 0 BEFEFL AT 100-500pm o #i[H

©@ BHWBREZET

® KIAARNTOLATHETES
ETOERICIBAD ZENKRDENDS. 2 BETEXRNEATIT MK
HFE Ti ERRICATY —RWEEZDBEWRIE SS 2B & L TE
MU A7 NRAATRE SS IIBHET & OEEBEMEERFTT S
VEND S .

ABIINSGOERZEETATRIE SS OAKBEMMEE L THZHNE
G HREAEEMAZLTWSYD, FREABRDWTRMEZT S,

(1) HEMAR
FWSSIEIERIALETH ORI Ti EFEEARENRSIERBRETD.

(2) MMRES M
MlEatRBRE L THIEEEAR, MRRAERR, ARELEARZ
T HIRRBAECOWTIRESOTHB I TEOFREIL SS BAKME B
NOHBBACEET2NHBRINT 5.
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4.2 HBBRAFEEHRRBRA

i 1 BB R & FE v SS DALk 2 Table 4.1 TR Y. AT U — 5l
FBIZDWTI 22 TRz, T ZTREFEWSS ORELEHFZRT. EEH
Boum O SS MR 50wtX HE D, K30 wtBLL LZEDKFEAT Y —IT,
NA T —, FEEER, FBEH BAREOEREEAKRER) 288 %
BMLUTHERTS., TOASYU—2RIF—TL— RIKICX D EEKRE
#®, NVCUTORWBWEIIBVWTRBAZIILI TR WERRLIES.
I0CUTOHZBEIBNWTRILEZETSHE, TO%, HEFIZBVWTHE
JEL, 1200C XSHRFFLBERE S ES. BEKREHRTHDDT 3 RoEE
KALE S DERBIROFEE SUS3L6 2725,

Table 4.1 Chemical composition of the SS powder and SS foam (mass %)0),

Cr Ni Mo C 0] P S Si Mn Fe

powder 171 125 239 0.022 053 0.023 0020 061 065 Bal.

foam® - - - 0.010 0.07 - - = - -

*The chemical analysis was conducted on compositional components that were
sensitive to fabrication contamination.
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421 5 ERBREEMABROHELHARK

FlaRAR, EHEREIE[IAERTHSOT 24 KRRZEZFKILERLIL
AROBRBRGFEZRAWE. dBRFOEBR AWM ZE Fig.d1 ITRL, HikZE
Table 4.2 {2/ U7z, BEFF DA 130T XL 130pum 53R B %, 270C
(AL 270um IEFER B Z R 9. ABRMEEII GRS 2 B, FE#HARIL 3
BTHD.

(@) SSy30r (b) SS,7c

.

Fig.4.1 lllustration of tensile and compressiontest samples.
The arrows show the loading direction.
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422 MiREGHBROLE LR

T SS OMIfEAHRBRE LT, 243, Milamm=B (WST-1#%) ,
322, MiEBRBAERB LV 323, #MilRAKEABRZEZIT o, ABRFOH
% Table 4.317, FL£E 70-440um OB 4 HEO A LHEMETEE
Fig. 4.2z, MERABRF &R B AEZ Fig.a31ZR 7. MIEMITFREE Ti
ERU<E MERERRHMR Sa0S-2 2 Wi,

Al R SS OMIfBERE (WST-1 ¥k) OAEERRN

FEIW SS OFLENHMEEME T KIZITHEZFMT 5HM T, Fig.4.2
BLU Table 4.3 1IZRTILE 70—440um @ 4 FIHORBR I £ ERL 7.
SARZHDOELDL-OMMEETESZFHBEL 2. ABRAIEEELBNIC
243 TN HFETHO2NEERESENDLRBRDZOTUTIRERS.
HEREBF OFEIR 11X11X0.31-0.63t mm THO, RBAFNEEFE
REIZEM LR WE D Fig. 4.3(b) KR YI—2Fa—THE)NSY —
Wty bl R3SV —Z&1200T 3055 F— b7 L—TK
WL, 20314707 —bZHBELE. 753200 ELTEFIVS—
DHEMA L. &I 1.875X 10° fHl D Sa0S-2 Ml % 2.5mL i & i

(D-MEM+FBS ; Dulbecco’s modified minimum essential medium 2 10%
UREMEERMLZDO)RICHEML, 37C, 5%C0, FT1,4,7 HIH
1REELU-. BEMBPIEIED 6 Bl 300rpm TY M 707 L — k&[]
S BEEREZREE SS NEIANERSERZ. MAT1 HBZIXHERK
BEiTo . MMEBEELFMIX WST1 k2 W/, Sa0S-2 & 1,4,7 H
EELUCEBZ, U EBEREHHEBRK
[PBS(—), Dulbecco’s phosphate buffered saline] T#e#% L 7=, 2.25mL
® D-MEM+FBS, K& 0.25mL , PBS(— &K HIZ 1mM @ WST-1,
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Fig. Im
surface ofthe S8 foam sheet¥, Bar
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(a) Single-, (SS;9+SS, $S,0+SS) and double-layered (S$S¢9.7¢+SS) samples
bondedto the sheet

200um

70um 200pm 70pm

sheet sheet sheet
Single-layered Double-layered

(b) Proliferation assay Foam sample

Silicone tube

Penetration assa
(c) 4 Foam sample

L con

(d) Calcification assay

Foam sample

L Silicone o-ring

Fig. 4.3 Schematic explanation of the single- and double-layered
samples and the sample set-up for the cell proliferation, cell penetration
and calcification assay'¥.
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0.2mM. 1-methoxy-5-methylphenazinium methylsulfate (1-methoxy-PMS)
EMAEER AD, 12 RORAM /07— IBYT. TSV HE
ULTHIWE SS Z2REFEL TVRVWEFINY —bHEEKRICKREADOEERRICHE
. Zo1R2RORA 7T — &1 REEELFEURMET 10 7B EE
S8, TORAFHEELZ. TOR, SO LHEA 200l & 96 ;X<
1707 b —hrZHELIYA 7071 — kU —4%— (Thermo Scientific,
Multiskan FC) 12Xk > T 450nm QRJEEZHE L7z, & plicoE, L
HHE 3NTOHEL, WAEREZTo . HMEAELTEER (RCV,
relative cell viability) X T2 DX THEL .

RCV = Asample — Abiank (41)

ZCZT, Asample: Ab/ank‘i%ﬁ%ﬁ‘&ji yﬁ@%%fgfﬁé %’ﬁ*ﬂ‘@g
SMEZDDT, (41)DO RCV ZEETEID, EHLZ.

A2 FEWESSOMBERBAMEBROFEEARA

FE¥L SS DAEMNMBEAE T KIZTEE LM T 2 HM T, Table 4.3
WARTILE 70-440m D 4 HEORBRFZERLEZ. [AEKZ2HDED
FOMBEETEIZHB LK. 322 TRRXEZEREZERZHRT 5720,
AMETHHRBAMEGER Z Figd43(c) WRTAFAETH-=. Thbb,
Sa0S-2,1.2X10° |2 12 Y Z)OXA 707 L — b D 2mL B#ERK

(D-MEM+FBS) #IZ#fL, 37C, 5%CO, FT 3 HRE#®EL, 1FI1Fa
PINZMZLE. ZEOLERKELZRBF 28T, Sk S
BEREIMm ODHIA) T&2FDLIZEWE. 37C, 5%C0, T T, 5, 10,
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15 Hifl, BEKZBEHXHLEELLE. TDH% 10vol.%HKI< Y > —
10vol.% A% /J — )VIRIRCTREE LRALZ. FAaKIE, 3.22 EFEC
sulforhodamine 101 acid chloride (Texas Red) T& 5. fifaE A ¥ o Al
ERXHERL — T —BHME (CSLM, LSM-50, Carl Zeiss Japan, Tokyo,
Japan) ZAW, B RENSERDENWNEOMBRBAESZHE L 7.
MBERAMEICTHNIV I MBNEET 20, £z 2 BRAAREHERMS
BEHEAXETEOKABPHBRAMRICZET S50 ETMT 5720
Fig.4.3 (a) WARTHBFZHAWN, MREBAMZHE L. {BRAEIT
ETHRARAZAEELRUFETHS. SEHBRICOETIHGU L
(921.4X921.4um) BB LW L. FEEREIX tREITX DT L 7=.

A3 RESSOMBAKMLCABROGEEARA

M A IR AL BRI Table 4.3 @ SS,,0 & Nz, HABRIKH & O Bl
BT D0, Fig.d3 (I RTEIC, RBAFZE>Va—> 00Uy
ity bLAER, A—bJV—-THRELMRBEEMICRALEZITS T
WRW 121707 L — MIBELZ. &7 1X10° M O Sa0S-2
Mz 0.1mL 85489k (D-MEM+FBS ) IZ#f L 2. 20 4%, 2mL O
HERZEBML 37C,5%C0, F TS5 HMEEELIFEa> 7T ML .
RIZEEE IR & A KA1 &K (D-MEM+FBS 2 0.5 mM B-glycerophosphate
K TX 50 pg/mL L-ascorbicacid ZiRM L 726 D) T L 7. AREEE
ez 1 HBEIIRHBLUARNS, 37C, 5%CO0, FT 7, 14, 21, 28 HH
BEL,ZDH 10vol.% K<) > —10vol.% A% / — VIR CEE L 7=.
B IIEEAKTHREL, TUPFY LYy RS TERMEBALE. TV
ULy RSIIHFRLULZKENLT >E=T L (pH6.3-6.4) 1T 5mg/mL
WLz, BBRAFBEEKTHREL, RIAM LY —THHEITLE, X
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ZEEM S (Axiotech 100, Carl Zeiss Japan) & WEHEKL /~.

43HBREREER

431 5 REBREERABRBER R UVEER

IR EEMABROME R Z Table 4.4 IZR7. HLBEDZD, FiE Ti
DERBROERTH D Table 2.6, No.1 XU\ Table 2.7, No.4 O FE¥ Ti
DFERZHFFL L. Fi0 SS OFIRABKE BRI,V > J % 4GPa & HhMr N
21% THOFEBTI EERKERMBETH-> . MEWIZ SS DY > 7RI
205GPaY L TiDfEH B DT, TOHMREEEZSNZD, ERABRITH
WTOYTH0.13GPa & TIXDMIRITNESBREE R o mMhEHh D E
FWSS DRAMDIEDHEEZEZOND. RIETIORAHE 252 TRRE
KXOWXKRMEMBD web DEEBTHVHEESS ORBANABERAEL 2. Wil
ERBEBRUZKRE, Fig.d.4d IZ/RT. Figd.d (a) IZ web NEHET
EHTENSHEWSS DRSO EREE web DB LEEZ 5N D. EMHR
BRAER TS 0.2%JEMMH S14% 1.7MPa & W Ti ITHAN/NE Rl &2 0 R
HNEEZERHERTH - 7.

252 [MEkIZ(4.2), W3R ZEZHWTHEBREREEBO LR S.

E*] Es=1 x (p*/ps)?, (4.2)

o* ol Oys = 0.3 x (p*/ps)*'? (4.3)

SIERABOY > JEREFET S, E; = 205 GPa, p*/p:=0.16 % (4.2)% I

RAT B E E*=5GPa &7/20, Table 4.4 DR S 4GPa L BT 54
ERZoNz. EHABROMNEGFET 5. 045 =170 MPa®, p*/ps=0.15
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#(4.3)RX KWRATSB&E 0%,=3.0 MPa &72 0, Table 4.4 DB R 1.7
MPa KDDL REDDENRZ SN,

FW SS DI RHABMERIECEME)D, ¥ U %E 0.2-3GPa”, BI5EMH
& 330 MPaP L IZIERAIE TH o 7=

Table 4.4 Tensile and compression test results for SS and Tifoam®),

Nominal

. Tensile Compression Young's
Test Abbreviation Po{,?ojlty strength  vyield strength fr:t:;?':e modulus Ref.
¢ TSiMPa YSIMPa o EIGPa
& (%)

Tensile SSyor 84 1.2 +0.2 2103 4006 4
Tensile Tizeor 84 1.1 £ 40 = 073 + 0.28 28+05 5
Compression SS70c 85 - 1.7 0.2 - 0.13 £ 0.02 4
Compression Tize0c 84 - 128 + 28 - 13 +0.2 5
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(a)

Top view

(b)

Cross section view

(c)

Bottom view

Fig. 4.4. Scanning electron microscopic images of $S,;, (4.
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43.2 MREESHEABRERBIUOEER

Al FEE SS ORMfEEEAEA B (WST-11) BREEBR

Fig.4.5 IZABICH T oM BHEABRERZRT. 2liconT, #
AR AEER (RCV, relative cell viability) 2EX TBRT 232 & TIEH
ft U7 (RCV/mm) . Z® RCV/mm I HEDOHEMITHEY, Bl Tnw3s
ZENOMD. TOBEMIARITKEFEL THBO, FLE 200pum 2B W THI
RIS —F/REN o T2,

SSIAEFE, LAMEELTERIFEASNTELEENHD, NIVY
MEUTHiRESERRbTbNTERZED, Lhal, BB SSENILY
MITHBRLIEDNICKRELRRLRAREZE TS0 T OB EEME
TO5RTFZFO&ITRS. LHLARNS, SUS ZFKIZEE T % Ml kg
AHEABRMRITIZEAEREIN TR, Mariotto  etalld, YT A H
RBRHMEZF ML (L929 ML) % 72h F THEEZE L FE1W K0 D Z O Hll Jil 3 5ig
DB EZ RN, LA ORI TN O R EIIHEE TIXAan o 7209,
AT E B PE BRI Sa0S-2 & AWy, [FLE 85% DFEIE SS IT
XU Figd.b CROSND KD HEDOHEMIZHED MWAEMEN & FLEE 200um
BT LMREERR{EERLZ. 2.5.4, A1 THRE Ti O HE5EE %
AU, BEOBEMIHED HEERIIFHEIE SS BRI CHERPTH - 7.

A2 EWSSOMERAXBHREEE

Fig.4.6 ICHIEEBARBROLERL — P —BHMEBERZOH & L T, SSis
D Sa0S-2 K5#% 5,10, 15 HOEEZ/,RT. HEOKEE & HIT Sa0S-2 AN
BL, HZ2Eo THHICRAL TWS ZERERINEHINS.
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Fig. 4.5. Cell proliferation in the SS foam
sheets with different open pore sizes
evaluated by WST-1 assay.

Statistical significance (p < 0.05) was
observed except S$S,0,-SS,40 (day 1 and 7),
and SS13Q'SS44O (day 4) (@),
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Top view Side view

Cell penetration

(a) 5d

147 1um

352.0um

Fig.4.6. Examples of superimposed confocal laser scanning
microscopic images of Sa0S-2 penetrating into $S,;,. The cells
were marked as yellow by a fluorescent dye. Figures nextto the
right columnindicate the maximum cell penetration distance.
C:the SS foam sheet surface contactedto the cell layer at the
bottom of the culiture dish®. Bar; 200 pm.
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Fig.4.7. Maximum cell penetration distanceinto SS foam
sheet with open pore sizes up to 15d of incubation.
Statistically significant difference (p < 0.05) was observed
between $S;(-SS,¢9, 81305899, $8130-8S8,49, AN S8~
83440 at day 5, and SS70'SS130, SSTO-SSZOOF 3370'83440 at
day10. Statistically significantdifference (p < 0.1) was
observed betweenS$S,,-SS,;, atday 5 and 159,

Fig.4.7 1%, FEi SS OFLBEIZH T 5, Sa0S-2 Ml DB AEE (&BK
FIERAE) 2Rl 5 HREOMBERAERL, LB 200um BNERKTH
D, RNT130umERS>TNS. IXRTOABRIIOVWTHKHERBEED
ICRABEEIEmMT 5EmERLEZ. 15 HBEOMBEBAEEIB L2
T250—300um OHEFIZINE > TWVND.33ITBWTARKBRGEITHMILE
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ABHBEZINCBRT 5720, BETEZLHEHIIERNICAZBUCEHE
TELIEMABRICE > THEIND EERE L. AHBROMBRE AR
BEIXFLER 70-440um D FiE SS 12 DWT 250-300um TH VD, 3.3 OAE
180-500pm DFEE Ti DWW THMREAERII 1mm EESBHEWETDH
. MBRAEORFENIERIIFEW SSITHLUBEBH TER N,
HWSS I —EOMBBARZFONRIE T LHKT 2 EMEES %I
RAND D ZEVPHENTR- .

Fig.4.8 I&, M@ AMITH L FH/NIL 7 MRHE, B2 BizKl
BEZEMSBLBETROKIABOEEZABLIEERZRT.SHED
SS70+SS X SS200+SS K D MMIMBR AN EN o, ZOKEIX Fig.4.7
OIS ER B RE - L. BIEEZ 2B & L7z SSier0+SS & B
JB D SSy0t+SS D 5 HEDOHMBBRABBEIFRETH -, I 5HERITY
HoOMBEAETHESEL TWSRIE SS OBEICXZ>TROENT
WBZEERLTBY, TOFONILVIMOREROEEEZZIT TV
WZEZEZBEWKRLTWS.

SS70+SS & S$S200+SS D 15 HEE DML R AL 150 & 202um TH o
727, SSq0 V& SSy00 DENIL, 250 £ 269um THo/. TDT EIX, #
B LMD SUS FAY, filEAITH L 15 HREBTIINH M EE K
ELZZ EEBHRL TS, SS00:70+SS 1 SS200+SS & 0 & FHI 42 A 1
MEFHETHDELL R OTVWEDT, SS BOFEEIITHEOMEH %
BHTHAMICEEL TVWDEIELEERBLTVS,
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" 30 *p<0.1

S *p<0.05
S
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EE

-.E E 15

Z 10 =0~ 88,90470+SS

2 . —=-gg, +8S

3 —+§§,,,+SS

0 5 10 15 20
Incubation periodt/d

Fig.4.8. Cell penetration into single and double layered
SSfoam sheetbonded with SSfoil. Statistically significant
difference was observedbetween SS,,+SS-SS,,,+SS

(p < 0.1atday5 andp < 0.05at day 15) and
$8,¢+SS8-88,).70+SS (p < 0.05 at day 15)™,

A3 FEWESS DARILHBRREREER

Fig. 4.91%, 77UV ULy RSHE@LEZSS DEMBESTSETHS.
(X 14 H, (b)iX 28 HAKLBEERTH 5A, 7,14 HTIRREL REITH
BEINZAaKEDORESNAZHRMITENIILMERIN AN, Ln
L, 28 HEZEBZE TRHBIRAIIRABINLZHMLAHSMIHEML, HK
fEDRENBREZE SN, Fig.d9 (b) DIZ->ED LAKAIT, ARLELIN
AL MT 5L EDRELS BRI EZEZRLE. BEWSS DAKILIE
MRTELNZ34D0RWTI EHBTLEBNWI ENHSMNIR o /2.
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Fig. 4.9. Calcification of Sa0S-2 on a single SS foam sheet with
open pore size of 270 pm. The calcified area was stained by
Alizarinred $®. Bar; 200 pm.
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ABFETIE (a) ALK 84,85%, (b)) ALEE 70-440um, (c)RIEMDNH D,
TEREBELTEHODHD AT Y —FHWIKIT X DRI SS DA KEBFHE
R L 7. ARMELIIRO SN NFEEEME & U THEBRBRENE, W
MEGHZML, BREE—CEOEKBRNENRDDL I EEZHSNITL
7z, FEWSS OMEE S ESHERAEKBRIVERIEARKIIBNT
FIWTi LB LIRONTZDDOTHLSZENHLSNITR K. FEIE SS IX
AT PEVWERKERD SS MOBEARA > 75 NEmRUER
MEIELUTORBEENHD I EERL .
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