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Fig. 2.1
~tricalcium phosphate (a) and hydroxyapatite (b).
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Powder X-ray diffraction patterns of calcium phosphate before and after mixing. No phase changes were detected in g



EEEMN Y T 3y 7 20180 BT 5 e

f&ﬂﬂ WSmﬁ

CP/CPLA-S  HAp/CPLA-S

Photograph of calcium phosphate/copolymerized poly
~-L-lactide (CPLA) composites. Coloration of HAp/
CPLA composites was observed and indicated degener-
ation of CPLA.

Table 2.1. Molecular weight of CPLA after mixing.

Sample mixing ratio (wt/wt)  Mw(kDa) Mw/Mn
TCP/CPLA-H 75/25 111 1.83
TCP/CPLA-S 75125 100 133
HAp/CPLA-H 75/25 60.3 2.16
HAp/CPLA-S* 72/28 443 2.41

*heating mortar method
Mw: weight average molecular weight

Mn: number average molecular weight
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Fig. 2.3 Three point bending strength of the calcium phos-
phate/CPLA composites as a function of mixing ratio
of the calcium phosphates. No relations between
mixing ratio and strength were indicated, and TCP/

CPLA composites kept the strength of CPLA.
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Fig. 2.4  Young’s modulus of the calcium phosphate/CPLA com-

posites as a function of mixing ratio of the calcium
phosphates. Yong's modulus increased with increasing

in mixing ratio.
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Fig. 25 Three point bending strength of the calcium phos-
phate/CPLA composites as a function of weight aver-
age molecular weight of CPLA in the composites.
Bending strength rapidly decreased when molecular

weight of CPLA decreased to 60,000 or lower.
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Fig. 2.6 Young’s modulus of the calcium phosphate/CPLA com-

posites as a function of weight average molecular

weight of CPLA in the composites. No relations

between molecular weight and Young’s modulus were

indicated.
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Scanning electron micrograph of TCP/CPLA-H com-
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Fig. 2.7

posite. TCP particles and CPLA well attached each
other with high wettability.
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Fig. 2.8 Fourier-transformed infrared spectra of TCP/CPLA-H composites. Red shift of C=0 stretching band around 1770cm™!

indicated chemical interaction between TCP and CPLA surfaces.
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Fig. 2.9 Changes in 3-point bending strength of TCP/CPLA-H
composites and CPLA-H as a function of soaking time
in physiological saline. Bending strength of the com-
posites decreased in first 2 weeks and then it was
maintained for 24 weeks, while that of CPLA-H de-

greased rapidly from 4 weeks’ soaking.
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Fig. 2.10 Changes in Young’s modulus of TCP/CPLA-H compos-
ites and CPLA-H as a function of soaking time in

physiological saline.
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Fig. 2.11 Changes in Ca concentration in physiological saline as
a function of TCP/CPLA-H soaking time. The Ca
concentration increased immediately after soaking of

the composite.
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Fig. 2.12 Changes in pH of physiological saline as a function of
soaking time of the TCP/CPLA-H composites and
CPLA-H. Soaking of CPLA-H lead decreasing of pH
to 4, while soaking of the composites maintained pH

neutral.
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Fig. 2.13 Scanning electron micrographs of the surface of the TCP/CPLA-H composites and CPLA-H before and after soaking in

physiological saline. TCP 1373/CPLA-H surfaces A: before and B: after soaking. TCP 1073/CPLA-H surfaces C: before and

D: after soaking. CPLA-H surfaces E: before and F: after soaking. Dissolution of TCP on the composite surfaces and crack

on CPLA-H surface were observed.

TCP O I &k > THERKREN S LEICLS LT,
B E2EosEMET L bOLEEZ6ND, &
7z, 4 LI CPLA-H O isE S EBIE T L7
D13, CPLA-H OIkGfEw & 247 FEET CERT
2r%Ezoh%, ZOMKSEC L ZHTEEDOVWDS
CB2LWETE TCORMIZE v — b LTI
HAanTtwsaR) AR (PLLA) OZ X TEY,
(PLLA TiR42BEAZTHIZIZHE R b > T
%19,)CPLA-H »SEATIZLT LS GBR DB E L
THATHB LiFwERWY, KROEESETIIEY

TELDEHAREMTH 2208 THRERI:H 5T
Wiz & 517, TCP1ys/CPLA-H A DOHEIC 13
HOD TCP MEH LTb b, EEAEANEAT S
& T TCP OIEHEBER -, fhiT5EE DK TR L 1
EAREEZONS, LrL, H2.150OFHRIBUT R~
TR SbE LD, TATNMESD C=0 OfHE4E
REI OB RERD £ ORI TS, CPLA-H #ikiz
MLUTRULEZEYy 7 2B LTWwWBZ s, TCP
 CPLA-H MOMEIER L, £HEAEAKREICL-T
YIFETNB 2 L a5z,



B BV ST R

15x10*
- TCP3,5/CPLA-H
—e— TCP,4;5/CPLA-H
—— CPLA-H

12

Mw of CPLA

1 1 | 1 ! 1
8 12 16 20 24

time / week

ol
ES

Fig. 2.14 Changes in weight average molecular weight of TCP/
CPLA-H composites and CPLA-H as a function of
soaking time in physiological saline. CPLA-H in the
composites slowly decomposed, while pure CPLA-H

rapidly decomposed to 60,000.
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Fig. 2.15 Fourier-transformed infrared spectra of TCP/CPLA
-H composites and CPLA-H before and after soaking.
No change on red shift of C=0 stretching band around
1770cm™" indicated maintenance of chemical interac-

tion between TCP and CPLA surfaces.
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Fig. 2.16 Thin-film X-ray diffraction patterns of TCP/CPLA-H
composite surfaces after soaking in simulated body
fluid. Bone-like apatite layer formed on the surface at

5 days after soaking and it indicated highly

bioactivity.
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Fig. 2.17 Scanning electron micrographs of the TCP/CPLA-H

composite surfaces before and after soaking in
simulated body fluid. The surface was covered with

apatite microcrystals.
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Fig. 2.18 Growth curve for MC3T3-E1 cells cultured with TCP/
CPLA-H composite. The curve was the same as that

of blank control group and showed high

biocompatibility of the composite.

Fig. 2.19 Phase contrast micrograph of the cells 4 days after
cultivation. Normal spindle shaped cells grew closely

in contact with composite surface.
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Fig. 220 X-ray photographs of beagle’s mandible after per-
iodontal tissue regeneration operation using TCP/
CPLA composite membrane. a: beagle’s mandible just
after operation. The composite membrane and bone

defect was observed. b: 8 weeks after operation.

Calcification of the defect was observed.
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Fig. 2.21 Histological section of beagle’s mandible after per-
iodontal tissue regeneration operation using TCP/
CPLA composite membrane. The upper side of an
arrow had been the defect. All of the defect tissues,
dentin, cementum, periodontal membrane and man-

dible, were regenerated.
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Fig. 2.22 X-ray photographs of beagle’s mandible after guided bone regeneration operation using TCP/CPLA composite membrane. a:

beagle’s mandible just after operation. The composite membrane and bone defect was observed. b: 4 weeks, c: 8 weeks after

operation. The membrane was absorbed, and bone tissue gradually regenerated from limbus of the defect. d: 12 weeks after

operation. Mandible perfectly regenerated.

th 4 QE: i icl e
Fig. 2.23 X-ray photographs of beagle’s mandible defect at 12

weeks after operation without composite membrane.

No bone regenerated.
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Fig. 2.24 X-ray photographs of beagle’s tibia after guided bone regeneration operation using TCP/CPLA composite membrane. a:

beagle’s mandible just after operation. The composite membrane and bone defect was observed. b: 4 weeks, c: 8 weeks after

operation. Bone tissue gradually regenerated from both edge of the defect. d: 12 weeks after operation. Tibia perfectly

regenerated. The composite membrane was not perfectly absorbed at tibia.

Fig. 2.25 X-ray photographs of beagle’s tibia defect at 12 weeks
after operation with CPLA membrane (a) and without
membrane (b). Bone regeneration ended with invasion

of soft tissue in a. No bone regenerated in b.
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Fig. 2.27 Fourier-transformed infrared spectra of TCP/PLGC
composites. Red shift of C=0 stretching band around
1770cm™! indicated chemical interaction between TCP
and PLGC surfaces.
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Fig. 2.26 Hematoxylin and eosin stained histological section of l_"
tibia after guided bone regeneration test. a: with TCP/ 2
CPLA composite membrane. Young newly formed 'g Sk
bone regenerated in center of the defect. b; with CPLA
membrane. Invasion of soft tissue was observed at
center of defect and impossible to regenerate any
more. c: without membrane. Only a few amount of 0 = T
bone regenerated from both edge, and other part of 0 4 8 12 16 20 24
defect was filled with soft tissue. time / week

Fig. 2.28 Changes in tensile strength of TCP/PLGC composites
WwWT¥ TCP/PLGC #4141, TCP/CPLA LRIZEL L

DRI HIZMETH B Z LB oT, BHMENT,

and PLGC as a function of soaking time in physiologi-

cal saline. The composites maintained their strength

@fﬂﬂ%%*ﬂ%ﬁﬁ%qj'b ELTtHaicEMA] gL GBR to 12 weeks; however, the strength of PLGC decreased
e Th b L Ezo6N5b, just after soaking.
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Fig. 2.29 Changes in Ca concentration in physiological saline as
a function of soaking time of TCP/PLGC composites.

Concentration of Ca immediately increased by soak-

ing.
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Fig. 2.30 Changes in pH of physiological saline as a function of
soaking time of the TCP/PLGC composites and PLGC.
Soaking of PLGC lead decreasing of pH to 3, while

soaking of the composites maintained pH neutral.
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Fig. 2.31 Changes in weight average molecular weight of TCP/
PLGC composites and PLGC as a function of soaking
time in physiological saline. PLGC in the composites
slowly decomposed, while pure PLGC rapidly

decomposed.
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Fig. 2.32 X-ray photographs of beagle’s mandible after guided

1)
2)

3)

4)

bone regeneration operation using TCP/PLGC com-

posite membrane. a: beagle’s mandible just after

operation. The composite membrane and bone defect
was observed. b: 4 weeks, c: 8 weeks after operation.
The membrane was absorbed, and bhone tissue gradu-
ally regenerated from limbus of the defect. d: 12 weeks

after operation. Mandible perfectly regenerated.
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Fig. 2.23 X-ray photographs of beagle’s tibia after guided bone

regeneration operation using TCP/PLGC composite
membrane. a: beagle’s mandible just after operation.
The composite membrane and bone defect was obser-

ved. b: 4 weeks, c: 8 weeks after operation. Bone

tissue gradually regenerated from both edge of the

defect. d: 12 weeks after operation. Tibia perfectly

regenerated. The composite membrane was not per-

fectly absorbed at tibia.
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Ca(OH) 2 suspension-+polysaccharide

Fig. 3.2 Schematic diagram of preparation method for HAp/

ChS and HAp/HyA composites.
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Fig. 33 XRD patterns of HAp/ChS and HAp/HyA

nanocomposites after freeze-dried.

—100nm

TEM and electron diffraction patterns of (a) HAp/
ChS and (b) HAp/HyA nanocomposites.

(b) HAp/HyA
Fig. 3.4
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Fig. 3.6 Electron diffraction patterns of HAp/HyA
nanocomposite after rotated at 0 and 30° for the minor

axis of island-like aggregation.

Fig. 3.5

aggregation.
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Electron diffraction patterns of HAp/ChS nanocomposite after rotated at 0, 5, 10, 15 and 20° for the major axis of island-like
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HAp/ChS

Fig. 3.7 Lattice images of (a) HAp/ChS and (b) HAp/HyA nanocomposites.
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Fig. 3.8° TEM images of HAp/ChS nanocomposites for precipi-

tation process at various pH.
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M = Mg, Ca, Ni, Fe, Mn, Cu, Cd,zn

Fig. 3.9 Cluster model of M-OOCCH;.

Fig. 3.10 Cluster model of HAp bulk (Ca,sCas(PO,)s(OH),).

Fig. 3.11 Cluster model of HAp surface

-O0CCH,;).

(Ca,Ca; (POy) s
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Fig. 3.12 Bond order changes against bond distance between M

and carboxyl oxygen.
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Fig. 3.13 Coordination states of Ca(l) and Ca(2) sites in HAp

lattice.
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Fig. 3.14 Density of state of HAp bulk and XPS spectrum of sintered HAp.
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Fig: 3.16 Zeta potential of HAp/ChS nanocomposites added Ca, Mg and Zn ions.



AEHEEEE T v 7 20818 BT B %

30
—MgO0
— -Mg10
25 |
L 20
[%5]
)]
-
s 151
Q
o
o
£
s 101
5_
O 1
0.1

Particle Size ( m)

Different Mass (%)

30

25 -

20

15 —

10 |-

1
4

Particle Size ( m)

Fig. 3.17 Particle distribution of HAP/ChS nanocomposites added Ca, Mg and Zn ions.
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Fig. 3.19 Compacted bodies of (a) HAp/ChS, (b) HAp/HyA, (c) HAp/ChS/HyA, (d) HAp/Col/ChS and (e) HAp/Col/HyA compos-
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Fig. 3.20 Histological section of HAp/Col/ChS composite im-

planted for 4 weeks.
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Fig. 3.21 Histological section of composites implanted for 4 weeks.
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Fig. 3.22 Preparation procedure of HyA and collagen composite matrices.
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Fig. 3.23 The effect of pH of HyA solution on polyion complex

formation.
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Fig. 3.24 The effect of ionic strength on polyion complex forma-
tion. HyA/collagen ratios were (@)1/1, (A)1/2, (B)
1/4 and (O)1/8.
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Fig. 3.25 HyA-collagen composite matrices (wet state) prepar-
ed in this study. ((a) collagen matrix; (b) HyA-col-
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Fig. 3.26 FT-IR spectra of HyA-collagen composite matrices.
(a) WSC conc. 20 mM; (b) WSD conc. 200mM; (c)
original HyA; (d) original collagen.
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Fig. 3.27 Swelling ratio of HyA-collagen composite matrices at
different WSC concentrations. HyA/collagen ratio
was fixed at 1/1 (w/w).
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Fig. 3.28 The effect of HyA content on swelling ratio of the

matrices. The WSC concentration was fixed at 20 mM

and HyA content were varied from 0 to 50 wt%.
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3.3 Effect of Chondroitin Sulfate on the Crys-
tal Growth of Hydroxyapatite

3. 3.1 Introduction

Proteoglycans have long been implicated in the
regulation of hydroxyapatite (HAp) nucleation
and growth in the process of cartilage calcifica-
tion.*'*¥ Cartilage proteoglycans exist mainly in
the form of large aggregates containing proteog-
lycan monomers, link proteins, and hyaluronic acid
associated through noncovalent linkages. The pre-
dominant glycosaminoglycan in cartilage proteog-
lycan is known as chondroitin 4-sulfate.®**® It is
composed of repeating disaccharide units; one of
the two monosaccharides is N-acetylgalactosamine
sulfate (GalNAc-0OSO;), which contains a sulfate
group, and the other is glucuronic acid (GIcUA),

2 —
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which contains a carboxylate group.’® The combi-
nation of these two functional groups gives the
chondroitin sulfate (ChS) a very high density of
negative charge, which is known to have an inhibi-
tory effect on crystal growth by covering the active
growth sites of HAp seed crystals®” or even forma-
tion of HAp crystals by binding a Ca ion*~% or
interfering with the diffusion rate of calcium and
phosphate ions.*? All of the experimental results,
however, were assessed by indirect observation, e.
g., the time-dependent concentration change of
hydroxyl ions after addition of HAp seed crys-
tals.®™*Y Thus, the possibility of ChS acting as a
nucleation center by binding calcium ions to its
functional groups and consequently regulating the
crystal growth of HAp was neglected.

In this study, the inhibitory effect of ChS on the
crystal growth of HAp was reexamined with the
main focus on organic matrix regulated nucleation
and growth. HAp particles and HAp/ChS hybrid
were synthesized by using a precipitation method
with a calcium hydroxide suspension and phos-
phoric acid solutions without and with the presence
of ChS, respectively. Limited crystal growth of
HAp regulated by ChS templates was observed in
the HAp/ChS hybrid compared to crystal growth of
HAp without ChS.

3. 3. 2 Experimental Procedure

HAp particles and 60HAp/40ChS hybrid (in
wt%) were synthesized by using a precipitation
method with a Ca (OH), suspension and H;PO,
solutions without and with ChS, respectively. The
Ca(OH), powder was made by slaking of CaO,
which was made through the calcination of CaCO;
(Wako Pure Chemicals Ind., Osaka, Japan) at 1050°
C for 3 h. The H;PO, solution containing ChS was
prepared by adding 4 g of ChS powder to 39 mL of
0.7M H,PO, (Wako Pure Chemicals Ind., Osaka,
Japan) solution with vigorous stirring until all of
the ChS power was dissolved completely. The ChS
(Seikagaku Kogyo Co., Tokyo, Japan) used in this
study was made from bovine trachea cartilage and
the molecular weight was 13000. Its composition is
shown in Table 3.1. The HAp particles and HAp/

Table 3.1 Composition of chondroitin sulfate

Composition (%)
ADi-0S ADi-6S ADi-4S ADi-disD ADi-disE ADi-triS
6.3 43.0 48.0 1.8 0.7 0.3

TCPS |
1/8-100
1/1-100

1/8-20
1/4-20
1/2-20 |
1/1-20

Collagen-20 |

0 2 4 6 8 10
Relative Growth Ratio

] 1 | 1

Fig. 3.30 Relative growth ratio of chondroxyte growth on HyA
-collagen compostie matrices with various HyA/col-

lagen ratios.

ChS hybrid were prepared by slowly adding the H,
PO, solutions without and with ChS, respectively,
to 100 mL of 045M Ca(OH), suspension with
vigorous stirring until the pH reached around 9 at
36.5°C. The total reaction time was around 3 d.
For checking the crystal phase of the precipi-
tates, X-ray diffractometer (XRD) measurements
were conducted on the as-prepared specimens. The
microstructures were observed by transmission
(JEM-2000EX 1II, JEOL,
Tokyo, Japan) with an accelerating voltage of 200

electron microscopy

kV. The chemical interactions between HAp crys-
tals and two functional groups (carboxylate and
sulfate groups) of the ChS templates were assessed
from the chemical shifts using diffuse reflectance
Fourier transformed infrared (FT-IR) spectros-
copy (Spectrum 2000, Perkin-Elmer Co., Norwalk,
CT) with a resolution of 0.5 cm™! before and after
precipitation. For IR spectroscopy measurements,
pulverized specimens were diluted with KBr pow-
der by one tenth and background noise was correct-
ed with pure KBr data.

3. 3.3 Results and Discussion



MBI tRE S H1175

HAp

Intensity (a.u.)

HAp/ChS

10 20 30 40 50 60
20 (degree)

Fig. 3.31 XRD profiles of the HAp and 60HAp/40ChS (in wt%)

specimens.

Figure 3.30 shows the results of XRD measure-
ments on the as-prepared HAp and HAp/ChS spec-
imens. Several HAp peaks denoted by “H” were
observed in both of the specimens. As the HAp
peaks were comparatively broader than those of a
normal HAp specimen, it was concluded that the
HAp crystals grown had low crystallinity or small
crystallite size.

Figure 3.31 shows the microstructures of the HAp
and HAp/ChS specimens. For the HAp specimen,
the shape of HAp crystals was a characteristic
needle type and their size and aspect ratio were
around 75 nm X 10 nm and 8, respectively, as shown
in Fig. 3.31(a). However, for the HAp/ChS speci-
men, large numbers of HAp crystals were formed
on ChS (around 150 nm X 50 nm in size) templates
and their shape was changed to small plate type;
their size and aspect ratio decreased to around 12
nm X6 nm and 2, respectively, as shown in Fig. 3.31
(b).

Figure 3.32 shows the FT-IR spectra for the ChS,
HAp/ChS, and HAp specimens. For the HAp and
HAp/ChS specimens, the stretching mode of PO,3~
ion was detected at around 1038, 963, 602, and 565
cm™! in both of the specimens. Further, two stretch-

ing modes and an out-of-plane mode for COs%~ ion

Fig. 3.32 Microstructures of the (a) HAP and (b) 60HAp/40ChS

(in wt%) specimens,

ChS
C-0-8

—_ (CO0) (-80,)

] HAp/ChS
']

Q

(3}

=

3]
k=]

£

0

=

o

-

(PO,
(Po,*
1800 1500 1200 900 600

Wave number (cm™)

Fig. 3.33 Diffuse reflectance FT-IR spectra for the HAp,
60HAp/40ChS (in wt %) and ChS specimens.
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Fig. 3.34 Schematic illustration of the nucleation and growth of

HAp crystals regulated by ChS templates.

were also observed at around 1454, 1419, and 875
cm™!, respectively. This means that the PO4 sites of
the HAp structure, i.e., B-sites, were partly sub-
stituted by carbonate ions.*® Therefore, the HAp
crystals synthesized without and with ChS, respec-
tively, were identified as carbonate-containing
hydroxyapatites.

For the ChS specimen, the asymmetrical stretch-
ing modes of COO~ and -S5Oy ions were detected at
around 1632 and 1234 cm™!, respectively. After for-
mation of HAp crystals on ChS templates, however,
they were detected at around 1613 and 1228, respec-
tively; i.e., they showed red chemical shifts. There-
fore, chemical interactions occurred between the
HAp crystals and the functional groups of the ChS
templates during the precipitation. From the
results, it can be presumed that the limited crystal
growth of HAp on ChS templates was critically
dependent on the chemical interactions between the
HAp crystals and the functional groups of the ChS
templates. For an explanation of the limited crystal
growth of the HAp observed in this work, the
nucleation model based on the binding of calcium
ions to the functional groups of ChS templates is
believed to be appropriate, as Ca ion binding is
believed to be an initial step in the formation of
calcium phosphates.*®~4%

Negatively charged carboxylate and sulfate

groups on a ChS template will chelate calcium ions

in a calcium and phosphate solution and form a Ca
-ChS complex. Then a cluster with a critical size
can be formed by adsorbing calcium, phosphate,
carbonate, and hydroxy! ions on the Ca-ChS com-
plex three-dimensionally and it may act as a
nucleus for HAp crystal growth, as schematically
shown in Fig. 3.33. After nucleation, the HAp crys-
tals can grow spontaneously, but limited in size
because of the regulation of the functional groups
of the ChS templates (Fig. 3.32) and because of
steric hindrance by adjacent HAp crystals (Fig. 3.
31(h)). However, the HAp crystals precipitated
without ChS templates can grow normally because
there is no limitation on growth (Fig. 3.31(a)). The
results suggest that the nucleation and growth of
HAp crystals might be regulated by the functional
groups of ChS templates. It is noted that previous
assertions of the inhibitory effect of ChS on the
nucleation and growth of HAp crystals in vitro by
simply binding Ca ions,*®™*9 interfering with the
diffusion rate of calcium and phosphate ions,*V or
covering the active growth sites of HAp seed crys-
tals®” are not sufficient for describing the nuclea-
tion and limited growth of HAp crystals on ChS
templates. From direct microstructural observation
and the chemical shifts in this work, it can be
concluded that ChS does not have an inhibitory
effect on the nucleation of HAp itself but regulates
nucleation and growth of HAp crystals, which

results in limited crystal growth of HAp.

3. 3. 4 Conclusions

The inhibitory effect of chondroitin sulfate on the
crystal growth of hydroxyapatite was investigated.
The precipitation of HAp crystals was regulated by
the functional groups of ChS templates and brought
about a decrease in the HAp crystal size compared
with that of HAp precipitated without ChS. The
limited crystal growth of HAp is believed to occur
through nucleation and growth regulated by ChS
templates following steric hindrance by adjacent

crystals.
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Fig. 49 TEM images of tendon/HAp composite.
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Fig. 410 The tendon/HAp composites with 7 times alternate
soaking (in bone marrow, 4 weeks, hematoxylin and
eosin stain). (T): Tendon, (B): New bone, (M): Bone

marrow cell
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4.11 The automatic alternate soaking system for medical

treatment.
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Fig. 51 FT-IR spectra of (a) y-APS, (b) non-treated-HAp

particles and (c) amino group-modified HAp particles.
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Fig. 5.2 FT-IR spectra of polyAAc-co-y-APS prepared by (a)
carbodiimide and (b) a heating product of a mixture of
AAc homopolymer and amino group-modified HAp

particles.
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Fig. 5.3 SEM observation of a silicone material coated with

HAp particles.

Table 5.1 Mixture ratio of HAp and PEG.

Sample name Functional group PEG (wt%) HAp (wt%)

30PEGOH OH 30 70
30PEGCOOH COOH 30 70
40PEGCOOH COOH 40 60
50PEGCOOH COOH 50 50
70PEGCOOH COOH 70 30
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Fig. 54 FT-IR spectra of HAp, PEGCOOH, PEGOH and their
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Fig. 5.5 FT-IR spectra of the composites after soaking in water

for 30 minutes and filtering.
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Possible molecular states of PEGCOOH.

SEM micrographs for the surfaces of 30PEGCOOH and 30PEGOH.
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Fig. 5.10 SEM and AFM image of HAp surface. The surface were etched for Imin by 8M-CH;COOH aqueous solution
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