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Introduction to GRIBOI and the 12th Interdisciplinary Reasearch Conference on
Bioamterials (GRIBOI 2002)

GRIBOI, acronym for « Groupe de Recherche Interdisciplinaire sur les Biomatériaux
Ostéoarticulaires Injectables » (Interdisciplinary Research Society for Bone and Joint Injectable
Biomaterials) was originally an informal group of French clinicians concerned with mini-invasive
bone therapies based on percutaneous injection of bone substitutes.
The best known of such therapies is the Acrylic Vertebroplasty (AVP) initiated more than 10 years ago
by Prof H. Deramond and his group at Amiens. Although the use of PMMA as a bone substitute is still
highly relevant for the palliative treatment of collapsed osteoporotic or metastatic vertebrae, new more
sophisticated, resorbable and osteoconductive materials came to the existence since then.
The initiators of the GRIBOI realized very soon the great promise of injectable bone grafting materials
for future clinical applications, for they open new avenues to preventive bone therapies. However,
their success relies on a subtle alchemy of optimal material performance, adequate surgical technique
and long-term favorable biological and biomechanical response; hence, the development of efficient
therapies based on injectable bone materials is obviously a demanding interdisciplinary work well
beyond the exclusive expertise of orthopaedic surgeons. Therefore, the GRIBOI decided years ago to
broaden its membership to non-medical people, including biologists and materials scientists.
This 12th GRIBOI meeting is the second one taking place out of France. This is a consequence of the
increasing popularity of the concept of « Injectable Bone Materials », which has been gaining more
and more credibility and international recognition over the past ten years. This also manifests the will
of the GRIBOI to open its membership to the international community of physicians, biologists,
engineers and industrial companies active in the field of mini-invasive bone therapies. The GRIBOI is
particularly proud to be guested by China in this second year of the Millenium.
We are delighted to welcome you in the splendid City of Shangai for this four-days conference on
biomaterials and related research. I hope you will enjoy not only the scientific program, but also the
numerous touristic attractions offered to you by this superb area of China.
On behalf of Executive Committee of the GRIBOI We wish here to express our deepest thanks for the
efforts developed by the Local Organizing Committee in preparing this meeting.
Enjoy a very successful GRIBOI’2002 Meeting !

Jacques Lemaître
President of the GRIBOI

Changsheng Liu
Chairman of The GRIBOI 2002
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Invited Lectures-1 (Conference Room 1, 9:00-10:30)
Chairman: Acad. Zhongwei Chen, Prof. P. Sharrock
9:00-9:30
Working Characteristics of Injectable Calcium Phosphate Hydraulic Cements
Prof. J. Lemaitre
Powder Technology Laboratory, EPFL-LTP, MX-Ecublens, CH-1015 Lausanne, Switzerland
9:30-10:00
Future Direction of Calcium Phosphate Cements
Prof. Changsheng Liu
Engineering Research Centre for Biomaterials of Ministery of Educations, Key laboratory
for Ultrafine Materials of Ministry of Education East China University of Sci. and Tech.,
China
10:00-10:30
Design of Degradable Polymers as Carriers for Drug Delivery Systems
Prof. Zhongwei Gu
National Research Institute for Family Planning, Beijing, 100081, China
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IL-1
Working Characteristics of Injectable Calcium Phosphate
Hydraulic Cements
J. Lemaître
Laboratory for Powder Technology, EPFL, MX-Ecublens, CH-1015-Lausanne (Switzerland)

A new family of resorbable bone substitutes is emerging since the middle eighties: These materials,
conveniently referred to as « Calcium Phosphate Hydraulic Cements » (CPHCs) consist in powder
mixtures of at least two sparingly soluble calcium phosphate salts which, after mixing with water or
aqueous solutions, form self-setting pastes. Provided adequate rheology is conferred to such pastes,
they can be implanted by minimal surgery (percutaneous injection).
Most CPHCs consolidate spontaneously in physiological conditions. Several such materials are
already available on the market (e.g. Norian SRS®, BoneSource®, Cementek®,

-BSM™…) : These

compositions are converted in Hydroxyapatite (Ca5(OH)(PO4)3, HAP) upon setting, and are therefore
referred to as Apatitic Hydraulic Cements (AHC). Other CPHC formulations, now under development,
have been studied for several years in the Surface Chemistry and Biomaterials Group of the
Laboratory for Powder Technology ; As their main conversion product after setting is brushite
(dicalcium phosphate dihydrate, CaHPO4•2H2O, DCPD), they are referred to as Brushitic Hydraulic
Cements (BHC).
This presentation shall review the main operating characteristics of CPHCs, which are relevant for
clinical use, namely: Initial formulation, basic chemical reactions leading to consolidation, thermal and
volume effects taking place upon setting and hardening, initial mechanical properties (compressive and
diametral tensile strength) and radio-opacity.
The degradability of CPHCs in physiological conditions shall be discussed in the light of the solubility
of sparingly calcium phosphates in aqueous solutions, with special consideration on their influence on
the pH of the surrounding liquids.
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IL-2
Future Direction of Calcium Phosphate Cement
Changsheng Liu
Engineering Research Centre for Biomaterials of Ministry of Education, Key laboratory for Ultrafine Materials of
Ministry of Education, East China University of Science and Technology, Shanghai 200237, China

Since Brown and Chow discovered that calcium phosphate has the property of self-setting and
auto-solidification similar to silicate cement in mid-1980s, scientists have paid great attentions to study
calcium phosphate cement and its potential application in clinic. The number of scientific papers has
increased significantly. Based on the over ten years’ experiences of persevering research and
development on calcium phosphate cement, this contribution reviews the recent active research and the
possible development of this novel bone graft substitute.
Calcium phosphate cement, a mixture of several calcium phosphates, mixed with water, can form as a
paste, which can solidification in the biological environment. The principal of hardness of the paste is
based on the hydration reaction of calcium phosphates with water to form the precipitating product
entangled so as to develop adhesive strength among the particles. The common systems of calcium
phosphate cement include tetracalcium phosphate system and tricalcium phosphate system. Based on
the difference of composition, many research works have been carried out and various bone cements
have been developed for clinical application. The indexes of evaluating bone cement include setting
time (initial setting time and final-setting time), mechanical strength (compressive strength, diameter
tensile strength), final hydration product composition, pH and exothermic property during hydration,
biocompatibility in vitro and the in vivo behaviors after implantation. In addition, anti-washing out is
also a very important index because there always exists penetration of body-liquid in vivo during the
setting process. If anti-washing out property of cement is relatively poor, it can be burst away by the
body liquid, and will lead to obvious decline of the practical application, even resulting in rejection
reaction.
Besides the extensive research about composition of calcium phosphate cement, future studies about
CPC may be concentrated on following aspects:
First, the research on the degradation-controlled CPC. Methods to improve the degradation property of
CPC include the regulation of the CPC components, the crystal structure control of the hydration
product, the micro-structure control of solidified-body and the metabolic regulation control by
incorporating bioactive factors such as BMP, TGF-beta etc. to promote the activity of bone formation
at initial stage after implantation.
Secondly, the development of the injectable CPC and its application as percutaneous vertebroplasty
will be paid profound attention.
Thirdly, CPC used as the carrier of drugs for the treatment of chronic osteomyelitis and the filling after
tumor resection to reduce the rate of tumor recurrence.
Fourthly, study on the enforcement of CPC, such as enforcement in situ by guiding the directional
growth of the hydration crystal, introducing inorganic fiber, inorganic particle, polymer fiber etc. to
improve initial strength and final solidified body strength.
Fifthly, basic research about various clinic application of CPC, involving animal test and clinical
evaluation, such as spine fusion, skull reconstruction, alveolar bone repairing, dental root canal filling
etc.
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IL-3
Design of Degradable Polymers as Carriers for Drug Delivery Systems
Gu Zhongwei
National Research Institute for Family Planning, Beijing, 100081, China

Biodegradable aliphatic polyesters, such as polyglycolide (PGA), polylactide (PLA), polycaprolactone
(PCL), etc. are increasingly being investigated worldwide for pharmacological and biomedical
purposes because of their low toxicity, approved biocompatibility and biodegradability [1-3].
Application of drug delivery systems can be evidenced to improve the drug efficiency, lower the drug
toxicity, increase the stability of sensitive drugs and prolong the drug administration, etc. Polymers as
carriers have begun to play a major role in improving drug administration. Different drugs have
different properties, some of small molecular drugs such as some hormones are hydrophobicity and the
other drugs such as proteins are hydrophilicity. To adapt the different properties of the drugs, the
different polymeric carriers for the drug delivery systems should be designed.
1. Polymeric carriers for drug delivery systems of lipophilic drugs
The polymers used in drug delivery systems for lipophilic drugs were focus on the homopolymers,
random and block copolymers of lactide, glycolide, caprolactone. Particularly, the block copolymer
matrices for long-acting drugs with constant release rate as a function of composition are very useful.
The release rate of drug from PCL phase in the block copolymer is diffusion-controlled, but that from
the PLA phase is erosion-controlled. The erosion- controlled release rate is expected to increase with
an increasing PLA segment in the copolymer, which would result in compensation for the decline in
release rate caused by diffusion-controlled release from the phase in the copolymer. Therefore, zero
order release was actually achieved because the diffusion and erosion release could be balanced by
varying the ratio of CL/LA segment in the block copolymer.
In some cases of drug delivery systems, the polymeric carriers should be degraded quickly because the
drug was expected only for some weeks. It was realized that the water permeation in polyester is
affected by the hydrophilic component of the copolymers, which also largely affect the degradation
rate of the polymer. Poly(1,4-dioxan-2-one) (PDON) and poly-(trimethylene carbonate) (PTMC) could
be used in the body. they could be safely degraded to non-toxic compounds and excreted from the body.
Block copolymers of PDON or PTMC with different poly(ethylene glycol) (PEG) content were
synthesized and the release rate of drug from the matrices increased with the increase of hydrophilic
component[4,5].
2. Polymeric carriers for drug delivery systems of hydrophilic drugs
Because of low drug loading and promotion of the deterioration of the proteins, the lipophilic
polymers were unsuitable for the drug delivery systems of water-soluble drugs especially the proteins,
so that hydrophilic or amphiphilic polymers should be used in these systems[6,7]. Many methods can
be used to improve hydrophilicity of the polymers, such as introduction of PEG segment, or -OH,
-COOH functional groups, etc. PEG segment could be introduced by polymerization of the cyclic
monomers using Sn(Oct)2/PEG as the catalyst. To introduce -OH and -COOH functional groups, the
common way was used by polymerization of functional monomers. These monomers can also
successfully copolymerize with glycolide, lactone, methylglycolide or caprolactone etc. in a wide
range of mole fraction for adjusting the hydrophilicity of the copolymers.
References
1. Langer, R., Nature 1998, 392:5.
2. Witzke D.R., Narayan R. Kolstad JJ. Macromolecules 1997, 30:7075.
3. Kowalski A., Duda A. Penczek S., Macromol Rapid Commun 1998, 19:567.
4. Wang, H., Dong, JH., Qiu, QY., Gu, ZW. J App Polym Sci 1998, 68:2121.
5. Wang, H., Dong, JH., Qiu, QY., Gu, ZW. J M S – Pure Appl Chem 1998, A35:811.
6. Dong, CM., Ph. D. thesis 2001.
7. Yang, JY., Ph. D. thesis 2001.
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Session 1 Characterization of Biomaterials (Conference Room 1, 11:00-12:35)
Chairman: Prof. Yilin Cao, Prof. J. Lemaitre
11:00-11:20 Key Lecture:
NMR Spectroscopy Contribution to the Study of Biomaterial Mineralisation
Legrand. A.P
Laboratoire de Physique Quantique. FRE CNRS 2312. ESPCI. 10, Rue Vauquelin 75005
Paris, France
11:20-11:35
Biocompatibility of Dental Alloys: Establishment of a Cytotoxicity Index
J.-C. Hornez, A. Lefevere , H. F. Hilderabd
Biomaterials Research Laboratory, Faculté de Médecine, F-59045 Lille Cedex, France
11:35-11:50
Isolation and Two-Dimensional Electrophoresis Analysis of Plasma Membrane Proteins
From Osteoblastic Cells
Rouahi M, Grard T, Tavernier E, Anselm K, Noel B, Hardouin P, Jeanfils J
Instistitut de Recherche sur les Biomateriaux et les Biotechnolgies (IR2B)- ULCO Basin
Napoleon, Quai Robert Masset, BP 120 62327 Boulogne sur mer, France
11:50-12:05
Physico-Chemical Analysis of Dental Root Canal Filling Biomaterials
Aline Sinan, Olivier Moyen, Patrick Sharrock, Paul Calas
Faculté d’Odontologie, Université Paul Sabatier, Toulouse, France
12:05-12:20
Interbody Arthrodesis Using a Plasmapore Titanium Block. Mechanical and Histological
Experimental Study in Sheep
Tropiano P, Bronsard J.J., Poitout D.G.
Centre Hospitalo-Universitaire, Service D'orthopedie, Traumatologie, Chemin des Bourrelys,
Marseille, France
12:20-12:35
Rheological Characteristics of Chitin/PCL Blends with BC Additives
Kang Sun, Anle Yang , Renjie Wu
Shanghai Jiao Tong University, Huashan Road, Shanghai 200030, China
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KL-1
NMR Spectroscopy Contribution to the Study of Biomaterial Mineralisation
A.P. Legrand1, B. Bresson1, R.Guidoin1, R. Famery2,
1
2
3

J-M. Bouler3

Laboratoire de Physique Quantique. FRE CNRS 2312. ESPCI. 10, rue Vauquelin 75005 PARIS. France

Laboratoire Céramiques et Matériaux Minéraux UMR CNRS 7574. ESPCI. 10, rue Vauquelin 75005 PARIS. France

Centre de Recherche INSERM 99-03 sur les Matériaux d’Intérêt Biologique Faculté de Chirurgie Dentaire - BP84215.
44042 Nantes Cedex 1. France

Abstract
High resolution solid state NMR spectroscopy appears as a powerful method for a better understanding
of bone structures and bone substitutes and implants. In particular it is efficient to estimate
osteoformation via bioceramics bone colonisation. Pathological calcification occurring in bioprosthetic
heart valves and breast prostheses can be characterised.
The study of calcification processes involved in the mechanisms of biodegradation, osteoconduction
and osteoinduction needs numerous methods of investigation. Complementary spectroscopies can be
used as X-ray, Infra-Red or Raman spectroscopies. More recently Solid State Nuclear Magnetic
Resonance has proved its efficiency for the characterisation of biomaterials, bone mineral phases and
pathological calcifications.
Characterisation of bioresorbable ceramics used in orthopaedic and maxillofacial surgery through
osteoformation, selection of the best characteristics of such materials, evaluation of the influence of a
drug delivery into the bone structure, needs to use a variety of methods. Among them the
characterisation of the inorganic part of bone mineral can be done using solid state NMR. This method
had been used a long time ago, but the evolution of the NMR technology enables to improve such
analysis.
It is observed that after implantation of bioprosthetic heart valves or breast silicone implants a
calcification process develops, the origin of which is discussed. This unwanted pathological
phenomenon has to be understood and eradicated.
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O1-2
Biocompatibility of Dental Alloys: Establishment of a Cytotoxicity Index
J.-C. Hornez, A. Lefevre, H. F. Hildebrand
Biomaterials Research Laboratory, Faculté de Médecine, F-59045 Lille cedex, France.efevre

Introduction: Palladium (Pd) is a metal frequently used for prosthetic dental restoration. In order to
elucidate controversial options about Pd concerning its biological performances, our study consists in
the evaluation of commercial and experimental PFM and C&B precious and semi-precious dental
alloys. This investigation was also designated to the establishment of a Cytotoxicity Index such it was
described for hemocompatibility testing.
Materials and methods: The following materials were tested: 36 commercial PFM and C&B precious
and semi-precious alloys (Au-, Pd- and Ag-base), 14 experimental alloys (Pd-base established by an
experience plan) and pure metals (Ag, Au, Cu, Ni, Cr, In, Sn, Pt, Ti, Zn).
A Cytotoxicity Index (CI) of these alloys after biological evaluation with 4 different cytocompatibility
tests respecting the ISO/EN 10993-5 standard: proliferation, viability, morphology, and inflammation
[2]. The cell culture experiments were carried out with the following cell lines: human embryonic
epithelial lung cells L132 (ATCC CCL5) and NIH3T3 mouse fibroblasts (ATCC CRL 1658). Ion
release measurements by ICP were also added
Results: The significantly most released element is Cu, in water and even more in a biological culture
medium (MEM with 5% foetal calf serum, pH 7.2, 37°C).
In vitro cell viability tests show that Pt, Sn, In, Ti, Au and Pd have no cytotoxic effect; Cr, Cu and Ag
are toxic, Ni, Zn, and Co are highly toxic. An identical ranking was found with the inflammatory and
proliferation tests. Toxic and highly toxic metals induced slight or strong morphological alterations
after 3-days cultures and mostly cell death after 6-days cultures. These effects are dependent on the
leakage of the respective elements into the culture medium as revealed by ICP elemental analyses.
Cytotoxicity Index: Following criteria were chosen to establish the Cytotoxicity Index (CI)
Score points
10
Cell Viability by colony forming method (powders)
Direct Contact Proliferation (15mm ∅ discs)
3 days
6 days

10
10

Morphology assessment by SEM (15mm ∅ discs)
3 days
6 days
Frequency of Multinucleated Giant Cells (powders)

2
2
10
Total
4
Conclusion: More or less expressed cytotoxic and inflammatory effects were observed for most Cu
containing alloys and some Ag containing alloys. The addition of Au gives benefit to Pd-Ag alloys,
but does not produce any major effect on Pd-Cu alloys. Palladium has no cytotoxic effect, and all
Pd-base or Pd containing alloys without Cu are ranked within the most favourable places. This
qualitative ranking can quantitatively be confirmed by cytocompatibility testing after application of the
Cytotoxicity Index.
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O1-3
Isolation and Two-dimensional Electrophoresis Analysis of Plasma Membrane
Proteins from Osteoblastic Cells
Rouahi M, Grard T, Tavernier E, Anselm K, Noel B, Hardouin P, Jeanfils J.
Instistitut de Recherche sur les Biomaaateriaux et les Biotechnolgies (IR2B)- ULCO basin Napoleon, Quai Robert
Masset, BP 120 62327 Boulogne sur mer, France

In bone tissue engineering, new bone induction biomaterials established by association between porous
hydroxyapatite, titanium or glass-apatite and biological materials (proteins and cells) [1]. The
materials preparation requires the characterization of cells and biological moleculea during the bone
adhesion and differentation.
In the report, we have optimized a plasma membrane proteins purification protocol to study the effects
of area topograph on these proteins expression.
The expression of plasma membrane proteins from MG63 cells (osteosacoma) was examined by cell
disruption. Cells were fractioned using Dounce homogenization followed by differential centrifugation
[2,3]. The final supernatant contains plasma membrane proteins solubilized in CHAPS
[3-(3-cholamidopropyl) dimethylammonio-1-propane-sulfonate].
The membrane fraction pyrity was examined and checked using enzyme markers assays as lysosome,
endopiasmic reticulum, mitochondria and plasma membranes.
The expression of plasma electrophoresis ( 2-DE) analysis revealed by silver nitrate. The use of
specific antibodies against major membrane proteins will allow us to study their expression in different
conditions of area topographs [4].
Reference.
1. Anselme K, Noel B, Flautre B, et al (1999), Bone 25(2) 51s-54s
2. Radisson J, Angrand M, Chavassieux P, Roux B, Aizzar G, Int. J Biochem, cell Biol. 28(4):
421-480
3. Bourrat C, Radisson J, Chavassieux P, et al (2000), calcify. Tissue Int. 66: 22-28
Grzesik WJ, Robey PG, (1994), Bone matrix RGD glycoproteins: immunolocalization and
interaction with human primary osteoblastic bone cell in vitro 9(4): 487-496
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O1-4
Physico-chemical Analysis of Dental Root Canal Fillings Biomaterials
Aline Sinan, Olivier Moyen, Patrick Sharrock, Paul Calas
Faculté d’Odontologie, Université Paul Sabatier
Toulouse, France

We have analysed various dental root canal filling biomaterials based on gutta-percha and mineral
additives. We report here on physico-chemical properties and how they can be modified by changing
the mineral fillers.
Thermogravimetric analysis is the first method used to determine the weight percent of polymer
present in the biomaterials.

Simultaneous differential thermal analysis reveals endothermic pics

below 100°C, not related to any weight loss or humidity, but corresponding to melting of the organic
phase. Differential scanning calorimetry confirms that in fact several endothermic phenomena occur
depending on the thermal history of the sample and related to melting of the gutta-percha alpha and
beta forms between 40 and 60°C.
Infrared spectroscopy show the characteristic absorption bands of the organic polymer and fillers.
Barium sulphate appears with strong peaks around 1080 cm-1, but zinc oxide can only be detected by
X-ray diffractometry. Root canal fillings contain 75% minerals.
Proton NMR study of the polymers extracted with chloroform shows the presence of isomers.
Carbon-13 NMR and 2D spectra allow the assignments of the stereoisomers.
Work is under way to obtain new dental root canal materials with biocompatible and radioopaque
fillers with controlled viscosity for adequate filling of the apex at temperatures slightly above the
melting point of polyisoprene.
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O1-5
Interbody Arthrodesis Using a Plasmapore Titanium Block. Mechanical and
Histological Experimental Study in Sheep.
Tropiano P, Bronsard JJ, Poitout DG.
Centre hospitalo-universitaire, service d'orthopedie, traumatologie,
chemin des Bourrelys,Marseille, France.

Introduction: A Plasmapore-coated titanium alloy block was implanted in ewes for the purpose of
providing interbody fusion. Four blocks were implanted in each ewe: one uncoated block (without
Plasmapore) serving as a reference specimen and three blocks coated with Plasmapore. Mechanical
testing and histological study were performed on five ewes.
Determination of the quality of the mechanical and histological anchorage of the Plasmapore
implanted in the interbody space in the same animal living under conditions of physical strain exerted
on the spine.
Methods: Four months after surgical implantation of the block, the ewes were sacrificed: the removed
spines were frozen for subsequent mechanical analysis and preserved in a solution of 40 degrees
alcohol for subsequent histological analysis. X-rays were taken to evaluate the positioning of the
implant. The mechanical analysis included extraction tests, measuring the maximum extraction force
and evaluating the stiffness of the system, being indicative of the mechanical fixation quality. The
histological study included both qualitative and quantitative analysis, together with an evaluation of
the osteointegration of the blocks coated with Plasmapore.
Results: After 4 months of implantation, a mean extraction force of 990 N was necessary for the
blocks coated with Plasmapore, and of 1.338 N for the blocks coated with Plasmapore with additional
osteosynthesis, whereas a mean extraction force of 332 N was necessary for the uncoated blocks.
Anchorage and resistance against uprooting of the blocks coated with Plasmapore were significantly
more efficient. The histological study revealed the presence of bone neoformation adhering to the
implant. Quantification of this bone formation covering nearly 45% of the implant perimeter,
confirmed both osteointegration of the implant perimeter, confirmed both osteointegration of the
implant surfaces being in contact with the vertebral endplates and osteoconduction along the lateral
surfaces.
Conclusion: The titanium Plasmapore block enables interbody fusion due to an osteointegration of the
vertebral endplates by Plasmapore coating, which was proved by the results of extraction testing and
histological study. It should be taken into account that no additional bone grafts have been used and
that the implant had not been forced into the spongiosa.
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O1-6
Rheological Characteristics of Chitin/PCL Blends with BC additives
Kang Sun, Anle Yang , Renjie Wu
State Key Lab of Metal matrix Composites，Shanghai Jiao Tong University
Huashan Road , Shanghai 200030，China

Introduction:For the excellent biocompatiable and biodegradable properties, chitin， its derivatives
and PCL are widely used as biomedical materials. Accordingly, the blending of chitin and PCL is a
good candidate for new biomaterial with good processing and enhanced mechanical properties.
However, the blends have poor compatibility due to the strong intramolecular and intermolecular
hydrogen bonds. In this investigation, we had prepared chitin/PCL blends by melt blending. The
rheological and miscible properties were studied using ARES. Moreover, butyrylchitin and catalyst
were added to investigate the miscibility between chitin and PCL.
Materials and methods:Chitin，Chitin butyric ester and PCL were blended at 200°C in the mixer of
Haake rheolometer(see table I). The rheological properties were characterized by ARES. After
preheated at 190°C, samples were pressed at 150°C to thin plates of φ8mm. Complex viscosity,
storage module and loss module were measured as a function of frequency. The analysis was
conducted at 80°C, 100°C, 120°C, 140°C, 160°C, 180°C, 200°C, respectively. The activation energy
of flow (Ea) was calculated followed as Arrhenius equation.
Result And Disscussion:(1)Effects of blend ratio on the complex viscosity of blend: The complex
viscosity of blend melts were much affected by the change of blend ratio and decreased with the
increase of the contents of PCL component. No minimum point of complex viscosity was detected,
which meant there was no specific interaction between two components and the miscibility of the
chitin/PCL blend was poor. Since the chitin has no melting point and hence the rheological behaviors
of chitin/PCL blend as high filling polymers showed the greater complex viscosity when increasing the
content of chitin.(2)Effect of butyrylchitin on the rheological properties and miscibility: Then the
chitin with substitution of BC/PCL had similar behavior comparing to pure chitin/PCL with the same
particle contents. It was obvious that the abrupt decrease of complex viscosity was due to the
improvement of compatibility between chitin and PCL with introducing of butyrylchitin to the blends.
Table I：the designation of different compositions
Chitin %
PCL

%

BC

CP64

CP55

CP46

CP37

CPB5

CPB15

CPB25

CPC55

CPT55

60

50

40

30

45

35

25

50

50

40

50

60

70

50

50

50

50

50

5

15

25

200

200

200

%

Ti(BuO)4 %
Temp.

°C

1
200

200

200

200

200

160

Time min

10

10

10

10

10

10

10

60

10

Torque N.m

0.4

2.0

0.4

0.3

0.4

0.4

0.4

0.9

0.4

Conclusion: Chitin blends with good rheological properties were prepared by melting blending. The
decrease of chitin content in the blend resulted in the same decrease of complex viscosity, storage
module, and loss module. The higher processing temperature gave the homogeneous blend and
lowering the complex viscosity. The miscibility of chitin/PCL blend was improved by the addition of
butyrylchitin(BC) and catalyst. However, over 15wt% of BC content in the blend made little change
for the viscosity. This was due to some specific interaction such as ester exchange reaction between the
hydroxyl group of chitin and parts of PCL occurred, and the resultant graft copolymers improved the
miscibility of chitin and PCL as the third component.
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Session 2 Bone Cement (Conference Room 2, 11:00-12:35)
Chairman: Prof. Changsheng Liu, Prof. P. Hardouin
11:00-11:20 Key Lecture:
Improvement of the Resorbability and Release of Active Principles in Injectable
Phosphocalcium Cement; Research and Development
J. L Lacott
CIRIMAT Physicochimie des Phosphates ENSIACET / INP Toulouse UMR CNRS 5085
118, Route de Narbonne 31077 Toulouse Cedex, France
11:20-11:35
The Preparation of an Injectable Calcium Phosphate Bone Cement and the Initial
Histological Response in Dogs
HS Fan, WW Lu, JQ Cheng, JCY Leong, KW Liu, SX Qu, XD Zhang
Engineering Research Center in Biomaterials, Sichuan University, Chengdu 610064, China
11:35-11:50
Long-term Aging of Brushite Cements in Physiological Conditions: An in Vitro Study
S. Rousseau, J. Lemaître, M. Bohner , C. Frei
Powder Technology Laboratory, EPFL-LTP, MX-Ecublens, CH-1015 Lausanne, Switzerland
11:50-12:05
In Vivo Evaluation of Recombinant Human Bone Morphogenetic Protein 2 (rhBMP-2)
Delivered in an Injectable Calcium Phosphate-Based Matrix for Fracture Repair
Rebecca Li, Howard Seeherman, Darren D’Augusta, Cara Blake, Mary Bouxsein, Jian Li,
John Wozney
Genetics Institute/Wyeth-Ayerst Research, 200 Cambridge Park Drive, Cambridge, MA,
USA
12:05-12:20
A Hardening Paste Containing Calcium Phosphates
P. Sharrock, Marina Fiallo
Chemistry Department, Paul Sabatier Institute of Technology, Castres, France
12:20-12:35
The Mechanism of Hydration Reaction in Magnesium Phosphate Bone Cement
Wei Gai, Changsheng Liu
Engineering Research Centre for Biomaterials of Ministery of Education, East China
University of Science and Technology, Shanghai 200237, China
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KL-2
Improvement of the Resorbability and Release of Active Principles in
Injectable Phosphocalcium Cement ; Research and Development
J.L. Lacout
CIRIMAT Physicochimie des Phosphates ENSIACET / INP Toulouse UMR CNRS 5085
118, route de Narbonne 31077 Toulouse Cedex France
TEKNIMED Fr 65500 Vic en Bigorre

The utility of mineral orthopaedic cements is now well known. That of injectable mineral cements is
developing. It is obvious in terms of facility of installation, of limitation of the downtime, and control
of the total costs of the intervention. Various research orientations were investigated. Among them, we
favoured that which consists using a support on existing phosphocalcium cements for which physical
coherence and stability in wet medium are assured, and making these cements injectable by the
contribution of additives which modify the chemical parameters of the setting and hardening and the
rheological properties. These cements have already shown their good physical-chemical characteristics.
Starting from representative results from animal experiments, we present their biological properties
and their osteoconduction efficiency. Associating these cements with active molecules: antibiotics,
antalgesics, antimitotics, slowly releasable in situ, will greatly increase their utility. Our current work
underlines this possibility, in so far as the physical properties of the cements are suitable and that the
active molecule does not bond too strongly to the various components of the cement. For certain
applications these cements remain too slowly resorbables. For a given composition of cement,
increasing the resorbability and/or the release of active principle implies increasing the porosity, in
particular the inter-connected porosity, which decreases the quantity of initial mineral matter, enhances
diffusion in the bulk, improves the contact surface with the biological medium and facilitates
osteointegration. Increasing porosity in a cement, consists in creating pores either during the hardening
of the cement by means of porogenic substances, or after installation, during its in-situ maturation, by
elimination of mineral or organic particles more soluble than cement. This is the way we chose. We
also based at the same time the study on concepts from the well known field of building cements, on
knowledge from the field of polymers and knowledge developed during the study of the the
interactions of calcium phosphates with organic matter.
This talk will underline the various possibilities of injectable phosphocalcium cements, and their
manufacturing process, and will represent a progress report on the most recent research in the field and
on the latest original results obtained.
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O2-2
The Preparation of an Injectable Calcium Phosphate Bone Cement
and the Initial Histological Response in Dogs
HS Fan1, 2
1

WW Lu2

JQ Cheng1 JCY Leong2

KW Liu1

SX Qu1 XD Zhang1

Engineering Research Center in Biomaterials, Sichuan University, Chengdu, 610064, China
2

Department of Orthopaedic Surgery,

The University of Hong Kong, Hong Kong, China

Introduction: With the same composition of nature bone and the nature of set in situ, calcium
phosphate bone cement have generated much interest in orthopaedic usage. However, most of the bone
cement is used as paste to fill bone defects. As the development of materials and medicine, minimal
invasive surgery has been paid great attention. To develop materials with minimal invasive surgery, an
injectable calcium phosphate bone cement has been made and the initial histological response in dogs
has been researched in this experiment.
Materials and methods: Calcium phosphate dihydrate(DCPD) and calcium carbonate (CC) were
commercially obtained. High temperature calcium phosphate (HCP) was prepared by sintering the
mixture of CC and DCPD in 1500oC. Low crystalline hydroxyapatite(HA) was prepared by wet
method in our lab. Chemicals of phosphoric acid (PAS) and citric acid (CAS) were also used. The
solid phase and the liquid phase were prepared by mixing the above materials according a proper ratio
to get the mixture of bone cement paste. The paste just obtained by mixing the solid phase and the
liquid phase was transferred into an ordinary syringe to be injected into a model for testing. Adult male
dogs were used for implanting experiment. Bone cement paste was injected into the femoral defects of
about Φ6mm. The as-shaped cylinders of Φ6mm×12mm were implanted in the dorsal muscle of the
dogs. After implantation of 2weeks, 4weeks and 8weeks, the dogs were sacrificed and the samples
were taken out for histological observation. Undecalcified sections were made and toluidine-blue
staining and scan electronic microscopy(SEM) were used to observe the histological response in the
initial time of implantation.
Results: By optimizing the composition of the materials, an injectable calcium phosphate bone cement
has been prepared. The injectable time from a needle could be 5-8mins and the setting time was about
15mins, and the highest setting temperature was less than 50oC. This setting nature is very suitable for
clinic usage. The SEM observation of the undecalcified sections showed good bonding between the
materials and the surrounding tissue. The histological observation of the samples implanted in the
muscle and bony site of dogs showed good biocompatibility without inflammatory. The samples
implanted in the bony site showed good bone bonding without gap between the materials and the bone.
Newly formed bone was observed connected tightly with the materials and the old bone.
Conclusions: The results showed that this obtained bone cement is an injectable, bioactive
bone-bonding cement that has proper setting nature for clinic usage. The initial histological observation
in dogs showed good biocompatibility and osteoconductivity. If the materials are osteoinductivity are
being suited and the materials need to be optimized further. The initial research showed the materials
has potential use in the field of orthopaedic with minimal invasive.
References:
1. WE. Brown and L. C. Chow, U.S. Patent No. 4518430, 1985
2. Khairoun, M. G. Boltong, F. C. M. Driessens, J. A. Planell, Effect of Calcium Carbonate on Clinical
Compliance of Apatittic Calcium Phosphate Bone Cement, J. Biomed Mater Res (Appl Biomater) 38:
356-360, 1997
3. 2 Fukase Y, Eanes ED, Takagi S, Chow LC, Brown WE, Setting reactions and compressive strength
of calcium phosphate cements, J. Dent. Res 1990; 69: 1852-1856
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O2-3
Long-Term Aging of Brushite Cements in Physiological Conditions :
An in vitro Study.
S. Rousseau, J. Lemaître
Laboratory for Powder Technology, EPFL, MX-Ecublens, CH-1015-Lausanne (Switzerland)
M. Bohner
Dr h.c. Robert Mathys Foundation, CH-2544 Bettlach (Switzerland)
C. Frei
STRATEC Medical, CH-4436 Oberdorf (Switzerland)

An in vitro aging experiment in simulated physiological conditions has been undertaken, with the aim
of understanding the physico-chemical aspects of the long term in vivo degradation of brushite
cements.
A statistical design of experiment has been established in order to evaluate selected parameters of the
initial cement composition on their long term in vitro aging. Four compositional factors were selected:
(A) nature of rheological additive (hyaluronic acid–HA vs hydroxyproprylmethyl cellulose–HPMC,
appr. 1 %wt), (B) source of sulfate ions (CaSO4•0.5H2O–plaster of Paris vs sulfuric acid, atomic ratio
S/Ca = 0.013), (C) magnesium phosphate addition (0 %wt vs appr 8.5 %wt MgHPO4•3H2O) and
(D) final cement porosity (35 %vol vs 45 %vol). Thus, 16 different cement compositions were
prepared and left for aging in physiological conditions from 1 day up to 16 weeks (37°C, modified
Hank's solution free of glucose and Mg ions, renewed every 2–3 days).
Elemental chemical analyses (P, S, Ca, Mg) and pH measurements were used to calculate the state of
saturation of the recovered aging solutions with respect to various phases, such as brushite
(CaHPO4•2H2O, DCPD), hydroxyapatite (Ca5OH(PO4)3, HAp), octocalcium phosphate
(Ca8H2(PO4)6•5H2O OCP) and newberryite (MgHPO4•3H2O, DMPT). The phases present in the
aged cement specimens were determined by X-ray diffraction.
Already available results show that brushite cement aging is mainly affected by the presence of Mg
and by the nature of the rheological additive (HA vs HPMC). Thus, the simultaneous presence of HA
and of Mg visibly promotes faster degradation of brushite cements ; with HA and Mg, extensive
degradation occurs between 8 and 12 weeks, whereas all the cements containing HPMC keep their full
integrity beyond 16 weeks. Solubility calculations confirm the higher solubility of DCPD in brushite
cements containing HA and Mg simultaneously. The simultaneous presence of HPMC and Mg
increases the sursaturation of the recovered physiological solutions with respect to HAp; up to 8 weeks,
only the aging solutions brought into contact with brushite cements containing HPMC and Mg are
supersaturated with respect to OCP.
In conclusion, this study shows that the degradability of brushite cements in physiological conditions
is markedly increased by small amounts of additives such as DMPT and HA, which increase the
solubility of DCPD in physiological liquids. On the other hand, their stability is strongly increased by
the presence of HPMC. Simultaneous addition of HA and Mg to these cements promote OCP and HAp
precipitation in surrounding physiological liquids.
Acknowledgements
This work is granted by the Dr H.C. Robert Mathys foundation and by STRATEC Medical.
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O2-4
In vivo Evaluation of Recombinant Human Bone Morphogenetic Protein 2
(rhBMP-2) Delivered in an Injectable Calcium Phosphate-based Matrix for Fracture
Repair
Rebecca Li*, Howard Seeherman*, Darren D’Augusta*, Cara Blake*, Mary Bouxsein*, Jian Li*, John Wozney*
*Genetics Institute/Wyeth-Ayerst Research, 200 Cambridge Park Drive, Cambridge, MA, USA 02140,

Introduction: rhBMP-2 is a potent growth and differentiation factor for osteoprogenitor cells. The key
role of the matrix in BMP-mediated bone repair is to maintain the factor at the site for a prolonged
period of time and act as a scaffold in directing newly regenerated tissue. Recombinant human bone
morphogenetic protein-2 (rhBMP-2) delivered in an injectable formulation for percutaneous delivery
would allow fractures not requiring an open surgical procedure to be treated. An injectable calcium
phosphate-based paste (CPP) based on alpha-BSM (ETEX Corp., Cambridge, MA) is a promising
candidate as a carrier matrix for rhBMP-2. This calcium phosphate-based matrix is a rapidly
resorbable apatitic form with a crystalline structure similar to bone, and has a high affinity for
rhBMP-2.
Methods: In these studies, the efficacy of the rhBMP-2/CPP combination or the carrier-only control
(no rhBMP-2) was evaluated in rabbit ulnar (N=16) and non-human primate (NHP) fibular (N=12)
osteotomy models of fracture healing. Bilateral mid-diaphyseal osteotomies were creating using an
oscillating saw. Outcome assessments for the studies included radiographs, biomechanical testing
and histological assessment. In vivo 125I-rhBMP-2 retention kinetics following injection at the
osteotomy sites was also followed using gamma scintigraphy. The treatment groups (rhBMP-2/CPP
or carrier alone) were paired against controls (empty defect) within the same animal by creating
bilateral osteotomies. rhBMP-2 doses per defect were 0.75 mg and 0.1 mg for the NHP and rabbits
respectively.
Results: Results from the rabbit and NHP study showed that all biomechanics measures (torsional
strength, stiffness and energy) were significantly greater in the rhBMP-2/CPP treated groups compared
to their respective controls. The mean increase in failure torque of treated groups compared to
untreated contralateral controls was 100.3% for the rabbits and 156% for the NHP. Radiographically,
the rhBMP-2 groups showed bridging of the osteotomy with new bone after 4 weeks in the rabbits and
5 weeks in the NHP. In contrast, the surgical control or carrier-only limbs were not bridged at this
timepoint. The carrier-only groups showed virtually the same biomechanical strength compared to
their respective controls. Histology evaluations indicated the untreated control defects were not
bridged. In both species, the rhBMP-2/CPP groups showed consistent acceleration of healing and a
mature bony callus bridging the defect. The in vivo 125I-rhBMP-2 retention kinetics showed
measurable rhBMP-2 at the defect site at 3 weeks for the rabbit ulnas and 6 weeks for the NHP fibula
site.
Conclusions: In summary, rabbit ulnar and non-human primate fibular osteotomies treated with
rhBMP-2 delivered in a calcium phosphate-based carrier were biomechanically stronger, and had a
demonstrated acceleration in osteotomy healing compared to control limbs. The carrier-only groups
showed no acceleration of healing over untreated controls, indicating the acceleration was due to a
rhBMP-2 effect. Overall, these results indicate a strong rationale for continuing evaluation of this
calcium phosphate paste combined with rhBMP-2 in humans for treatment of closed fractures.
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O2-5
A Hardening Paste Containing Calcium Phosphates
Patrick Sharrock, Marina Fiallo
Chemistry department, Paul Sabatier Institute of Technology
Castres, France, 81104.

Introduction
Our goal is to make a new type of calcium phosphate cement for orthopaedic use. Acrylic Cements for
orthopaedic use contain polymers which dissolve into monomers which then polymerize. Portland
cement is an aqueous suspension of minerals which partly dissolve, form a gel, and recristallize into
slowly hardening monoliths. Calcium phosphate cements are mixtures of acidic and basic salts which
are mixed with water, react and set by cristallizing salt hydrates. In this respect, their hardening
reaction resembles more closely the mechanism of action of plaster than that of cement.
Materials and methods
We describe a hardening paste containing calcium phosphates. It does not behave like a cement of like
plaster. The paste is made by mixing a powder with an aqueous solution of a reactive polymer. The
paste can be implanted while still soft, before complete hardening and without dissintegration.
Biological evaluation was carried out by following the fate of implanted material in rabbit tibiae.
Results
Two mechanisms operate to harden the resulting paste. The first reaction is an acid – base
neutralization envolving the reactants in powder form. The second reaction is an ion exchange reaction
of the type found in the hardening of polyester pastes with magnesium oxide to form sheet moulding
compounds. It implies exchange of the sodium salt of the partly neutralized lactic acid side chains of
the polymer with a divalent cation such as calcium 2+, producing a crosslinked network. This step can
be followed by the shift in the infrared carboxylate stretching frquency as the reaction advances.
Changes in the mineral composition can be followed by X ray diffraction. Physico chemical results
will be presented and commented. Biological results show good osteointegration of the composite
organic-mineral biomaterial. Biodegradation of the polymer fraction explains in part the recolonization
observed for the implanted material.
Conclusion
Thus the formation of a reactive organic – mineral mixture may open new avenues for research into
injectable materials. In particular, it may become possible to design new biomaterials with adhesive
properties towards mineralized bone tissues.
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O2-6
The Mechanism of Hydration Reaction in Magnesium
Phosphate Bone Cement
Wei Gai1, Changsheng Liu1,2
1. Engineering Research Centre for Biomaterials of Ministery of Education, 2. Key Laboratory for Ultrafine Materials
of Ministry of Education, ECUST, Shanghai200237, China

Introduction
Compared with calcium phosphate bone cement, magnesium phosphate cement has the properties of
fast-setting and high early-strength. Moreover the material exhibited excellent plasticity and
glutinosity before hardening. These indicated that magnesium phosphate cement would be a potential
ideal material for fracture repairing.
The purpose of this article was to investigate the hydraulic mechanism from various aspects, including
the development of the product、the microstructure at various setting time、the exothermal behavior in
the hydration process.
Materials and methods
In the study, the solids were composed of magnesia, phosphate and retarder. The compound additives
were added into the setting liquid.
X-ray powder diffraction profiles and microstructure diagrams on the product system at various setting
time were respectively obtained on D/MAX RB diffractometer and JSM-35C SEM.
The hydration rate was determined by isothermal conduction calorimetry. In this method, the solid
powder were placed in the calorimetric cell, and setting liquid were poured into a solution cell. Seal
the opening with emulsion membrane, add some desiccant outside the cell to prevent powder from
moisture absorption, adjust the apparatus to appropriate temperature. After 24hr pre-equilibrium, rates
of heat evolution produced by mixing the liquid with the solids and subsequent hydration reaction
were measured by microcalorimetric meter (Rhesca CM-204 D2, Sosuga Co.) and an apparatus
determining heat and its rate simultaneously (CIC-2, Japan Electrical and Scientific Co.).
Result and conclusion
The mechanism of setting reaction in magnesia-phosphate cement has been investigated. The research
indicated that the hydration was an acid-base reaction, in which the struvite was the dominant product.
A struvite network was formed through connecting MgO, as had an important influence on hydration,
setting and hardening of MPC. It can be seen from Calorimetric curves that the hydration reaction is
divided into five different phases. The hydration rate of MPC depends on surface reaction initially,
then on diffusion of ion. The increase of temperature shortens the inducing period and enables the
reaction peak advance and steep. The same is true with activity of magnesia. Moreover, the addition of
retarder decreases the exothermic rate effectively.
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Invited Lectures-2 (Conference Room 1, 14:00-15:30)
Chairman:Xianghuai Liu, Prof. H.F. Hildebrand
14:00-14:30
The Articular Cartilage Replacement. New Perspectives in Tissular Engineering
Prof. D. Hartmann
Unité Biomatériaux et Remodelages Matriciels – EA 3090, Université Claude Bernard,
69373 Lyon Cedex, France
14:30-15:00
Advances of Tissue Engineering in China
Prof. Yilin Cao
Department of Plastic and Reconstructive Surgery, Shanghai Ninth Hospital, Tissue
Engineering Research Center, Shanghai Second Medical University, Shanghai, China
15:00-15:30
The Osteoinductivity of Ca-P Biomaterials and the Potential in Clinic
Prof. Xingdong Zhang
Engineering Research Engineering Center for Biomaterials, Sichuan University, China
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IL-4
The Articular Cartilage Replacement - New Perspectives
in Tissular Engineering
Daniel Hartmann,
University C. Bernard, Lyon, France

Joint pain and loss of mobility are major causes of disability in middle-aged and older people. They
usually result from the degeneration of articular cartilage due to primary osteoarthrosis or from
traumatic joint injury.
Articular cartilage is constituted of cells, the chondrocytes, embedded in an abundant extracellular
matrix made of collagens, proteoglycans and water. It is not vascularized nor innerved. In these
conditions cells cannot repair tissue injuries at a sufficient level. Although surgical techniques are
currently employed, none have had complete success. So there is a considerable interest for new
strategies to repairing or regenerating human articular cartilage.
This presentation will focus first on the actual knowledge of composition of articular cartilage and the
role of the different matrix macromolecules. In a second part, the promising way of the cellular and /
or tissular engineering will be detailed. Four main aspects will be discussed: 1) the cells, autogeneous
or allogenic, fully differenciated chondrocytes or mesenchymal stem cells, from perichondrium or
periosteum, 2) the scaffolds or matrices, synthetic or natural, their degree of resorption, 3) the growth
factors (TGF b, bone morphogenetic proteins) or cytokines added to the cell culture medium and 4) the
cell culture technology, in dishes or bioreactors, under mechanical forces.
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IL-5
Advances of Tissue Engineering in China
Yilin Cao
Department of Plastic and Reconstructive Surgery, Shanghai Ninth Hospital,
Tissue Engineering Research Center,
Shanghai Second Medical University.

Tissue Engineering is a newly developed technique involved in the construction of tissues and organs
either in vitro or in vivo. The advances in this area will have profound impacts on modern medicine.
In our center, we have successfully engineered different types of tissues in immunocompetent animals,
such as bone, cartilage, tendon, full-thickness skin, cornea stroma and blood vessels. In addition, basic
research has involved bone marrow stem cells, embryonic stem cells, cell aging and prevention,
immuno-manipulation and genetic modification of seed cells, etc. This article focuses on the review
of bone, cartilage and tendon tissue construction in our laboratory and the use of engineered tissues to
repair tissue defects. With more sophisticated techniques in tissue construction and advances in basic
research, it is expected that engineered tissues will be used for clinical repair of tissue defect in the
near future.
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IL-6
The Osteoinductivity of Ca-P Biomaterials and the Potential in Clinic
Xingdong Zhang
Engineering Research Center in Biomaterials, Sichuan University
zhangxd@scu.edu.cn

One of the challenges for the development of materials sciences and medicine is to endow the
materials with biological function to induce tissue formation. As one of the outstanding materials for
bone substitute, the osteoinductivity of calcium phosphate (Ca-P) biomaterials has been studied
thoroughly, and the potential of the materials in clinic has also been studied preliminarily.
Ca-P materials with different composition and 3-D structure were used to study the intrinsic
osteoinduction of the materials in different animals. The results were statistical test and the possible
factors to effect osteoinduction, including the materials factors, the biology factors, 3-D structure, etc.,
were discussed extensively. According to the results, the optimized materials with osteoinductivity
were used to evaluate the potential in clinic. The results showed that when implanted in femur of dogs,
the speed of bone formation was faster than that of materials without osteoinductivity. The mechanical
strength could reach 70% of the nature bone 4 months after implantation. Additional to its
osteoinductivity, the materials have been found to be high efficiency scaffolds for BMPs adsorption
and delivery. Furthermore, the materials have also been proved to be biocompatible according to the
standard of ISO10993.
The studies showed the intrinsic osteoinductivity of Ca-P materials. With the capacity of
osteoinductivity and the biocompatibility, the outstanding capacity of replace the long bone, and the
capacity of act as the scaffold of BMPs and other growth factors, Ca-P biomaterials with
osteoinductivity has extensively potential in clinic.
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Young Scientist and Ph D. Student Session: 1 (Conference Room 1, 16:00-15:35)
Chairman: Prof. Ling Qin, Prof. J. Jeanfiles
16:00-16:15
Clinicotherapeutical Experience with Collagen Sponge as Hemostat and Wound Dressing
Material
JiminWu, Huilei Shi, Yongfu Zhao, Song Zhao, Xizheng Zhang, Ruixin Li
Institute of Medical Equipment, Tianjin 300161, China
16:15-16:30
Cardiac Muscle Tissue Engineering with Cardiac Myocytes Seeded on PGA Polymer
Changyong Wang, Huihua Chen, Ximin Guo, Cuimi Duan, Qiang Zhao, Yonghong Wang
Institute of Basic Medical Sciences of Beijing, 27, Taiping road, Beijing 100850, China
16:30-16:45
Preparation of Macroporous Calcium Phosphate Cement
Yuji Yin, Fen Ye, Shu Cai, Kangde Yao, Feng Zhao, Xuefeng Song
Research Institute of Polymeric Materials, Tianjin University, Tianjin 300072, China
16:45-17:00
Preparation of Bioactive Oxide Films on the Surface of Titanium Alloys
X. Y. Cui, T. Y. Xiong, W. Q. Zhang, J. Wu, H. Z. Jin, Z. X. Guo
Institute of Metal Research, Chinese Academy of Science, Wenhua Road 72#, Shenyang,
China
17:00-17:15
Optimization of ST-cell Microcarrier Culture Process
Jianchao Wang, Yan Zhou, Wensong Tan
East China University of Science and Technology, Box 309, No. 130 Meilong Rd.
Shanghai, China
17:15-17:30
The Physiological Action and the Clinical Use of Hyaluronic Acid in Articulation
Kai Yan, Qisheng Gu
Qisheng Institute of Biomaterials and Techology, Shanghai, China
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Clinicotherapeutical Experiences with Collagen Sponge (Bodyin®)
as Hemostat and Wound Dressing Material

SS1-1

Wu Ji-min1, Shi Hui-lei2, Zhao Yong-fu2, Zhao Song2, Zhang Xi-zheng1, Li Rui-xin1,
1.
2.

Institute of Medical Equipment, Tianjin 300161;

2.First Affiliated Hospital, Medical University of Henan Province, Zhengzhou

Introduction
Collagen as major constituent of various structures rich in dense connective tissue, such as dura mater,
fascia, intestine (catgut) or tail tendons, has been used as medical product in surgery. Last year we
evaluated in a detailed case study of 197(male 73, female 124 with ages ranging from 7 to 76 years)
patients the applicability of Bodyin (a collagen sponge from tendon) as hemostat and wound dressing
material in the hospital, and satisfactory results were obtained.
Materials and methods
In experimental series, it is necessary to debride the infected wounds before Bodyin is dressed. Bodyin
samples were cut into suitable sizes for the wound to be dressed, and then put onto the wound sites. It
is unnecessary to remove the residue when redressing some wounds. For the control series we use
previous therapeutical methods and drugs without Bodyin samples.
Results and discussion
The excellent cases are 48, the good 49, the general 7, and the bad 2 in experimental series. The
notable ER (91.5%) and total ER (98.1%) are obviously higher than those of control series,
respectively. Particularly in wounds of operation, cavity stuffing and sinus the treatment with Bodyin
shows one hundred percentage in successful rate.
Table 1 Clinicotherapeutical effect (ER=effective rate)
Series Types of wounds

Cases

Excellent

Good

General

Bad

Notable Total

(N)

n

%

N

%

n

%

n

%

2

9.1

16

72.7

3

13.6

1

4.5

ER (%) ER(%)

Acute wounds

22

E

Chronic ulcers

16

2

12.5

11

68.8

2

12.5

1

6.3

81.3

93.8

X

Operative wounds

41

29

70.7

12

29.3

-

-

-

-

100.0

100.0

p

Cavity stuffing

21

12

57.1

9

42.9

-

-

-

-

100.0

100.0

Sinuses

6

3

50.0

1

16.7

2

33.3

-

-

66.7

100.0

Acute wounds

20

-

-

5

25.0

6

30.0

9

45.0

25.0

55.0

Chronic ulcers

15

-

-

6

40.0

3

20.0

6

40.0

40.0

60.0

Operative wounds

30

6

20.0

5

16.7

10

33.3

9

30.0

36.7

70.0

Cavity stuffing

20

3

15.0

3

15.0

5

25.0

9

45.0

30.0

55.0

Sinuses

6

2

33.3

1

16.7

-

-

3

50.0

50.0

50.0

C
O
N

81.8

95.5

In most of the cases hemostatic effect was achieved by first and /or second dressing of the wounds.
After bleeding stopped, dry scar gradually formed on the wound and subsequently fell off so that
complete healing was obtained. In the course of treatment of various wounds, we had the excellent
experiences in hemostatic effect of Bodyin. Contacting with body fluid, Bodyin forms a gel-like
interface, which is a useful feature for a hemostatic action of such a sponge. The sponge sticks to the
bleeding surface by forming at contact a gel, and the outer portion of the sponge forms a continuous
compressing dry layer. In addition, collagen is known to be an efficient inducers of platelet
aggregation, which accelerates the formation of fibrin in local blood and initiates hemocoagulation
process Disruption of the thrombocytes, at the same time, makes them release several active materials
(such as growth factor) which initiate the wound healing. Bodyin exhibited an advantage over other
noncollageneous materials in hemostatic effect because of its stronger adherence to the thrombocytes.
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SS1-2
Cardiac Muscle Tissue Engineering with Cardiac Myocytes
Seeded on PGA polymer
Changyong Wang, Huihua Chen, Ximin Guo, Cuimi Duan, Qiang Zhao, Yonghong Wang, Bin Bo
Institute of basic medical sciences of Beijing, 27, Taiping road, Beijing, 100850, P.R.China

Introduction: Despite recent advances in medical therapy, the morbidity and mortality in patients with
heart disease remain high. Thus there is an urgent demand for more efficacious pharmaceuticals to
treat heart disease and new methods to repair damaged cardiac tissue. The limited ability of cardiac
tissue to regenerate and the scarcity of organs for transplantation contribute to the need for a large pool
of transplantable cardiac tissue. Tissue engineering offers the possibility of creating functional tissue
for scientific studies and tissue repair. In this study, we examined the possibility of cardiac cells to
attach to scaffolds to form contractile cell-polymer constructs in bioreactor(STLV).
Methods: Primary cultures of cardiac myocytes were prepared by digesting ventricles obtained from
1-2-day-old neonatal rats with 0.1% trypsin and 0.1% collagenase Type II, followed by two
pre-platings, 60 minutes each to increase the fraction of cardiac myocyte. Cells that remained
unattached were used to seed surface hydrolyzed PGA polymer scaffolds. For seeding in STLV, 8
scaffolds per vessel were pre-wetted with medium for 24 h and inoculated with a cell
suspension(8*106 cells per scaffold). Constructs were sampled after 7 and 14 days. Construct structure
was analyzed using light and transmission electron microscopy, including histological analysis and
immunohistochemical assessment. Parameters which reflect cellularity, biomass per cell, and
metabolic activity per cell were assessed and compared with those of native rat cardiac tissue.
Results: 2-week constructs increased in size to about 120% of their initial circular area, containing a
uniform population of cardiac myocytes. After 7 and 14 days in culture, cardiac constructs formed a
continuous 100μm-thick outer tissue layer containing cells aligned with each other and polymer fibers.
Cells were spread along the polymer fibers or formed fiber-fiber or fiber-cell bridges. The cell
population in the construct interior was less in density, but still contained a continuous network of cells.
Immunohistochemical labeling of sarcomeric α-actin suggested cells in these constructs contained
more than 50% differentiated cardiac myocytes. In 7- and 14-day constructs, spontaneous,
synchronous contractions over macroscopic areas were observed via video-microscopy and with an
unaided eye. Construct cellularity was 50% of that in adult ventricles and 16%of that in neonatal
ventricles. Construct biomass was not significantly different than that in a neonatal rat ventricle and
approximately 40% of that in adult rat ventricles. Metabolic activity on a per cell basis was
comparable to that measured for neonatal and adult ventricles.
Conclusions: In this study, dissociated neonatal rat cardiac myocytes were seeded on
synthetic ,3-dimensional polymer scaffolds and cultured in bioreactor, with a result of formation of
contractile tissue constructs. This study demonstrated that dissociated cells cultured on 3-dimensional
scaffolds under favorable conditions can form engineered constructs with structural and functional
features resembling those of native tissue. It also support the idea that engineered cardiac tissue can be
used as a model of native tissue for in vitro studies of tissue development and function and eventually
for in vivo tissue repair.
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SS1-3
Preparation of Macroporous Calcium Phosphate Cement
Yuji Yin, Fen Ye, Shu Cai, Kangde Yao, Feng Zhao, Xuefeng Song
Research Institute of Polymeric Materials, Tianjin University, Tianjin, 300072, P.R.China

Intruduction:There have been many studies on the formation of calcium phosphate/polymer
composite, since bone is a natural composite primarily composed of inorganic calcium phosphate and
organic fibrous collagen. Bone regeneration requires a suitable scaffold for the growth of bone cells
and a viable, well vascularized host bed. Some works have shown that the optimal pore range of
scaffold is 200-300µm with the average human osteon size of an approximately 223µm. However
porosity can adversely affect important mechanical properties of these scaffolds. So more material
research on this respect need to be carried out. Gelatin is a denatured derivative of collagen and has a
high content of carboxyl groups and suitable amount of amino groups, which lead to interactions
between gelatin chains and mineral ions e.g. Ca2+ and PO43-, respectively. Brushite cement composed
of a mixture of β-tricalcium phosphate (β-TCP) and monocalcium phosphate (MCPM) was chosen as
a model mineral to study macropore formation in its set cement by using gelatin as a latent porogen
mixed in powder components.
Methods:The β-TCP powder was made by heating a 2:1 molar mixture of dicalcium phosphate
dihydrate (DCPD) and calcium carbonate at 950℃. A powder mixture of β-TCP and MCPM was
mixed with 0%-15% of dried gelatin powder. The powder phase was mixed to a paste with liquid
phase and packed into a cylindrical mould to form 9mmD×12mmH samples. The cement specimens
were soaked in PBS at 37℃ for 1-4 weeks, and characterized by X-ray diffraction (XRD) for
qualitative phase analysis and scanning electron microscopy (SEM) observation was carried out for
microstructural analysis. The porosity and pore size of set cement samples were determined by
mercury porosimetry. The compressive strength (CS) of the wet samples was measured at loading rate
of 1mm/min.
Results:The setting time and porosity of the cements increased with enhancing gelatin content. On the
contrast, the CS value reduced rapidly with the addition of gelatin. SEM photographs and pore
diameter distribution curves of the gelatin templated cements indicate that larger than 100µm pores
appeared within the samples in which gelatin content more than 5% originally. The raising porosity
and enlarging pores resulted in decline of mechanical strength. Anyway the cement under investigation
provides CS which corresponding to that of low value of cancellous bone (5-10MPa). It is worthy to
note that the set cement will drop in its compressive strength gradually in vivo that will help to the
bone regeneration because gelatin is utilized as a latent porogen, the macropores formed with gelatin
leaching in situ. In the mean while, the crystal size of DCPD was gradually decreased with an increase
in gelatin content and the entanglement of the precipitated DCPD crystals was also reduced obviously.
It might be another reason for the descent of CS besides the porosity increasing. It seems that gelatin
inhibits the dissolution of β-TCP, MCPM and the diffusion of calcium and phosphate ions because the
setting time of the cement was extended from 10min to 20min with the addition of 15% gelatin.
Conclusion:This study elucidated the feasibility of the preparation of macropous brushite cement via
using gelatin as a porogen. Its compressive strength is corresponding to low value of cancellous bone.
This kind cement showed a promising bone substitute material which would benefit for bone cell
ingrowth where more rapid resorption rate and remodeling are highly important.
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SS1-4
Preparation of Bioactive Oxide Films on the Surface of Titanium Alloys
X. Y. Cui T. Y. Xiong W. Q. Zhang J. Wu H. Z. Jin Z. X. Guo
Institute of Metal Research, Chinese Academy of Science, Wenhua Road 72#
Shenyang, China, 110016

In the present study a novel electrochemical method for the preparation of bioactive titanium oxide
coatings to improve the corrosion resistance, wear resistance and biocompatbility of the Ti6Al4V
surgical alloy was discussed. Oxide films with different thickness and properties can be anodically
formed on the surface of Ti6Al4V alloy under different electrochemical conditions. Scanning electron
microscopy (SEM), electron dispersive spectroscopy (EDS), Auger electron spectroscopy (AES) and
the X-ray diffraction technique were used to characterize the structure and the chemical composition of
the oxide films. The bioactivity of the anodized substrate was evaluated when it was subjected to alkali
and heat treatment to form a sodium titanium hydrogel and bonelike apatite on the surface of titanium
alloys in simulated body fuild (SBF) with ion concentrations nearly equal to those of human blood
plasma. Consequently the anodic oxidation of the titanium alloys to obtain a high thickness oxide film
can be considered as an important improvement to solve the problem of metal ions release in the
tissues surrounding the implant.
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SS1-5
Optimization of ST-cell Microcarrier Culture Process
Jianchao Wang, YanZhou, Wensong Tan
The State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology,
130 Meilong Road, Shanghai 200237, P. R. China

Introduction
Microcarrier (MC) technology is of major importance to an effective and reasonable industry process
for the anchorage-dependent cells. This paper comprehensively investigated the effects of many
prohibition factors including serum concentration, microcarrier density, the density and age of seeding
cell on the cell growth and metabolism. Batch and fed-batch cultures were carried out to study the
effect of the glucose, glutamine, lactate and ammonium concentration on the cell culture, with
particular attention to the metabolism of nutrient. The attachment is extremely essential for the
following cell spreading and growth steps, so we took the attachment kinetics of ST-cell into account.
An optimal rate of attachment occurred by a continuous stirring regimen, which appeared to maximize
cell-to-MC attachment and minimized cell aggregates occurred at a broadly comparable rate. The cell
density of 1~5x106 cells/ml at 3~5g/L MC concentration were steadily attained. The research made a
basis for further scale-up process.
Material and method
The ST-cell was kindly provided by agricultural science academy. Shanghai, China. Microcarrier
(CT-3 MC) was coated with denatured collagen similar to Cytodex-3. The MC were transparent beads
with a diameter of approximately 130μm and a density of approximately 1.03g/cm3 after swelling in
medium. Medium (RPMI1640) was supplemented with a certain proportionality new born calf serum.
The cell was routinely cultured in 75 cm2T-flasks. Batch and fed-batch cultures were carried out in
150Ml spinner flasks. Both were incubated at 37ºC under 5% CO2 air saturation. Depending on the
concentration, glucose and lactate were determined either by enzymatic methods (glucose hexokinase
and L-lactate test kits,) or by using a YSI Model 2700 glucose/lactate analyzer. Cell viability was
determined by counting the viable and dead cells using the blue exclusion method with a
hemocytometer. The total cell number of these cultures was determined by counting nuclei stained
with crystal violet (0.1% crystal violet in 0.1mol/Lcitrate.)
Results
1. Lower serum-supplemented (4~5%) media is reasonable for growth maintenance of adhered
cell. largely reducing culture cost.
2. The enhancement of cell seeding density and microcarrier concentration can increase the
attachment and growth of cell which can be confirmed from the profile of glucose and glutamine
consumption, but the better cell growth and state readily occurred if the both proportion can
assure the 15~30 cells per MC.
3. Cell inoculum age has little effect on final cell density, but the cells in late exponential
growth phase easier form aggregate than in middle exponential phase.
4.
An optimal continuous stirring regimen can assure the maximum cell attachment efficiency
onto MC and prevention from cell aggregation.
5. On day 5 the concentration of viable cells in fed-batch culture was about 4-6 fold higher than
the level found in the unfed culture.
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SS1-6
The Physiological Action and the Clinical Use of Hyaluronic Acid in Articulation
Kai Yan, Qisheng Gu
Qisheng Institute of Biomaterials and Technology, Shanghai, China

Osteoarthritis(OA) is one of disease has high sickness rate in the older people. Most of patients suffer
the various degrees of pain, swell, and inconvenient movement. Left untreated, OA may lead to
disability. There are many kinds of treatments for curing the OA, among them; hyaluronate acid (HA)
is one of new treatments of OA. This paper is mainly talking about three aspects of HA treatment
The first aspect of HA is the physiological action in articulation. As we know, HA is one of
components in the synovial fluid and the cartilage tissue. It is very important to stable the content of
HA, for it will effect the natural physiological action of the cartilage tissue and the synovial fluid.
There are three physiological functions of HA. 1.Hydration: HA can combine with nearly 1,000 times
itself weight of water. 2.Lubrication and shock absorption. 3. The biological barrier.
The second aspect of HA is the therapeutic principle. HA acts an important role in the physiological
process. At present, we have already identified four mechanisms about the HA therapy. 1.HA can
cover and protect the cartilage. 2. HA can effective pain management. 3. HA can prevent the
deformation of the cartilage. 4.HA can stimulate and promote the synthesis of large molecule of HA.
The third aspect of HA is the clinical use. The principle of HA therapy was identified in the 1960s by
Balazs

and coworkers when the first purified hyaluronan molecule (with a molecular weight of 4 to 5

million) was developed for medical use, the term of this HA therapy is viscosupplementation. During
nearly 40 years, scientists have been made lots of study of viscosupplementation. All of these results
show that HA and SH provided good clinical benefits and an acceptable safety profile in current
clinical practice. As HA therapy is a relatively new treatment, it still needs to do a lot of studies, such
as: which can be used to improving the effect of HA
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SS2-1
Surface Modification of Titanium Implant by Microarc Oxidation and
Hydrothermal Treatment
Huang Ping, Xu Kewei, Han Yong
State-Key laboratory of Mechenical Behavior of Materials, Xian Jiaotong University, Xian 710049, China

Introduction
Surface modification of titanium implant is processed by microarc oxidation and hydrothermal
treatment. Titanium and its alloy are well known to be a biocompatible material successfully used in
orthopedics and dentistry. However, the bone conduction around titanium and its alloy is inferior to
that around bioactive ceramics such as calcium phosphate. Therefore, various surface treatments of
titanium and its alloy have been explored. The most popular method is plasma spray hydroxyapatite.
However, the fracture at apatite-titanium is still present . To eliminate this risk, the most important
requirement for the surface-modified is an unclear interface between the surface-modified layer and
titanium substrate, yielding nondestructive interface.
Microarc oxidation(MAO) is a newly developed technology which produces an inorganic ceramic
–like coating structure on to a metal surface.. A titania layer containing calcium and phosphate on the
surface of titanium and its alloy was formed by microarc oxidization in aqueous electrolytes. But
such a thin layer does not have the properties of calcium phosphate, because the calcium-phosphate
layer is not present at the time .In addition, the crystallinity of the surface layer is relatively low which
can cause the reactions with chemical species in bioliquid. So later hydrothermal synthesis(HAS) is
processed. The present study aimed at exploring a novel surface –modified method that combines
MAO and (HAS) together. The morphology and adhesion of the surface layer can be improved in a
better way towards bioactivity and bio-mechanical compatibility.
Materials and methods
The electrolyte used for microarc oxidation of Ti6Al4V was produced by mixing up (CH 3COO )2 Ca ⋅ H 2O
and C3H 7 Na2O6 ⋅ 5H 2O . The sample was used as an anode and a stainless steel as a cathode in the
treatment. A pulsed d.c power was loaded with the parameters of voltage 350V, frequency 1Hz, and
occupation 60%. Samples were then mounted in an autoclave to receive hydrothermal treatment. The
temperature and steam pressure were 1900C and 1.5MPa respectively, and the pH was controlled in a
range of 10-12.
Results
A porous titanium oxidation layer on Ti6Al4V substrate was produced by microarc oxidation in a
solution including calcium and phosphorus ions. When a steam treatment is followed the crystals of
hydroxyapatite could be hydrothermally synthesized on the surface. There appeared no distinct
interface between the layer and the substrate and the atom ratio of Ca/P and density of micro-pores in
the surface layer distributed in gradient through the depth.
The result indicates that the proposed modification is promising for producing porous HA layer in the
surface of titanium implant. It appears to have a similar function as the conventional treatment such as
vapor deposition of TiO 2 or thermal spray of HA on the surface of titanium alloy, but the present
modification seems to be only one that produces porous surface layer and fairly strong interfacial
region.
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SS2-2
Cross-linked Tapioca Starch with POCl3 for Use as Biomedical Materials: Its
Enzymatic Digestibility and Enzyme Resistant Starch Content
Xiaoxi Li1, Ling Chen1, Lin Li1, Qibiao Wen1, Jiandong Ye2
1

College of Food and Biological Engineering, 2College of Materials, South China University of Technology, Guangzhou
510640, P.R.China

Introduction: An important value-added application of cross-linked starch is as a drug excipient with
slow release characteristics. Degradability probably is a convenient means for triggering the drug
release at the site of action of the drug and further controlling the release process. Furthermore,
cross-linked modification will form enzyme resistant starch (RS), which has physiological and medical
functions. In this article the digestibility and enzyme resistivity of cross-linked starch with POCl3 was
studied for its prospect of use for drug delivery carriers or clinical application.
Materials and methods: Cross-linked starches with POCl3 were prepared as described in the earlier
paper. The enzymatic digestibility of cross-linked starch with POCl3 was studied in terms of Jenkin’s
In-Vitro model monitored the environment of human body digestive tracts. Their enzyme resistivity
was also investigated according to the 76-13 standard method of the American Association of Cereal
Chemistry (AACC) using Megazyme total starch assay kit.
Results: The digestion rate and resistant starch of Cross-linked starches with POCl3 were shown in
figures 1 to 4 and Table 1. The digestion rate decreased as the cross-linked degree increased. High
cross-linked degree of starch granules reduced the digestion rate. However, low cross-linked reaction
increased that rate of starch granule but had little effect on its pastes. Moreover, the influence of
cross-linked reaction with POCl3 on the RS formation was revealed. The results indicated that cross
linkage had a positive effect on the RS formation.

Conclusions: The average digestion rate of starch can be controlled by the cross-linked degree.
Resistant starch in cross-linked starch was increased compared with the native starch. With the
increase of the cross-linked degree, resistant starch was increased. So the cross-linked starch seems
suitable for using as drug delivery carriers or therapy application.
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SS2-3
Apatite Formation on the Surface of Wollastonite/Tricalcium Phosphate Composites
Immersed in Simulated Body Fluid
Xiang Huang, Dongliang Jiang, Shouhong Tan
The State Key Laboratory of High Performance Ceramics And Superfine Microstructure, Shanghai Institute of
Ceramics, Shanghai 200050, P.R.China

Introduction: 60 vol% Wollastonite/40 vol% tricalcium phosphate composites were sintered and
immersed in simulated body fluid (SBF) for various periods to investigate in vitro bioactivity of the
composites. Different amounts (0-8vol%) of A-W bioglass powder were added to reinforce these
composites.
Materials and methods:Wollastonite/tricalcium phosphate composites with addition of 0 vol% and 8
vol% A-W bioglass (denoted as WT(0) and WT(8), respectively) were further investigated in the in vitro
experiment. SEM, EDS, XRD, FTIR and ICP-AES technologies were applied in the present study.

Fig. 2
Fig. 1

Fig 3

Fig. 1 SEM photographs of WT(0) surfaces after immersion for 1 day (Up) and 7 days (low)
Fig. 2 TF-XRD patterns and IR spectra of WT(0) after immersion in SBF for various time.
Fig. 3 TF-XRD patterns and IR spectra of WT(8) after immersion in SBF for various time

Results: Fig.1 showed the SEM photographs of WT(0) surfaces after immersion for 1 day and 7 days.
It was found that the composites were immediately covered by a calcium phosphate layer just after
immersion in SBF for 1 day. The surface layer grew up to sphere-like structure and the spheres became
larger with prolonged immersion times. The thin film XRD patterns and IR spectra of the surfaces of
WT(0), WT(8) were presented in Fig.2 and Fig.3, respectively. The characteristic peaks (2 θ =32o and
26o) of HA crystalline phase and the absorption peak (1100, 1400-1550, 2500-3700 cm-1)
corresponding to phosphate, carbonate and hydroxyl could be respectively observed in the TF-XRD
patterns and IR spectra of the samples immersed in the SBF for 1 day. These results indicated that an
amorphous calcium phosphate phase was initially formed on the sample surface. This amorphous
calcium phosphate layer later crystallized to a hydroxycarbonate apatite (HCA) structure by
incorporating hydroxyl and carbonate anions from the SBF within the amorphous calcium phosphate
phase.
Conclusions: The composites surface behavior in the SBF indicates that they possess high in vitro
bioactivity. Therefore, these composites are potentially candidates of biomaterials for repair and
reconstruction of bone.
-37-

Proceeding of GRIBOI 2002-March 14-17, Shanghai, China

SS2-4
Experimental Study for Repair of Cranial Defects with
Bone Marrow Stem Cells and β-TCP
Bin Bo1, Changyong Wang1, Ximin Guo1, Cuimi Duan1, Qiang Zhao1, Yonghong Wang1, Huihua Chen1, Fan Ming1,
Zeqiang Fang2, Jianxi Lu3
1 Institute of basic medical sciences of Beijing, 27, Taiping road, Beijing, 100850,

P.R.China

rd

2 Department of oral-maxilloficial surgery, South-east hospital,3 military medical university, Chongqing,
400038,P.R.China
3 Institute de Recherche sur les Maladies du Squelette(IRMS), Ru de Docteur Calot, 62608 Berck-Sur-Mer Cedex,
France

Introduction
Bone marrow contains a population of rare progenitor cells capable of differentiating into bone,
cartilage, muscle, tendon, and other connective tissues. These cells, referred to as MSCs, can be
purified and culture expanded from animals and humans. The authors have completed an array of
preclinical studies showing the feasibility and efficacy of MSC based implants to heal large osseous
defects. This study was conducted to generate tissue-engineered bone with in vitro expanded
autologous MSCs and β-TCP constructs to repair critical cranial defects in New Zealand rabbit.
Methods
β-TCP mixed with ( group Ⅰ, n=6 ) or without ( group Ⅱ, n=6 ) cultured autologous bone marrow
stem cells from New Zealand rabbit were implanted into rabbit critical cranial defects respectively.
Animals being made cranical defect but received no implant served as control group. A total of 18
implants experiments were carried out with postsurgical radiographic and histological analysis
completed at 12 week.
Results
Radiographs showed a likely increased calcification in group Ⅰ, without finally new calcification in
group Ⅱ and control group. Histology showed that group Ⅱ and control group were featured by
thinning of bone at the edges of the defect margins with minimal bone growth inward and dense
fibrous tissue. The results demonstrated that a great amount of new bone in growth took place in
group Ⅰ. Most area of the defect was covered by newly formed.
Conclusion
Transplantation of MSCs with ß-TCP can serve as an example of a cell-based treatment for bone
regenerating in skeletal defects.
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SS2-5
Fabrication of Calcium Phosphate Ceramics with
Controlled Composition and Porosity
Cai Shu*, Kang De Yao, Yu Ji Yin, Song Xue Feng
*Department of material science and engineering, Tianjin University, Research Institute of Polymeric Materials,
Tianjin University, Tianjin 300072, People’s Republic of China

Introduction: Recent development in porous hydroxypatite (HA) and related calcium phosphate
ceramics appear promising perspective because of the possibility they offer in promoting the growth
of bone tissue, as well as the surrounding soft tissue. However, as indicated by many researchers, a
minimum pore size of 100µm is necessary to host the cellular and extracellular components of bone
and blood vessels, and greater than 200µm is an essential requirement for osteoconduction. By means
of ceramics processing techniques as injection moulding, slip casting and replica techniques, porous
calcium phosphate ceramics have been manufactured. However, there are many difficulties in
processing porous ceramics with controlled composition, pore size, morphology and distribution. Our
purpose is to make porous HA, HA/β-TCP and β-TCP ceramics with high porosity and controlled
composition and pore size.
Methods: HA powder was synthesized by precipitation technique with addition of organic
macromolecules, such as gelatin. The film with different thinness was prepared by tape casting
technique. The pore size, morphology and distribution is adjusted by changing the design mould.
These porous films are laminated and then sintered at 1000°C∼1350°C.
Results: Biphasic (HA/β-TCP), pure HA and β-TCP ceramics can be obtained by sintered the
compacts at the range of 1000°C∼1300°C. By selecting the organic macromolecules and adjusting the
amount of their addition, the crystallinity and the surface area of HA powder can be controlled, which
directly affects the conversion temperature of HA to β-TCP, the transformation temperature of β-TCP
to α-TCP and the sintering temperatures. When sintered at 1100°C∼1180°C, biphasic (HA/β-TCP)
ceramics with different ratio of HA/β-TCP can be obtained. Sintered at 1200°C∼1350°C, only β-TCP
was detected. Biaphasic (HA/β-TCP), pure HA and β-TCP ceramics with porosity in the range of
50-70vol% can be achieved by making 3-D honeycomb structures. The size and distribution of
macropores can be easily varied as showed in Fig.1a and Fig.1b. When they are designed by CAD file,
samples with high compressive strength will be expected to be achieved because of the uniform pore
size and distribution.

Fig.1

SEM microgrophs of example sintered at 1250°C for 2h.

Conclusion:
[1] Porous biaphasic (HA/β-TCP), pure HA and β-TCP ceramics can be achieved by tape casting,
lamination and sintering.
[2] Adjusting characteristics of HA powder and the sintering temperature can control the phase
constitution of sintered samples.
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SS2-6
Culture Materials Affect ex vivo Expansion of Hematopoietic Cells
Zhan-you Chi, De-min Wen, Wen-song Tan , Gan-ce Dai
State key laboratory of bioreactor, East China University of Science and Technology. Shanghai

Introduction
Hematopoietic system reconstitution ex vivo is important for applications such as cancer treatment,
gene therapy, immunity therapy and other medical treatment. But the hematopoietic cell is very
sensitive to culture materials. So the materials which is promising to be used in hematopoietic cell
culture systems are to be tested if it can support the hematopoietic cell’s proliferation effectively.
Materials and methods
Umbilical cord blood (CB) was provided by International Peace obstetric hospital. CB mononuclear
cell(MNC) were isolated from the whole sample by density gradient separation on Ficoll(1.077 g/ml).
Cultures were performed with Iscove’s Modified Dulbecco’s medium (IMDM) with 10% fetal bovine
serum (FBS) in 24 well plate. All culture media were supplemented with IL-3, IL-6, SCF, and G-CSF.
Cells were plated at 2*105 cells/ml. The materials were cut to little pieces and placed in the well after
autoclave. Cells were Cultured for 10 days at 37℃ under fully humidified conditions in an
atmosphere of 5% CO2. Cells were harvested at 10 days for counting and colony assay.
Approximately 5×104 cells were inoculated into IMDM containing 1% methylcellulose, 20% FBS,
SCF, IL-3, IL-6, G-CSF and GM-CSF. 0.5ml aliquots were plated into one well of 24 well plate and
cultured for 14 days at 37℃ under fully humidified conditions in an atmosphere of 5% CO2. Colonies
of >50 Cells were scored as CFU-GM or BFU-E.
The stainless steel S316L and S304, glass, ploytetrafluoroethylene (PTFE), silicone rubber , wire
mesh and rubber.
Results
Hematopietic cells are very sensitive to the materials. The stainless steel S316L can support the
proliferation of effectively almost as same as the control. But other materials showed certain toxicity to
the cells. The ratio relative control on cell proliferation of stainless steel S304 is more than 90%.
Glass, silicone rubber and PTFE are more than 80%. Wire mesh is lower, which is less than 60%. And
the cells all were killed in the culture of rubber added.
The effects of materials to hematopoietic cell in the aspect of colony assay show that colony forming
unit proliferation was more sensitive to materials than total cell proliferation.
Conclusions
The stainless steel S316Lcan be used in hematopoietic cell culture systems and is better than S304.
Glass, ploytetrafluoroethylene (PTFE), silicone rubber can be used in also in that it can support the
cell proliferation in certain extent. Wire mesh can not be used to the retaining of hematopoietic cells
in perfusion systems. And rubber is not useable in the culture of hematopoietic cells at all.
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Invited Lectures-3 (Conference Room 1, 9:00-10:30)
Chairman: Prof. P. Hardouin, Prof. T.Kokubo
9:00-9:30
Collagen-Based Scaffold Materials for Bone Tissue Engineering
Prof. F Z. Cui
Department of Material Science and Engineering, Tsinghua University, Beijing, China
9:30-10:00
Collagen - Processing and Properties as Biomaterial
Hartmut F. H, Ph. Rocher, F. Monchau
Elisabeth Delcourt-debruyne Laboratoire de Recherche sur les Biomatériaux, UPRES EA
1049,Faculté de Médécine, 59045 Lille cedex, France
10:00-10:30
Bioactive Composites for Tissue Repair
Prof. M.Wang
School of Mechanical and Production Engineering, Nanyang Technological University 50
Nanyang Avenue, Singapore 639798
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IL-7
Collagen-Based Scaffold Materials for Bone Tissue Engineering
Prof. F Z. Cui
Department of Material Science and Engineering, Tsinghua University, Beijing, China

Fabrication of scafford materials that resemble bone matrix with mutliple levels of hierarchy has been
made by self-assembling process[1].The scafford materials were undergone a series tests of animal
modes. The results showed that the degradation rate of the materials in vivo could been adapted to be
matched with new bone growth rate.

References:
1, Du C, Cui FZ, W. Zhang, JBMR 50(2000)518.
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IL-8
Collagen - Processing and Properties as Biomaterial
Hartmut F. Hildebrand 1, Philippe Rocher 1,2, Francine Monchau 1,
Elisabeth Delcourt-Debruyne 3
1.

Laboratoire de Recherche sur les Biomatériaux, UPRES EA 1049, Faculté de Médécine, 59045 Lille cedex
(France) hildebrand@univ-lille2.fr
2.

Faculté d‘Odontologie, 59000 Lille (France)

3. Laboratoire de Biologie du Parodonte, Faculté d‘Odontologie, 59000 Lille (France)
Introduction: Collagen is in the living organism an omnipresent biopolymer which is synthesised in
multiple cell types, in particular in fibroblasts, chondroblasts, osteoblasts and odontoblasts, and in
lower amounts in nearly any other cell type in tissular connection. It is with fibronectin one of the
most important extracellular matrix (ECM) proteins. It is indispensable as structural protein in any
type of connective tissue such as dermal support or adipose tissue, and it gets a strengthened role as
scaffold protein in the construction of cartilage, bone and dentine.
In the following, we will consider the different aspects of the multiple properties and functions of
collagen. We start with a look on its synthesis and molecular structure and the primary role it has in
the tissue / material interface and interaction. What are the available collagen containing materials and
their clinical applications. The easy degradation of collagen has an increasing interest for drug
delivering, biomaterials. However, certain risks become more obvious, limiting the source of
uncontaminated collagen and leading to the development of various substitutes.
Collagen synthesis and molecular structure: The newly synthesised chains enter into the lumen of
the endoplasmic reticulum. After cleavage of several signal peptides, hydroxylation of selected prolyl
and lysyl residues occurs to facilitate the addition of N-bound oligosaccharides. The next steps are
glycolysation of the hydroxylysyl residues, the chain alignment by the addition of disulphur bonds
with subsequent formation of the pro-collagen triple helix. These pro-tropocollagen molecules are
transported in small vesicles and extruded into the extracellular milieu by the exocytosis process.
After the cleavage of the C- and N-terminal pro-peptides, the tropocollagen molecules are assembled
to microfibrils, collagen fibrils and thick fibres with a diameter of 1-20 µm. The collagen fibres bind
directly to a substrate by chemical and physical bonds, which allow cells to adhere via fibronectin
presenting different specific domains for fibrin, heparin, actin and collagen.
The cell adhesion occurs by the assemblage of ECM proteins, transmembranous integrins and
intracellular proteins to form focal adhesion contacts on which actin and other cytoskeleton proteins
are inserted.
Why, from where, for what and how: Collagen has multiple performances. It is a biodegradable and
highly biocompatible biopolymer with hemostatic action and weak immunogenicity. As ECM protein
with an optimal chimiotactic activity, it stimulates cell adhesion and promotes cell differentiation, in
particular of osteoblasts, chondroblasts and odontoblasts. These various properties give to it a special
interest for any use in oriented tissue regeneration.
Collagen is extracted from rat tendons in form of purified gels. Up to date, the more frequent origin is
bovine (tendons, caecum, dermis). Human dura mater is an optimal source. However, possible
contaminations considerably reduced the exploitation of this source, so that today only one product
persists on the European market.
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The processing from the fresh tissue to the final authorised product is long and goes through many
mechanical, physical and chemical steps, some of which with several repeated purification cycles.
Clinical applications: Collagen finds variable applications in nearly any medical area and is used for
multiple replacements, bone augmentation, wound healing, grafts, dialysis membranes and drug
delivery systems.
Pure natural collagen is still used as the world-wide known catgut. It can be associated to polylactic
(PLA) and polyglycolic acid (PGA), to polypropylen and numerous other polymers in form of
membranes applied for guided tissue regeneration. It may be included by copolymerisation in some
polymers or grafted on others via intermediate polyacrylamide layers. Collagen finds a large
application for bone repair and is associated with HA, TCP with or without combination of other
molecules or materials. Implant materials exist in form of compact substitutes or sponge composites.
Waxes and gels are produced with polyethylglycol, glycosaminoglycans and hyaluronic acid as basic
recipients for collagen. They are used for wound healing, skin regeneration and in plastic surgery for
aesthetic purposes.
Finally, collagen is integrated in hydrogels and other drug delivery systems. The degradation and
resorption facilities of collagen can be exploited for a controlled release of drugs, growth factors and
antibiotics.
Risk assessment: Various contaminations are possible, from humans and from animals as well. HIV
and B-Hepatitis are among the most dangerous human contaminating agents. Other risks may be
expected from Transmissible Spongiform Encephalopathies such as Kuru, Creutzfeld-Jacob disease
(1/106) and Gerstmann-Straussler disease. Very recent investigations have evidenced the direct
relationship between Bovine Spongiform Encephalopathy and the Creutzfeld-Jacob disease, and a
significant increase of this latter disease is expected for the coming decennium. Other transmissible
pathologies from animals may be the Trembles of sheep, the chronic decay of deers and elks and
various undefined Encephalopathies from cats and minks.
Substitutes: Multiple substitutes are in development concerning new molecules, new materials but
also new presentation and industrial processing forms. PLA, PGA, PLAGA, citric acid esters and
oxycellulose must be cited among the most current degradable materials. PTFE, PVDF and PE are
placed on the top of the list of not degradable materials.
Conclusions: Collagen is a very suitable biomaterial for multiple use in nearly any medical area. It
exists in pure form or combined to other materials such as ceramics and polymers. A special interest
is provided by its biodegradability : it releases natural and biologically active molecules, can be used
for drug delivery and avoids second surgical interventions.
However, its origin from humans and animals may generate some risks of virus and prion
contamination, the scale of which cannot yet correctly estimated. Combined chemical and physical
purification procedures can sensibly reduce these risks. The general interest of collagen as biomaterial
should stimulate further research for improvement of qualities and safety.
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Bioactive Composites for Tissue Repair

IL-9

M.Wang
School of Mechanical and Production Engineering, Nanyang Technological University
50 Nanyang Avenue, Singapore 639798

Introduction
Ever since plaster of Paris was tried for bone repair in the 19th century, numerous materials have been
used for bone substitution. In modern day orthopaedic surgery, metals such as Co-Cr alloys and
ceramics such as alumina are common in a variety of implants. However, these materials, having been
developed originally for other purposes rather than medical applications, are considerably stiffer than
human bone. The modulus mismatch between an implant material and the host tissue can cause bone
to resorb at the implant-bone interface, leading to implant instability and hence its eventual failure. It
is now recognised that the best material for replacing a body tissue is the one that is similar, if not
identical, to that tissue.
Bone -the template for new biomaterials
Bone is the substantial unit of human skeletal system, which supports the body and its movement. At
the ultra-structure level, the bone matrix is a composite material consisting of bone mineral particles
approximately 50nmx25nmx3nm in size, which are mainly substituted, calcium-deficient
hydroxyapatite, and collagen, which is a natural polymer. At the macroscopic level, there are two
major forms of bone: cortical bone and cancellous bone. Cortical bone is a dense material and hence
load-bearing, while cancellous bone is porous, being composed of short struts of bony material. Due
to their structural differences, these two types of bone possess distinctively different mechanical
properties. Bone serves as a template in developing new materials for bone repair.
Composites for tissue repair and regeneration
Advances in materials science and technology have enabled us to produce new composites that mimic
the structure and match properties of human tissues. Having satisfied criteria such as biocompatibility
and mechanical compatibility, the new biomaterials, due to their high bioactivity, can interact with
biological systems and are expected to succeed in replacing damaged or diseased tissues and restore
body functions. Depending on the matrix polymers used, these new bioactive ceramic-polymer
composites can be either bio-stable or biodegradable in the human body environment, thus fulfilling
their functions of tissue replacement or tissue regeneration.
The first bioactive composite developed for bone substitution is hydroxyapatite reinforced
polyethylene. Hydroxyapatite exhibits excellent bioactivity. Through an established processing
technology, hydroxyapatite particles are evenly distributed in the polyethylene matrix. When implants
are made of hydroxyapatite/polyethylene composite, the hydroxyapatite particles will bond to bone
and act as anchors for the implants. By changing the hydroxyapatite volume percentage in the
composite, mechanical properties of and biological responses to the material can be varied.
Furthermore, by using hydrostatic extrusion, mechanical properties of hydroxyapatite/polyethylene
composite can be significantly improved. Another way of producing a high stiffness and strength
bioactive composite is through the use of polymers that have high modulus and strength. Therefore,
hydroxyapatite/polysulfone composite is developed as a new tissue replacement material. Mechanical
properties of this composite match those of cortical bone.
To enhance the bioactivity of bone analogue biomaterials, bioceramics having higher bioactivity such
as Bioglass and A-W glass-ceramic are used as the bioactive phase in the composites.
Bioglass/polyethylene composite exhibits levels of elastic compliance, tensile strength and fracture
strain that are comparable to those of soft connective tissues.
The aforementioned composites are non-biodegradable due to matrix polymers used.
Polyhydroxybutyrate is a naturally occurring polymer which degrades in the human body
environment. Bioactive and biodegradable composites are thus produced by incorporating tricalcium
phosphate or hydroxyapatite into polyhydroxybutyrate or its copolymer. Such composites have
potential applications for temporary bone replacement and subsequent bone regeneration.
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Session 3 Nano-Biomaterials (Conference Room 1, 11:00-12:35)
Chairman: Prof F. Z. Cui, Prof A.H. Ucisik
11:00-11:20Key Lecture:
Nano-Hydroxyapatite/Collagen Composite
Qinling Feng
Department of Material Science and Engineering, Tsinghua University, Beijing 100084
China
11:20-11:35
Synthesis and Characterization of Nano-sized Hydroxyapatite Powder by Sol-gel Method
Song Yunjing, Li Musen, Wen Shulin
College Of Materials Science and Engineering, Shandong University, Jinan, China
11:35-11:50
Synthesis of Nano-meter HAP by Sol-gel Method
YuanYuan, Changsheng Liu
Engineering Research Centre for Biomaterials of Ministery of Educations, East China
University of Science and Technology, Shanghai, China
11:50-12:05
Wet Synthesis and Reactive Parameters of Nano-hydroxyapatite Particles
Guo Dagang, Kewei Xu
State Key Laboratory for Mechanical Behavior of Materials,Xi’an Jiaotong University,
Xi’an 710049, China
12:05-12:20
The Bioactivity of Sol-gel Bioglass in Vitro
Fangping Chen, Xiaofeng Chen, Yingjun Wang
Engineering Research Centre for Biomaterials of Ministery of Educations, East China
University of Science and Technology, Shanghai, China
12:20-12:35
Super-Fine Particles Formation in Plasma Sprayed Hydroxyapatite Coating
Yupeng Lu, Shitong Li, Ruifu Zhu, Musen Li, Jianhua Wang, Tingquan Lei
College Of Materials Science and Engineering, Shandong University, Jinan, China
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KL-3
Nano-hydroxyapatite/Collagen Composite
Feng Qingling, Cui Fuzhai, Zhang Wei
Department of material science and engineering, Tsinghua University, Beijing 100084, China

Nano-hydroxyapatite-collagen (NHAC) composite was developed by biomimetic method. It showed
some features of natural bone in both composition and microstructure. The mineral could contribute
to 50% by weight of the composites in sheet form. The inorganic phase in the composite is
carbonate-substituted HA with low crystallinity and nanometer size. HA precipitates are uniformly
distributed on the type I collagen matrix without preferential orientation.
The composite exhibits an isotropic mechanical behavior. However, the resistance of the composite to
localized pressure can reach the lower limit of that of femur compacta.
The tissue response to the NHAC composite implanted in marrow cavity was investigated. Knoop
micro-hardness test was performed to compare the mechanical behavior of the composite with that of
the bone. At the interface of the implant and marrow tissue, solution-mediated dissolution and giant
cell-mediated resorption led to the degradation of the composite, followed by interfacial bone
formation by osteoblasts. The process of implant degradation and bone substitution was reminiscent
of bone remodeling. The composite can be incorporated into bone metabolism instead of being a
permanent implant.
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O3-2
Synthesis and Characterization of Nanosized Hydroxyapatite Powder
by Sol-gel Method
Song Yunjing1，2 Li Musen1
1.

Wen Shulin1

College Of Materials Science And Engineering, Shandong University, Jinan 250062；
2.

Shandong Electricity Power Insititute, Jinan, 250002

Introduction
Much previous work use the Calcium diethoxide (Ca(OEt)2) and Triethyl phosphate (PO(OEt)3 ) as
the Ca and P precursors to prepare HA powder by sol-gel method. This kind of reagents is expensive.
The aim of this work is to prepare nanosized HA powder from the ethanol solution of calcium nitrate
tetra-hydrate and phosphorus pentoxide without refluxing.
Materials and method
Reagent grade Ca(NO3)2·4H2O and P2O5 are dissolved in ethanol solution according to Ca/P=1.67
respectively. The P2O5 ethanol solution is slowly dropped into the stirred Ca(NO3)2·4H2O ethanol
solution and then the mixture turn into transparent sol after stirred for 10min. The sol turn into gel
heated at 60℃ for 20min. The mixture is dried at 80℃ for 24h and was ground with a mortar and
pestle into powder. HA powder is sintered at different temperature and cooled to room temperature to
be characterized.
Results and discussion
The results of XRD and IR show that HA phase can be obtained at 500℃ for 2h. The mixtures
consist of Ca(NO3)2, HA, PO(OH)3-x(OR)x. α-Ca2P2O7 at temperature range from 300 to 500℃. A
small amount of CaO and β-TCP(β-Ca3(PO4)2) are found in the mixtures over 800℃ due to the
decomposition of HA. This simple process with cheap reagents make it possible to produce the
nanosized HA powder in large quantities. TEM results showing the small uniform grains with the
mean diameter about 30-40nm are obtained.
Conclusion
Nanosized HA powder can be prepared from ethanol solution of calcium nitrate tetra-hydrate and
phosphorus pentoxide by sol-gel method. This simple process with cheap reagents make it possible to
produce the nanosized HA powder in large quantities. During the preparation of HA, temperature is a
important parameter and 500℃ seems to be a appropriate temperature.
Reference
1.Masuda Y, Matubara K, Sakka S. Synthesis of hydroxyapatite from metal alkoxides through sol-gel
technique. J Ceram. Soc Japan, 1990,98:1266-77
2. Gross KA, Chai CS, Kannangara GSK, Bin-Nissan B, Hanley L. Thin hydroxyapatite coating via
sol-gel synthesis. J. Mater. Sci Mater Med. 1998,9:839-43
3. Chai CS, Gross KA, Ben-Nissan B. Critical ageing of hydroxyapatite sol-gel solutions Biomaterials,
1998,19:2291-6
4. Haddow DB, James PF, Van Noort R. Characterization of sol-gel surface for biomedical application.
J. Mater. Sci Mater Med. 1996,7:255-60
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O3-3
Sythesis of Nanometer HAP by Sol-Gel Method
Yuan Yuan1
Liu Changsheng1,2
1.Engineering Research Centre for Biomaterials of Ministery of Educations,2. Key Laboratory for Ultrafine Materials
of Ministry of Education, East China University of Science and Technology, Shanghai, 200237

Introduction: As is known to all, Hydroxyapatite(HAP) is the major inorganic constitute of human
and animal bones. In recent years, many studies have disclosed that the particle size and particle size
distribution have great influence on the properties of HAP. When the size is between 1～100nm, HAP
not only is an inorganic ceramic powder with good performances ,but also has specific biological
activity. So, many efforts have been directed towards the preparation method and the application of
nano-HAP powder.
Sol-gel process has been considered to be an effective way for the preparation of high-pure, uniform
ultrapowder, such as SiO2 、TiO2 、PbTiO3 etc. The purpose of this study is to synthesize nano-HAP
by sol-gel process. The low-temperature combustion property of as-dried gel was studied in details.
Materials and methods: The chemicals used as the starting materials included Ca(NO3)2.4H2O and
PO(CH3O)3, which were dissolved in deionized water and dehydrous ethanol respectively. Ethylene
glycol was used as additive. Mixed the two solutions and adjusted the pH of solution to about 8 using
ammonium hydroxide ,.refluxed at 70℃ until a transparent sol was formed. Then put the sol in oven
at 100℃ ,so the sol was transformed into a stable gel. Continued to keep the gel in oven for drying.
Displaced the as-dried gel to furnace at 80℃,the as-dried gel combusted and turned into powder, the
powder was calcined at 600℃ for 2 hours.
The characterization of as-dried gel and the powder after combustion were carried out by
XRD( MAX/γB, Rigakn Co.) and IR (NICOLET 5SXC). TEM was employed to observe the
morphology of the calcined HAP powder.
Results and discussions: Table1showed that Above-mentioned sols were all transparent with or
without ethylene
Table1 effects of additive on the characteristics of gel
State of sol
State of gel
Reaction time (day)
No
transparent
crystal
4
Ethylene glycol
transparent
transparent
6
glycol, but the gel and the reaction time had marked differences. Ethylene glycol had strong
complexity, which could effectively complex Ca2+ and prevent Ca2+ from separating. So a stable and
homogeneous gel could form.
Results of IR were presented in Fig. 1. The IR spectrum of the as-dried gel precursor indicated the
presence of P-O, NO3- , NO2 and OH.
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Fig. 2 showed XRD pattern of the as-dried gel and powder after combustion. It indicated that the
as-dried gel was amorphous phase. The HAP powder after combustion had a crystallized apatite
structure without any crystalline imputies. Combining the IR spectra and XRD patterns, it
indicated that as-dried gel could ignite at low temperature accompanying the decomposition of
organic matters and vaporizing of residual water. The single phase and high purity HAP powder
with crystallized structure was directly produced. TEM micrographs of the powder calcined at
600℃ were shown in Fig 3. The primary grain size was about 50nm in diameter.
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O3-4
Wet Synthesis and Reactive Parameters of Nano-hydroxyapatite particles
Guo Dagang, Xu Kewei
State Key Laboratory for Mechanical Behavior of Materials,
Xi’an Jiaotong University , Xi’an , 710049, China

Introduction
It has been reported that Nano-hydroxyapatite(nano-HAP) powder is able to kill cancer cells, is
used as the material of artificial eye seats and is promising in speeding up the healing of bone
filling and improving the mechanical properties of HA-polymer composite. Methods to prepare
nano-HA powder are mainly divided into two catalogues, that is, solid reaction method and wet
method.
Materials and methods
In this study, a kind of ultrafine short rod-like nano-hydroxyapatite with a length of about 30~40nm
and a diameter of 10~20nm was directly synthesized by simple wet method. The effect of the
reactive parameters, such as mixing velocity, reactive time and vibrating velocity, on morphology,
size and dispersion of nano-HAP particle has also been studied.
Results
Results reveal that reactive time is an important parameter, in the primary period of the reaction, the
product is 57% Ca3(PO4)2 and 42% Ca8H2(PO4)6·H2O, and then as the reactive time increases, the
product is pure nano-HAP, and the size of nano-HAP particle decreases, the morphology changes
from ellipsoid-like to short rod-like and the dispersion improves; vibrating velocity and mixing
velocity are also important parameters, as vibrating velocity increases, the particle changes from
needle-like to ellipsoid-like and short rod-like, the size changes a little but dispersion turns bad;
mixing velocity has little effect on morphology and size of nano-HAP particle but larger effect on
dispersion. In this study, only an initial work has carried out and further research on dispersion of
nano-HAP particle needs to be developed.
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O3-5
The Bioactivity of Sol-gel Bioglass in Vitro
Fang ping Chen1 Xiaofeng Chen2 Yingjun Wang2
1 Engineering Research Centre for Biomaterial of Ministery of Educations, East China University of Science and
Technology, Shanghai 200237, P. R. China
2 Material Colleges, South China University of Technology, Guangzhou 510640, P. R. China

Introduction
Melted derived bioactive glass (45S) has been used with success for over 10 years. However, with
over 60-weight % of silica content for melted derived bioactive glasses, no more bioactivity is
observed. In this work, we prepared sol-gel derived bioglass (58S) and explored the bioactivity of
sol-gel bioglass in vitro.
Materials and method
Sol-gel derived bioglass (58S) was prepared by mixing deionized water, hydrochloric acid (HCl),
tetraethylorthosilicate (TEOS), triethylphosphate (TEP), and calcium nitrate in order. This kind of
glass is consisted of SiO2, CaO and P2O5.
The textural features (Surface area, pore volume percentage, pore diameter) of the sol-gel-derived
glass were measured by N2 absorption system and intrusion Hg system. Sol-gel derived bioglass (58S)
was soaked in simulated body fluid (SBF). After soaking for various periods of time, the specimens
were removed from solution and dried in air. Take the dried powder to characterize the structure by
Fourier transform infrared reflection spectroscopy (FTIR); then the solution was analyzed by
inductively coupled plasma (ICP) and pH respectively.
Result
BET testing data shows that 58S bioglass possess high porosity and big surface area, which increase
the contact area for bioglass and SBF, provide spacious place for reaction, and result higher
bioactivity of 58S.
The peaks at 598 and 566cm-1were assigned as P-O bending vibrations in [PO4] Tetrahedral. These
two peaks were characteristic of a HAP crystalline phase. FTIR result shows, In SBF the apatite peaks
appeared as early as 4h. Subsequent crystallization occurred, a well crystallized HA phase was present
after 20h reaction.
The rate of HCA formation is dependent on pH and concentrations of the ions in solution. ICP and pH
values indicated that the Ca, Si concentrations and pH values increased rapidly in the early stages of
reaction and reached a constant level after 80h, while the P concentrations decreased rapidly.
Conclusion
The three-component CaO-P2O5-SiO2 alkoxide-derived gel-glasses are able to induce the formation of
HCA in SBF, indicated that 58S posses high bioactivity which is attributed to its composition and
structure.
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O3-6
Super-fine Particles Formation in Plasma Sprayed Hydroxyapatite Coating
Lu Yupeng1, Li Shitong1, Zhu Ruifu1, Li Musen1, Wang Jianhua2, Lei Tingquan3
1. Biomaterials Research Laboratory, College of Materials Science and Engineering, Shandong
University, Jinan 250061, P. R. China
2. Stomatology Hospital, Shandong University, Jinan 250061, P. R. China
3. College of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, P. R. China

Introduction: Hydroxyapatite (HA) coating on titanium and its alloys play an important role in hard
tissue replacement implants, and the reports about osteoinductivity of HA since 1990 strengthen its
attraction. Besides the similarity in structure and composition, nanoHA displays the similarity in
morphology to bone and tooth HA and perhaps has positive effect on its osteoinductivity. This work
presents the microstructure of superfine HA particles formed by recrystallization in plasma sprayed
HA coatings.
Materials and methods: The HA powder was commercially obtained with a high crystallinity,
spherical shape and particle size of 10~20µm. The commercially pure titanium substrates were
disk-shaped buttons with a diameter of 13mm and a thickness of 3mm. Prior to spraying, the titanium
substrates were ultrasonically cleaned in acetone and alcohol for 15min respectively, and then
grit-blasted. By employing a Sulzer Metco 9M equipment, the substrates were coated with HA of
about 50 µm. The HA coatings were heat treated at 500~800℃ for 30~120min in air. X-ray
diffractometer (XRD), Scanning electron microscope (SEM), transmission electron microscope (TEM)
were used to detect the microstructural features.
With SEM observation, the coating surface showed newly formed superfine particles of different
shapes uniformly distributing in deformed HA particles. The particles became larger and appeared to
aggregate with increasing temperature. At the same time, larger and more particles or aggregates
gathered along cracks or the particle boundaries. XRD analysis confirmed that these particles were
recrystallized HA with size of 80~120nm. The EDS examination revealed that the Ca/P ratio of the
particles precipitated at 700℃ was about 1.5~1.7, while that at 800℃ was about 2.1~2.3. Under
TEM, it was observed that HA crystallites nucleate in tetracalcium phosphate monoxide (TCPM)
resulted from HA decomposition during plasma spraying. The size of HA crystallites is less than
300nm when they got in touch with each other. Some symmetric arc stripe, which was considered to
be growing dislocation steps, appeared within crystallites. Columnar crystals with size of 20~40nm
were found to explain the needle-like HA crystallite on coating surface.
Results and discussion: In conclusion, nanograde HA crystallite embeded in coating can be obtained
through recrystallization of amorphous or decomposed phases produced by plasma sprayed technique.
Owing to its all-sided similarity to bone HA, the superfine HA particles can benefit the
osteoconductivity and osteoinductivity of the coating.
Reference:
1.Yuan H, Kurashina K, de Bruijn JD, Li Y, de Groot K, Zhang X. A preliminary study on
osteoinduction of two kinds of calcium phosphate ceremics. Biomaterials 1999; 20: 1799-1806.
2. Ripamonti U. Osteoinduction in porous hydroxyapatite implanted in heterotopic sites of different
animal models. Biomaterials 1996; 17: 31-35
3. Houlle P, Voegel J C, Schultz P, et al. High resolution electron microscopy: structure and growth
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mechanism of human detin crystals. J Dent Res 1997; 76(4): 895-904

Session 4 Stem Cell and Cell Culture (Conference Room 2, 11:00-12:35)
Chairman: Prof. D. Hartmann, Prof. Qiqing Zhang
11:00-11:20 Key Lecture:
Mesenchymal Stem Cells in Bone Marrow and Peripheral Blood
Cao Cong ,Dong Yinghai
Department of Osteology, Renji Hospital,
Shanghai Second Medical University, Shanghai ,China,200127
11:20-11:35
Growth and Differentiation of Human Bone Marrow Stromal Cells on Chitosan
Derived Materials
Ming Yang, Shanshan Zhu, Yue Chen, Zhijie Chang, Yandao Gong, Nanming Zhao
Department of Biological Science and Biotechnology, Tsinghua University,Beijing, China
11:35-11:50
Surface Analyses and Biological Behavior of Micro-arc Oxidized and Hydrothermally
Treated Titanium
Y.M. Zhang, P. Bataillon-Linez, P. Huang, Y.M. Zhao, Y. Han, M. Traosnel. K.W. Xu,
H.F. Hildebrand
School of Stomatology, Fourth Military Medical University, Xi’an, China
11:50-12:05
Optimization of Culture Conditions of Human Mesenchymal Cells for Bone Tissue
Engineering
Anselme K., Noel B., Broux O., Bouxin B. Dudermel A.F., Blanchi F., Jeanfiles J.,
Hardouin P
I.R.2.B., Université du Littoral Cote d’Opale, Berck sur mer, Boulogne/mer, France
12:05-12:20
Adhesion, Proliferation and Migration Behaviour of Bovine Pigmented Retinal Epithelial
Cells Cultured with Sulphated Polysaccharides
F. Malbrel, V. Hinard, A. Lefevre, C. Boisson-Vidal, P. Labalette, J. Jozefonvicz, H.F.
Hildebrand
Biomaterials Research Laboratory, Faculté de Médecine, F-59045 Lille cedex, France.
12:20-12:35
Low Molecular Weight Hyaluronans Induce Bone Colony Formation in Rat Mesenchymal
Cell Cultures
Yuen-Y Cheng, Lin Huang, P. L Koo, J.C.Y Cheng, L Qin, Shekhar Kumta
Department of Orthopaedics and Traumatology, Chinese University of Hong Kong, Hong
Kong
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KL-4
Mesenchymal Stem Cells in Bone Marrow and Peripheral Blood
Cao Cong, Dong Yinghai
Department of Osteology, Renji Hospital,
Shanghai Second Medical University, Shanghai ,China,200127

Abstract

Marrow-derived mesenchymal stem cells (MSCs) have attracted interest because of their
multipotentiality for differentiation and their possible use for gene therapy.

They can differentiate

into osteoblasts, chondrocytes, myocytes, tenocytes, adipocytes, astrocytes, oligodendrocytes, neurons
and a variety of tissues, including marrow hematopoietic-supporting stroma, lung, spleen, and thymus
stroma.

However, our knowledge of circulating MSCs is much less than that of peripheral

blood-derived hematopoietic stem cells and marrow-derived mesenchymal stem cells . We will review
the progress in the research of marrow-derived and peripheral blood-derived MSCs.
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O4-2
Growth and Differentiation of Human Bone Marrow Stromal Cells
on Chitosan Derived Materials
Ming Yang, Shanshan Zhu, Yue Chen, Zhijie Chang, Yandao Gong, Nanming Zhao, Xiufang Zhang
Department of Biological Science and Biotechnology, Tsinghua University, Beijing 100084,China

Introduction
Congenital disorders, trauma and oncologic surgery often cause large bone defects. Development of a
kind of effective substitute has been a goal of tissue engineering. Degradable biomaterials combined
with marrow stromal cells hold the most promise for this purpose. Bone marrow stomal cells are
pluripotent cells which can differentiate into osteoblasts, chondrocytes, adipocytes and myoblasts
under appropriate conditions. Chitosan, the fully or partially deacetylated form of chitin, is the most
extensively used material derived from chitin. In our previous study, Chitosan showed excellent
biocompatibility with nerve cells.
The purpose of this article was to evaluate the ability of chitosan and some chitosan-derived materials
to support the attachment, growth and differentiation of bone marrow cells into osteoblasts in vitro.
Materials and methods
Materials in this study were chitosan, a chitosan-gelatin mixture and a chitosan-polylysine mixture.
Gelatin, polylysine and tissue culture disk were used as control.
Human bone marrow stromal cells were obtained and isolated from human long-bone and cultured on
materials in the presence of ascorbic acid, β-glycerophosphate and dexamethasone as inducement.
Attachment assay was performed by counting the number of cells with a hemocytometer at 24h after
plating. The proliferation of cells on different materials was evaluated by MTT assay at 2,4,6,8 days
after incubation. Total intracellular protein content was also determined using a commercially
available kit. The alkaline phosphatase (ALP) activity was measured every 4 days and normalized by
total intracellular protein synthesis. ALP staining was also used to identify the presence of ALP. After
3 weeks culture, von Kossa staining and calcium staining with S alizarin were performed to testify
the formation of calcium phosphate deposits.
Results and conclusion
We found that although chitosan didn’t show as good affinity as it to nerve cells, mixing with gelatin
can apparently increase the compatibility of chitosan with bone marrow stromal cells. From 4 days
after incubation, ALP activity of the cells on the chitosan-gelatin mixture can be detected. ALP
staining also verified the expression of ALP. After 3 weeks of culture, there were positive von Kossa
staining and S alizarin staining. These data indicate that the chitosan-gelatin mixture has excellent
compatibility with bone marrow stromal cells and these cells can be induced to differentiate into
osteoblasts on this material. Results suggest that the chitosan-gelatin mixture may be promising for
bone tissue engineering.
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O4-3
Surface Analyses and Biological Behavior of Micro-arc Oxidized and
Hydrothermally Treated Titanium.
Y.M.Zhang1,P.Batailion-linez2,P.Huang3,Y.M.Zhao1,Y.Han3,M.Traisnel4,K.W.Xu3,H.F.Hildebrand2
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2
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School of Material Science and Engineering, Xi’an Jiaotong University, Xi’an 710049, P. R. China.
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ENSCL, BP 108, 59652 Villeneuve d’Ascq, France

Introduction
Osteoblast adhesion on implant material surface is essential for the success of an implant. Surface
properties of implant material play a critical role in the cell adhesion process. The Titanium and its
alloys are widespread and increasingly used as implant material in dentistry and orthopedics because
of their excellent biocompatibility which is due to an passive layer of TiO2 on the surface.
Materials and methods
In this study the micro-arc oxidized (MAO) and hydrothermally synthesized (MAO-HS) methods
were used to modified this TiO2 layer. The surface microstructure was observed by SEM. The surface
energy, surface roughness, and surface chemistry were examined by physicochemical methods.
Biological assays were performed with the mouse osteoblastic cell line MC3T3-E1, cells were
inoculated on the treated surface of the implants to evaluate the effect on cell behavior, which
included cell adhesion kinetics, cell proliferation, cell morphology and cytoskeletal organization.
Results and discussion
The results showed that the microstructure of MAO samples were microporous with a diameter of 1-3
µm, while the MAO-HS surface was formed with additional crystalline structures on the microporous
surface. The surface energy of MAO (50.6 mJ/m2 ) and MAO-HS (58.5mJ/m2 ) was higher than
titanium (39.6 mJ/m2 ). A higher cell adhesion rate was observed on the MAO-HS surface than on the
MAO and titanium surface, but there is no significant difference among them. After 3 days culture
significant higher cell proliferation was found on the MAO and titanium surface than on MAO-HS
surface. The cells on the titanium surface were oriented along the polishing edges. Cells on the MAO
and MAO-HS showed similar shape, which exhibited long filipodia extensions attaching to the
material surface. The cytoskeletal organization were analyzed by actin and vinculin staining on all the
samples. It can be concluded that the modification of TiO2 layer on titanium surface has an influence
on the cell behavior.
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O4-4
Optimization of Culture Conditions of Human Mesenchymal Cells for
Bone Tissue Engineering
Anselme K., Noel B., Broux O., Bouxin B.∗, Dudermel A.F. ∗, Blanchi F. ∗, Jeanfils J., Hardouin P.
I.R.2.B., Université du Littoral Cote d’Opale, Berck sur mer, Boulogne/mer, France.
∗

Institut Calot, Groupe Hopale, Berk sur mer, France.

Recently, in order to produce artificial bone, tissue engineering strategies have been developed. For
that, attempt was done to mimic the natural process of bone repair by delivering a source of cells
capable of differentiating into osteoblast or/and inductive growth and differentiation factors, with
bioresorbable scaffolding matrices to support cellular attachment, migration and poliferation.
Bone marrow is known to contan the osteogenic precursors, the mesenchymal stem cells (MSCs). In
various preclinical investigations, the osteogenic potential of the MSCs in diffusions chambers or in
porous ceramic scaffold have been demonstrated. Already, some orthopaedic surgeons use the
potential of bone marrow to strengthen the osteogenic potential of allografts or bone substitutes or to
stimulate bone regeneration in non union for example.
The MSCs have the capacity when they are cultured in a specific medium to form after 10 days
colonies named Colony Forming Units-Fibroblastic (CFU-Fs) each coming from one stem cell.
After 3 to 4 weeks, it is possible to obtain a confluent cell layer composed of mainly osteoblastic cells
which can be use alone or associated with a scaffold (ex. Porous ceramic) to form an hybrid material
with an in vivo osteogenic potential.
The MSCs are routinely cultured with animal sera (fetal calf serum: FCS) or with serum substitutes
based on animal proteins (Ultroser G). However, it is essential for a clinical application of these
cells to culture them in media containing as less as possible heterologous animal-derived proteins.
With this objective, we checked the efficiency of various serum to culture human MSCs: autologous
plasma, pools of human sera tested for culture, serum substitutes prepared with vegetable-derived
mitogenic proteins (Prolifix S3 or Prolifix S6) which were c0mpared to FCS or to Ultroser G.
Mixtures of Prolifix S6 with human AB serum or with human plasma have been also tested. The
effect of the dexamethasone addition have been also checked. The effect of the different cultur
conditions on the number, the size and the alkaline phosphatase activity of the CFU-Fs were analyzed.
The effects of culture conditions were also checked on confluent cell layers by RT-PCR to follow the
mRNA expression of osteoblastic differentiation markers (alkaline phosphatase, type I collagen de,
osteonection, osteocalcin).
We obtained the formation of an high number of CFU-Fs with Prolifix S3 or S6, FCS, and Ultroser G
compared to AB human serum and autologous plasma. The alkaline phosphatase activity of the
CFU-Fs remained weak with Prolifix S3 or S6 and AB serum alone although the association of
Prolifix S6/AB human serum or Prolifix S6 autologous plasma demonstrated a synergic effect with an
higher CFU-Fs number and an higher alkaline phosphate activity. The autologous plasma at the
moment give so variable results from one patient to another that it is not possible to consider its use
for th in vitro production of osteoprogenitor cells. The observation has been confirmed by the
RT-PCR analysis of the osteoblastic markers. We demonstrated the possibility to culture MSCs in
vitro until confluence using human or vegetable-derived sera. These sera allow the production of
cells with a phenotype mainly osteoblastic in avoiding contaminations by heterologous
animal-derived proteins. The control of the in vivo osteogenic potential of the cells cultured in these
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conditions will be done by intra-muscular implantation in immuno-deficient rats

O4-5
Adhesion, Proliferation and Migration Behaviour of Bovine Pigmented
Retinal Epithelial Cells Cultured with Sulphated Polysaccharides
F. Malbrel1,2, V. Hinard1, A. Lefevre1, C. Boisson-Vidal3, P. Labalette2,
J. Jozefonvicz3, H.F. Hildebrand1
1 - Biomaterials Research Laboratory, Faculté de Médecine, F-59045 Lille cedex, France.
2 - Dept of Ophthalmology, Hôpital C. Huriez, CHRU de Lille, F-59037 Lille cedex, France
3 - Laboratory of Macromolecules Research, Université Paris-13, F-93430 Villetaneuse

Introduction: The vitreous-retinal proliferation is a complication of the rhegmatogene detachment of
the retina. It may lead to an important vitreous-retinal retraction precluding retinal reapplication.
Although pharmacologically active polymers such as heparin have been recognised to reduce fibrin
formation and to decrease the proliferation and adherence of vitreous-retinal cells, simultaneous
hemorrhagic complications generated by the strong anticoagulant character of these agents sensibly
limits their use. The present work thus proposes investigations on the proliferation, migration and
adherence of vitreous-retinal epithelial cells in the presence of uronic acid enriched sulphated
polysaccharides (PSS) extracted from marine algae : fucans and carraghenans.
Material and methods: Fucans were extracted from the brown alga Ascophyllum nodosum, two
purification fractions were used. Carraghenans were extracted from the red alga Eucheuma spinosa
and the fraction iota was used for further assays. Pigmented retinal epithelial cells (PRE) were
prepared from beef eyes.
Cell adherence was assessed with the p-Nitrophenylphosphate (pNPP) method on a reconstituted
basal membrane. PSS concentrations from 10 ng/ml to 1 mg/ml were applied on PRE. - Cell
proliferation was determined in the presence of FGF2 (50% of the cell growth stimulating
concentration) with protein deficiency (1% FCS). PSS concentrations from 1 ng/ml to 1 µg/ml were
applied on PRE. - Cell migration assays were performed in wells with specific devices hindering cells
to adhere in the centre of the wells. Cells were cultured for 3 days, migration was measured 24 h after
removal of the device in the presence of mitomycine as antimitotic agent. - Pure pharmacological
heparin was used as positive control in all experiments.
Results: In order to determine optimal culture conditions for these innovative investigations, first
experiments were conducted to assess the proliferation rate of bovine PRE and their adherence
behaviour with respect to the inoculated cell density. Cell adherence experiments with PSS reveal a
dose-dependent inhibition of adherence in particular for the EADR fraction of fucane.
Carraghenan-iota has no significant effect. We then evaluated the anti-proliferative activity of the PSS
in the presence of FGF2. The different PSS fractions induce variable proliferation rate. As to the
migration behaviour, heparin and the EADR fraction of fucan induce similar migration inhibition.
Conclusions: The weak anti-adhesive and anti-proliferative effects of Carraghenan-iota make it a
PSS of low interest. The purified EADR fraction of fucan have the highest anti-adhesive and
anti-proliferative effects. This agent could be a adequate candidate for further investigations from the
biochemical point of view (obtaining of a more purified fraction) and in particular for intensive
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biological assays.

O4-6
Low Molecular Weight Hyaluronans Induce Bone Colony Formation
in Rat Mesenchymal Cell Cultures
Yuen-Y Cheng, Lin Huang, P. L Koo, J.C.Y Cheng, L Qin, Shekhar Kumta
Department of Orthopaedics and Traumatology, The Chinese University of Hong Kong, Hong Kong

Introduction
Hyaluronic acid (Hyaluronan) is an essential component of many extracellular matrices in mature
tissues. Different molecular weights of hyaluronans may contribute to its difference in property. The
cell-signalling function of Hyaluronan are molecular weight dependant. Hyaluronans are potentially
attractive delivery substrates for a variety of biologic and synthetic materials in tissue engineering and
clinical practice.
Materials and methods
A porous collagen-hyaluronan matrix prepared by cross-linking collagen with periodate-oxidized
hyaluronan, supported new bone formation, and has potential uses for the delivery of growth factors
or as an implantable cell-seeded matrix. We hypothesized that Hyaluronan of appropriate molecular
weight alone in optimal concentration and may induce bone formation. Enzyme-digested calvarial
mesenchymal cells from 2-day-old rat embryos were cultured in DMEM medium with Hyaluronan of
three different molecular weights (2300, 900, 60 kDa). We added, 0, 0.5 1.0, 2.0 mg/ml Hyaluronan of
each of the molecular weights, to the medium before plating the cells. After 10 days in culture.
Alkaline phosphatase activity was measured as an index of the differentiation of osteoprogenitor cells
into an osteoblastic phenotype. Bone colony formation was analysed using a Leica Image analysis
system and semi-quantitative assessements were performed. Data was analysed using SPSS.
Results and discussion
Low molecular weight hyaluronan (60kDa) was found to induce both Alkaline phosphatase activity
and bone colony formation that was significantly higher than higher molecular weights ( p<0.05).
High molecular weight Hyaluronans did not induce bone colony formation and did not stimulate
differentiation into an osteoblastic phenotype. These findings suggest that low molecular weight
Hyaluronan may be find potential applications in reconstructive surgery as a vehicle for bone graft
materials and bone graft substitutes.
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Invited Lectures-4 (Conference Room 1, 14:00-15:30)
Chairman: Prof. J. Lemaitre, Prof. Xingdong Zhang
14:00-14:30
Bioactive Metals: Preparation and Properties
Prof. T. Kokubo
Department of Material Chemistry, Graduate School of Engineering, Kyoto University,
Japan
14:30-15:00
Biotechnologies in Studying Bone-Biomaterial Interface in Experimental Spinal – a
Review
Prof. JCY Cheng
Department of Orthopaedics & Traumatology, Chinese University of Hong Kong, Hong
Kong, China
15:00-15:30
The Bone Ingrowth Performance of Bone Substitutes
Kerong Dai
Department of Orthopaedics, Shanghai Ninth People’s Hospital, Shanghai Second Medical
University, Shanghai, China
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IL-10
Bioactive Metals: Preparation and Properties
Tadashi Kokubo , Hyun-Min Kim
Department of Material Chemistry, Garduate School of Engineering, Kyoto University

Some ceramics such as Bioglass, sintered hydroxyapatite and glass-ceramic A-W spontaneously form
a bonelike apatite layer on their surfaces in the living body, and bond to the bone through the apatite
layer. They are called bioactive ceramics and clinically used as important bone-repairing materials.
They, however, can not be used at highly loaded portions such as femoral and tibial bones, since their
fracture toughnesses are not so high as that of the human cortical bone. The present authors recently
showed that bioactive titanium, its alloys and tantalum metal can be prepared by simple chemical and
subsequent treatments.
Titanium metals and its alloys form a sodium titanate layer, which gradually changes into the metals
toward the interior within 1 µm in thickness at their surfaces, by soaking in 5M-NaOH solution at
60°C for 24 h and subsequent heat treatment at 600°C for 1 h. Their mechanical strength are not
adversely affected by these treatments.
Thus-treated metals release the Na+ ion into the surrounding body fluid from their surfaces via
exchange with H3O+ ion, to form a lot of Ti-OH groups on their surfaces. Thus-formed Ti-OH
groups combine with Ca2+ ion to form an amorphous calcium titanate in the body environment, and
subsequently combine with phosphate ions to form an amorphous calcium phosphate. This calcium
phosphate eventually transforms into bonelike apatite. These metals soon so tightly bond to the
surrounding living bone through the bonelike apatite layer that they can be pulled out from a medullar
canal of the rabbit femur only by being accompanied with bone fragments, 12 weeks after
implantation. They are already subjected to clinical trials for applications to total hip joints.
Tantalum metal also forms an amorphous sodium tantalate with a graded structure on its surface by
soaking in 0.5M-NaOH solution at 60°c for 24 h and subsequent heat treatment at 300°C for 1 h.
Thus-treated tantalum metal also form the bonelike apatite on its surface in the body environment,
through formation of an amorphous calcium tantalate and an amorphous calcium phosphate, and then
tightly bond to the living bone.
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IL-11
Biotechnologies in Studying Bone-Biomaterial Interface
In Experimental Spinal – a Review
Cheng JCY, Qin L
Department of Orthopaedics & Traumatology, Chinese University of Hong Kong,
Shatin, N.T. Hong Kong

I. Biomaterials Needed For Bone Fusion
By estimation, more than 425,000 orthopaedic bone grafting have been conducted alone in USA per
year and with around 2 procedures per minute worldwide. The wide applications of bone grafting
includes long bone surgery (metaphyseal defect, diaphyseal segmental defect, total joint
reconstruction) and anterior or posterior spinal fusion.
Autografts used to be the “Gold Standard” for orthopaedic bone grafting applications. The clinical
problems related to the spinal fusion include nonunion rate 5-35%, failure and limited supply of
autograft in situation like multi-level fusion and previous graft harvests. In addition, there are donor
site morbidity up to 25-30 %, hematoma, pain, operation time, blood lost, host metabolic hindrances,
previous failed fusion and not indicted for smokers, diabetes and osteoporotic patients etc.
Application of allografts as banked bone requires specific setup of bone bank, such as storage,
sterilization, and quality control. Infection, viral transmission, and HIV, and availability of the
allografts are also problematic. Biomaterials as bone substitutes are therefore highly desirable.
II. Preclinical Evaluation of New Biomaterials
In development of new biomaterials as bone substitutes, the basic requirements for such materials are
biocompatible with good osteoconduction, and load bearing mechanical property in certain
applications. The advanced requirements are that they need to be osteoinductive, osteogenic and
biodegradable. In assessment of such biomaterials, many stages of research are required before
launching clinical trials and application. These include design and manufacturing, biological safety
assessment, in vitro (cell, tissue or organ culture) and in vivo laboratory experiments (animal studies).
In addition, in bone tissue engineering, several other combinations of factors are often utilized that
includes cell based, bioactive factor based, matrix based factors or combination therapy (cell plus
matrix, cell plus bioactive factors, bioactive factor plus matrix, cell plus bioactive factor plus matrix
etc). In this lecture, we will focus on introduction of assessments tools for in vivo experimental
studies.
The current experimental models for studying of bone fusion include animal models (Rabbits, dogs,
goats, primates), long bones models, lamina & spinous process models, and lumbar inter-transverse
process fusion model. Biological assessment is mainly on osteointegration by studying direct
structural and functional integration between living bone and the biomaterial implant interface. Up to
now, interface phenomena is still a basic but yet very complicated for research studies. It would be
very helpful to study the dynamic process of remodeling of interface composition and structure of
both host bone and implanted biomaterials with or without combined use of active biological factors
for enhancement of interface integration. The usefulness of such new materials or their combinations
needs to be assessed using specific biotechnologies.
III. Biotechnologies For Assessment of Spinal Fusion
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Biomaterial research as one of the main research programs in authors institution and the spinal fusion
model is one of the most used experimental models to evaluate bone-biomaterial interface integration.
The currently available biotechnologies in authors’ institution for bone-biomaterial interface
evaluations include 2- and/or 3-dimensional histomorphology, radiological imaging techniques,
non-invasive (bone) mineral density measurement technologies, and tissue biomechanical evaluations
etc. These evaluation techniques have been adapted for objective assessment of experimental spinal
fusion model using biomaterials and various biological fusion promoting factors.
1. Histomorphology
Conventional Microscopy - Light microscopy with florescence and polarization functions is standard
to study rate of bone remodeling and tissue alignment with healing (fusion) over time, respectively.
Various conventional and immuno-histochemical staining have been adapted for studying tissue and
cell specific biological responses to implanted materials. Transmission and scanning electron
microscopy (TEM and SEM) are mainly used for descriptive interface properties at cellular and
subcellular levels. Confocal microscopy has been recently introduced for interface studies on
layer-by-layer basis in a 3-D manner. The advantage of histomrophometry enables us to quantify
differences of bone-biomaterial interface integration among various implanted materials at cellar and
subcellular levels, which are essential to allow us to understand potential mechanisms of biointerface
remodeling of both host tissues and implanted materials. However, the disadvantages of conventional
histomrophometric techniques are time consuming in terms of specimen preparation, evaluation and
interpretation of findings, together with one another major drawback, i.e. damage and preparation
artifacts of specimens for evaluation. Another microscopy-based technique is high frequency scanning
acoustic microscopy (SAM), which measures the impedance of the sound reflection as interested in
reflection coefficient and gives information about tissue mechanical properties such as hardness and
elasticity. In addition, SAM provides high resolution images comparable to conventional light
microscopy.
2. Radiological techniques
Radiological techniques can be classified into macro and micro analysis of bone-material interface
structural integration. Macroradiological techniques are “non-invasive” include plain X-ray, computed
tomography (CT) and magnetic resonance image (MRI). Due to relative lower resolution of these
clinical used techniques, are may not be find enough for more objective assessments.
Microradiological techniques are invasive in terms of in vitro sample evaluation. The available
techniques include contact microradiography and recently the high resolution Micro-CT (up to a
resolution of 7 microns, as powerful static bone 3-D histomorphological assessment device). While
contact microradiography provides the possibility for study degree of matrix mineralization of
specimen in sections, micro CT allows objective assessment of bone and ceramic based biomaterial
structural in 3-D manner without sectioning the specimens. In addition, as one of the chemical
analysis techniques, X-ray photoelectron spectroscopy (XPS) is also used to study bone-biomaterial
interface composition.
Bone Mineral Densitometry
3.
The destructive nature limits its application for in vivo experiments or clinical monitoring of the
changes at region of interests. Since biomechanical properties of bone-biomaterials integration are
also associated with degree of mineral content or density, non-invasive dual-energy X-ray
absorptiometry (DXA) for measuring areal density and high resolution and precise peripheral
quantitative computer tomography (pQCT) for measuring volumetric material density are useful tools
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to study states of mineralization and their changes over time.
4. Biomechanical Testing
Clinically, mechanical properties of bone-biomaterial interface is essential and is still “Gold Standard)
to confirm the real potential of new biomaterials for clinical application. The conventional mechanical
tests for study bone-biomaterial interface mechanical properties involve push-out test, pull-out test,
compression or tensile test. To study mechanical properties of the bone matrix or biomaterials,
nano-indentation test and scanning acoustic microscopic evaluations at micro-levels are useful tools.
All above-mentioned biotechnologies for bone-biomaterial interface studies have both advantages and
disadvantages or application indication or specifications. The combined use of these macro and micro
assessment tolls can deepen our understating dynamic and static characteristics of bone-biomaterial
integration! Establishment of evaluation standards based on these biotechnologies will contribute to
application orientated R&D of new biomaterials. However, this requires joint efforts of not only
biomaterial scientists and engineers but also medical doctors and clinical scientists, biologists and
biotechnologists from collaborating centers.
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IL-12
The Bone Ingrowth Performance of Bone Substitutes
Dai Kerong
Ninth People’s Hospital, Shanghai Second Medical University, Shanghai, PRC

In recent years, the progress in cytobiology and biomaterial science has rendered the utilization of
tissue engineering methods in the repair of bone defects a brand new therapeutic modality. Being
void of the shortcomings of limited resources, difficulty modeling, damage to donor site and carrying
infectious pathogens as in the traditional bone transplantation, it has the advantages of available shape
modeling to fit the recipient site and ample resources, a broad prospect of development.
An ideal bone substitute should be possessed of the three essential factors of osteogenesis,
osteoconduction and osteoinduction, with good biocompatibility, degradability, pore space, adequate
mechanical strength, availability for modeling according to requirement, and a lower cost. At present,
none of the materials can satisfy all the above requirements. Of the factors, osteoconduction is the
principal basis for bone growth into the biomaterial. The development of such materials derives
benefit from the understanding of bone transplantation and its process of being creep-substituted in the
body.
In the course of osteoconduction, osteoblasts will first appear on the surface of the pores, but
chondroblasts are rarely seen. This indicates that osteoconduction is analogous to intramembranous
ossification rather than entochondrostosis. Following the transplantation of the material, hematoma
first comes out around the implant and cell growth factors are released, inflammation reaction and
chemotactic proliferation and differentiation of mesenchymal stem cells are present, and formation of
vascular granulation tissue is seen around the implant. Vascular granulation tissue invades the pores
in the implant, on the surface of which osteoclast resorption takes place, followed by intramembranous
ossification or entochondrostosis.
the pores in the biomaterial make it possible for soft tissue and bone to grow within the material,
Acoording to the studies of us and other anthors, the diameter of pores being 100—500 microns to
ensure bone ingrowth. The diameter of inter-con-nection among the pores should be large enough,
above 100 microns. If it is between 40—100 microns, only osteoid will grow; if it is between 10—40
microns, only vascular granulation tissue will form. But the filling rate of ingrowth bone will be
decreased if the pores are too large. The porosity should lie between 70—80%. Further, three criteria
have to be met in order to achieve effective bone ingrowth: proximity, viability and stability. The
biomaterial has to be in direct contact with bone. Although opinions disagree concerning the required
interface distance, it is not to exceed 1mm. The biomaterial-bone contact area and the viability of the
surrounding bone are also basic factors for bone ingrowth. Of equal importance is the stability
between the implanted material and the surrounding bone: though micromovement is imperative for
bone regeneration, excessive movement will lead to formation of interfacial granulation tissue and
fibrous tissue, which in turn will affect and hamper bone ingrowth.
It is desirable that the material is resorbable in order to facilitate radiological evaluation of bone
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ingrowth and enable the surrounding bone and ingrown bone to bear gradually higher and higher stress
so as to achieve better remodeling and provide larger space for bone regeneration. Furthermore, this
will prevent long-term presence of the material in the body and avoid the resultant infection or other
complications. The resorption of material is to set in after it has accomplished its sustainer role and
conduction of bone ingrowth.
Generally, the degradation of material consists of two modes: dissolution and absorption. Dissolution
is a simple physicochemical process, dependent on degradation property of the material, area of
available space, topical pH, fluidity of water and temperature, and also relevant to the constituent ratio
and purity of the components of the material, crystal size, porous structure and surface area.
Absorption is biological behavior, mediated by osteoclasts and susceptible to the influence of
biological and biomechanical factors. calcium and phosphorus are dissolved under a high acidic
environment of extracellular matrix secreted by osteoclasts, and in the meantime, osteoclasts work in
concert with osteoblast activities.
Biomechanical factors may influence bone growth, and the volume of bone formation in the implanted
material is also influenced by stress, which is consistent with Wolff’s law. Excessive stress, such as
unstable fixation, often leads to failure of bone ingrowth.
High calcium and phosporus concentration in the vicinity of the implanted material can promote the
deposit of new bone and the formation of calcium-phosphorus crystals, thus stimulating osteoclast
resorption in the implant. The latter can activate osteoblasts, and the two accomplish osteogenesis
through coupling. The age of the patient, smoking habit, metabolic disease, chemotherapy and
radiotherapy are influential to bone ingrowth as well.
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Session 5 Surface Modification of Biomaterials (Conference Room 1, 16:00-17:35)
Chairman: T. Kokubo, Prof. Kewei Xu
16:00-16:20 Key Lecture
Surface Treatment of Biomaterials and Its Applications
Xianghuai Liu
Shanghai Institute of Micro System and Information Technology, Chinese Academy of
Sciences, Shanghai, China
16:20-16:35
Induction of Calcium Phosphate on IBED-TiO Coated Carbon-Carbon Composite
Tao Fu, Yong Han, Jiyong Li, Kewei Xu
State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University,
Xi’an, China
16:35-16:50
Structural Design of DLC/Titanic Alloy Gradient Biomaterials Used for Artificial
Mechanical Heart Valves
Guangfu Yin, Dali Zhou, Changqiong Zheng, Aijun He
College of Material Science and Engineering, Sichuan University, Chengdu 610065, China
16:50-17:05
Improvement of Endothelial Cell Adhesion onto Silk Fibroin Surface SO2 Plasma
Treatment and Free Radical Involvement
Xinlin Yang, Liyong Wang, Jinwei Gu, Hesun Zhu
Research Center of Materials Science, Beijing Institute of Technology, P.O. Box 327,
Beijing 100081, China
17:05-17:20
Surface Modification of Blood Contacting Biomaterials by Titanium Oxide Coatings
N. Huang, P. Yang, YX Leng, JY Chen, J. Wang, H Sun, G.J. Wan, TF Xi, Y. Leng and PK
Chu
Institute of Surface Engineering of Biomaterials, College of Materials Science and
Engineering, Southwest Jiaotong University, Chengdu, China
17:20-17:35
Plasma-based Low-energy Ion Implantation for Surface Engineering of Biomedical
Metallic Materials
X. M. Zhu, M. K. Lei
Surface Engineering Laboratory, Department of Materials Engineering, Dalian University
of Technology, Dalian 116024, China
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KL-5
Surface Treatment of Biomaterials and its Applications
Xianghuai Liu
Shanghai Institute of Micro System and Information Technology, Chinese Academy of Sciences,
200050, Shanghai, and China Shanghai Rebone Biomaterials Co. Ltd, 200237, Shanghai, China

Biomaterials have been widely used in human body by transplants or implants. The biocompatibility
of biomaterials is closely related to their surface properties. Surface treatment is one of strong and
effective methods for improving the biocompatibilities of the biomaterials. In this talk, some methods
for surface treatment and their applications in biomaterials will be reviewed.
The content of this talk will include:
1. Improvement of blood compatibility of artificial heart valves by ion beam technology;
2. Surface treatment of metal orthopedic and orthodontic products by ionized particle bombardment;
3. Reduction in thrombotic events and prevention of resenosis of Cardiovascular stents by Sol-Gel
and radiation method;
4. Plasma treatment for improving the surface properties of tissue regeneration.
Many people suffer from heart valve disease. The right way to keep life would be to replace the
defected one with an artificial heart valve. Low temperature isotropic carbon (LTI-c) is widely used
for making mechanical artificial heart valves, which can last in human body for 30-50 years. However,
it is still not good enough in blood compatibility. Anticoagulation therapy is necessary in life times
after the artificial valves are implanted for minimizing the risk of thrombus-embolic complications.
So it is very important to make a new surface with good blood compatibility. By using ion beam
treatment, a suitable modified layer on the surface of artificial heart valves can be prepared. In vitro
and In vivo tests demonstrate that LTI-c artificial heart valves treated by the ion beam show superior
blood compatibility. Considering the safety in clinic use of the artificial heart valves, a new method
for surface treatment has already been adopted.
The primary success of ion implantation was applied for improving the wear resistance of the metal
orthopedic, such as hip-knee joint made of titanium or Co-Cr alloy. Ion implantation of Co-Cr
orthopedic products has been performed commercially since early 1990,and the process is now used
to treat a sizable fraction of the products now manufactured in the United States.
One of the most rapidly growing cardiovascular products is the cardiovascular stent, which is used to
provide support to blocked vessels, which have been opened by a balloon catheter. Areas of
performance improvement to stents include the use of surface treatment to provide biocompatibility
and the addition of drug delivery capabilities, and to prevent the resenosis of the implanted stents.
Tissue engineering is a relatively new field derived from biomedical engineering. By the processes of
restoration of structure, function, metabolic, biochemical behavior, and biomechanical performance,
tissues regeneration can be carried out. Ion implantation and plasma treatment is very useful and
effective for modifying the surface properties of the scaffold for tissue engineering.
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O5-2
Induction of Calcium Phosphate on IBED-TiO Coated
Carbon-Carbon Composite
Fu Tao, Han Yong, Li Ji-Yong, Xu Ke-Wei
State Key Laboratory for Mechanical Behavior of Materials,
Xi’an Jiaotong University, Xi’an 710049, P. R. China

Introduction
Carbon-carbon composites (CCC), or rather carbon fiber reinforced carbon composite, are playing a
more and more important role in engineering and biomedical applications. As a bone implant material,
CCC has the similar mechanical properties, especially the elastic modulus, as human bone. The match
of elastic modulus between artificial implant and bone is gaining more and more attention, for it is
essential for avoiding “stress shielding” and bone adsorption caused by metal implants with high
modulus. CCC has also good biocompatibility, and mechanical interlock was found between CCC
implant and host tissue after 3 months of implantation in bone. CCC is a potential material for bone
implantation; however, the lack of bioactivity and the failure to form a chemical bond with the host
bone have limited its application.
Synthesized calcium phosphate coating on CCC could speed up bone formation. Bone-like, or
biological apatite, which implies higher bioactivity than synthesized HA, was deposited on the surface
of metals, polymers and ceramics by some specific surface treatments. For example, titanium alloy
can form porous titania hydrogel after alkali treatment, and the gel layer can induce the deposition of
calcium phosphate from the simulated body fluid (SBF) and the fast calcification solution (FCS).
Materials and methods
Here, titanium was deposited on CCC by ion beam enhanced deposition (IBED) technique, and the
film consisted of TiO columnar crystals with (111) orientation identified by scanning electron
microscopy (SEM), X-ray diffraction (XRD) and X-ray photoelectron (XPS).
Results and discussion
Porous network was formed on the TiO film after alkali treatment, and the network could induce the
deposition of calcium phosphate layers with different morphologies and compositions from two kinds
of calcium phosphate solutions, that is, SBF and FCS. So, bioactive calcium phosphate was coated on
carbon-carbon composite by biomimetic method. Work is now underway to investigate the bonding
strength of the TiO layer to the carbon-carbon substrate.
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O5-3
Structural Design of DLC/Titanic Alloy Gradient Biomaterials
Used for Artificial Mechanical Heart Valves
Guangfu Yin, Dali Zhou, Changqiong Zheng, Aijun He
College of Material Science and Engineering, Sichuan University, Chengdu, 610065, China

Introduction
The property and the function of biomaterials have become the critical factors restricted the clinical
application of artificial mechanical heart valves (AMHV). The combination of excellent
wear-resistance, corrosion-resistance, and strength with excellent tissue compatibility and
hemocompatibility would be an effective pathway to prepare suitable and useful biomaterials.
Based on the facts that diamond like carbon possesses excellent biocompatibility, wear-resistance, and
corrosion-resistance, and that metallic material possesses high strength, the DLC coating deposited on
titanic alloy with plasma CVD was used as the composed biomaterial of AMHV. This kind of material
possesses the strongpoints of both titanic alloy and DLC. But the weak adhesion of DLC to metallic
substrate would lead to the invalidation of AMHV because the DLC sometimes peels off due to the
great gaps of structure and different thermal expansive coefficient between DLC and titanic alloy.
Materials and methods
According to the design idea of functional gradient material, the selection of material system, the
derivation of composite distribution model, the calculation thermal stress, and the optimization of
composition and structure have been carried out in the present study.
The AMHV implanted in the human body must be able to exert the physiological functions of natural
heart valves, and could not bring the side effects on human body. So, the composing materials of
AMHV should be wear-resistant, corrosion-resistant, and hemocompatible. It is difficult to find any
material that can meet so much needs of AMHV, so that the functional gradient coating on metal
become the first choice. Based on the essential requirement of AMHV and the character of
carbonaceous material, the DLC was selected as the coating material. Because the titanium, the main
element of titanic alloy, could react with carbon to form solid solution or form non-stoichiometric
titanium carbide, it is propitious to the formation of gradient structure. So, the titanic alloy was
selected as the substrate material.
This gradient biomaterial was prepared under the fixed temperature, and was used under constant
temperature (animal heat). Furthermore, the titanic alloy substrate was much thicker than DLC coating.
The thermal stress in substrate was not large enough to make the titanic alloy plastically strained. And
the DLC is a brittle matter, it is difficult to plastically strain. So, the thermal stress was calculated with
thermal static state model and thermal elastic stress model.
Results and discussion
Some useful results could be obtained from the calculation of thermal stress. The residual thermal
stress in coating would decrease with the increase of the coating thickness under fixed substrate
thickness. It would respect to the relative position, and be independent of the coating thickness if the
coating was very thin and the composite distribution coefficient was fixed. This stress would increase
with preparing temperature also. The largest residual thermal stress always appears in the surface of
coating. It would be a fixed value under a determined preparing temperature, independent of the
composite distribution coefficient and the coating thickness.
The optimization of composition and structure showed that the largest stress ratio would increase with
the preparing temperature, and would be a fixed value under a determined temperature with any
composite distribution coefficient. According to the stress ratio, the preparing temperature should be
below 550K. The variation ratio of residual thermal stress would increase with the preparing
temperature, and would vary with the composite distribution coefficient. According to the variation
ratio of residual thermal stress, the composite distribution coefficient should be selected as n=1.25.
The experimental results showed that this kind of gradient carbonaceous coating possesses excellent
hemocompatibility, wear resistance, and corrosion resistance, and should act as an ideal AMHV
material.
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O5-4
Improvement of Endothelial Cell Adhesion onto Silk Fibroin Surface by SO2
Plasma Treatment and Free Radical Involvement
Xinlin Yang, Liyong Wang, Jinwei Gu, Hesun Zhu
Research Center of Materials Science, Beijing Institute of Technology, P.O. Box 327, Beijing 100081, P. R. China,
E-mail: xlyang@bit.edu.cn

Introduction
In the case of a small diameter vascular graft, a promising solution to the surface-induced
thrombosis is usage of a tissue engineering graft, i.e., a biomaterial covered with a layer of
endothelial cells. As a natural biomaterial, silk fibroin has recently been found to be a good matrix
for mammalian cell culture [1,2]. Previous reports showed nitrogen-containing plasma treatment of
PTEE and ePTEE vascular graft surfaces could enhance endothelial cell adhesion [3,4]. However,
the action mechanism of plasma treatment is far from being understood. In the present study, we
describe SO2 plasma is capable of enhancing endothelial cell adhesion onto silk fibroin substrate,
and free radicals are at first time proven to be involved in the action of plasma treatment.
Materials and methods
Fibroin proteins were separated from the commercial Bombyx mori silk and made form coatings on
the bottom of a 4-well culture plate. A plasma glow reactor with a radio frequency generator was
used to perform the surface treatment of fibroin coatings. Free radicals were determined by a gress
reagent-based colorimetric assay. A human umbilical vein endothelial cell line (HUVEC) was used
in the experiments. Cell adhesion was evaluated by a MTT assay [5].
Results
Cell adhesion onto silk fibroin coating was markedly improved by SO2 plasma treatment. Free
radical scavengers SOD (300 u/ml) and mannitol (100mM) were both able to inhibit the
improvement. Free radical was produced in fibroin coating by plasma treatment and its level kept
almost constant a week later when stored at room temperature. In addition, addition of H2O2 in a
proper amount can significantly enhance HUVEC adhesion too.
Conclusions
Plasma treatment is an effective way to modify biomaterial surface, which can improve endothelial
cell adhesion. Furthermore, free radical might play an important role in the improvement.
References
[1] Inouye K, Kurokawa M, Nishikawa S, Tsukada M. J Biochem Biophys Meth 1998;37:159-164
[2] Minoura N, Aiba SI, Gotoh T, Tsukada M, Imai Y. J Biomed Mater Res 1995;29:1215-1220
[3] Dekker A, Reitsma K, Beugeling T, Bantjes A, Feijien J, Van Aken WG. Biomaterials
1991;12:130-138
[4] Griesser HJ, Chaterlier RC, Gengenbach TR, Johnson G, Steele JG. J Biomatr Sci Polym Ed
1994;5:531-534
[5] Zhu HS, Yang XL, Wang LB, Zhao DX, Chen L. Cell Biol Toxicol 2000;16:201-206
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O5-5
Surface Modification of Blood Contacting Biomaterial by Titanium Oxide Coatings
N. Huang1, P. Yang1, YX Leng1, JY Chen1, J Wang1, H Sun1, GJ,Wan1, TF Xi2,
Y Leng3 and PK Chu4
1

Institut of Surface Engineering of Biomaterials, College of Materials Science and Engineering, Southwest Jiaotong
University, Chengdu, 610031, China
2

Center of Medical device, National Institute for Control of Pharmaceutical and Biological Products,
Beijing,100050, China

3

Department of Mechanical Engineering, Hong Kong University of Science and Technology, Clear Water Bay,
Kowloon, Hong Kong, China

4

Dept. of Physics and Materials Science, City University Of Hong Kong, 83 Tat Chee Avenue, Kowloon, Hong Kong,
P. R. China

The key problem for blood contacting biomaterials is blood compatibility. The coagulation of blood
on material surface due to unexpected interaction of blood with the material surface frequently cause
failure of artificial device and bring patients in danger. Modifying the surface characteristics of a
material orienting to control the interaction becomes an important direction for developing of blood
contacting biomaterials. This paper reported the authors consideration of the expression of interaction
of blood

protein with materials in the view of the point of

charge transfer from protein to materials.

Analyzed the affects of material characteristics such as energy band structure, the defects state and the
interface energy state to the charge transformation behavior. According to this consideration, the
paper described the blood compatibility development and optimization of titanium oxide films in vitro
and in vivo.
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O5-6
Plasma-Based Low-Energy Ion Implantation for Surface Engineering
of Biomedical Metallic Materials
X. M. Zhu
Department of Materials Science and Engineering, Dalian Railway Institute,
Dalian 116028, China
M. K. Lei
Surface Engineering Laboratory, Department of Materials Engineering, Dalian University of Technology, Dalian
116024, China

Plasma-based

low-energy

ion

implantation

(PBLEII),

including

plasma

source

ion

nitriding/carburizing and plasma source low-energy ion enhanced deposition of thin films, for surface
engineering of biomedical metallic materials was summarized in this paper. PBLEII enables
independent measurement and control of ion energy, implantation dose rate, sputtering deposition rate
of metal atoms, and process temperature. The treated AISI 316L austenitic stainless steel and
Ti6Al4V alloy by plasma source ion nitriding/carburizing have the combined improvement in wear
and corrosion resistance. No pitting corrosion in the Ringer’s solutions was detected from the high
nitrogen face-centered-cubic phase (γN) layers on the AISI 316L stainless steel and from the titanium
nitride phase ((Ti,Al,V)N) layers on the Ti6Al4V alloy. The superior pitting resistance in the Ringer’s
solutions was also obtained for the TiN thin films formed by plasma source low-energy ion enhanced
deposition on Ti6Al4V alloy.
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Session 6 In vitro and vivo Evaluation of Biomaterials (Conference Room 2, 16:00-17:35)
Chairman: Prof. JCY. Cheng, Prof. Y.M. Zhao
16:00-16:20 Key Lecture:
Engineered Allologous Chondrocyte Pellet For Reconstruction of Fibrocartilage Zone at
Bone Tendon Junction
L Qin, WN Wong, KO Tai, KM Lee, KS Leung
Department of Orthopaedics & Traumatology, Chinese University of Hong Kong, Shatin,
N.T., Hong Kong
16:20-16:35
Study on the Microcapsulated Immortalized Mandibular Condylar Chondrocyte
Xiaohong Duan, Dagang Guo, Kewei Xu, Junzheng Wu
School of Material Engineering, Xi’an Jiaotong University, Xi’an, China
16:35-16:50
Effect of Dexamethasone on the Differentiation of Rabbit Bone Marrow Stromal Stem Cell
Cornet F, Broux O, Anselme K, Hardouin P, Jeanfils J
Instistitut de Recherche sur les Biomaaateriaux et les Biotechnolgies (IR2B)- ULCO Basin
Napoleon, Quai Robert Masset, BP 120 62327 Boulogne sur mer, France
16:50-17:05
A Study on the Deformability of Human Femoral Head Cartilage
S. Zeytin, B.A. Konduk, C. Bindal, A.H. Ucisik
Bogazici University, Institute of Biomedical Engineering, 80815 Bebek-Istanbul, Turkey
17:05-17:20
Catheterization of the Long Bones: Development of a New Device for Intraosseous
Biomaterials Injection
Jean-Jacques Railhac, Nicolas Sans, Denise Galy, Erick Estivalezes,
Patrice Laborde, Anne Brouchet, Nadine Railhac.
Service Central de Radiologie et d'Imagerie Médicale. Hôpital universitaire Purpan Toulouse - France
17:20-17:35
Sol-gel Preparation and in vitro Test of Fluorapatite/Hydroxyapatite Films
Kui Cheng, Haibo Qu, Wenjian Weng, Gaorong Han, Piyi Du, Ge Shen, J. M. F. Ferreira
Department of Material Science and Engineering, Zhejiang University, Hangzhou 310027,
China
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KL-6
Engineered Allologous Chondrocyte Pellet for Reconstruction of Fibrocartilage
Zone at Bone Tendon Junction
L Qin WN Wong, KO Tai, KM Lee, KS Leung
Department of Orthopaedics & Traumatology, Chinese University of Hong Kong, Shatin, N.T. Hong Kong

Introduction
Bone to tendon interface healing was found to be both histologically and biomechanically inferior to
bone to bone healing. Many attempts had been made to search for methods to promote healing at bone
to tendon junctions. Articular cartilage interposition had been shown to enhance junctional healing
after partial patellectomy in animal models. We postulated that the cartilage cells stimulating the
healing process and the transformation into a new junction. We explored the use of in vitro cultured
chondrocyte pellets as interpositional material to accelerate the bone to tendon junction healing.
Materials and methods
We used 18 weeks old New Zealand rabbits for this study. Partial patellctomy removing the distal one
third of the patellar was created. Repair was performed with either direct suture or with chondrocyte
pellet interposition, and further protected with a figure-of-eight tension band wire. Chondrocyte
pellets were prepared by in vitro culture of chondrocytes isolated from the ribs of six weeks old New
Zealand rabbits. Samples were harvested at 1,2,4,6,8,12, 16 weeks for histological studies.
Results
One sample at 2,4,6,12 weeks each was available for analysis. The early samples at 2 weeks showed
that the chondroctye pellets remained in the junction, with gaps seen at both pellet-bone and
pellet-tendon interface. Gross structural continuity was established from 4 weeks onwards. Histology
sections showed the presence of the chondrocyte pellets and gradual cell migration. At 12th weeks,
new bone formation was seen at the original bone-tendon junction, with disappearance of the
chondrocyte pellet, and formation of a new bone tendon junction. The healing was much enhanced
compared with direct bone to tendon repair without chondrocyte pellet interposition. There was no
immune rejection
Conclusion
Our previous study on bone to tendon direct repair using the same model showed no structural
incorporation at eight weeks. The result of this pilot study indicated that cultured chondrocyte pellets
had a stimulatory effect on bone to tendon healing. Whether the chondrocytes per se transformed into
osteoclast and heal with the attached tendon, or whether they only acted as a stimulant requires further
elucidation. This finding has a potentially wide clinical application in enhancement of junctional
healing.
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O6-2
Study on the Microcapsulated Immortolized Mandibular Condylar Chondrocyte
Xiaohong Duan1, Dagang Guo1, Kewei Xu1, Junzheng Wu2
1 School of material engineering, Xi’an Jiaotong University,
2 Stomatological College, The Fourth Military Medical University, Xi’an China

Introduction: Because of the specific dedifferentiation of chondrocytes, chondrocytes derived from
autologous tissue for cartilage engineering are very limited. The nonautologous chondrocytes might
be the best seed cells in the future. To prevent immune rejection, these nonautologous chondrocytes
can be enclosed in immuno-protective devices which are biocompatible and permselective, thus
allowing the required nutriment to diffuse into while preventing the host’s immune mediators from
entry. The aim of this study was to develop an alginate-polylysine-alginate (APA) microcapsule
system in which nautologous chondrocytes can be encapsulated and form cartilage within
microcapsule. The chondrocytes used in this study was from a cell line IMCC (immortalized
mandibular condylar chondrocyte), which was developed by a recombinant retroviral vector
pLN/SV40 inserting an expression cassette of SV 40 large T antigen gene. IMCC appears to express a
phenotype of prochondroblast and would not lose their chondrocytic phenotype after many passages.
Another purpose of this study is that we hope the microcapsule can restrict the growth of
immortalized cells.
Materials and methods: A self-made microcapsule producing apparatus was adopted to produce
microcapsule by air pressure and APA microcapsule was used to encapsulate IMCC. Alginate was
purified before use. The viability and morphology of microcapsules were analyzed and cell numbers
per capsule were calculated after 20 days postencapsulation. Histological and immunohistochemical
analysis were also performed to observe the morphological character of microcapsules. Results: The
diameter of microcapsules were 779.36±8.26µm (n=50) in average. The viability of the encapsulated
cells showed a drop to <80% on the first day after encapsulation, then recovered rapidly and climbed
back to the preencapsulation level. The cell number with each capsule increased with time and
remained steady 20 days postencapsulation. HE staining and toluidine blue staining showed that
IMCCs aggregated and formed tissue-like construction, different from typical cartilage.
Immunohistochemical results demonstrated that IMCCs-formed-tissue expressed markers
characteristic of cartilage in vivo, such as type II collagen and cartilage specific proteoglycans.
Conclusions: IMCC could survive within microcapsule and form cartilage-like tissue within
microcapsule. The microcapsule technology for immortalized cartilage cells might be feasible in
cartilage engineering. Future more experiments about microencapsulted normal chondrocytes
(allogeneic or xenogeneic) should be done in vivo and in vitro.
References: 1.Chang PL (1993). Growth of recombinant fibroblasts in alginate microcapsules.
Biotech and Bioeng 43: 925-933
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O6-3
Effect of Dexamethasone on the Differentiation of Rabbit
Bone Marrow Stromal Stem Cell
Cornet F, Broux O, Anselme K,. Hardouin P, Jeanfils J
Instistitut de Recherche sur les Biomaaateriaux et les Biotechnolgies (IR2B)- ULCO basin Napoleon, Quai Robert
Masset, BP 120 62327 Boulogne sur mer, France

Bone marrow stromal stem cells are able to differentiate into a variety of mesenchymal tissues [1].
Their association with biomaterials could allow the regeneration of bone in the condition we are able
to oriented into bone way differentiation [2]. In this study, we investigated the effects of culture
conditions ( sera, dexamethasone treatment) on the differentiation of bone marrow stromal stem cells.
Rabbit mechanchymal stromal stem cells ( rabbit-MSC) were cultured in two different serum
substitutes ( fetal calf serum 15% [FCS]), Ultroser 1% [Ultro]) with or without dexamethasone (10
nM). After 28 days of culture, the phenotype of cells was checked by alkaline phosphatase activity
and mineralization.
A dexamethasone treatment on rabbit-MSC cultured in FCS promote more the differentiation of
rabbit-MSC that than Ultroser. The effects of sera and dexamethasone treatment were visualized on
the expression of two-dimensional electrophoresis (2-DE). The 2-DE patterns analysis reveals many
modification. The majority of modifications were appears after a dexamethasone treatment on cells
cultured with FCS. In this conditions cells produced novel proteins which were localized in acidic
area of the pattern and in the low molecular weight area where cells cultured in Ultro and
dexamethasone didn’t synthesized novel proteins in Ultro. Moreover, the increase of the rate protein
synthesis induced by dexamethasone is higher for cells cultured in FCS than cells cultured in Ultro.
Moreover, 2-DE pattern of ECM synthesized in vitro shown a low homology with 2-DE patterns of
demineralized bone matrix.
These results suggest that minor changes in the levels of specific ECM proteins may have makor
effects on the cell phenotype. The cell characterization and identification of biological active
molecule ( growth factors, proteins…) during the differentiation appear essential to produce new
biominerals based upon the association with biological material.
At the same time, we have studied the level of gene expression between cells cultured in FCS with or
without dexamethasone using a arbitrarily printed PCR fingerprint of RNA. This method allow to
identify and isolate the gapes that are differentially expressed under different conditions [3]. Total
RNA purified from cells cultured in FCS with and without dexamethasone. PCR fingerprint were
visualized on polyacrylamide gels. The products of PCR which were differentially expressed were
cloned and identified by sequencing.
Reference:
1. Owen M (1988), J Cell Sci., Suppl. 10:63-76
2. Anselme K, Noel B, et al (1999), Bone, 25(2) 51s-54s
3. Liang P, Pardee A.B, Science 257, 967-971
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O6-4
A Study on the Deformability of Human Femoral Head Cartilage
S. Zeytin (1), B.A. Konduk (2), C. Bindal (1), A.H. Ucisik (2)

(1) Sakarya University, Dept. of Metallurgical and Materials Engineering, 54187 Sakarya-Turkey
(2) Bogazici University, Institute of Biomedical Engineering, 80815 Bebek-Istanbul-Turkey
ucisik@hotmail.com

Cartilageneous tissue can be thought as a material composed of two distinct phases: a liquid phase
consisting of water and various inorganic salts and solid phase made of collagen fibrils, proteoglycans
and other glycoproteins. The solid phase is itself a fiber-reinforced composite material. Due to its
constitutions and having movable parts mechanism of the deformability of cartilage is complicated
and needs extensive studies. Behavior of living tissues depends also on how healthy and old material
is on one hand, on the other hand phenomenon is highly time and rate dependent. Especially cartilage
on the joints directly related with the ability of human beings.
In this study, cartilage of eighteen human femoral heads obtained from operation room were
investigated. To determine mechanical behavior of test material stress relaxation tests and cyclic
loadings were applied with and without interruptions. In order to apply load on the tissue an indenter
with radius of 2.5 mm attached to Instron Universal Testing Machine. Test materials were loaded in
an isotonic salt solution at 37 C. To keep temperature constant two vessels being in each other were
utilized. Thus, hot water circulate in outer vessel and isotonic salt solution was kept in inner vessel.
All loadings were applied on several different anatomic regions.
Experimental results showed that there is big difference between normal and degenerated cartilage . It
was observed that the amount of relaxation of normal cartilage is higher than that of degenarated
cartilage. During cyclic loading the amount of energy absorbed decreased with cyle number in
uninterrupted tests whereas interruption caused recovery. It was also provided a mathematical model
for the stress-strain relationship of the human femoral head articular cartilage using Fung’s
Quasi-Linear approach.This model fits well the relaxation and loading phases of the experiments.
For complex loading experiments such as repetitive loading-unloading experiments it diverges from
the experimentally obtained values.
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O6-5
Catheterization of the Long Bones: Development of a New Device
for Intraosseous Biomaterials Injection

Jean-Jacques Railhac, Nicolas Sans, Denise Galy, Erick Estivalezes,
Patrice Laborde, Anne Brouchet, Nadine Railhac.
Service Central de Radiologie et d'Imagerie Médicale. Hôpital universitaire Purpan - Toulouse - France

The objective of this study was to develop a technique that permitting access to the entire contents of
long bone using a minimally invasive approach. Vascular catheterization techniques were used in
bones to allow access to the entire medullary cavity through a minimal percutaneous approach.
Moreover, a new device was developped to reach the epiphysis of the long bone. The study was
performed on animal and human anatomical specimens. A percutaneous approach through the shaft
from a remote entry site is feasible in certain diagnostic or therapeutic indications as cement injection,
when direct approach to pathological sites in long bones is dangerous or impossible.
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O6-6
Sol-gel Preparation and in vitro Test of Fluorapatite/Hydroxyapatite Films
Kui Cheng1, Haibo Qu1, Wenjian Weng1, Gaorong Han1, Piyi Du1, Ge Shen1, J. M. F. Ferreira2
1 Department of Material Science and Engineering, Zhejiang University Hangzhou, 310027, China
2 Department of Ceramic and Glass Engineering, UIMC, University of Aveiro, 3810-193, Aveiro, Portugal

Introduction
Hydroxyapatite (HA) films have been widely used to improve the bonding between the implants and
the bone tissue [1,2]. Concerning on the long-term effectiveness, HA film does not work very well
because of its relatively large dissolution [3,4]. The completely or partially replacement of OH by F in
HA can decrease the solubility of the film without changing its crystalline structure so that the
long-term effectiveness can be optimised. In this paper a sol-gel process was adopted to prepare the
fluorapatite/hydroxyapatite films with different fluorine content. The in vitro behaviours were also
investigated.
Material and methods
Ca(NO3)2 and P2O5 were dissolved into absolute ethanol to form the precursor solution. HPF6 was
added as a fluorine doping reagent. A dip-coating method was adopted to prepare films onto Ti6Al4V
substrate by drying at 150℃and heat-treating at 600℃. The coating process was repeated for 5 times.
The phase of the film was determined by XRD, SEM was used to observe the film morphology, and
the fluorine content in the film was determined by a chemical analysis. In vitro test was carried out in
the TRIS buffer solution and SBF solution. The Ca and P concentrations of the soaked solutions were
determined by ICP analysis.
Results
All resulting films had an apatite phase. The fluorine contents in the films varied with changes in
concentrations of HPF6 in the dipping solutions, HPF6 addition led to a smooth film morphology. The
dissolution amounts of the films in the TRIS solution decreased against the increasing fluorine content
of the films. After soaking in the SBF solution, the morphology of the films with a low fluorine
content changed, while that with a high fluorine content didn’t have an obvious change, the changes
are attributed to the formation of an extra apatite layer.
Conclusion
Fluorapatite/hydroxyapatite films on titanium alloy is easily prepared via the sol-gel method, the
fluorine contents in the films can be tailored by varying the concentrations of HPF6 in the dipping
solutions. With an increase of F contents in the films, the stability of the films increases in TRIS
buffer solution, and the growth tendency of an extra apatite layer in SBF solution is weakened. The
fluorapatite/hydroxyapatite film with an optimised F content can give both of good stability and
bioactivity. This work gives an alternative to prepare a bioactive ceramic film with a long-term
effectiveness.
Reference
1. G. L. de lange, K. Donath, Biomaterial. 121-125, 10(1989)
2. V. Midy, M. Dard, E.Hollande, Journal of Materials Science: Materials in Medicine 259-265, 12
(2001)
3. L. Gineste, M. Gineste, X. Ranz, A. Ellefterion, A. Guilhem, N. Rouquet, P. Frayssinet, J.
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Biomed Mater Res (Allo Biomater), 224-234, 48 (1999)
4. S. Overgaard, M. Lind, K. Josephsen, A. B. Maunsbach, C. Bunger, K. Soballe, J. Biomed Mater
Res, 141-152, 39 (1998)

Session 7 Biodegradable Composites (Conference Room 1, 9:00-10:35)
Chairman: Prof. C. Baquey, Prof. Shengguo Wang
9:00-9:20 Key Lecture:
The Effect of Dialysis Environment on the Behavior of Polymeric Hollow Fibers
A.H. Ucisik, B.A. Konduk
Bogazici University, Institute of Biomedical Engineering, Dept. of Materials, Prostheses
and Artificial Organs 80815 Bebek-Istanbul, Turkey
9:20-9:35
Preparation and Characterization of the Silicone Rubber-hydroxyapatite Composites
Shansong Mou, Mei Tu, Lihua Li, Changren Zhou, Shunqing Tang
Institute of Biomedical Engineering, Jinan University, Guangzhou 510632, China
9:35-9:50
Production and Evaluation of Bioactive and Biodegradable Composites for Tissue
Regeneration
M.Wang, J.Ni, L.J.Chen
School of Mechanical and Production Engineering, Nanyang Technological University 50
Nanyang Avenue, Singapore 63979
9:50-10:05
Preparation and Application of the PLA/Chitosan Composite Materials
Changren Zhou, Lihua Li, Shan Ding
Department of Chemistry, Jinan University, Guangzhou, China
10:05-10:20
The Effect of Low Oxygen Tension on the in-vitro Life Span of Mouse Epidermal
Keratinocytes
Anli Ouyang, Yan Zhou, Ping Hua, Wensong Tan
The State Key Laboratory of Bioreactor Engineering, East China University of Science and
Technology, 130 Meilong Road, Shanghai 200237, China
10:20-10:35
Reinforced Collagen Sponge as Artificial Skin Scaffold
Shunqing Tang, Shansong Mou, Xuan Mao, Changren Zhou
Biomedical Institute Engineering of Jinan University, Guangzhou 510632, China

-81-

Proceeding of GRIBOI 2002-March 14-17, Shanghai, China

KL-7

The Effect of Dialysis Environment on the Behavior of Polymeric Hollow Fibers
B.A. Konduk, A.H. Ucisik
Bogazici University, Institute of Biomedical Engineering, Dept. of Materials, Prostheses and Artificial Organs
80815 Bebek-Istanbul/Turkey

During hemodialysis, plasma proteins and blood cells are activated because of interaction of blood
with dialysis membrane. The direct blood cell contact with the membrane and the other factors
interacting are unknown. Polymeric hollow fibers used as membranes function under pressure applied
by machine, blood and dialysate. On the fibers there is environmental effects on one hand, on the
other hand internal and external pressure are available at 37 C. Since dialysis membranes are posed to
both mechanical stresses and aggressive environment, it is imperative to search mechanical and
structural stability especially for re-use idea.

In this study cellulosic, cellulose acetate and polysulfone types of hollow fibers were studied.
Simple tensile tests were performed on virgin and used membranes in order to reveal the effect of
dialysis environment on the mechanical stability. X-Ray diffraction technique, SEM, SSNMR and
PALS techniques were used to search structural stability.

It was found that polymeric hollow fibers used in dialysis environment were affected mechanically
and structurally. Although for all membranes stability decrease was observed, polysulfone type fibers
were less affected mechanically. Changes in mechanical properties were also confirmed via X-Ray
diffraction which showed crystallization occuring during dialysis in cellulosic and cellulose acetate
type hollow fibers whereas no crystallization was observed on polysulfone type of dialyzer. PALS and
SSNMR techniques revealed structural changes for all three different types of hollow fibers. Since
free volume in amorphous polymeric structure was decreased diffusibility in material decreased, so
that performance of dialysis gradually decreases. The results mentioned enlightens the debate on
re-use idea.
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O7-2
Preparation and Characterization of the Silicone
Rubber-Hydroxyapatite Composites
Mou Shansong，Tu mei，Li Lihua，Zhou Changren, Tang shunqing
Institute of Biomedical Engineering, Jinan University, Guangzhou 510632,China

Introduction
Hydroxyapatite (HA) has been widely studied and applied in plastic filling material of the tissue. It
has a good biocompatibility, but has a poor processed and shaped properties because of its brittleness
at high temperature. It is well known that silicone rubber (SR) is a good elastomer and easily
processed and shaped, but has inert biologic properties. In order to prepare a material that possesses
good synthetical properities, we try to mix hydroxyapatite with silicone rubber and get perfect
biocompatibilities and mechanical strength. In this paper, the silicone rubber - hydroxyapatite
composite materials are prepared and characterized in mechanical properties and blood-compatibility
properties.
Materials and methods
Materials: Hydroxyapatite was prepared by Institute of Biomedical Engineering, Jinan University.
Silicone rubber and crosslinking agent were purchased from Shanghai the third Chemicals Factory.
Methods: SR and HA and some different proportional crosslinking agents are mixed in the opened
mixing machine to obtain SR-HR composite materials. Tensile strength and tearing strength of the
composites were tested by DXLL-2500 electronic tensile machine. Data of the hardness obtained by
using XY-1 Rubber Hardness Tester. The time of calcium recalcification, the haemolysis ratio (HR)
and platelets adhesion of the materials experiments were tested according to reference 1-2.
Results and disscusion
1. The mechanical properties of the composite materials
Different proportional SR-HA composites are tested in tearing strength. Results show that the tearing
strength increases with the content of HA increasing. When the contents of HA are within 50-70%,
the composites get higher tearing strength. Similarly to, the contents are within 50-60%, the
composites possess higher tensile strength. The hardness of the composites changes very little when
the contents of HA are within 0-70%, but when the contents of HA are over 70%, the hardness
increase rapidly.
2. Blood compatibility of the composite materials
The composites have the longest time of when the contents of HA are within 60-70%, and the
haemolysis ratio of the composites is below 5%, which proves that the composites have good
blood-compatibility. Under SEM, it is discovered that when the contents of HA are within 50-60%,
there are fewer platelets adhesion and spreading in the surfaces of the composites, which proves again
that the composites have good blood-compatibility.
Conclusions
From the above we can see that the SR-HA composites possess higher tearing strength and tensile
strength, lower haemolysis ratio, less platelets adhesion when the contents of HA are within 50-60%.
Rabbit subcutaneous implantation tests, rabbit nasal dorsum implantation tests and rabbit mandibular
tests will be reported in succession papers.
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Production and Evaluation of Bioactive and
Biodegradable Composites for Tissue Regeneration

O7-3

M.Wang, J.Ni, L.J.Chen
School of Mechanical and Production Engineering, Nanyang Technological University
50 Nanyang Avenue, Singapore 639798

Introduction
A shift in emphasis in biomaterials development in recent years has moved attention from materials
that will remain stable in the biological environment to materials that will, in some way, alter their
properties or degrade in response to the cellular environment. Biodegradable materials have the
advantage of allowing the new tissue, as it grows naturally, to take over their load-bearing or other
functions without any of the potential chronic problems associated with the presence of bio-stable
implants. Polyhydroxybutyrate (PHB), a polyester, is degradable in the body. Bioactive ceramics such
as hydroxyapatite (HA) and tricalcium phosphate (TCP) have been proven to be suitable bioactive
reinforcements for composites analogous to bone. These two bioceramics, therefore, have been
incorporated into PHB to form new composites for tissue regeneration applications.
Materials and methods
Commercially available HA, TCP and PHB were used for making new composites. All raw materials
were used in their as-received state without further treatment and they were characterised using
various techniques including particle size analysis, X-ray diffraction (XRD) and scanning electron
microscopy (SEM) prior to composite production.
Two series of composites, i.e. HA/PHB and TCP/PHB containing up to 30% by volume of HA and
TCP, respectively, were produced through the established technology. The composition, structure,
mechanical properties and in vitro behaviour of these composites were investigated. Analytical and
testing techniques used included SEM, thermogravimetric analysis (TGA), differential scanning
calorimetry (DSC), microhardness testing, dynamic mechanical analysis (DMA), thin-film X-ray
diffraction analysis (TF-XRD) and Fourier transform infrared spectroscopy.
Results and discussion
Experimental results showed that intended compositions of composites had been achieved and
bioceramic particles were well distributed in the polymer (Fig.1). The thermal degradation
temperature of PHB was significantly reduced by the incorporation of bioceramics, while the melting
temperature was slightly affected by the addition of bioceramics. The crystallinity of PHB was also
decreased with the presence of HA or TCP particles, which would enhance in vivo degradation of the
composites. The storage modulus and loss modulus of the composites increased with the increase in
HA or TCP content. Composites containing the highest percentage of bioceramics exhibited the
highest stiffness. In vitro studies using an acellular simulated body fluid (SBF) indicated enhanced
ability of the composites to induce the formation of bone-like apatite (Fig.2). Biodegradability of the
composites was confirmed by DMA results after the composites had been immersed in the SBF for
sufficient periods of time.

Fig.1 Even distribution of TCP in

Fig.2 Formation of a bone-like apatite layer

TCP/PHB composite (20vol%TCP)

on TCP/PHB composite (20vol%TCP) after
immersion in SBF for 7 days

Conclusions
HA/PHB and TCP/PHB composites containing up to 30vol% of bioceramics have been successfully
made. Bioactivity and biodegradability of the composites have been confirmed through in vitro
experiments. The composites show great promise for their intended applications.
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O7-4
Preparation and Application of the PLA/Chitosan
Composite Materials
Changren Zhou, Lihua Li ,Shan Ding
Department of Chemistry, Jinan University, Guangzhou, China 510630

Introduction
Polylactic acid (PLA) is a nontoxic, biodegradable and biocompatible material whch is used widely in
the tissue engineering. However, as a scaffold material, PLA has several obvious weaknesses: fast
biodegrading, acidic degradation product, and hydrophobic. It is thought that many nonbacterial
inflammations are aroused also by the acidic product. To solve these problems, a series of
PLA/chitosan composite materials were prepared in this paper. Chitosan is a good hydrophilic and
biocompatible biomaterial. It degradates by bacteriolysin in the body and there are ￥lots of –OH and
–NH, which cause strong intramolecular and intermolecular hydrogen bonds, thus the infiltration and
diffusion of water is restrained. Its alkalescent product will neutralize the acidity caused by PLA,
which will reduce the hydrolization speed and eliminate the inflammations. In this paper, the
biological evaluations were mainly studied, which were verified by the cell cultivation,
hypersusceptibility test and pyrogen test.
Materials and methods
PLA (Mw:2×105), chitosan and 120～200μNaCl grain were mixed equably with certain ratio(PLA:
chitosan= 1:0.1～1:0.4 wt) under the vacuum at 160℃ for 30min. Then was cast into a clean, sterile
and coarse Teflon plate to be molded. The product was dipped into the distilled water to separate out
the NaCl grain, and then was dried.
The preparation of the extraction and the three tests were in accordance with ISO10993-1.
The mainline method of the extraction was applied in pyrogen tests. 3 healthy New Zealand rabbits
were used in each composite material and the body temperature were measured once per hour for 3
times which compared to the normal ones.
The hypersusceptibility tests were verified by the intracutaneous injection in the cavies. The erythema
and bumps were observed and contraposed with the normal ones.
The cartilage cells were used in the cultivation tests.
Result
The results showed that all the materials in the tests were negative. The hypersusceptible ratio of 10
cavies in each parallel group of the hypersusceptibility test was less than 8%, includingⅠdegree.
Only one of all the cavies presented very light erythema. In the pyrogen test, the total degree of
hoisting temperature of the 3 New Zealand rabbits in every parallel group is no more than 0.6 ℃,
conforming to the value. Further more, each animal has no obvious discomfort
In the cell plantation tests, the cells could well conglutinate, grow and multiplicate on the surface of
the materials.
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O7-5
The Effect of Low Oxygen Tension on the in-vitro Life Span of
Mouse Epidermal Keratinocytes
Anli Ouyang, Yan Zhou, Ping Hua, Wensong Tan
The State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology, 130 Meilong
Road, Shanghai 200237, P. R. China

Introduction
Mouse epidermal keratinocytes (MEK) cease growth in-vitro cultures after a finite number of
population doublings. Its difficulty to large- scale culture has been the main obstacle to construct the
commercial artificial skin. During the past two decades a lot of tissue engineers have paid a great
effort to solve this problem.
Materials and methods
To investigate the effect of low oxygen tension (LOT) on the in-vitro life span of mouse epidermal
keratinocytes, MEK were serially subcultured under four different oxygen conditions (1%, 3%, 10%,
20% O2). Further studies were carried out by transferring cells between lower to conventional oxygen
conditions. The skin was obtained from Sd mouse (1-3 days old). Tissues were briefly rinsed with
95% ethanol and thoroughly washed three times with Ca2+ and Mg2+free PBS buffer. After that,
tissues were halved or quartered and transferred to a sterile vial containing 25 units/ml dispase (Sigma)
and incubated for 18 h at 4 0C. Epidermal sheets were separated from the skin with forceps, minced
and pooled in a sterile vial containing 0.25% trypsin / 0.02% EDTA (Sigma) and incubated at 37 0C
for 10 min.
The cell pellets were suspended in defined-keratinocyte serum-free medium.
Results and discussion
The results showed that a longer replicate life span was achieved under the reduced oxygen conditions.
When the primary keratinocytes dissociated from mouse epidermis were cultured and serially
subcultured under 1% O2, the in-vitro life span increased by 49.01%. It was found that the growth
rates decreased as the culture passages increased in most of the cases. However, the growth rate of
MEK cultured under 1% O2 was the highest after the second passage. The experimental results
showed that the growth rates of MEK cultured at lower oxygen conditions were higher than those
under higher oxygen tensions. The morphology of MEK cells was also influenced by the low oxygen
tension. Cells cultured under low oxygen conditions still showed regular paving-stone appearance at
the PD of 14.91, at which time MEK under conventional 20% O2 showed senescent appearance.
When the MEK at 13.74 PD were shifted to the 1% O2 condition, the cells showed a reduced cell size
and regular morphology characteristic of early passage of MEK. When the cells cultured under low
oxygen tension were transferred to conventional atmospheric condition (20% O2), they senesced
faster than the counterparts under low oxygen conditions, but they still had a extended life span
compared with the cells cultured under 20% O2. It was found that when the culture condition (20%
O2) for cells at the terminal senescent stage was shifted to 3% O2, no prolonged life span was
observed. The significant effect of LOT to extend the life span of MEK was proved by the SA-β-gal
staining results. The cells cultured under the lower oxygen percentage, the lower SA-β-gal positive
cell percentage was observed. It was also found that except the primary culture, the lower oxygen
percentage, the higher the colony forming efficiency. However, the CFE of MEK in the first passage
under 3% O2 was prominently higher than that of other conditions.
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O7-6
Reinforced Collagen Sponge as Artificial Skin Scaffold
Tang Shunqing, Mou Shansong, Mao Xuan, Zhou Changren
Biomedical Institute Engineering of Jinan University, Guangzhou, 510632, China

Introduction
A key of skin tissue engineering is to constitute three dimensions scaffolds of collagen that, a natural
polymer, is a main composition of human skin. Collagen sponge used as skin tissue engineering
scaffolds has a main weakness, i.e., being swelling and even dissolvable one in water，and with a low
mechanical strength. The scaffolds must be strong enough in the beginning of proliferation of skin
cells; it must be reinforced by, such as nylon net, thin polymer membrane and so on. In this paper, a
thin silicone rubber membrane had been used as reinforced membrane of collagen sponge.
Materials and methods
The silicone rubber membrane was prepared by methylethene silicone dissolving in a petroleum
solvent and polymerizing in Pt –matrix catalyst. The composite membrane was prepared by that the
mixtures of silicone rubber membrane and collagen solution were dried in vacuum and cold condition.
Tensile strengths of the composite membranes in dry or in water were tested by an Instron electronic
tensile machine. Biocompatibility of the composite membrane was tested by cell proliferation
experiments.
Results and discussion
1) Mechanical strength of the composite membrane:
The tensile strength of the membrane is 18Mpa in dry state, which is accessible to or equal to human
skin’ tensile strength, and in water, the strength decreases very little, because mechanical strength of
the silicone rubber membrane change very little. The membrane is hydrophobic and hole volume
percent is controlled by the amount of the dissolvable compound (such as hydroxyapatite, calcium
carbonate) added, and of the membrane is 5-10percent.
2) Interface of collagen sponge and the membrane:
Collagen sponge penetrates the holes in the silicone rubber membrane, and the interface of the
composite membrane binds tightly in dry state, but weakly in water. We hope that the silicone rubber
membrane will separate from the collagen sponge after 7 or 10 days in skin’ cells proliferation,
because the artificial skin by tissue engineering forms in 7-10days, the inert silicone rubber membrane
should be taken off.
3) Biocompatibility of the composite membrane
Haemolysis ratio of the composite membrane is below 5%, which proves that the composites have
good blood-compatibility. Under SEM, it is discovered that there are fewer platelets adhesion and
spreading in the surfaces of the composite membrane, which proves again that the composites have
good blood-compatibility. Results of cell culture show that the composite membrane has no
cytotoxicity, and cell attachment and proliferation in collagen membrane are observed. The collagen
sponge layer is degraded in 7-10days, and the silicone rubber is taken off easily.
References
1) Zhou C, YI Z.

Blood-compatibility of polyurethane/liquid crystal composite membranes,
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Session 8 Bioceramics (I) (Conference Room 1, 9:00-11:35)
Chairman: Acad. Dongliang Jiang, Prof. P. Sharrock
9:00-9:20 Key Lecture:
Precipitation Phase on the HA/TCP in Simulated Body Fluid
Yang Leng, JY. Chen, Shuxin Qu
Department of Mechanical Engineering, Hong Kong University of Science & Technology,
Hong Kong, China
9:20-9:35
Repair of Sheep Articular Cartilage Defects with Bioceramics as Scaffold
Ximin Guo, Changyong Wang, Bin Bo, Zeqiang Fang, Cuimi Duan, Qiang Zhao,
Yonghong Wang, Huihua Chen, Fan Ming, Jianxi Lu
Institute of Basic Medical Sciences of Beijing, 27, Taiping Road, Beijing 100850, China
9:35-9:50
Behavior of Platetes Adhered on Ti-O Film
P. Yang, N. Huang, Y. X. Leng, J. Y. Chen, H. Sun, J. Wang, G. J. Wan, T.F. Xi, Y. Leng , P.
K. Chu
Department of Materials Engineering, Southwest Jiaotong Univ., Chengdu 610031, China
9:50-10:05
Effect of Size and Shape as Osteocoductive Materials
B. Flautre, S.Vavasseur , M.C.Blary , M.Descamp, JX Lu, & P.Hardouin
IR2B-Berck/Mer –62600,France
10:05-10:20
Fabrication of Hydroxyapatite Ceramics with Controlled Porosity
Xiumin Yao, Shouhong Tan, Dongliang Jiang
Shanghai Institute of Ceramics, Chinese Academy of Science, Shanghai 200050, China
10:20-10:35
TCP Reinforced Materials for Scaffold Fabrication
Xiumei Mo
National University of Singapore, Singapore
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KL-8
Precipitation Phases On The HA/TCP In Simulated Body Fluid
Yang Leng, Jiyong Chen*, Shuxin Qu*
Department of Mechanical Engineering, Hong Kong University of Science & Technology, Hong Kong, China
*Engineering Research Center for Biomaterials, Sichuan University, Chengdu China

Formation of bonelike apatite on surface is considered as the crucial condition for osteoconduction or
osteoinducation of biomedical materials, such as titanium, Bioglass®, A/W glass-ceramics,
hydroxyapatite (HA) and tricalcium phosphate (TCP). To Bioglass® and A/W glass-ceramics,
formation of surface layer consisting of a carbonate-containing hydroxyapatite in simulated body fluid
has been confirmed by the thin film X-ray diffraction and Fourier transform infrared reflection
spectroscopy. We should however note that formation of non-apatite calcium phosphates is also
possible in the simulated body fluid. The possible precipitation phases include amorphous calcium
phosphate (ACP), dicalcum phosphate dihydrate (DCPD) and octacalcium phosphate (OCP). Thus,
we should have direct evidence that a precipitated crystalline phase is a true apatite one before
claiming formation of the bonelike apatite. This task could be difficult for conventional techniques
of characterization if the amount of precipitation is small and the precipitation is on a calcium
phosphate substrate.

In this work, we employed special technique for preparing TEM samples so

that we were able to obtain the diffraction patterns of a deposited single crystal on calcium phosphate
surfaces. The hexagonal apatite structure should be identified from the diffraction pattern of single
crystal. The specimens of HA/TCP (70/30) were made by hydro-chemical processing followed by
sintering, which exhibited good osteoinduction in vivo.

The specimens were immersed into

simulated body fluid and induced deposition of flake-like crystals on their surfaces.

The diffraction

patterns of single flakes were obtained in TEM, and crystal structure as well as crystal growth
direction in different environments were analyzed.
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O8-2
Repair of Sheep Articular Cartilage Defects with Bioceramics as Scaffold
Ximin Guo1, Changyong Wang1, Bin Bo1, Zeqiang Fang2, Cuimi Duan1,
Qiang Zhao1, Yonghong Wang1, Huihua Chen1, Fan Ming1, Jianxi Lu3
1 Institute of basic medical sciences of Beijing, 27, Taiping road, Beijing, 100850, P.R.China
2 Department of oral-maxilloficial surgery, South-east hospital,3rd military medical university,
Chongqing, 400038,P.R.China
3 Institute de Recherche sur les Maladies du Squelette(IRMS), Ru de Docteur Calot,
62608 Berck-Sur-Mer Cedex, France

Introduction
It's well-known that cartilage defects are of high clinical and socio-economical impact. Patients suffer
from pain and a loss of function leading into a decrease of physical activity and even long term
disability and unemployment. Autologous chondrocytes transplantation are used extensively since its
first introduction in 1994. The results, however, vary greatly depending on the different scaffolds to
support the cells. This study used to investigate the possibility of sheep joint cartilage replacement by
tissue-engineered constructs using porous bioceramics as scaffold.
Methods
26 sheep fell into 3 groups. In the experimental group(n=12), autologous articular chondrocytes were
isolated and expanded in vitro with micro-carrier technique in rotary cell culture system(RCCS) and
then implanted onto the pre-molded porous β-TCP with 10mm in diameter and 4mm in thickness.
The cell—β-TCP complexes were implanted into sheep right humeral cartilage defect. Inβ-TCP
(n=12) group, defects were repaired by β-TCP only, without chondrocyte implantation. While in the
control group(n=2), defects were left un-repaired. Samples were extracted 3 and 6 months after
operation for histological, histo-chemical and immuno-histo-chemical analysis.
Results
In the experimental group, cartilage-like tissue formation can be seen on the surface of the implants.
Microscopic analysis demonstrates significant degradation of β-TCP and extensive new cartilage
formation 3 months after operation, containing rich extracellular matrix. The cells were stained
positively with typeⅡcollagen. 6 months later, the bioceramics had almost completely degraded and
abundant cartilage formation can be seen in the whole defects. In the β-TCP group, marginal
cartilage ingrowth can be seen 3 months post-operation and the number of chondrocytes increased
significantly after 6 months. However, no cartilage can be detected in the middle of the material. In
the control group, only a small quantity of new cartilage formation can be seen along the margin of
defects.
Conclusion
Porous ß-TCP is an ideal scaffold for cartilage tissue engineering and β-TCP-based cartilage tissue
engineering is of potential clinical application.
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O8-3
Behavior of Platelets Adhered on Ti-O Thin Film
P. Yang 1 , N. Huang 1 , Y. X. Leng 1 , J. Y. Chen 1 , H. Sun 1 , J. Wang 1 , G. J. Wan 1 ,
T.F. Xi 2 , Y. Leng 3 , P. K. Chu 4
1

Institute of Surface Engineering of Biomaterials，Department of Materials Engineering, Southwest Jiaotong
Univ., Chengdu, 610031, China
2

Center of Medical device, National Institute for Control of Pharmaceutical and Biological Products,
Beijing,100050, China

3

Department of Mechanical Engineering, Hong Kong University of Science and Technology, Clear Water Bay,
Kowloon, Hong Kong, China

4

Dept. of Physics and Materials Science, City University Of Hong Kong, 83 Tat Chee Avenue, Kowloon, Hong Kong,
China

The principal problem associated with blood-contacting biomedical device is due to
thrombogenesis. This problem has prompted researchers to develop new materials and approach
of improvement. Surface modification has been shown one significant method to improve
anticoagulation of biomaterial contact with blood. Our recent investigation suggested that Ti-O
thin film could be a newly developed antithrombotic material.
Platelet adhesion and activation is the important event in blood-material interaction. It will
influence subsequent formation of thrombus. In this work, we focus our attention on behavior
of platelets adhered on Ti-O film. The radioactive isotope labelling method was adopted in
adsorption study of plasma protein. Fibrinogen adsorbed on Ti-O film was imaged by AFM.
The thrombin time (TT) measurement was applied to study coagulability of fibrinogen in
plasma contact to material surfaces. Platelet adhesion experiments were conducted to
examine the interaction of blood with the films in vitro and the effect of protein
adsorption behavior to platelet adhesion and activation [ 6 ] . In vivo implantation was
used to investigate formation of thrombus.
The results show that activation of platelets adhered on Ti-O film was suppressed by
protein-interaction of Ti-O film. Its excellent anticoagulation performance has been proved
in in vivo long-term implantation. It seems reasonable to suggest that Ti-O film possesses much
higher blood-compatibility than LTI-carbon because of protein-interaction of Ti-O film
suppressed activation of adherent platelets.

This work was financially supported by Key basic research G1999064706 ,
NSFC39870199 and 102-12-09-01,
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O8-4
Effect of Size and Shape as Osteocoductive Materials
B.Flautre1, S.Vavasseur 2 , M.C.Blary 1, M.Descamp2 , JX LU 1 , P.Hardouin1
1 IR2B -Berck/Mer -62600-France
2 Lamac - Z.I. champ de l'Abbesse-Maubeuge-59600- France

Introduction: Bone substitutes are now frequently used for bone defects repairing. However, only
commercial bone substitutes, clinically approved as osteoconductive are available. The aim of the
study was to estimate implant morphology and new bone formation of three formulations (HA ; β-TCP
and HA/TCP) in crushed, microsphere and cylinder form, with microarchitecture well controlled
(Biocetis Society-Berck sur Mer France) and tested in a cancellous cavity model in rabbit. The results
obtained were compared with the efficiency of HA/TCP crushed particles ( Triosite - Zimmer-France),
commercially available.
Material and methods: Eighteen New-Zealand adult rabbits 4 ± 0.5Kg mean body were used in the
study. The experimental schedule was:
HA

β-TCP

HA/β-TCP (Bio)

Triosite (0. 5-1mm)

Cylinder

8

8

8

-

Granule

3

8

8 ( 1 ± 0. 5mm )

8

Microsphere

3

3

3

-

Shape

The animals were operated on under general anaesthesia in rigorous aseptic condition in the distal part
of femur in our close cancellous site model. Implant morphology size, diameter of microspheres or
particles so their density and the new bone formation rate using histomorphometry and histological
examination on microradiographs, stained sections were performed. A double label of oxytetracycline
( Vibraveineuse© ( Pfizer rsay-France) & Alizarine complexon © (Prolabo-Paris-France) appraised
osteoblasts activity inside but also outside the implantation site of receiving host. The observations
were done 12 weeks after implantation .
Statistical analysis: the results are expressed by the mean ± s.e.m (standard error mean). Anova de
Kruskal-Wallis variance followed by non parametric tests were used . A correlation coefficient was
established between the particles size and the new bone formation.The significance was established for
p < 0.05.
Results: In cylinder form, new bone formation evaluated at 23% is higher in β-TCP than HA and
biphasic groups. In HA group, calcification speed inside the ceramic implant is not only more
important than outside but also with β-TCP and biphasic groups. In crushed particles form, new bone
rate in β-TCP group is more efficacious than Triosite and HA groups with a medullary space of 82%
and 21% of new bone. The number of particles is significantly more important than HA group with a
diameter mean size significantly smaller than HA and HA/ β-TCP groups. After 12 weeks of
implantation, in β-TCP group a good correlation was established (r>0 ; cc : 0.8062) between new bone
formation and mean size of particles evaluated to 214 ±10 (r>0 ; cc : 0.8062). In microsphere form, the
new bone formation is similar for the three groups. However, in HA and β -TCP groups a correlation
between the new bone rate and the microsphere diameter was respectively found (r>0 ; cc : 0.99;
r>0 ;cc:0.94).Whatever the form of the granules, the microscopic examination highlights a mean
particle size in close relation with new bone formation rate.
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Fabrication of Hydroxyapatite Ceramics with Controlled Porosity

O8-5

Xiumin Yao, Shouhong Tan, Dongliang Jiang
The State Key Laboratory of High Performance Ceramics and Superfine Microstructure
ShangHai Institute of Ceramics, Chinese Academy of Science, Shanghai 200050, China

Introduction
Recently a number of reports have emphasized the fabrication and properties of porous HA ceramic,
because the bone can grow in the pore [1]. Therefore, control of porosity characters and pore geometry
within the porous HA ceramic was an important subject for many investigations. This study aimed at
developing porous HA ceramic with controlled porosity using polymethyl methacrylate (PMMA)
particles as a porosifier by slip casting method. The influence factors of HA slurry property were
discussed.
Materials and methods
A commercial hydroxyapatite powders calcined at 800ºC was employed as received (HAC).
Polymethyl methacrylate (PMMA) was used as pore-forming agent (PFA). Polyacrylic acid (PAA)
with 30wt% and a less than 15,000 molecular weight was used as dispersant. Polyvinyl alcohol (PVA)
with a 280,000 molecular weight was used as the binder. The HA slurry was prepared by mixed the
said materials in a ball jar with zirconia’s balls at PH 11.5 for 24h. The Zeta-potential of powders was
measured by electrophroetic mobility instrument. The viscosity and thixotropy were tested by coaxial
flat rheometry. The relative density and porosity were measured by Archimedes methods and Mercury
porosimeter. The microstructure of the composites was observed on a fractured surface by scanning
electron microscopy.
Results
The best dispersed conditions of HAC powders was decided by figures 1 to 2. Zeta-potential curve
showed
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Fig1 Zeta-potential of HAC slurry as a function of PH Fig 2 Viscosity of HAC slips as a function of dispersant content

Viscosity of 25vol% HA suspensions at PH 11.5 (fig2) Probably indicated that 1.0wt% PAA was
enough to cover HA powders. The mechanical properties of the porous ceramics in terms of the
porosity and pore size were showed in table 1. The influence of pore size on the flexural strength was
currently found to be important.
Table 1 the properties of porous HAC ceramics by slip casting as a function of the PFA (30vol% solids
content)
Content of PFA

Size of PFA (mesh)

Bending strength (MPa)

Open porosity (%)

Total porosity (%)

36vol%

100-120

15.74

39.04

39.68

45-55

12.53

33.00

33.48

30vol%

100-120

18.38

32.22

32.92

200-300

26.12

23.82

25.38

23vol%

200-300

21.33

29.04

29.55

Conclusions
From the zeta potential curve, the best dispersion PH was at the PH 11.5. The viscosity of 25vol%HA
showed that the slurry could be dispersed well at 1.0wt% dispersant content. The properties of porous
ceramics showed that the method employed in this laboratory did offer a feasibility of obtaining a
porous HA ceramics with desirable porosity and pore characteristics.
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TCP Reinforced Materials for Scaffold Fabrication
Xiumei Mo
National University of Singapore, Singapore

Abstract

(Cancelled)
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A New Type Injectable Cells Scaffold
Shenguo Wang, Guanming Li, Jian Yang, Jianzhong Bei
Center for Molecular Sciences, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100080, China

Introduction
It is well known that Pluronic is a kind polymer gel can be used as injectable cells scaffold in cartilage
tissue engineering. However the defects of the Pluronic are its poor strength, and it cannot be cultured
cells in vitro and biodegrade in vivo. In result, the effect and application of the Pluronic in tissue
engineering is limited. According to that an ideal cells scaffold should possess properties of suitable
mechanical property, biodegradation rate; good cells affinity and three-dimension structure [1], a new
type injectable cells scaffold that polylactone is made into microspheres was introduced in the paper.
The synthesis of the polylactone polymer, preparation, morphology structure and degradation property,
as well as cells culture result of the polylactone microspheres were investigated.
Experimental
Various homopolylactone such as polylactide (PLA), polycaprolactone (PCL), polyglycolide (PGA),
and their bi- and tri-component copolymers such as PLA-co-PGA, PLA-co-PCL, PGA/PLA/PCL,
PLA/PEO/PCL etc were synthesized from the related monomers in the presence of stannous octoate as
catalyst by melting ring-opening polymerization under vacuum. After the product was purified by
reprecipitation, the pure polymer was used to prepare microspheres by using emulsion-solvent,
evaporation technique [2].
Results and discussion
By means of molecular design and adjusting composition, crystalline, molecular weight and molecular
weight distribution of the polylactones, a series of home- and co-polylactones with half-life of
biodegradation from several weeks to several years, and the tensile strength at break from several MPa
to more than 100 MPa were produced. Various microspheres with diameter from several microns to
about one hundred microns which have smooth surface or multiporous structure, were fabricated by
the emulsion-solvent evaporation technique. It was found that the diameter of the microspheres
depended on the molecular weight of the polylactone and stirring speed strongly, but morphology of
the microspheres depended on the composition of the polylactone strongly. In case of the polylactone
contains hydrophilic component, such as poly(ethylene oxide) (PEO) segment in PLA/PEO/PCL
tri-component copolymer, the microspheres with multiporous structure were obtained. And the pore
size and pore density of the microspheres increased with increasing both segments of PEO and PCL.
The statically cells culture experiment was performed by using 3T3 fibroblast as model cell incubated
in the condition of pH7.4 PBS at 37ºC. It was found that the surface roughness and porous structure
have great influences on attachment and growth of cells. And the porous microspheres which have
better cell affinity was observed. It suggested that the polylactone microspheres not only possessed
good biodegradability and mechanical property, but also it could culture cells in vitro. So that the
polylactone microspheres is a potential injectable cells scaffold to be used in tissue engineering.
References
[1] S.G.Wang, J.Yang, Q.Cai etc., Chinese Journal of Plastic Surgery, 2000, 16 (6): 328-330.
[2] D.R.Chen, J.Z.Bei, S.G.Wang, Polymer International, 2000, 49: 269-276.
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Enhanced Osteogenesis of Cancellous Bone Allograft loaded with
Human Marrow Mesenchymal Cells
Tingting Tanga, Hua Lub, Kerong Daia
a.

Department of Orthopaedics, Shanghai Ninth People’s Hospital , Shanghai Second Medical University
b.

Department of Orthopaedics, Xinhua Hospital , Shanghai Second Medical University

Introduction: Processed bone allograft is widely used to repair bone defect. It provides the
mechanical support for the structure, but no living osteoblast survives in it and its incorporation is slow.
The ideal substitute would have the advantage of mechanical strength combined with bone forming
capacity through the presence of living osteoblasts and bone growth factor. One possible approach
would be to use cultured autologous osteoblasts to enhance the osteogenic potential of demineralised
bone grafts.
Materials and methods: Human MSCs were isolated, purified and identified. The expression of
transformation growth factors-β1 (TGFβ1), basic fibroblast growth factors (bFGF) in freeze-dried
cancellous bone allograft were detected by the method of immuno-histochemistry. The osteogenic
potential of MSCs induced by the allograft or hydroxyapatite in vitro was investigated. Then the MSCs
integrated with allograft or hydroxyapatite was implanted in nude mice subcutaneously. Specimens
were taken out and assayed by HE, toluidine blue stain, and tetracycline fluorescence labeling at 2, 4, 6
weeks. Their potential of osteogenesis were analyzed and compared.
Results: High purified CD44+, CD34- CD45- cells were isolated. These cells were identified as stem
cells by its potential of osteogenic differentiation induced by the OS agent. The TGFβ1 and bFGF were
positive staining in freezed-dried allograft. The expression of AKP, type Ⅰ collagen mRNA in MSCs
induced by allograft were more positive than that induced by hydroxyapatite(HA). In vivo study
found that the cuboid-like osteoblast attached to the surface of trabecular of allograft and superficial
surface of HA. Osteoid and fluorescence labeling were observed in allograft respectively at 4th and 6th
week but not in HA at any time.
Conclusions: Bone repair and regeneration requires the interaction of three basic biologic elements:
cells, growth and differentiation factors, and extra cellular matrix scaffolds. Our study demonstrated
that MSCs integrated with allograft could provide all three elements and would be prospective
approach for the repair of clinically significant bone defects.
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Study on the Bioactive Degradable Bone Tissue Engineering
Scaffold Materials
Naru Zhao, Jiandong Ye, Yingjun Wang, Kaihui Nan, Guohua Liu
College of Materials Science and Engineering, South China University of Technology
Guangzhou 510640, P.R. China.

Introduction: Tissue engineering is a new research field dealing with materials science, biological
engineering and medicine. The scaffold materials are very important part in bone tissue engineering.
There are multiple clinical reasons to develop bone tissue-engineering scaffolds.
In this study, the scaffold materials were prepared by compounding hydroxyapitate (HA), bioglass(BG)
and poly lactic acid (PLA) withβ-tricalcium phosphate (β-TCP) respectively, and the physical
properties and biological property were investigated using different methods.
Materials and methods: Theβ-TCP and HA powders were mixed by ball milling, stearic acid was
added into the mixture as pore former for the composite. Then, the material was formed by dry
pressing method. The final composites were obtained by high temperature sintering. Theβ-TCP/BG
porous material was prepared by the same method as the above. The PLA solution was centrifugally
introduced into the porous materials, then the composites were dried at 60℃ in vacuum to remove the
remained acetone.
Results and discussion
Physical properties and microstructure
The bending strength of 5 kinds of porous materials were compared. The results indicated that the
bending strength ofβ-TCP/HA andβ-TCP/BG composites were improved by combining with PLA.

From the Fig. 1, it was found that the material structure
looked like coralli and most pores were inter-connective. The distribution of the pore sizes ranged
from 100 to 300 µm. It can also been seen that there were a large number of tiny pores less than 5 µm
in a diameter on the walls of large pores.
Degradability
The reactivity of the porous materials above-mentioned in SBF was compared. For this purpose,
variations of Ca2+ ion concentration and weight loss with soaking time were analyzed. and the
degradability ranked as follows:β-TCP/BG/PLA>β-TCP/BG>β-TCP>β-TCP/HA.
The β-TCP/BG/PLA had the highest degradation rate. The addition of PLA resulted in an acidic
environment, and so the degradation was quickened.
Conclusions: The composites had coralli-like structure with pore sizes of 100~300 µm in the diameter
and porosity of 60~75%. They are suitable for use as scaffold materials for tissue engineering.
Combining composites with PLA can improve the bending strength of the composites. The addition of
BG and PLA can increase the degradation rate, and tailoring the microstructure can change the
degradation rate.
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Bone Tissue Engineering : Genetic Aspects
Jeanfils J,
IR2B, Université du Littoral Côte d’Opale, Bassin Napoléon, BP 120 62327 Boulogne sur mer Cédex, France

Use of cells associated with different kind of biomaterials as polymers or ceramics reaching to build an
hybrid biomaterials appears as a interesting way to improve bone repairing. Osteoblasts play a central
role in the process of bone remodeling. A goal is to determine culture conditions allowing their growth
in vitro while retaining osteogenic potential. Characterization of phenotype of cells can be performed
using different genetic methods as RT PCR analysis using a broad range of genetic markers specific to
different stages of osteoblastic differentiation. Effects of culture conditions including addition of
dexamethasone on gene expression has been performed using RT PCR and quantitative RT-PCR.
Human cells cultivated during 28 days exhibited osteoblast phenotype ranging from immature
osteoprogenitor to osteoblast without reaching the latest stage of differentiation. Dexamethasone
treatment did not affect the expression level of studied genes. Identification of new gene implicated
in osteoblastic differentiation process is an important point too. It is known that Cbfa1 gene play a
central role in gene expression through its transcription factor product activity. Transfected cells with
modified Cfba1 gene can be used to point out genes related to osteoblastic differentiation process.
Gene expression is studied using differential display technique.
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The Constuctioon of Collagen-Cs Scaffold in Artifical Dermis
Qiqing Zhang Lihai Zhang Liu lingrong Dongrui Ma
Institute of Biomedical Engineering, Chinese Academy of Medical Sciences &Peking Union Medical College,
P. O. Box 25 (204), Tianjin, 300192, P. R. China

Introdution
For years, the defect of skin is a severe problem for surgeons. Every year, the number of burns add
up to about 60,000~80,000. Although autologous skin graft has been successfully used for deep
burns, this kind of treatment inflicts additional injures, and there were not sufficient amounts of
autographs for large area skin defect. The surgeons have used cadaver skins and animal skins, but
most of implantation cases implied that they can only served as temporary wound dressings, they
cannot cover wound permanently and induce skin regeneration. From 1975, because of the
development of cell culture technology, the use of growth factor and the find of neutral proteinase
Dispase, the artificial skin graft has proceeded expeditiously [1]. But surgeon has verified that after
the dermatoplasty without dermis, keloid is easily formed in the surface of wound, the ability of
anti-infect is very lower and the surface of wound easily forms ulceration. That is said, the artificial
dermis is needed under that dermatoplasty. To resolve this problem, natural collagen was attached
with chondroitin sulfate to constitute the scaffold for imitating the natural substitute of skin ECM.
Materials and methods
Two types of scaffolds were prepared: one is traditional typeⅠcollagen spongy scaffold, the other is
collagen-chondroitin sulfate(CS) spongy scaffold. Collagen was blended with CS, one kind of GAG,
and cross-linked by 1-ethyl-3-(3-dimethyl aminopropyl) carbodiimide (EDC). Dermis fibroblast was
isolated from neonate prepuce, and dermis fibroblasts were cultured on the scaffolds. The physical
and chemical properties of the scaffolds were tested, including SEM, DSC, H&E staining,
immunohistochemical staining and CS content analysis and so on.
Results
From the SEM photos, we can see that the scaffolds were evenly porous and three-dimension
interconnected fiber structure. The pore size of the collagen scaffold is 50-150µm and the rate of
porosity is 94%. The results of the histochemical analysis show that the collagen scaffold is good to
the generation of the cells and the forming of the ECM. The blending CS in the scaffold will
improve the materials’ biocompatibility, and it can increase the strength of the scaffold and decrease
the degradation. The results of the GAG content measurement shows that the fibroblast implanted
on the collagen scaffold can secrete abundance ECM, and there are more ECM on the collagen-CS
scaffold.
Conclusions
It can be concluded that EDC is an effective and non-cytotoxic cross-link reagent, and attaching CS
into collagen scaffold could improve the stability and histocompatibility of scaffold.
Acknowledgement
This work is supported by the National Natural Science Foundation of China for Prominent Youth
(No.59625306) and National Emphasis Basis Subject (973 Program) G1999054309-4.
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Bone Tissue Engineering Using Cells from Goat Adipose Tissue
Jiang Chang, Kaili Lin
Biomaterials and Tissue Engineering Research Center, Shanghai Institute of Ceramics,
Chinese Academy of Sciences, Shanghai, China

Introduction
Critical size bone defect often demand the transplantation of bone tissues or synthetic substitutes.
Because of shortage of autografts, disease transmission with allografts, and insufficiency of current
synthetic bone grafts, the search of new approaches for repairing bone defects has led to the
development of bone tissue engineering which involves biomaterials in conjunction with bone forming
cells. For bone tissue engineering, sufficient supply of autologous osteogenic cells is one of the key
factors for preparation of large bone transplants. In this study, we investigated the possibility of using
adipose-derived cells as a new cell supply for bone tissue engineering.
Materials and methods
Cells were isolated from goat fat tissue via collagenase digestion. Isolated preadipocytes were cultured
in Dulbecco’s Modified Eagle’s Medium (DMEM) and passaged upon confluency. PLGA polymer
scaffolds were fabricated using salt-leaching technique. For in vitro study, cultured preadipocytes were
trypsinized, suspended in DMEM and seeded on polymer scaffolds. The cell-seeded polymer
composites were cultured for 4 weeks in the differentiating-inducing medium supplemented with
b-glycerophosphate and ascorbic acid. At the end of the culture period, composites were fixed in 10%
formalin and analyzed to determine the osteogenic differentiation of preadipocytes within polymer
scaffolds.
Results
Our results showed that preadipocytes isolated from goat renal fat tissue were able to differentiate into
osteoblast cells and forming bone minerals within a three-dimentional scaffolds after 4 weeks in
culture treated with differentiating-inducing medium. The intensity of alkaline phosphatase expression
and deposition of minerals from preadipocytes were at a similar level as compared with bone marrow
mesenchymal stem cells.
Conclusions
Our results suggest that adipose-derived cells isolated from goat fat tissue can be induced to
differentiate into osteoblast cells within a three-dimentional PLGA scaffolds. Therefore,
adipose-derived cells have great potential as cell source for in vitro engineering of bone tissue.
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Vertebroplasty and Kyphoplasty in Osteoporesis
Pierre Hardouin
IR2B Université du Littoral Cote d’Opale, 62600, Berck/mer, Boulogne/mer France
Service de Rhumatologie, Institut Calot, Groupe Hopale, 62608 Berck sur Mer, France

Osteoporesis is a major health problem. Osteoporotic vertebral fractures (OVF) are frqunt, often
painful, and may lead to deformities, chronic pain, decreased mobility, loss od independence, and
altered quality of life.
Percutaneous vertebroplasty (PV) consists of percutaneously injecting the polymer
polymethylmethacrylate (PMMA) into a fractured vertebral body to strengthen the bone and relieve
pain. This method has been suggested by Deramond and Galibert in 1987 to treat aggressive
vertebral angiomas. Then PV was used for the treatment of OVF because of the good subjective
results reported by patients with angiomas or bone metastases. The objective are to provide pain
relief to patients suffering from OVF and who are unresponsive to conventional treatments (rest,
analgesies, calcitonin). The PMMA cement is injected on one or both sides according to the degree
of filling achieved. Two-dimensional fluoroscopy is the most accurate method for monitoring the
injection. Neuroleptanalgesia is used in most and dep general anesthesia in a few cases. The
mechanism of action of PF remains unclear but may involve mechanical immobilization of the fracture
site as well as heat deterioration of the sensory nere fibers during the exo-thermal reaction that results
in solidification of PMMA. Currently VP is a worldwide used method for OVF treatment, and a lot
of patients have been treated. The risk of adverse events immediately after the procedure varies with
the experience of the operators, but VP is usually well tolerated. Available data suggest that PV may
induce prompt pain relief in patients with OVF. However these results were obtained in studies that
are small and methodologically flawed. Furthermore the results of prospective studies that are less
impressive that those of retrospective studies.
Kyphoplasty (so called by the firm that developed it) involves inflating a balloon (similar to
angioplasty balloon) within a collapsed vertebral body, then injecting PMMA in the cavity thus created.
The goals are to minimize the risk of cement leakage and to correct the kyphosis by lifting the
depressed vertebral endplate. Kyphoplasty has been used in over 1000 patients in the United States,
apparently with good results. However correction of the vertebral deformity can probably be
achieved only if the procedure is done within the few days after the fracture. Moreover no
prospective randomized study assessing the efficacy of kyphoplasty is currently available.
VP and kyphoplasty are techniques for the treatment of OVF, that result in pain relief with a low rate
of major complications. Kyphoplasty aims to reduce acute fractures and improve deformity.
However prospective controlled studies are still needed. In the future new biomaterials, such as
calcium phosphate cements, could be used for VP or kyphoplasty, instead of PMMA, and injectable
cements are being developed in this aim.
References:
1. Cortet B, Cotton A, Boutry N, Filpo RM, Duquesnoy B, Chastanet P et al.. Percutaneous
vertebroplasty in the treatment of osteoporotic vertebral compression fractures: an open
prospective study. J. Rheumetol 1999, 26: 2222-8.
2. Galibert P, Deramond H, Ronat P, Le GD.
3. Garfin SR, Yuan HA, Relley MA. Kyphoplasty and vertebroplasty for the treatment of painful
osteoporotic compression fractures. Spine 2001, 26: 1511-5
4. Hardouin P., Grados F., Cotton A., Cortet B.. Should percutaneous vertebroplasty be used to
treat osteoporotic fractures. An undate. Joint Bone Spine, 2001, 68, 216-221
5. Hardouin P., Fayada P., Leclet H., Chopin D.. Kyphoplasty. Joint Bone Spine (on press)
6. Liberman IH, Dudeney S, Rheinhardt MK, Bell G. Initial outcome and efficacy of
“kyphoplasty” in the treatment of painful osteoporotic vertebral compression fractures. Spine
2001; 26: 1631-8
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Segmental Prosthesis for Bone/Joint Replacement after Tumor
Resection Using Tissue/Organ Engineering Principles
Edmund Y. S. Chao
Johns Hopkins University, Baltimore, Maryland

Introduction
Surgical options to reconstruct massive bone and joint defect include the use of autogenous graft,
allograft, segmental bone and joint replacement prosthesis, bone lengthening and transport, the
combination of biological factors and a structural biomaterial scaffold to achieve total integration with
the host tissue. These reconstructions must able to provide functional load bearing required by the
musculoskeletal system. Hence, such major surgical procedure requires the knowledge and expertise
in Tissue and Organ Engineering to meet the orthopaedic demands. The required biological factors
are available in the patient’s own body but they can also be produced using the recombinant genetic
biotechnology. These reconstructive techniques and the associated implants or grafts must produce
more durable and predictable functional results. This presentation summarizes the innovative
developments utilizing the tissue/organ engineering principles for segmental prosthesis design and
surgical reconstruction to achieve secured implant fixation to host bone to minimize aseptic loosening
and to allow direct soft tissue attachment to metallic prosthesis to maximize limb function.
Methods
Osteogenic factors, autograft and allograft particulates or strips were used to achieve Extracortical
Bone Bridging and Ingrowth (EBBI) for biological fixation of the metallic prosthesis to host bone.
Theoretical analysis, bench test and animal experiments were conducted to validate this fixation
concept and its biological and biomechanical advantages. Soft tissue reattachment directly to a
titanium implant (enhanced tendon anchor, ETA) combined with bone graft and marrow was
investigated for its ability to regenerate the four morphologic zones of direct tendon insertion to bone
in a well-established canine model. The ETA surface has a titanium mesh (400 micron pores) with
10 protruding sharp spikes to provide initial tendon fixation under a bridging plate. An autogenous
cancellous bone plate (12 x 20 x 2 mm) was used to sandwich between the tendon and the mesh
surface of the ETA prosthesis under appropriate compression. Autogenous bone and marrow were
applied beneath the mesh and around the bone plate and tendon. Clinical, biomechanical and
histological evaluations were performed to study the results.
Result
The special grafting technique using autogenous cortical strips augmented with bone marrow
improved the implant fixation strength significantly when compared with the previous grafting
technique using corticocancellous particulates. Application of BMP-7 augmented allograft strips
provided an easier surgical technique and better and more predictable EBBI quality. The ETA
device with autogenous bone graft and marrow augmentation was able to regenerate similar
morphology of direct tendon insertion to bone with tensile failure strength close to 40% of the intact
control at 16 weeks. The ability to maintain limb function after radical resection of bone and soft
tissue tumor and reconstruction with the new segmental bone and joint replacement prosthesis has
provided excellent and long-lasting results in many patients after the debilitating surgery. These
achievements set the benchmark reference for tissue engineering to be applied in orthopaedic surgery
which demands normal functional loading and mobility of the reconstructed limb and joint.
Conclusion
EBBI and ETA provided much improved implant fixation and direct soft tissue attachment in limb
salvage surgery for better and durable joint function which will greatly enhance patients’ quality of
life and job employment opportunity after radical resection of bone and soft tissue malignancy.
These implant design concepts and surgical reconstructive technique can also benefit other patients
with massive bone loss caused by trauma, fracture non-unions, revision surgery and metabolic
diseases.
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An Investigation of Biological and Mechanical Properties of
TCP Impregnated PMMA Cement
Dai Ke-rong, Shang Xi-fu, Tang Ting-ting
Department of Orthopaedics, Shanghai Ninth People’s Hospital,
Shanghai Second Medical University, Shanghai, P. R. China

PMMA cement has many disadvantages, one of which is that there is no direct bonding between
cement and bone. The weak interface bonding will probably, in the long run, result in loosening of
the interface between cement and bone. Many kinds of bioactive cement have been developed, but
their initial fixation is inadequate and replacement time is too long (especially in the case of large
cavities), and they are not suitable for prosthesis fixation and large bone defect filling. Attempts to
develop a new kind of cement with partial bioactivity have been made by many researchers, including
one of the authors Dai, K. R. This kind of cement should be able to provide a good initial fixation
while allowing bone ingrowth into the cement to maintain long-term stability. In our current study,
TCP-PMMA cement was prepared by adding TCP particles to PMMA. The simplex-P was used as
the basic ingredient. To facilitate bone ingrowth, 200--300µm is the optimal diameter of TCP particles.
No matter how much TCP is added to PMMA, the ratio of powder (polymer) to liquid component
(monomer) is constantly 2:1, recommended by the manufacturer. The effect of TCP and its bone
ingrowth (as TCP is replaced by new bone) on the properties of PMMA cement was determined in the
present experiment.
Part I Study in vitro
TCP particles of 30%, 35%, 40% and 47.5% by weight were separately added to PMMA, and then
mixed with the monomer at the ratio of 2:1. The mixture was used to prepare specimens of
6mm(diameter) x 12mm(length), which were immersed in physiological saline at 37˚C for 24 hours
before the determination of compressive strength and Young’s modulus. Each group consisted of 5
specimens. The results were listed in Table 1.
Table 1 Mechanical properties of various specimens
Test groups

Compressive strength Young’s modulus
(Mpa)
(Gpa)
PMMA
95.7
2.3
TCP-PMMA(30%)
93.6
2.6
TCP-PMMA(35%)
86.3
2.8
TCP-PMMA(40%)
79.1
3.2
TCP-PMMA(47.5%)
64.5
4.1
The above results suggest that the group TCP-PMMA(35%) is near optimal.
Part II Study in vivo
TCP-PMMA (35% TCP by weight) was implanted in the cavities drilled in rabbit femoral condyles
and tibial plateaus. In the former, the cavities were 6mm(diameter) x 12mm(depth), to be used for
mechanical tests. In the latter, the cavities were of random size, intended for histological
observations. In 2, 4, 8, 12 and 16 weeks of implantation of cement in the specimens, the histological
observations and biomechanical tests were performed. By the 8th week, progressive bone ingrowth
was observed, and biological studies showed that new bone was in direct contact with TCP margins
and no inflammation was found. However, during the whole observation period, there were no
obvious changes of compressive strength and Young’s modulus of the specimens with time (Table 2).
Table 2
The change of mechanical properties of TCP-PMMA with time
Time
Compressive strength
Young’s modulus
(wk)
(Mpa)
(Gpa)
2
85.2
2.6
4
83.5
2.7
8
86.4
2.5
12
85.7
2.3
16
87.1
2.8
Conclusion: This new kind of TCP-PMMA bone cement is hopefully applicable to prosthesis fixation
and bone defect filling in the future.
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O10-4
Failure Modes of a Low Profile Porcine Valve:
Analysis of 62 Explanted Bioprostheses
R. G. Guidoin1,2 G. Marinov3, A.P. Legrand2, Y. Marois1
1

2

Laval University, Quebec City, Canada
Laboratoire de Physique Quantique. FRE CNRS 2312. ESPCI. 10, rue Vauquelin 75005 PARIS. France
3
Medical University, Varna, Bulgaria

Bioprostheses processed from porcine aortic valves are recommended in elderly patients because they
do not require systemic heparinization. Unfortunately, evolutive complications are not uncommon:
mineralisation, lipid uptake and tears.
We hereby report the investigations carried out on 63 bioprostheses explanted from April 1994
through October 1995. These low profile valves were initially manufactured by Bioimplant Canada,
and ultimately by St. Jude Medical Inc. The valves from 56 patients were included in this study: 31
women aged between 22 and 76 years (mean 51.97±13.42) and 22 men aged between 19 and 71 years
(51.68±18.23). Three valves were received from patients whose sex was not given. Forty-six patients
had undergone monovalve replacement, 15 aortic and 31 mitral. Ten patients had undergone double
valve replacement, nine aortic and mitral, one mitral and tricuspid. The duration of the implantation
ranged from less than one day to almost 9 years. Regurgitation was the leading cause of reoperation:
71.43 % of the aortic valves and 55.0 % of the mitral ones. The other indications for reoperation were.
The following ones: valve stenosis, thrombosis, paravascular leak, endocarditis, and cardiac arrest. In
some patients, the indications were multiple.
The principal reason for the clinical failure of the explanted porcine bioprostheses was the structural
deterioration of the leaflets due to mineralisation often accompanied with tears. It was established in
70.97 % of the explanted valves that calcification developments identified by analytical tools (X-rays,
FTIR and NMR) led to the formation of hydroxyapatite. The degree of mineralisation was variable: 3
leaflets ill 77.27 %, 2 leaflets in 11.36 % and 1 leaflet only in 11.36 %. Tears and ruptures were
observed in 77.42 % of the valves. Ishiliara.1 prevailed, representing 38.99 % of all tears and ruptures.
Next come Ishihara.4 with 25.93 %, Ishihara.3 with 21.3 % and Ishihara.2 with 13.89 %.
As many centres worldwide provided these bioprostheses, it was pot feasible to relate the percentage
of failures to the number of implants. A retrieval programme is of paramount importance to identify
the failure modes but is not sufficient to fully validate the biofonctionality of a device
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O10-5
The Stress Analysis in Gait and the Structural Optimization of Femur
Su Qingcai, Li Musen, Liu Xihua, Liang Dongke
Biomaterials Research Laboratory, College of Material Science and Engineering,
Shandong University, Jinan 250061, P. R. China

Introduction
A three dimension sheet femoral model was built up in this paper by using the three dimension finite
element method in the ALGOR software. The module displayed the stress distributing state in gait, and
the femoral stress was analyzed in dynamic states.
The biggest stress distribution of femur was basically consistent in different cases in gait. The stresses
concentrated on the collum ossis femoris and the part near it, and the values of stresses varied sharply.
When the collum ossis femoris was loaded with horizontal forces, greater stress was produced
resulting its injury, which is accordance with actual clinical case. The stress in the diaphysis was
smaller than that in others and varied smoothly. Because the diaphysis was a bent tube suffering a
greater press, its bend strength must be analyzed. By analyzing the bend strength, it was found that the
bend strength of the diaphysis with linea aspera being ellipsoid with thick was greater than others. It
was also proved by the elasticity theory that the absolute value of the bend force in the elliptic staff
was larger than that in the circle one.
Materials and methods
Elementary design project for the optimized structure of carbon/ carbon composite femur was put
forward according to the result of the three dimensions finite element analysis about the femur. The
parts loaded great stress such as column ossis femoris should be densely or thickly weaved with the
carbon fibers, and the part suffered small stress, such as diaphysis, may be sparsely weaved. Because
the diaphysis mainly suffered great bend and press stresses, the linea aspera would be thickly weaved
elliptic structure. Articulair surfaces need to increase their thickness, because they are always against
the friction and the impact.
Results and discussion
This paper combined the finite element method and the computer simulates technology to testify that
the structure of femur was optimized e by the analysis about the stress distribution on femur. It
provided the theory and design basis on the three dimensions weave of the carbon\ carbon composite
and the carbon deposition.
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O10-6
Osteochondral Allografts or Massive Prosthesis Surrouded
by Allografts in Bone Tumor Surgery
D.G. Poitout ET P. Tropiano
C.H.U. Nord
Service Professeur D.G. Poitout
Chemin des Bourrely
13915 Marseille Cedex 20 – France

In Marseille's bone bank, the first deep frozen allograft has been performed in 1976. From 1979 to
1998, the bone bank has delivered 5327 fronzen bones including 768 massive allografts.
The conservation of massive osteocartilaginous bone grafts needs a succession of very precise steps
clearly defined from the harvest till the use of the graft.
- Harvest : aseptic conditions in the operating room from donors in cerebral death.
- Slow freeze with cryopreservator (DMSO 10%).
- Conservation in liquid Nitrogen (deep cold - 196°c).
- Quick thaw in the operating room (42°c).
These steps require a perfect cooperation between the orthopedic department and the bone bank.
Biological, histological and biomechanical studies have confirmed the value of this technique.
This method preserves the normal architecture of bone and viable cartilage cells.
Immunological problems are rarely encountered (< 15 %) specially in massive joint
reconstruction.
The functional viability of the cartilage is prooven in large allograft joint replacements.
We performed 132 massive osteochondral allografts (1983 - 1998) :
- Knee
: 83
- Ankle
: 14
- Schoulder : 23
- Elbow
: 8
- Wrist
: 4
When we have to remove a voluminous tumor with its muscle and ligament surrounding. The use of
massive prosthesis surrounded with bone is proposed each time the resection is important.
Research is in progress about the use of ligament any allografts.
The functional results are satisfactory in more than 80 % of patients treated with these large (cortical
or osteochondral) allografts.
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Chairman: Prof. A.P. Legrand, Prof. Ling Qin
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Changes of Phases and Microstructure in Plasma Sprayed HA Coatings
JY Chen
Engineering Research Center in Biomaterials, Sichuan University, Chengdu, China
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Fabrication and Characterization of Hydroxyapatite-Ti Functionally Graded Biomaterial as
Hard Tissue Replacement
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150001, China
15:50-15:05
The Surface Modifying of Plasma Sprayed HA Bio-ceramic Coating by Laser
Chuanzhong Chen, Diangang Wang, Yupeng Lü, Quanhe Bao, Shushan Yao
Institute of Materials Science and Technology, Shandong University, Jinan 250061, China
15:05-15:20
Influence of Proteins on Formation of the Surface Reactive Layer on the HA/TCP Ceramics
Linghong Guo, Mei Huang, Xingdong Zhang, J. E Davies
Engineering Research Center in Biomaterials, Sichuan University, Chengdu, China
15:20-15:35
The Microstructure of HA Bioceramic Coating Synthesized by Laser Induced Deposition
Diangang Wang, Chuanzhong Chen, Shushan Yao, Quanhe Bao
Institute of Materials Science and Technology, Shandong University, Jinan 250061 China
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KL-11
Changes of Phase and Microstructure in Plasma Sprayed HA Coatings
Jiyong Chen
Engineering Research Center in Biomaterials, Sichuan University, Chengdu, China

Plasma spraying is a high temperature process. The high temperature of plasma spraying unavoidably
induces partial amorphorization and decomposition of the crystalline hydroxyapatite (HA) particles.
The outer melted shell of HA particles was solidified into amorphous phase by fast cooling from the
successive impact on substrate and the inner melted shell was recrystallized into microcrystalline HA
because of its slower cooling. The as-received HA coating is composed of crystalline HA (unmelted
cores and recrystallized HA), other calcium phosphates ｛mainly tricalcium phosphate(TCP) and
tetracalcium phosphate(TTCP)｝and amorphous phase. SEM observations showed the HA coating
consisted of overlapping particles with melted shell and crystalline HA cores. Properties of plasma
sprayed HA coatings highly depend on their phase composition and microstructure. The as-received
HA coatings are not stable because of the unstable phase (TTCP, TCP and amorphous phase) in
coatings. The post heat treatment in a humid atmosphere is a good method to improve the stability of
HA coatings. The post heat treatment transforms the unstable phases into stable crystalline HA. The
recrystallized HA phase in coating forms a network which also helps to prevent the degradation of HA
coating. Both the plasma spraying parameters and the method and condition of post treatment have a
decisive effect on the properties of a HA coating. HA coating is a kind of highly process-depended
biomaterials.
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O11-2
Investigation of Bioactive Glass Coatings and the Clinic Application
of Artificial Dental Implants
Weiming Gu, Jitang Huang, Qing Jie, Ruoding Wang
Shanghai Institute of Ceramics, Chinese Academy of Science

A Si-Ca-P-Mg system bioactive glass coating has been synthesized on titanium alloys in this work.
The bending resistance, thermal expansion coefficient of the samples and shearing strength between
coating and the substrate are obtained. The results of series of biochemical experiments are reported.
SEM is used to analyze the microscopic structure of the coating as well as the interface between the
coating and bone tissues. At last, the application of this artificial dental implant is investigated.
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O11-3
Fabrication and Characterization of Hydroxyapatite-Ti Functionally
Graded Biomaterial as Hard Tissue Replacement
Jingchuan Zhu, Chenglin Chu, Zhongda Yin
School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China

Introduction
As the two typical biomaterials, hydroxyapatite (HA, Ca10(PO4)6(OH)2) possesses excellent bioactivity
while Ti metal exhibits good obdurability and proper biocompatibility [1,2]. Unfortunately, the poor
mechanical properties of HA and the bio-inactivity of Ti have limited their application as hard tissue
replacements [3]. These problems can be solved by introducing the concept of functionally graded
material (FGM)[4,5], which combines the advantages of different material components and eliminates
the macroscopic joint interface at the same time.
Materials and methods
HA-Ti FGM implants were fabricated by powder metallurgy, and their microstructure, mechanical
properties and biological behaviors were investigated by means of X-ray diffractometry, electron
microscopy, mechanical and in vivo tests.
It is shown that the constituents in sintered HA-Ti FGM distribute gradually with the variation of
chemical composition, which eliminates the macroscopic interfaces such as that in HA-Ti direct joint.
Partially decomposition of HA phase was found in interlayers of the FGM due to the co-existence of
Ti during sintering. Mechanical properties in HA-Ti FGM exhibit gradient distributions as well.
Vickers hardness and Young’s modulus strongly affected by the porosity. However, bending strength
and fracture toughness increase remarkably with the rise of Ti content, especially in Ti-rich region.
Maximum strength and toughness (971.96MPa and 29.691MPam1/2 respectively) were reached in the
pure Ti layer, which are far higher than those of human bone. In addition, the strengthening and
toughening mechanism was discussed.
Results and discussion
HA/Ti FGM possesses good biocompatibility and osteoconductivity, and can integrate with the rabbit
bone. After three months of the implantation, the FGM implants and the new bone formed around
became one bony body. The bonding strength between FGM implants and the surrounding bone tissues
raises quickly with increasing implanting time, which is higher than that of dense pure HA or Ti
implants and can reach 6.49MPa after implanting for three months. Fractography observations reveal
that the fracture during shear testing of the HA/Ti FGM implants occured in the new bone near the
interface, which indicates its interfacial bonding strength even exceeds the shear strength of new bone
tissues.
In a word, HA-Ti FGM is a promising biomaterial for use as hard tissue replacement implants
considering its good mechanical properties and outstanding biological characteristics
References
[1] H. AOKI, Science and Medical Applications of Hydroxyapatite, JAAS, Tokyo, 1991.
[2] K. WANG. Mater. Sci. Eng. A213 (1996) 134.
[3] Jenn-Ming Wu et al., J. Mater. Sci., 23 (1998)3771.
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O11-4
The Surface Modifying of Plasma Sprayed HA Bio-ceramic Coating by Laser
Chuanzhong Chen, Diangang Wang, Yupeng Lü, Quanhe Bao, Shushan Yao
Institute of Materials Science and Technology, Shandong University, Jinan 250061 China

Plasma spraying technique, with the advantage of fast deposition velocity, high proceeding rate and
wide using area, is a common surface coating technique at present, and it is widely used in the
preparation of bio-ceramic coating[1, 2]. But the defect of many cracks and the weak mechanical
junction in plasma spraying coating make it shed during the clinic application[3, 4]. The plasma sprayed
coating has a coarsening interlamellar structure, decomposing of hydroxide[4-5] and the serious
non-crystallization tendency[6-7] because of high temperature and high cooling speed. These factors
affect the biocompatibility. Surface modifying of the plasma sprayed HA coating on commercially
pure titanium by laser is studied in this paper.
The coating material is HA powder with the grain size of 30~50 µm, and the substrate is commercially
pure titanium. The coating is prepared by Sulzer Metco 9M atmosphere plasma spraying equipment
with the parameters as followed: power, 40kW; arc gas, N2, 40 L/min, and H2, 10 L/min; powder gas,
N2; powder transport, 30~40g/min; coating thickness, 100µm. Then the coating is irradiated by HJ-4
1500W CO2 laser equipment, which technology parameter is that the power is 0.3~1kW, beam
diameter 3 mm, scanning speed 3~20 mm/s. The phase of the coating is analyzed by D/max-rc type
X-ray diffraction apparatus, the structure and the composition are analyzed by JXA-840 scanning
electron microscope and JXA-8800R electron probe.
The results show that coating mainly is composed of Ca10(PO4)6(OH)2 and Ca3(PO4)2, the degree of
crystallization is improved significantly and the structure of the coating is fined obviously, which is
favorable to improvement of the biocompatibility. The cracks of the coating decrease and the
combining interface is improved obviously.
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O11-5
Influence of Proteins on Formation of the Surface Reactive Layer
on the HA/TCP Ceramics
Linghong Guo1,2, Mei Huang1, Xingdong Zhang1, J. E Davies2
Engineering Research Center in Biomaterials, Sichuan University
Institute of Biomaterials and Biomedical Engineering, University of Toronto, Toronto, Canada

Introduction
It is widely accepted that the prerequisite of chemical bonding between bone and calcium phosphate
(CaP) ceramics is the formation of the surface reactive layer on the calcium phosphate ceramics. The
surface reaction layer for CaP ceramics has been reported to been formed in the simulated body field
(SBF) in vitro and in vivo. The formation of surface reactive layer is a very complex process, which is
mediated by not only the characteristics of CaP ceramics but also the macromoleculars present in the
body fluid and blood. The simulated body fluid is lack of proteins, therefore it cannot represent the
actually biological environment. The objectives were to investigate the effects of the proteins in the
solutions on the surface reactive layer in morphology and structure with thin-film X-ray diffraction
(TF-XRD), scanning electron microscopy (SEM), X-ray photoelectron spectroscopy (XPS).
Materials and methods
The sintered hydeoxyapatite (HA)/Tricalcium-phosphate (TCP) (60/40) ceramics were sectioned the
about 10 mm in diameter and 2 mm in thickness, ultrasonic cleaned in EtOH, and then dd-water, and
sterilized using gamma irradiation (2.5 Mrad). In vitro experiments were conducted by incubating the
samples in the PBS and FCS, as well as the MEM+10% FCS cell culture media at 37℃ and 5% CO2
for one week. The surface reactive layer was examined with TF-XRD (Rint-2000, glancing angle 1.0,
Cu Ka, 80 KV, 50 mA). The morphology of the reactive layers on the surface of HA/TCP was
observed with SEM (Hatichi-2500). In order to characterize the structure of surface reactive layer,
O1s-II/O1s and Ca/P ratio were calculated with the method established by Ranter [1] from the
high-resolution XPS spectra.
Results and discussion
In all medium, the surface reactive layers exhibited plate-like crystals on the HA/TCP ceramics were
observed with SEM. But the morphology and dimensions of crystals showed significant difference.
The dimension of crystal plates in the PBS was significantly greater than in the media containing
proteins. The random distribution of Ca2+ and PO43--binding sites on stereo-chemical structure of
proteins may be contributed to the curved morphology of crystals. The higher concentration of Ca2+
and PO43- resulted in the smaller dimensions of curved-plate crystals in the media containing proteins.
The TF-XRD showed that in the PBS the surface reactive layer was composed of OCP
(Ca4H(PO4)3.2.5H2O). XPS analysis indicated that proteins (represented by nitrogen atom) were
incorporated into the surface reactive layer. The O1s-II aroused the phosphate-type oxygen; therefore
the relative intensity of O1s shake-up/off satellite O1s-II to O1s is unique and consistent with the specific
CaP compound. Because XPS is the surface-sensitive, XPS may be very powerful to characterize the
Ca-P surface reactive layer formed on HA/TCP ceramics, supplemented with the TF-RDX results. The
peak areas were obtained by subtracting a Shirley baseline from each of the O1s peaks and measured
with Gaussian-curve fitting.
In summary, the XPS and TF-XRD results confirmed that surface reactive layers were OCP and
Ca-deficient apatite in the PBS and in FCS and MEM+10%FCS, respectively. The proteins in the
solutions affected not only the morphology and dimension but also the structure of surface reactive
layer formed on HA/TCP ceramics in vitro. The mechanism of formation or transformation of the
surface reactive layers was altered by the presence of proteins.
Reference:
1: Lu HB, Campbell CT, Graham DJ, Ratner BD Surface characterization of hydroxyapatite
and related calcium phosphates by XPS and TOF-SIMS.Anal Chem 2000 Jul 1;72(13):2886-94
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O11-6
The Microstructure of HA Bio-ceramic Coating Synthesized
by Laser Induced Deposition
Diangang Wang, Chuanzhong Chen, Shushan Yao, Quanhe Bao
Institute of Materials Science and Technology, Shandong University, Jinan 250061 China

Hydroxyapatite bio-ceramic coating is widely used as dental implant and artificial bone in biomedical
owing to its good biocompatibility[1-4]. The constitution and atom structure of HA in the coatings made
by some traditional techniques is similar to that of the HA in bodies, but the microstructure is quite
different between them, and the size of the HA in coating is coarse, so the mechanical properties and
the biocompatibility are weakened obviously[5,

6]

. The synthesis of the HA with CaHPO4 •

2H2O+CaCO3 composite powders on Ti alloy substrate by laser induced deposition is studied in this
paper.
The coating materials are CaHPO4•2H2O and CaCO3 powders, and the grain size is about 40~50µm.
The CaHPO4•2H2O+CaCO3 powders are smeared onto titanium alloy substrate after being mixed
homogeneously, then the surface is clad by HJ-4 type 1.5 kW CO2 laser equipment. The parameters are
followed: the laser power is 0.3~1kW, beam diameter 3 mm, scanning speed 2~15 mm/s. The phase of
the coating is analyzed by D/max-rc type X-ray diffraction apparatus, while the structure and the
composition are analyzed by JXA-840 scanning electron microscope and JXA-8800R electron probe.
The results show that the bio-ceramic coating can be synthesized and clad on titanium alloy substrate
at the same time by proper laser technology treatment. The coating mainly consists of HA and β
–TCP phases, and the coating has an anomalous cellular structure with a certain direction, furthermore
it is fine and homogeneous. The formation of the fine structure will be favor to the increasing of
strength, toughness and biocompatibility.
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KL-12
Use of Porous Bioceramics as Tissue Engineering Support
Lu Jianxi1、2、3、Zhou Chengwen1、Wang Changyong 2
1.
2.

Institute of Biomaterial and Biotechnology of the University Littoral, France.
Institute of Basic Medical Science, Academy of Military Medical Sciences, China
3.

Shanghai Bio-Lu biomaterials Co.,Ltd, China

The discipline of tissue engineering develops swiftly. At present in the cell separation, the
purification, the proliferation and the hybrids with material has been largely developed. But, there
still are many problems in the tissue engineering support aspect. In recent years we made the
exploration in this aspect and the application research, developed one kind of new controllable
microstructure porous bioceramics. Its characteristic is high porosity, and the pores are spheres with
high interconnections, and the size of the pores and the interconnection may control. This kind of
structure can suit for the penetration and proliferation of the many tissue kinds to obtain its
biological effects. These animal experiments demonstrate these kinds of material microstructures
can the support, which makes again as the bone and the cartilage tissues.
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O12-2
The Early Report of Application of Calcium Phosphate Cement
on Anterior Cervical Intervertebral Fusion
Yu Sun,
Department of Orthopedic Surgery, Institute of Spinal Surgery,
Peking University Third Hospital, Beijing, China

Introduction: Anterior discectomy and intervertebral fusion is a common operation for the treatment
of cervical spondylotic myelopathy / radiculopathy. The bone graft is generally harvested from anterior
iliac crest. This procedure may bring some donor site complications such as persistent pain, lateral
femoral cutaneous nerve injury, wound infection, bleeding, fracture of the anterior superior iliac spine,
etc. Many experimental and clinical studies indicated that the calcium phosphate cement (CPC) is one
of the best substitutes of autologous bone graft for the fusion. There are many reports about using CPC
to repair bone defect at non- or low- weight bearing site on the extremities in the literature. But in our
knowledge there are no reports of application of CPC in the procedure of anterior cervical
intervertebral fusion so far. Since September 2000 the pre-shaped CPC has been used in the anterior
procedure and the early result will be reported here.
Method: 8 cases were included in this study with 18 segments (2 single segment and 6 double
segment). There were 6 male and 2 female with a mean history of 13.5 months. The diagnosis was
cervical spondylotic myelopathy (6 cases) and radiculopathy (2 cases). Shanghai Rebone Biomaterials
Co., Ltd provided the pre-setted CPC. The mean density and compressive strength was between
cortical and cancellous bone. During the procedure the intervertebral disc including end plate were
removed and subchondral cortex were partially decorticated. The intervertebral space was distracted
and the pre-setted CPC graft was inserted. A Caspar monocortical plate fixation system was implanted.
Patients were kept in bed for 1-2 days and were discharged 5 days after the operation. They were asked
to wear a hard collar for 6weeks.
Result: The mean follow-up was 11.2 months (7-14 months). Patients were reviewed and their X-Ray
films were evaluated in 3, 6, 9, 12 months time. The density of CPC graft on the X-Ray film reduced
initially at 6 months after operation. The shade of CPC reduced in half and was very close to vertebral
body in density at 9 and 12 months respectively. There was no loosening of implant and any break or
shift of CPC graft. We did not find any shorting in height on all the segments involved during the
study.
Conclusion: The CPC was a very good artificial material as a substitute of autologous bone graft for
the anterior cervical intervertebral fusion.
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O12-3
Study on A New Process Preparing Poly(L-lactic acid)/β-Tricalcium
Phosphate Porous Scaffolds
Dali Zhou, Guangfu Yin, Changqiong Zheng, Rui Chen, Huaiqing Chen
College of Materials Science and Engineering, Sichuan University, Chengdu 610065, China

β-tricalcium phosphate (β-TCP) ceramics has excellent biocompatibility, bioactivity and ability of
biodegradation. It can offer an amount of Ca and P elements for new bone formation when they
dissolve in body. A new process preparingβ-TCP powders has been developed in the present study.
Specialty of new preparing process is ultrafine and homogeneousβ-TCP powders were prepared by
using high-purity and ultrafine CaCO3 powders and ultrasonic techniques.
The porous scaffolds were prepared by a process consisting of a solvent casting stage, a compression
molding stage and a leaching stage, using Poly(L-lactic acid)(PLLA) ,β-TCP powders and NaCl
crystal. The processing conditions of influences upon the compressive strength, compressive modulus
and the degradation of the porous scaffolds, such as the weight fraction of making pore agent - NaCl,
weight ratio of PLLA:β-TCP and the particle size ofβ-TCP, are well discussed.β-TCP powders
were homogeneously dispersed in the PLLA and the scaffolds have homogeneous pores which are
interconnected inside. The porosity and the average pore diameters of PLLA/β-TCP composites can
be changed from 50% to 90% by adjusting the particle size and weight fraction of NaCl. The results
showed that the composites had higher compressive strength and compressive modulus when ultrafine
β-TCP powders were used in low-porosity (lower than 70%). The results also showed that the
compressive strength and compressive modulus could be improved by changing the weight ratio of
PLLA:β-TCP or decreasing the porosity. Adjusting porosity and average pore diameter can change
the degradation rate of the scaffolds. The degradation rate of the scaffolds with larger pores is bigger
than that the scaffolds of with lower pores in the same porosity. The smaller the porosity of the
scaffolds, the lower the degradation rate of its.
The essential mechanical properties of PLLA/β-TCP composites are satisfied with the needs of the
scaffold materials in different conditions. The studies in vitro and in vivo showed that rat marrow
stromal cells (rMSCs) and osteoblasts were attached , proliferated and differentiated on PLLA/β-TCP
composites, and rMSCs exhibited better osteoblastic differentiation on PLLA/β-TCP composites than
that on the materials only comprised of PLLA.
It has been expected that the PLLA/β-TCP porous composites are promising scaffolds for bone tissue
engineering.
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O12-4
Preparation and Characterization of Polycaprolactone(PCL)/
Hydroxylapatite(HAP) Composite
Feng He1, Yue Huang1, Changsheng Liu1,2
1. Engineering Research Centre for Biomaterials of Ministry of Education 2.Key Laboratory for Ultrafine Materials of
Ministry of Education,ECUST 130 Meilong Road, Shanghai, P.R.China

Introduction
Polycaprolactone(PCL) is biodegradable, biocompatible and a kind of prospective biomaterial, but the
poor mechanical properties limit its clinical applications. In this paper, we conceived to use bioactive
hydroxylapatite(HAP) granules to reinforce PCL. Our present study emphasized on the effect of
different ratios of HAP in composite on the thermal, rheologic, dynamic mechanics and static
mechanics properties of composite, as well as the effect of the different preparation methods on
particle size and purity of HAP.
Materials and methods
Mixing 1M calcium carbonate (CaCO3) and 1M diammonia phosphate ((NH4)2HPO4) with Ca/P ratio
more than 1.67. After reaction completed, then filtering, pulping , spraying and sintering. The HAP
granules with two different diameters (HAP A and HAP B) was obtained because of two different
spraying concentration(5% and 20%) of suspension. The mixture of HAP granules(HAP A and HAP B
respectively) and PCL matrix with different ratio (the weight ratio of HAP was 20%, 40%, 60% and
80% respectively) was cross-blended at 110℃ for 10 minutes to prepare the composite. XRD (Model
P.MAX/B, Rigakn, Japan.) was used to confirm the crystal structure of HAP and TEM (JEM-1200EX
Ⅱ, NEC) was used to analyze the size and morphology of HAP granules. The rheological and
dynamic mechanical properties of composite with different HAP/PCL ratios were characterized with
thermal rheometer (ARES-9A, Rheometric Corp.) and DMTA (DMTA Ⅳ ,Rheometric Corp.)
respectively, and analysis of the mechanical properties for the composites were performed by
AG-2000A.
Results
TEM conformed that the spraying dry concentration affected and the granules’ size of HAP A is much
smaller than that of HAP B. The ratio of HAP has little influence on the melting point of composite.
The complex viscosity of composite increased with the increase of the HAP ratio and came to the peak
at the shearing velocity of about 10 rad/s under certain HAP ratio, and HAP A has a little higher the
influence than HAP B on viscosity. The addition of HAP had little influence on the glass transition
temperature, which proved the connection between HAP and PCL is extremely weak. The tensile
strength reached to its maximum when HAP ratio is 20%, which is independent on HAP A and HAP B,
but the effect of HAP A is more obvious. The Young’s modulus enhanced with the increase of HAP
ratio, and the effect of HAP B is more obvious.
Conclusions
The composite of 20% HAP A ratio had the maximum tensile strength 17.8 MPa and the suitable
processing properties at medium shearing velocity, but the tensile strength of the samples is much
lower than the requirements of clinical applications. We conceived the two phases of the composites
were only mixed mechanically and there is no chemical bonding between PCL/HAP, so the connection
between the two phases is really weak.
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O12-5
Sintering of Hydroxyapatites with Variable Ca/P Molar Ratios and
Characteristics of Hot Pressed Ceramics
S. Raynaud, E. Champion, D. Bernache-assollant
Université de Limoges, SPCTS, UMR 6638, 123, avenue A. Thomas, 87060 Limoges, France.

The objective of this work was to investigate the contribution of the Ca/P atomic ratio of calcium
deficient hydroxyapatite powders (Ca10-x(PO4)6-x(HPO4)x(OH)2-x, 0 = x = 1, Ca-dHA) on the thermal
behavior and properties of hydroxyapatite (HA) based ceramics.
The powders were precipitated from aqueous solutions. For Ca/P < 1.500 or Ca/P > 1.667, the powders
were biphasic mixtures of HA and CaHPO4 or HA and Ca(OH)2, respectively. For 1.500 = Ca/P =
1.667, the as synthesized powders were single phased of apatitic structure. They decomposed into
biphasic mixtures of hydroxyapatite and tricalcium phosphate at 700°C. The HA/TCP (or HA/CaO)
phase proportions of biphasic ceramics and the Ca/P ratio of the initial powders were determined using
quantitative X-ray diffraction analysis (QXRD)1. During heating, the surface area of the powders
decreased from 500°C whereas the densification began only from 700°C (Fig. 1). Below 700°C, the
surface drop was associated with grain coalescence without densification. The coalescence increased
with the decrease of the Ca/P ratio. This behavior related with the presence of ionic vacancies in the
initial Ca-dHA that enhance the diffusion mechanisms at low temperature. Above 700°C, the Ca-dHA
were decomposed into homogeneous HA/TCP composites and the increase of the TCP loading (i.e.
decrease of initial Ca/P ratio) decreased the sintering rate (Fig. 1) and enhanced the grain growth.
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Figure 1. Linear shrinkage vs temperature

Figure 2. Flexural strength vs the composition

The fracture strength and toughness were determined on dense hot pressed ceramics that had similar
grain size distributions in order to characterize the effect of phase proportions. After hot pressing at
1100°C, the strength (Fig. 2) varied from about 75 MPa for HA (Ca/P = 1.667) and HA containing
CaO up to 150 MPa for HA containing 8 wt% of TCP (Ca/P = 1.653). This means also that for a
relative decrease of 1% of the Ca/P ratio the strength may doubles. Then, it decreased for higher TCP
loadings. The toughness remained almost constant at about 1 MPa.m1/2 whatever the composition
might be. After hot pressing at 1200°C, the fracture strength (fig. 2) and the toughness (K1c = 0.65
MPa.m1/2) remained low. This low mechanical reliability was attributed to the effect of residual
stresses due to the transformation β-TCP ⇔ α-TCP at 1150°C.
Reference
1. S. RAYNAUD, E. CHAMPION, D. BERNACHE-ASSOLLANT, J.P. LAVAL, Determination of
Ca/P atomic ratio of calcium phosphate apatites by X-ray diffractometry, J. Am. Ceram. Soc., 84[2],
2001, 359-366.

- 117 -

Proceeding of GRIBOI 2002-March 14-17, Shanghai, China

O12-6
In vivo Response to a New Type of Macroporous Biphasic
Calcium Phosphate Bone Susbtitute.
O. Richart1 - A. Liebetrau1 - M.Descamps2
MEDTRONIC SOFAMOR DANEK - Subsidiary of Deggendorf – Werftstrasse
17 - D-94469 Deggendorf – GERMANY.
2
L.A.M.A.C. University of Valenciennes and of Hainaut Cambresis, Z.I. Champ de l’abbesse,
F-59600 Maubeuge FRANCE.
1

Introduction: A newly developed manufacturing procedure of a macroporous calcium phosphate
bone substitute is presented . The process allows the manufacturing of a three dimensional fully
interconnected bone substitute. A reproducible control of the macroporosity (diameter and shape) as
well as the interconnection (diameter and shape) is demonstrated. The biological advantage of this
new structure is studied in terms of bone invasion (quantity and quality) in the ceramic as well as
implant resorption. Results are provided in comparison to an other synthetic bone substitute
considered as reference.
Method: The manufacturing process used is patented and based on a controlled polymeric frame
impregnated by a ceramic suspension. This frame constitutes a copy of the future calcium phosphate
bone substitute porosity. As an initial step of the process, the polymeric frame is prepared using
thermoplastic beads. A thermoforming step allow then the bonding of the beads to each other. The
junctions developed between these beads are completely controlled as the thermoforming process
follows a bridging mechanism corresponding to a sintering model of amorphous bodies by viscous
flow.
A rigorous control of the macroporosity (beads size) and interconnection (bridging between beads)
of the final porosity structure is thus obtained for any requested porosity specification.
After impregnation, the compound is fired (T>1000°C) in order to burn out the polymeric frame and
to create the interconnected macroporosity and finally to assure the sintering of the remaining porous
structure.
An intra-osseous implantation (distal femoral epiphysis) study in sheep was performed to evaluate
the osteointegration and osteoconduction properties of this new type of porous architecture in
comparison to a reference product. Short (4 weeks) and middle term (12 weeks) results were
evaluated. The chemical composition of the products is identical and consists in a mixture of
hydroxyapatite and tri-calcium phosphate in the ratio : 60%HA + 40%TCPβ.
The new product manufactured, also named BCP BiCalPhos® (Medtronic Sofamor Danek), offers a
spherical macroporosity with a diameter of 400-600µm fully interconnected (interconnection
diameter = 125 +/-25µm). The total porosity of the product is 80%.
The reference product is a largely used calcium phosphate ceramic (Triosite- Zimmer); its
specification is a macroporosity of 400-600µm micro-interconnected (diameter < 10µm) . The total
porosity is 70%.
Results: The in-vivo implantation results indicate the high osteointegration capacity of the new
structure of BCP BiCalPhos®. Newly formed bone is already seen around the implant and inside the
macropores at 4 weeks implantation time. The bone/implant contact is direct without fibrous
encapsulation.
The primary bone ingrowth is faster in BiCalPhos® compared to the reference product where bone
ingrowth is limited to the periphery of the implants at 4 weeks. A quantitative analysis indicates a
significant higher surface of newly formed bone within BiCalPhos® as compared to the reference
product (respectively 9% to 5%; p<0,05).
At 12 weeks evaluation time, the surface of newly formed bone is significantly increased for both
implants. It is remaining higher in the BCP BiCalPhos® ceramic (22%) compared to the reference
product (16%) (p<0,05).
Conclusions:The new manufacturing process offers a new porous architecture for a bone substitute.
The three dimensional fully open and interconnected ceramic structure allows a homogeneous
osteointegration process. This key advantage improves the product efficiency and facilitates the
bone ingrowth up to the heart of the implant at early implantation time (4 weeks). This particular
porous structure might be considered as an optimal carrier to be impregnated with osteoinductive
factors like bone marrow cells or BMP.
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P-1
The Identification and Large Scale Culture of Human Bone
Marrow Stromal Cells
De-min Wen, Tan Wensong
The State Key Laboratory of Bioreactor Engineering,The East China University Of Science and Technology
Box 309, NO. 130

Meilong Rd. Shanghai China

Introduction
A mesenchymal stem cell (MSC) is defined as pluripotent cells capable of deplicating extensively and
self-maintaining; its progeny eventually gives rise to skeletal tissue: cartilage, bone, tendon, ligament,
and marrow stroma. But such cells only exist during embryogenesis. Bone marrow stromal
cells(BMSCs) can be cultivated in vitro and contain progenitors capable of pluridifferentiating into the
mesenchymal lineage of bone, cartilage, fat, muscle, and other connective tissues. So they are
attractive seed cells in the field tissue engineering and an target for novel strategic in the gene/cell
therapy of hematologic and pathologics. In cell culture, they have a characteristic spindle-shaped
morphology and secrete growth factors and components that form the extracellular matrix. In this
article we separate and identify the cells. Meanwhile the large scale expansion of the cells is
implemented with microcarrier.
Material and method
The BMSCs were separated from bone marrow aspirate with Ficoll gradient centrifuge. Then
suspending the cells in the medium and harvesting the cells with 0.25% trypsin. At each passage, the
differentiation potential of BMSCs was verified by staining with alcian blue, alkaline phosphatase and
Sudan black and by immunostaining for collagen Ⅱ; identification of BMSCs was carried out by flow
cytometry analysis of CD34 and SH-3. The medium is DMEM suppled with fetal bovine serum and
gentamicin, acidic fibroblast growth factor ("aFGF") polypeptide, and heparin; the concentrations of
them are 10%(v/v), 25mg/ml, 1ng/ml and 5unit/ml respectively.
Results
After the first passage, BMSCs had a markedly diminish proliferation rate and gradually lost their
multiple differentiation potential. They are CD34-and SH-3+.The concentration of BMSCs in the
spindle was 5×105cells/ml.
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P-2
Study on the Constitute and Structure of the Interface Between
β-TCP Bioceramic and Bone after Implantation.
Yan Yuhua, Li Xiaoxi, Lu Xuhui, Li Shipu
Biologic Center, Wuhan University of Technology,WuHan Luoshi Road 122, HuBei, 430070, China

Introduction: It has been verified by the home and abroad research that porous degradable tricalcium
phosphate ceramic (β-TCP) took on a perfect physic-chemistry performance [1]. It had excellent
biocompatibility and biodegradable capability [2]. This material could induce the production of new
bone and played the role of osteophony to repair bone defects, hence it was an ideal bone transplanting
materials [3]. Whereas the mechanism of bone growth and biodegradation of these kind materials were
not quite clear until now [4]. This paper discussed the transformation of porous bioceramic after
implanted in rabbit’s femur by use of SEM, EPMA and polarizing microscope.
Material and method: As raw material β-TCP powder was mixed with high-temperature binder. After
forming and sintering we got a kind of white and porous spongy materials. The main parameters were:
density 1.05-2.00g/cm3, porosity 40-55%, and average compression strength 15-35MPa.Twelve
healthy male New Zealand white rabbits were hocused and a hole (Ø5×8mm) was drilled in each
condyle of femurs. Then the cylindricalβ-TCP ceramics were implanted into the intended bone defect
respectively. Every month after implantation one rabbit was killed andβ-TCP ceramics with ambient
bone tissue were brought out to take observations of SEM,TEM and histology.
Result: Firstly, by force of SEM we find that with the passage of the time the implanted material was
segmented and encircled by fiber tissue gradually and the area of material reduced continually.
Secondly, at the boundary of the material and bone, we can observe the growth of new bone and its
development toward inside. Within the material the osteoblast was very active and many pieces of
osteoids were existed. Thirdly, when we observed implanted material five months after implantation
by use of EPMA, we found that life element emerged inside the material such as C, N, S and so on.
Lastly, EPMA showed us that at the Havers’ system of host osseous lamella far from the material
implanting area some material granules be observed.
Conclusion: After implanted in host bone, bioceramics not only can play the role of bracket for bone
growing but also can degrade and afford osteoblasts enough calcium and phosphate ions. So it will
induce the new bone growing, participate in the vital process of host bone, and finally integrate with
the host bone and become a portion of the organic new bone. Many live cells such as make important
contribution to the transformation. They accelerate the biodegradation and absorption of implanted
materials, facilitate the generation and development of new bone. Meanwhile they make dynamic
balance between bone growing and bone absorption, hence by this way the inorganic calcium ions and
phosphate ions were transformed into organic compound. In a word, from the facts above we can argue
that β-TCP ceramic was a unique substitute material for bone transplantation with wide application
perspective.
Reference: 1). Zhong J, Zheng X, et al. J Mater Sci Mater Med, 1994,5:243-251; 2) Neo M, Voigt CF, Herbst H, et al,
J Biomed Mater Res, 1996,30:485-492; 3)Cheng Q, He J, Zheng Q, et al. Chinese J Biomed Engineer, 1999,3:261-271
4) Soueidan A, Gan G I, Bouler J M et al, Cells and Materials, 1995, 5:31
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P-3
Radiopacification of Calcium Phosphate Brushite Cements with
Iodine-containing Additives
C. Pittet*° and J. Lemaître°
° Laboratory for Powder Technology, EPFL, MX-Ecublens, CH-1015-Lausanne (Switzerland)
* Hôpital Orthopédique de la Suisse Romande,CHUV, CH-1005-Lausanne (Switzerland)

Four iodine-cointaining radiopacifiers were selected to be incorporated into Brushite cements. Two
were organic compounds soluble in water (Iopentol and Iopamidol), commonly used as
contrast-enhancing media in X-ray imaging applications. The two others were inorganic compoudns,
either soluble (sodium iodide, NaI), or sparingly soluble in water (sodium iodate, NaIO3). Their effects
on the setting times, and on the compressive and diametral tensile strengths were studied. A cement
without opacifier was used as control.
A first series of five cement compositions (four opacified and one control) made with identical
Solid/Liquid weight ratios was prepared. None of the opacifiers appeared to alter the setting time of
the cement. Iopentol-containing cements were found to be the strongest, taking both compressive and
diametral tensile strengths into account. These cements exhibit the lowest porosity among the
opacified cements. However, they are initially thicker compared to the other opacified cements and to
the the control.
In view of these results, two cements with similar paste rheologies (one opacified with Iopentol, versus
a control without opacifier) were compared from the viewpoint of their compressive and diametral
tensile strengths. These characteristics appeared to be not significantly different.
Iopentol diffusion kinetics after setting was also assessed in physiological conditions (Simulated Body
Fluid at 37 °C, static conditions). Within 24 hours, over 83 % of the radio-opacifier was released from
the cement samples.
Acknowledgements
The authors gratefully acknowledge the support of the Orthopaedic Hospital of Roman Switzerland
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P-4
Synthesis of Crystalline Hydroxyapatite from CaCO3 and CaHPO4⋅2H2O by
Mechan-chemical Method
Cai Shu*, Kang De Yao, Yu Ji Yin, Song Xue Feng
*Department of material science and engineering, Tianjin University, Research Institute of Polymeric Materials, Tianjin
University, Tianjin 300072, People’s Republic of China

Mixture of CaHPO4⋅2H2O and CaCO3was conducted by grinding in a aqueous system under
appropriate pH and temperature conditions to investigate the mech-chemical solid-state reaction for
the synthesis of hydroxyapatite(HA). An impure form of hydroxyapatite including trace Ca10 (PO) 6CO3(OH)
and Ca9HPO4(PO)6OH can be synthesized. The synthesis reaction was almost completed within 1h.The
composition and state of crystallization were coincide with the cement -type HA. After calcined at some
temperature, HA powder with perfect crystalline was obtained.
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Biodegradation of Calcium Phosphates Cultured with Bone Marrow Cells
Linghong Guo , Mei Huang, Xingdong Zhang
Engineering Research Center in Biomaterials, Sichuan University, China

Introduction
The ideal bone substitute material should be osteoconductive in order to allow as rapid as possible
integration with host bone, biodegradable at a preferred rate in order to eventually be replaced by
newly formed natural bone, and strong enough to fulfil the required load-bearing functions. Although
all kinds of biomaterials do not completely meet the above requirements, surgeons at present hope that
at least bone substitutes should be biodegraded in vivo. Osteoclasts were shown to be capable of
resorbing calcite, aragonite, and sintered carbonate apatite; but little is known about their ability to
resorb other calcium phosphates, except possibly HA, where the evidence concerning osteoclast
response is controversial. In the present study various calcium phosphates of HA, TCP, biomimetic
coating of OCP were cultured with rat bone marrow (RBM) to elucidate biodegradation mediated by
osteoclast derived from RBM to these calcium phosphate substrates.
Materials and methods
Hydroxyapatite (HA) and tricalcium phosphate (TCP) disks sintered at 1200 oC, a biomimetic coating
of OCP formed in the phosphate buffered solution (0.1 M PBS) were cultured in RBM for 14 days.
The culture media was MEM + 15% fetal calf serum supplemented with L-ascorbic acid and
beta-glycerophosphate without dexamethasone. The cell density of RBM cells was 2x104/wall. At 14
days of periods of subculture, the harvested samples were fixed in Karnorvsky’s fixative for 24 hours,
and dehydrated through the graded ethanol (50%-70%-80%-90%-100%), critical-point drying of liquid
CO2. The densely covered fiber tissue was detached with compressed air, then the samples were
coated with gold and then the pits degraded by osteoclasts were examined with SEM. Another set of
samples, after dehydration, was stained for osteoclasts with tartrate resistant acid phosphatease
reaction (TRAP), and the stained osteoclasts were observed with reflective light microscopy (LM) and
the number of osteoblasts was counted with an image processing software.
Results and discussion
With LM, the red osteoclasts strained with TRAP were clearly observed on all tested samples (HA and
TCP, OCP). At the incubation periods of 14 days, osteoclasts resorbed the sintered HA disk and
biomimetic coating OCP, a dense and homogeneous plate-like crystal layer formed in PBS on TCP
surface. Obvious pits and active cells, including numerous dorsal membrane ruffles and microvilli,
were clearly observed on the HA and OCP surface, but erosion not resorbing pits was observed on
TCP surface. Small TRAP positive cells created resorption pits of 10-45 um in diameter on these
surfaces, which were morphologically similar to those found in natural bone tissue. Statistically results
indicated that number of TRAP positive cells on HA was significantly greater than OCP and TCP.
These results demonstrated that densely sintered HA and biomimetic coating of OCP were able to be
resorbed by osteoclast derived from bone marrow cell, and the chemical composition had greater effect
on the biodegradation and cell adhesion and proliferation than surface roughness. Without
dexamethasone, the bone marrow stromal cells are able to differentiate into osteoclast and fibroblasts[1].
Although in vitro systems may not reflect normal in vivo conditions accurately, this bone marrow cell
culture model may supply some essential information about biodegradation of calcium phosphates in
vivo.
Reference: 1. J. E. Davies, G. Shapiro, and B. F. Lowenberg, Osteoclastic resorption of calcium
phosphate ceramic thin films, Cells Mater., 3, 245–256 (1993).
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P-6
Shape Control of Hydroxyapatite Crystal Seed and its Effects on the in-situ
Reinforcement of Calcium Phosphate Cement
Huifang Shao1

Changsheng Liu1,2

Yue Huang1

Xuehua Cao1

1 Engineering Research Centre for Biomaterials of Ministry of Education., 2.Key Laboratory for Ultrafine Materials of
Ministry of Education, ECUST , 130, Meilong Road, P.O. Box 112, Shanghai 200237, People’s Republic of China

Introduction: Calcium phosphate cement (CPC) is a mixture of several calcium phosphates. The
combination of high biocompatibility and random molding has enable CPC to become a new
generation material for hard tissue repair. Presently, as for the properties of currently developed CPC,
its mechanical strength is not so high as to be the replacement of heavily loaded parts, especially for
the thighbone femur and tooth.1 This method of reinforcement in-situ for CPC is to make the hydrating
products grow directionally with the final products of hydroxyapatite (HAP).
Materials and methods: Here, chemical precipitation method was taken to prepare HAP crystal
seed.2 The compressive strength (CS) and diametric tensile strength (DTS) were measured at a
crosshead speed of 1mm/min on a computer-controlled Universal Testing Machine (AG-2000A,
Shimadzu Autograph, Shimadzu Co., Ltd., Japan). The solidified specimens after the tests of
mechanical strength were collected and examined by SEM (S-250MKII, Cambridge Co.).
Results and discussion: Different kinds of crystal seed were added into CPC at a percentage of 3% to
make the samples. The final result is shown in the following table. Due to the regulator, the surface
properties of HAP crystal were changed, which was especially obvious for D-sorbital and galactose. It
could be concluded that the addition of D-sorbital could increase the strength most, with the compressive strength of
76.1MPa and the diametric tensile strength of 24.5MPa. The cross section of CPC was observed through SEM.

Conclution: The existence of regulator played an important role in the change of morphology of HAP
and then the strength of the final solidified CPC considerably. The resulted showed that the best result
could be obtained by the addition of 3% HAP crystal seed prepared with the regulator of D-sorbital.
In conclusion, the method of in-situ reinforcement of CPC could be another preferable way to enhance
the mechanic properties of CPC, which would widen the application of CPC.
References
1.
2.

3.

M. Okazaki, “Crystallographic behavior of fluoridated hydroxyapatites containing magnesium and carbonate
ions,” Biomaterials, 12(9), 831-835 (1991.)
W. Dominic, L.K. Joanne, R.H. Brigid, and M. Stephen, “Influence of monosaccharides and related molecules on
the morphology of hydroxyapatite,” J. Cryst. Growth, 133, 1-12 (1993.)

C.Y. Xie, ed. Mechanics and preparation of the additives in concrete, South-west Normal
University Press, Chongqing, 1993
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P-7
Dynamic Rheological Behavior of Injectable Calcium Phosphate Cement
Huifang Shaoa, Changsheng Liua,b, Yue Huanga, Kang Sunc,
a

Engineering Research Centre for Biomaterials of Ministery of Educations,bKey Laboratory for Ultrafine Materials of
Ministry of Education, East China University Science and Technology, Shanghai, China,
c

Department of Polymer Science and Engineering, Shanghai Jiaotong University, Shanghai, China

Introduction: Since the first discovery by Brown and Chow in the 1980’s[1], calcium phosphate
cement (CPC) has played an important role in this field due to its excellent biocompatibility, random
molding and gradual biodegradability. Currently, a big challenge for the application of this material
is to place it exactly close to the defects by methods as invasive as possible, which encourages
researchers to develop injectable calcium phosphate cement (ICPC)[2]. Non-aqueous CPC paste
prepared for delivery by injection can remain unchanged for a sufficiently long time, and will not
harden until the material is injected into the defective parts.
Material and methods: The ICPC powder was composed of two calcium phosphates: tetracalcium
phosphate (TECP) and dicalcium phosphate anhydrous (DCPA). Several types of non-aqueous
solvents were selected as the ICPC liquid phase, including 1,2-propylene glycol, glycerin,
polyethylene glycol-200, polyethylene glycol-300, and polyethylene glycol-40. The rheological
properties were measured using a strain controlled (CR) Rheometrics Fluids Spectrometer (ARES
902-30004, Rheometrics Scientific Co. Ltd. USA).
Results and discussion: In the test of the aqueous ICPC paste, storage modulus G’ was higher than
the loss modulus G” over the whole frequency range, which was called solid-like behavior. As
those non-aqueous solvents were taken as the liquid phase of ICPC, the viscoelasticity and the inner
structure of the material were exactly opposite. It could be found from these spectra that
non-aqueous ICPC showed liquid-like behavior, which would be concluded from the effect that tgδ
was larger than 1. In the system of glycerin-ICPC, the loss peak occurred as the frequency was
25.05rad/s, where the value of tgδ reached 2.381. However, there was no loss peak in all the tested
range for aqueous ICPC.

Conclusion: The combination among particles was relatively weaker in the non-aqueous ICPC
system, which lowered the strength of the network, and increased the feasibility of handling in an
injection method.
References
1. Brown WE, Chow LC (1986). A new calcium phosphate, water-setting cement. In: Cements
Research Progress, Brown PW, editors. Westerville: American Ceramic Society, pp. 352-379.
2. Goncalves S, Brouchet A, Freche M, Rodriguez F, Delisle B, Lacont JL (2000). Formation of an
injectable phosphocalcium cement. Bioceramics, Key Engineering Materials 192(Pt 1): 789-79
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P-8
Creation of Three-Dimensional Finite Element Imitated Model of
Natural Tooth and Implant
Dongke Liang
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Introduction: A key factor for the success or failure of a dental implant is the biomechanical
compatibility[1] Given the biomechanical complexities of dental implants, more detailed information
on the biomechanical aspects of commercially available implants is required if long-term success is to
be achieved through implants[2]. Finite element analysis (FEA) has been viewed as the most suitable
tool for analyzing them. The principal difficulty in simulating the mechanical behavior of dental
implants is the creation of model. There have been many reports about the design of dental implants,
which are different and have even conflicting conclusions, and the models used by different authors
are not same.
Materials and methods: The FEA required the creation of a computer simulated model. The
cross-sectional images of an incisor were scanned by computed tomography (CT) and the distance
between different sections was 0.6mm.The 3D model of the tooth was constructed with the CT image
data by means of a 3D computer software (Pro/engineer200i, Parametric Technology Corp, USA.).
One CDIC implant geometries were evaluated and modeled by the same software. Each part of the
model was divided into local volumes (elements) by a FEA computer software ( Ansys/Mechanical U,
version 5.6.1, ANSYS, Inc, Canonsburg PA, USA.).
Results: The finite element models are shown in Fig.1. The natural tooth was modeled with 98901
nodes and 67276 elements. The tooth root got by cut operation with the tooth was modeled with 93099
nodes and 65561 elements. The implant was modeled with 47578 nodes and 33364 elements.

Fig.1.Finite element models of (a) natural tooth ,(b) tooth root and (c) implant
Conclusions: In order to reduce the disadvantages caused by geometrical simplifications of the models,
the present work aims to creating the three-dimensional finite element imitated models, which are very
similar to the real objects. So the results of stress distribution got later will be much closer to the real
conditions. The finite element model of natural tooth was constructed to be a reference in the
optimization design of implants.
References
1. Yuying Dong, Fusheng Dong. The Development of Biomechanics in Oral Implants. Chinese Journal
of Oral Implantology,1999,4 (1):39
2. M.R. Riger, M.S., Ph.D., et al. Bone Stress Distribution for Three Endosseous Implants. The Journ
al of Prosthetic Dentistry. 1989,61(2):223
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P-9
Influence of Tobramycin on the Applied Properties of Calcium Phosphate Cement
Huang Yue1, Liu Changsheng1,2, Shao Huifang1, Liu Zhuanjun1
1.Engineering Research Centre for Biomaterials of Ministery of Educations,2.Key Laboratory for Materials of Minister
Education, East China University of Science and Technology, Shanghai 200237, P. R. China

Calcium Phosphate Cement (CPC), as a kind of novel biomaterials for repairing bone defects, has
received much attention from material and medical circles because of its high biocompatibility and
self-setting capability, and has become a research focus among current biomaterials. Since CPC is
characterized with mildness during the setting process, we introduce tobramycin, a kind of antibiotics
drugs commonly used for orthopedics, into the material, to provide an efficient solution for not only
the repair but also the treatment of the bone disease in terms of controlled release of the drug.
Although many efforts have been made to the study on the kinetics of drug delivery in the drug-loaded
system, there is still little systematic research in its applied properties.
This paper studies on the applied properties of drug-loaded CPC system, including the setting time,
compressive strength, hydrating products and microstructure analysis. The results show that the
introduction of the drug has no effect on the hydrating products. And with the rise of the content, the
setting time has been delayed, which will bring about some trouble in the operation, so for the clinical
application, the content of tobramycin should be below 5%. In the meanwhile, the compactness of the
solidified body decrease, the pore sizes of the hydrating products increases, and the strength drops
gradually, which is due to the anti-agglomeration among the CPC particles as a result of the existence
of the drug. However, after a week of incubation in the simulated body fluid, the strength of the
material will rise and can reach about 36MPa. The compactness of the microstructure will also
increase, some of which will form acicular hydrating products. This proves that CPC experiences a
process of rehydration in the simulated body fluid, which makes the hydrating products more
compacted.
Table 1 Effects of tobramycin on the compressive strength of CPC
0

3

5

10

A

31.53

30.50

29.36

10.64

B

32.77

35.71

35.60

36.91

Content of tobramycin (wt %)
Compressive strength(MPa)
A

O

37 C, 100％ relative humidity, 24 hours of setting

B 37 OC, 100％ relative humidity, 24 hours of setting and then 7days in simulated body fluid

Fig. Microstructure of CPC containing 5% of tobramycin after release
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Clinical Application of Self-setting Calcium Phosphate Cement with Drug in
The Treatment of Chronic Osteomyelitis of Green-pus-bacillus
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Introduction
Self-setting calcium phosphate cement is ideal delivery scaffold for drugs. In this study, the calcium
phosphate cement was used to investigate the clinical application of CPC-V(calcium phosphate cement
with vancomycin )on chronic osteomyelitis of green-pus-bacillus. Osteomyelitis is a refractory
disease especial for chronic osteomyelitis of green-pus-bacillus.
Methods
The patient is male at 29 older. The right tibia was open comminuted fractures infected by Bacillus
aeruginosus. The skin and parenchyma were also infected by Bacillus aeruginosus. The surface of
2

wound was about 12×5cm wide, and the bone outside was dried. There were a lot of buff pus and
granulation tissue in the bore. The radiological examination showed that there were a long tilted
comminuted fractures of right tibia, part of sequestrum and periosteal reaction. After clearance of focal
infection area, the bone defect filled with 10g of Tobramycin-impregnated CPC and 10g of
Vancomycin-impregnated CPC simultaneously, and part of autofeneous spongiosa, then closured the
surface of wound.
Results
There was no reddish swelling on the wound after operation. There were hemic liquid in the first 5
days from the drainagetube, then turned into buff in the last days. We found that CPC and part of
autofeneous spongiosa coalesced with bone directly when we operated again 15 days later. The
aegrotus left hospital when the wounded area was restituted completely. Few osteotylus were formed 3
months postoperatively and no recurrence was found 12 months postoperatively, CPC coalesced with
bone directly.

Figure [a]-before operation;

[b]-5 months postoperatively;

[c]-12 months postoperatively

Conclusions
This report suggests that by the application of CPC-V, we can control the green-pus-bacillus infection
recurrence efficaciously, and facilitate syphilis after chronic osteomyelitis are cleared away.
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Plane Electron Density Continuity of Ti, Zr, Nb and Ta
LÜ Yupeng1,2, Li Shitong1, Zhu Ruifu1, Li Musen1, Lei Tingquan2
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Introduction::Formation of bone-like apatites on implant surface in osseointegration process has been
documented, and it act as an intermedium connecting implant and bony apatite, but micro-mechanism
leading to the formation of the bone-like apatites has remained a matter of conjecture. The Empirical
Electron Theory of Solid and Molecule(EET) and modified TFD theory give us a key to problems on
interface electron state which affects the bond between implant and bone and we have attained the
satisfied results on the plane electron densities of Ti-6Al-4V and Au-8Pd-10Pt alloys. The aim of the
present study is to achieve a deeper understanding on osseointegration or the bond between bone and
implant through evaluation of plane electron densities of bio- compatible materials Ti, Zr, Nb and Ta.
Materials and methods
TFD theory gave the interface boundary condition requiring the electron densities on adjacent crystal
planes to be continuous. In more detail, the condition is described as covalent electron density to be
continuous, i.e.

[n

( hkl)
c

] [

/ S(hkl) 1 = nc(hkl) / S(hkl)

]

2

where nc(hkl ) is the sum of covalent electron on (hkl) plane, S (hkl ) is the area of (hkl) plane in a
selected cell, and the subscripts 1 and 2 refer to the two adjacent planes. For practical calculations, the
boundary condition is the electron densities on adjacent planes of different phases to be continuous
under the first order approximation. In equation (1), S(hkl) could be worked out by simple geometric
method; for the number of covalent electron, the Bond Length Difference(BLD) method gives the
detailed calculating procedure.
Results and discussion:The calculated results showed that there are two groups of continuous electron
densities, i.e. 15.9013~18.4524nm-2 and 24.8217~26.2491 nm-2 . Because the plane electron density
of bone is not exclusive, the two groups of planes can establish interfaces with continuous densities
with bone. In terms of implant interface, the formation of bone-like apatite often accompanies the
bonding between implants and bone tissue, we can think the formation of bone-like apatite is also the
establishing process of the interface with continuous electron densities.
The calculated results about Ti, Zr, Nb and Ta verified the hypothesis and further demonstrated
the validity of application of EET and TFD theories in research of biomaterials. It was proposed that
the micromechanism of osseointegration is there is or to build the interface with continuous electron
density between implant materials and bone.
1 F. B. Bagambisa, U. Joos and W. Schilli, J. Biomed. Mater. Res. 27(1993): 1047-1055
2 J. Hemmerle, A. Oncag and S. Erturk, J. Biomed. Mater. Res. 36(1997): 418-425
3 W. Q. Yan, T. Nakamura, M. Kobayashi, H. M. Kim, F. Miyaji and T. Kokubo, J. Biomed. Mater.
Res. 37(1997): 267-275
4 S. D. Cook, K. A. Thomas and J. E. Dalton et al, J. Biomed. Mater. Res. 26(1992): 989-1001
5 Y. P. LÜ, R. F. Zhu, T. Q. Lei, Trans. Nonferrous. Met. Soc. China, 10(2000): 232-234
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Adsorption of Protein on Biomedical Carbonaceous Materials
Li Bogang, Yin Guangfu, Kang Yunqing, Zheng Changqiong, He Xinting
College of Materials Science and Engineering, Sichuan University, Chengdu 610065

Introduction
In recent years, carbonaceous materials used for artificial mechanical heart valve have been paid
attention, example for practically used low temperature isotropic carbon (LTIC) and diamond like
carbon (DLC) in studing.
Investigation in the past showed that plasma proteins are first adsorpted on the surface of a biomedical
material when it was contacted with blood, the major plasma protein is albumin (Alb), fibrinogen (Fig)
and immunogloblin (IgG). It will control platelet adhering and thrombosis following the protein
adsorption: adsorption of Alb will improve hemocompatibility of the material surface, but adsorption
of Fig. will promote coagulation of blood. Therefore, the study on protein adsorption on biomedical
material surface is very important for understanding its hemocompatibility and its mechanism.
Materials and methods
In the present paper, the adsorption of Fig, Alb and IgG on surfaces of DLC/Ti6Al4V prepared by the
plasma. Source ion implantation-ion beam enhanced deposition (PSII-IBED), diamond film (DF)/
monocrystalline silicon and graphite has been studied. The analysis was conducted by radioactive
isotope125 I labelling method. The adsorption kinetics, isotherms adsorption of single component
protein solution and the competitive adsorption of binary system have been investigated. Results
showed that (1) the adsorptive amounts of three protein on three material surfaces increase with
increasing adsorption time, then the adsorption curves flat. The time reaching the adsorption flatness
of DLC and DF is far less than graphite, and so is the saturated adsorptive amounts; (2) the adsorption
amounts of three protein on three material surfaces increase with increasing concentration of protein
solution. The adsorption curves of protein on both
Results and discussion
DLC and DF appear adsorption flatness, but do not for graphite in the experimental range. The
adsorptive amounts of three protein on graphite is larger than that on DLC and DF; (3)When the
concentration of protein is 0.4mg/ml, the saturated adsorptive amounts of Alb on DLC (mg/m2, 7.11±
0.20) is more than that on DF (4.72±0.00). But the adsorption of Fig on DLC(6.50±0.20) is less than
that on DF (12.22±0.56). The adsorptive amounts of Alb on DLC is more than that of Fig on DLC, on
the contrary for DF and graphite, the adsorptive amounts of Fig are apparently more than that of Alb;
(4)the relative competitive adsorption ability of three protein on DF and graphite surfaces is Fig＞IgG
＞Alb, but on DLC is Fig≈Alb＞IgG, compared with Alb, There is no apparently competitive
adsorption superiority on DLC for Fig.
These results indicated that there is no apparent distinction of the adsorption of three protein on DLC,
thus, the hemocompatibility of DLC is good. But the adsorption of Fig on DF and graphite takes
precedence in varying degrees, it results in the bemocompatibility of DF and graphite worse. It is
identical with the result of hemocompatibility tests in vitro for three materials.
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An Investigation of Bio-tribological Performance of DLC film/Ti6Al4V Gradient
Material and Its Effects on Hemocompatibility
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Introduction
The Ti6Al4V alloy has been widely used as artificial joint for its low modulus, high specific strength
and superior fatigue resistance. However, the Ti6Al4V alloy surfaces are susceptible to oxidative wear
caused by repetitive disruption of passive oxide films and subsequent reoxidation of the exposed metal
surface. As a result, the hard oxide wear debris released into the local joint environment causes
biological reaction and disfunction of joint. Since the hemocompatibility of bio-medical material is
closely related to its surface structure and roughness, it is expected that the hemocompatibility will
change with surface state.
The DLC film/Ti6Al4V gradient material prepared by means of Plasma Source Ion Implantation-Ion
Beam Enhanced Deposition (PSII-IBED) possesses good adhesion, low internal stress and high
hardness; it has been regarded as a kind of potential artificial joint and cordial valve material.
The purpose of this study is to investigate the tribological behavior of DLC film/Ti6Al4V gradient
material prepared by PSII-IBED method sliding against UHMWPE couple and also its stability of
hemocompatibility before and after the tribological test. For comparison, the Ti6Al4V alloy sliding
against UHMWPE is also evaluated.
Methods
Biotribological tests of those couples were performed on a SRV friction and wear tester by means of
surface-surface configuration where a 200 N load was applied to the system (thus, the nominal stress
about 2.55 MPa) and the frequency was 40 Hz, amplitude 1 mm, sliding distance 2 000 m and
temperature 310 K. The tests were performed under dry sliding and lubrication of Hank’s solution and
0.9% NaCl solution respectively and coefficients of friction were recorded in situ.
The platelet consumption ratio of DLC film/Ti6Al4V gradient material and Ti6Al4V alloy has been
measured respectively to investigate the stability of hemocompatibility of those materials. To improve
the accuracy, the computer image analysis method was applied to count platelet.
Results
It was found that the friction coefficients of DLC film/Ti6Al4V gradient material reduced evidently.
They reduced 24%, 5.0%, 10% than these of Ti6Al4V under dry sliding and lubrication of Hank’s
solution and 0.9% NaCl solution respectively. It was observed that DLC film/Ti6Al4V gradient
material can also reduce wear rates both of DLC film and UHMWPE significantly, the wear rates of
DLC film were about half of those of Ti6Al4V under the same condition.
It was measured that the platelet consumption ratio of DLC film/Ti6Al4V gradient material increased
slightly from 28.2% to 29.5% after sliding test under lubrication of hank’s solution, and scanning
electron micrograph showed that its surface almost had no changes. In comparison, the platelet
consumption ratio of Ti6Al4V increased significantly from 27.4% to 41.0%, and its surface had been
heavily scratched.
Conclusions
The DLC film/Ti6Al4V gradient material has low friction coefficient and good wear resistance, which
can be attributed to its high hardness, dense surface structure, good adhesion and chemically inert
characteristics. And it also can reduce the wear of UHMWPE as a couple.
The hemocompatibility of DLC film/Ti6Al4V has a good stability under long-distance sliding test,
which may be attributed to its chemically and mechanically stable surface structure.
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P-14
Biomimetic Coatings that can be Boneinductive.
Klaas de Groot
IsoTis NV, P.O.Box 98, 3720 AB Bilthoven, The Netherlands

The biomimetic route allows the homogeneous deposition of CaP coatings on and even within porous
implants. These porous implants ensure a better fixation of prostheseis to bone. In addition, various
CaP phases, which are solely stable at low temperature, can be deposited by using biomimetics. First,
octacalcium phosphate (OCP) was applied on porous and dense samples by immersion in
supersaturated CaP solutions. OCP coated and non-coated devices were thereafter implanted in the
muscle of goats for several times. Second OCP and bonelike carbonated apatite (BCA) coating were
applied on porous samples, which samples were inserted in a bony environment. It appeared that OCP
coated porous implants could induce ectopic bone, within the pores and confined to the pore area. This
suggests that confinement in some way is an important factor for boneinduction. Possibly, a critical
free Ca level may be maintained in the confined sites, triggering cell differentiation into boneforming
cells. This is in contrast with BCA coated porous samples, that did not show boneformation,
suggesting a higher osteoinductive potential of OCP coatings as compared with BCA coatings.
Obviously, not only the confinement plays an important role but also the physico-chemical nature and
composition of the CaP based material.
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P-15
Negatively Charged Silk Fibroin: Characteration, Bloodcompatibility and
Biocompatibility towards Human Endothelial Cells
Xinlin Yang, Jinwei Gu, Liyong Wang, Hesun Zhu
Research Center of Materials Science, Beijing Institute of Technology, P.O. Box 327, Beijing 100081, P. R. China,
E-mail: xlyang@bit.edu.cn

Introduction
The surface-induced thrombosis has been a great obstacle for the usage of vascular grafts, especially
small diameter ones (ID≤4 mm). Therefore the search for a nonthrombogenic material continues to be
a field of extensive investigation. This material would be more advantageous if it can simultaneously
promote the growth of human endothelial cells (HECs). Silk fibroin from Bombyx mori forms a
well-known and excellent fiber for clothing fabrics. Recently, it has been found potential application in
biomedical fields such as enzyme immobilization, oxygen permeable membranes, drug permeable
films and matrix for mammalian cell culture [1]. The purpose of this study was to examine whether its
bloodcompatibility and its biocompatibility towards HECs could be improved after being negatively
charged.
Materials and methods
Fibroin proteins were separated from commercial Bombyx mori silk and made form a film. A
specifically designed apparatus was used to accomplish the corona charging process. Surface potential
was measured with a SD-8303 surface potential meter. The influences of storage conditions
(temperature, moisture and medium) on charged materials were investigated by using surface potential
as an index [2]. Surface properties were characterized by means of ATR-FTIR analysis and XPS
analysis. The bloodcompatibility was preliminarily evaluated by the coagulation time assays
(including PT, APTT and TT) of the human blood plasma incubated with silk fibroin [3]. The cell
growth was determined by a MTT assay [4].
Results and discussion
The increase of storage temperature and moisture could accelerate the declining course of surface
potential of the charged silk fibroin. Results of surface characterization revealed that the secondary
structure transformation from irregular loops to beta folds and surface oxidation took place after the
silk fibroin was charged negatively. Coagulation time assays showed APTT and TT of human blood
plasma were significantly increased when incubated with charged silk fibroin, in comparison to the
control. Cell culture experiments demonstrated silk fibroin had good biocompatibility towards HECs,
and HECs on the substratum of negatively charged silk fibroin proliferated obviously faster than on the
untreated.
Conclusions
Negatively charging treatment may improve the bloodcompatibility and biocompatibility of silk
fibroin, possibly via changing its chemical structure. Negatively charged silk fibroin may have
potential in use as a nonthrombogenic material.
References
[1] Gu JW, Yang XL, Zhu HS. Materials Review 2001;15:46-48
[2] Yang XL, Li BS,Gu JW,Sun S,Zhu HS. Proceedings of 20th Annual International Conference of
the IEEE Engineering in Medicine and Biology Society 1998;20:2970-2973
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- 137 -

Proceeding of GRIBOI 2002-March 14-17, Shanghai, China

P-16
Assembled Core-shell Monodispersed Magnetic Silica Microspheres for
Bio-separations
Yihua Zhu, Hong Da, Xioaling Yang
Key Laboratory for Ultrafine Materials of Ministry of Education, East China University of Science and Technology,
Shanghai 200237, China

Introduction
Magnetic microspheres have become increasingly important because of their widespread used in fields
such as biotechnology, for example, in bio-separation, immunoassays, and enzyme immobilization.
More recently, silica magnetic microspheres have been investigated for separation of nucleic acid,
enzyme immobilization and ultrasonic echography, etc. due to their better stability. Silica magnetic
microspheres can be fabricated by coating the surface of silica microspheres with magnetite by ferrite
plating or by sonochemical deposition of Fe(CO)5. However, magnetic nanoparticles are not adhered
uniformly to the surface of the microspheres, where some of the nanoparticles remain as individual
clusters rather than adhering to a silica microsphere.
Materials and methods
In this paper, we provide a detailed investigation on the layer-by-layer alternate assembly of magnetite
nanoparticle and polyelectrolyte onto silica microspheres to form magnetic core-shell microspheres,
where the shell consists of Fe3O4/Poly(diallyldimethylammonium chloride) (PDADMAC) multilayers
and colloidal core is silica microsphere. The multilayer buildup is characterized by using Transmission
electron microscopy (TEM) and ζ-potential analysis. The introduction of a magnetic function to
monodispersed silica microspheres provides particles which are of importance in bioseparations.
Results and discussion
A new type of core-shell monodispersed magnetic silica microspheres was obtained and demonstrated
by the layer-by-layer alternate assembly of magnetite nanoparticle and polyelectrolyte onto silica
microspheres, where the shell consists of Fe3O4/PDADMAC multilayers and colloidal core was silica
microsphere. ζ-potentials and TEM measurements showed that magnetite nanoparticles and
polyelectrolyte were oppositely charged result in ζ-potentials reversal with deposition of each layer
whether nanoparticles or polyelectrolyte during assembling process, meanwhile the Fe3O4/PDADMAC
layer pair thickness increased linearly with layer number and the average Fe3O4/PDADMAC layer pair
thickness was between 31 and 43 nm. The core-shell monodispersed magnetic silica microspheres
covered with silica nanoparticles provided a rapid and simple method for isolation and purification of
nucleic acid from crude samples.
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P-17
Hematopoietic Stem/Progenitor Cell Expansion from Umbilical Cord Blood
CD34+ Selected Cells and MNC
Wang Bin, Kang Zizhen, Chi Zhanyou, Tan Wensong
The State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology, 130
Meilong Road, Shanghai 200237, P. R. China

Introduction
The transplantation of umbilical cord blood derived progenitor cells is becoming an attractive
alternative to allogeneic peripheral blood or bone marrow transplantation. For in vitro studies, CD34+
cell selection and mononuclear cell fraction (MNC) can all be used to expand hematopoietic
stem/progenitor cell. But which method is more advantageous is unclear.
Methods
To investigate the expansion characteristics of mononuclear cells (MNC) and CD34+ selected cells the
two

cell

fractions

were

cultured

in

the

medium

containing

cytokine

cocktails

of

SCF+IL-3+IL-6+FL+Tpo and 20% FBS. The half-dilution method was employed in this experiment.
The MNCs were cultured for 4 weeks and the CD34+ cells were cultivated for 8 weeks.
Results and discussion
It was found that the CD34+ selected cells presented a high proliferation potential. The expansion of
CD34+ selected cells could be maintained for 8 weeks while that of MNCs declined only after 3 weeks.
Furthermore, the cell number proliferation of CD34+ selected cells was much higher than MNC.
Within the culture period，the maximum fold expansion of total cells in CD34+ selected cell cultures
achieved 31270.9+8640.5，while that of MNC reached to 50.9+8.2 only. In the cultures of MNC cells，
from day 0 to day 7，the CFU-GM and BFU-E density increased from 343.5+146.6/105cells and
103.2+28.5/105cells to 1015.9+273.6/105cells and 175.1+156.6/105cells individually ， and the
proportion of CD34+ cells increased from 1.09+0.36％ to 3.14+1.91％. However，in the cultures of
CD34+ selected cells，both the colony density and the proportion of CD34+ cells monotonically
declined with the culture time. During the cultures of both cell fractions, the proportion of CFU-GM vs.
BFU-E increased continuously. The results showed that the CD34+ selected cells could lead to more
colony-forming cells and CD34+ cells during the whole culture period.
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Drug Release Kinetics of α-Tricalcium Phosphate Cement
Containing Tetracycline Hydrochloride*
Song Zhiguo, Zhou Dali,Yin Guangfu, ,Zhang Zhao ,Zheng Changqiong
College of Material Science and Engineering, Sichuan University, Chengdu, 610065,China

It has been confirmed that self-setting calcium phosphate cement has a high biocompatibility with
human bone and sets in situ, which is used for bone defect and may also be used as delivery systems
for bio-active agents. The aim of this present study is to investigate drug release kinetics of α
-tricalcium phosphate (TCP)cement containing tetracycline hydrochloride(TTCH) ,which is
beneficial to osteogenesis.
CO32- is one of components of bone and is helpful for forming bone-like resulting in closer bonding
with bone. α-TCP cement powder consisting of CO32- was prepared by a new wet-chemical method.
CaCO3 suspension as starting materials calcium reacted with H3PO4 solution ,coated with precipitate
having Ca/P ratio of 1.5 was obtained .Then the precipitate was heated at 1300℃ for two hours,
quenched in air to obtainα-TCP powder containing CO32- .The powder was mixed with aqueous
solution of 0.125MNa2HPO4/0.125M NaH2PO4 (L/P=0.32) and added TTCH(0.75, 1.5 ,3%, 4.5wt%
in the powder ) to obtain α-TCP cement containing TTCH .Setting time of the cement was tested
by Gilmore needles at 37℃.Two kinds of cement samples were prepared : D1(φ4x8mm) for
measuring compressive strength ,D2(φ12x3mm) for studying release of TTCH. The cement
samples were stored under 37℃ and 100% relative humidity for 24 h.. Each cement disc of samples
D2 was immersed separately in 100 ml of physiological sailine at 37℃. The amounts of released
TTCH were determined at 276nm, using a UV-754 spectrophotometer at pre-determined intervals.
Effects of the content of TTCH on compressive strength(C) and final setting time(Ft) of cement are
shown in Table.1.It is shown that addition of TTCH delays setting time a little and decreases
compressive strength of the cement.
Table 1. Setting time and compressive strength of cement containing tetracycline hydrochloride.
TTCP (wt%)
0
0.75
1.50
3.00
4.50
Ft
C

(min)
(MPa)

14.0
31.5

14.8
29.3

15.9
24.0

16.5
22.4

17.0
21.8

16

16

14

14

12

12

10

4.50wt%

8

3.00wt%
1.50wt%

6

0.75wt%

4
2

Amount of TTCH
-2
released( μgx10 )

Amount of TTCH
released(μgx10-2 )

Figure 1 and 2 show cumulative amounts of TTCH released from cement for two weeks. It is clear
indication that the amounts of TTCH release from the cement increase with increasing TTCH
concentration in the cement powder, and TTCH is released according to a square-root-of-time
kinetic equation: M=A+Kt1/2. It shows that TTCH release from cement is controlled by drug
diffusion in the cavities of cement.
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Spin-coating Sol-gel Bioactivity Glass on Ti-alloy Substrate
Fangping Chen1

Xiaofeng Chen2

Yingjun Wang2

1.Engineering Research Centre for Biomaterial of Ministery of Educations, East China University of Science and
Technology, Shanghai 200237, P. R. China
2 Material colleges, South China University of Technology, Guangzhou 510640,P.R.China

Introduction
Spin-coating is an effective method to make coating composite materials when the coating materials
are in liquid or in colloid form. In this work, we make an attempt to use spin-coating method to make
sol-gel derived bioactive glass on Ti-alloy substrate.
Spin coating is a technology that utilizes centrifugal forces created by a spinning substrate to spread a
coating solution evenly over a surface. If a liquid solution is placed in the center of the sample and the
sample spins at a given speed and time, the centrifugal forces will cause the liquid to spread evenly to
control the amount of coverage of the actual coating solution.
Materials and method
Sol 58S having a certain viscosity and Ti-6Al-4V alloy were selected as the coating solution and
substrate respectively. The diameter of substrate is 12.6mm. According to the predetermining spin
condition, 58S was spin-coated on Ti-alloy substrate, taking the center as starting point. After dried in
ordinary temperature, Samples were proceeded heat treatment under given term. The surface
microstructure and cross-section morphology of the composite materials were observed by SEM
method.
Result and conclusion
The result showed that the surface structure of composite materials spin-coated 58S was denser and
crystallization was more obvious (Figure1, 2). The transition between the coating and substrate is
smooth.

Figure1 surface microstructure of sample

Figure2 cross-section morphology of sample

No delamination was observed. This work indicated that spin-coating method could be considered as
a promising process to develop bioactive coating materials.
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P-20
Generation of Dendritic Cells from Cord Blood Mononuclear Cells

Xu Li, Kang Zi-Zhen, Cai Hai-Bo, Tan Wen-Song
State Key Laboratory of Bioreactor Engineering,
East China University of Science and Technology, Shanghai 200237，Chin

Introduction
Recent insights into immune system have fostered a better appreciation of the role of specialized
antigen-presenting cells termed dendritic cells. Dendritic cell (DC)is the most important
antigen-presenting cell and the only cell can induction primary T cell reaction. As DC circulate in the
blood in very small numbers, to proliferate DC from cord blood or peripheral blood is important in the
investigation and clinical use of it.

Materials and methods
Mononuclear cells were isolated from umbilical cord blood and cultured with cytokines of GM-CSF、
TNF-α、IL-3、IL-4.The cells were harvested after 14 days culture and detected for phenotypic
(CD1a)by FACS. To investigate the maturation of DC ,the phenotypic (CD83 and HLA-DR) were
detected by FACS in late period of the culture supplemented with LPS.

Results
Cord blood mononuclear cells were able to be induced into DCs in the culture system investigated,
and the CD1a+ cells were found to reach (36.79±3.15)%.LPS significantly improved the CD83+ and
HLA-DR+ cells from （0.57±0.56）% and (40.27±6.33)% to （32.79±12.90）% and（95.52±
3.45）% ,respectively.

Conclusion
Cord blood mononuclear cells can be used as an alteration source to produce DC by special
combination of cytokines.
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Influence of the Compound Additives on Performances
of Magnesium Phosphate Bone Cement
Wei Gai1，Changsheng Liu1,2，Xiaozhi Wang1
1.Engineering Research Centre for Biomaterials of Ministery of Education, 2.Key Laboratory for Ultrafine
Materials of Ministry of Education, ECUST, Shanghai200237, China

Introduction
Magnesium phosphate bone cement has been found to possess unique hydraulic properties, in
particular, a controlled rapid set and high early-strength, which redeem appropriately the deficiency of
calcium phosphate bone cement. In addition, its glutinosity and biocompatible are excellent. All these
enable it to be a promising biomaterial in the treatment of unstable facture.
The article discussed the functions of the compound additives in setting liquid. The water-proof
mechanism was analyzed in detail.
Materials and methods
In the study, the solids were composed of magnesia, phosphate and retarder. The compound additives
were added into the setting liquid.
Mix the solid with the setting liquid adequately, put a glass tube with the setting body in a small
beaker with 20 milliliter of deionic water, adjust the culture oven to 37oC. The beaker was in it for 2
hours, then took out. The weight of powder in the deionic water is equal to the weight loss of the
setting body.
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Result and conclusion
The experiments showed that the addition of Silicasol and cellulose in setting liquid could improve
water-proof property of MPC in SBF. Compared with cellulose, the concentration of Silicasol
compound in setting liquid had a more evident effect on the weight loss and early compressive
strength of MPC. Moreover the compound additive had little influence on the reaction product and its
crystallization according to XRD diagrams. The dominant product was struvite, one of the
biominerals in human body. Small amount of dittmarite and unreacted magnesia also exist in the
product system.
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Fig.2 Plot showing early compresssive strength of MPC
for various concentrations of silicasol in setting liquid
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Study on the Bone-Formation Rate of Ca-P System Bioceramics
at Repairing Bone Defects
Yuhua Yan

Fang Fang

Honglian Dai

Shipu Li

Biologic Center, Wuhan University of Technology
WuHan Luoshi Road 122, HuBei, 430070, China

Introductions
β-TCP ceramics have been regarded as an excellent biodegradational materials by the biomedical
engineering field recently, for their similarity with inorganic elements in skeleton and superior
capabilities of biodegradation, non-poisonous, none-side effect, etc.. In physiological environment,β
-TCP can be decomposed or absorbed, inducing the growth of bone and displaced by new bone tissue.
Meanwhile partial β-TCP are inversed into a part of host bone and the others are discharged in vitro
through metabolic system. For the sake of probing the bone-formation rate of β-TCP materials at
repairing bone defects deeply, some certain work has been done in this paper.
Material and methods
Forty-two rabbits were randomly divided into two groups—control groups and experimental groups.
Making artificiallyφ5mm×7mm osteo-caverns in every rabbits’ femoral condyles, Ca-P system
bioceramics cylinders were respectively implanted into them in experimental groups. Three rabbits of
each group were killed every month. Tetracycline labeled surfaces and osteoid surfaces the first time
14 days before the rabbits were killed, injecting into venae auricularis posterior, and labeled them the
second time after 7 days. To sample, take non-decalcify sections, observe gold yellow double-labeling
lines by fluorescence microscope and image analysis system measure morpho-metrology of
non-decalcify sections.
Results
Detecting kinetic parameters of experimental groups: mineral appositional rate. Detecting dates
represent that the tetracycline labeled surfaces and bone formation rate were increased compared with
those in control group, and decreased month by month. Thus shows that new bones grew up actively
and new bone formation rate was slower and slower.
Conclusion
When the materials are implanted, the crystals are divided into micropaticles, molecules and ions due
to acid metabolin and acid hydrolyst, local weak environment. The porous structure of β-TCP
ceramics make body fluid infiltrate deep easily in materials and micrangium grow in it, so solution
process generally occurs. At the same time, the degraded products of β-TCP are able to take part in
the normal metabolism of body, and ion Ca degraded can be reused to form new bone actively, the
bone formation rate is relatively higher than that in normal conditions.
Acknowledgment
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Plasma Surface Modification of Medical Polyurethane for Antithrombogenicity
J. Wang1, N. Huang1, Q. L. Liu1, S. Hong1, P, Yang1, Z. B. Yang2, Y. Leng3,
1
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Mechanical Engineering, Hong Kong University of Science and Technology, Clear Water Bay, Kowloon, Hong Kong,
China

Polyurethane (PU) films were treated by argon plasma discharge followed by polyethylene glycol
(PEG) grafting (PU-PEG), heparin immobilizing (PU-Hep) and PEG grafting and heparin
immobilizing (PU-PEG-Hep). The surface properties were characterized by means of contact angle
measurement, X-ray photoelectron spectroscopy (XPS) and attenuated total reflection Fourier
transform infrared spectroscopy (ATR-FTIR). The result showed that the chains of PEG and heparin
were grafted on the surface of PU. The contact angle of water decreases from the original 79.2o to
27.2o.

The result revealed that water-soluble polymer chains improved water wettability.

Interactions between the surface-modified PUs and blood components such as plasma protein and
platelets were investigated to evaluate the blood compatibility of the samples. The experimental of
platelet contacting activation indicated that the PU-PEG-Hep induced less extent of platelet contacting
activation. Activated partial thromboplastin time (APTT) of the PU-PEG-Hep and the PU-Hep were
significantly longer than those of the PU, PU-PEG. Moreover, the result of scanning electron
microscopy (SEM) and optical microscopy indicated that the numbers of adhered, aggregated and
morphologically changed platelets were significantly reduced by PEG and heparin grafted onto PU
films.

The improvement of its blood compatibility after grafted with PEG and heparin was

explained on theory.

This work was financially supported by NSFC 39870199 , 102-12-09-01, and NSFC 39830120 and
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A New Technology Preparing BG/HA Graded Coating on Titanium Alloy
by Electrophoresis Codeposition
Chen Xiaoming, Xu Chuanbo, He jianhua, Jiao Yuheng
Biomedical Materials and Engineering Research Center, Wuhan University of Technology,
Wuhan, China, 430070,

Introduction: The use of hydroxyapatite coatings on metal titanium and its alloys to improve
osteo-integration and tissue bonding has been employed for many years. These coatings are applied
using several techniques, including plasma, flame spraying, chemical surface treatment, sol-gel route
and so on. The use of plasma-sprayed coatings on dental implants has resulted in good clinical
success in a short time. However, the coating layer is often found to become detached from metal
implants after a long period of using, while bone tissue still bonds to the coating layer. Therefore, the
stability and fixation of these HA coatings in orthopedic load-bearing applications remain
questionable. It is generally believed that the reason that causes above mentioned question is that the
density of the plasma-sprayed coatings on titanium alloy is low and there is high residual stress in the
HA coatings and the interface between the coating and metal substrate. In this paper, a bioactive
BG/HA graded coating on Ti6Al4V has been prepared by a new method, that is electrophoresis
codeposition (EPCD) and sintering technology, for solving above mentioned problems.
Materials and methods: By the way of adjusting composition of the bioactive glass (BG), a kind of
Na2O-CaO- SiO2-P2O5-B2O3-TiO2-CaF2 system BG with a thermal expanding coefficient near that of
the Ti6Al4V substrate has been developed. The BG was ground by the ball mill. The HA powder was
prepared by the metathesis method. The reaction is as follows，
10Ca(OH)2+6H3PO4→Ca10(PO4)6(OH)2+18H2O
The BG powder and HA powder were dispersed into acetic acid. It was found that both BG particles
and HA particles took positive charges in acetic acid. The two particles could be deposited on the
positive electrode of titanium alloy by electrophoresis deposition. But HA particles are easier to be
deposited than BG particles. A special and simple apparatus has been designed to deposit BG/HA
graded coating on Ti6Al4V poles. Then the graded coating specimens were sintered at relatively low
temperature (720～740℃) by fast sintering process.
Results: The linear expansion coefficients of the Ti6Al4V alloy and the BG were tested by
dilatometer. It is found that the linear expansion coefficient of the BG is close to that of Ti6Al4V alloy.
The structure of the cross section of the coating was observed with SEM and the element distribution
on the cross section of the coating was analyzed by EPMA. The results indicate that the coating is
definite graded coating. Adhesive strength of the coating on the Ti6Al4V alloy substrate was tested by
the gluing and tensioning method. The adhesive strength was above 25MPa.
Conclusions: (1). Using EPCD process the coating with composition and structure gradient can be
obtained by adjusting composition of the suspension bath, deposition voltage and depositon time.(2).
Using EPCD process, the thickness and composition of the coating can be controlled easily.(3) The
sintering temperature is low and the sintering time is short, so that excessive oxidation and damping
of mechanical strength of titanium alloy were avoided. (4). The graded coating prepared by above
mentioned method has high adhesion strength with Ti6Al4V. The bottom of the coating is the melted
BG, which can prevent the body fluid from corroding the interface between the coating and the
titanium alloy substrate. The adhesion between the BG and HA is good.
- 146 -

Proceeding of GRIBOI 2002-March 14-17, Shanghai, China

P-25
The Long-term Tissue Reaction of Biodegradable Poly-L-lactide (PLLA)
in Epiphysis of Rabbits
Wang Li, Dai Kerong, Tang Tingting
Department of orthopaedics, Shanghai nineth people’s hospital, Shanghai second medical university, Shanghai, 200011.
China

Introduction: Poly-L-lactide (PLLA) is one of the major biodegradable materials in bone fixation and
bone tissue engineering, but the full effects of its final degradation productions on the surrounding
tissue are not known. Because PLLA is usually used around or in the articular joint, the knowledge
about its tissue reaction, especially the long-term reaction, in the cancellous bone and cartilaginous is
very important for its clinical usage.
Methods: The SC-PLLA pins, which were developed by the authors using so-called solid-state
compression process (SC) to gain high strength PLLA for bone internal fixation, were cylindrical and
measured 3.2 mm in transverse diameter. The initial viscosity average molecular weight of the
polymer was 160,000. One of them was inserted in the femoral distal epiphysis of one leg and the
contraposition did not have surgical operation to be used as control. After follow-up times of 4, 8, 12,
24, 36, 48 and 72 weeks, the specimens were examined by histomorphometric and transmission
electron microscopic methods.
Results: For the cancellous bone of the epiphysis. At 4 weeks of post-implantation, the PLLA pins
were enclosed by a lot of immature, new bone. The trabecula arrayed irregularly. After 8 weeks, the
bone were almost matured, and remolded longitudinally around the rods. The thick of the bone capsule
reached its maximum at 12 weeks after implantation. They were lamellar bones parallelly arraying the
PLLA rods. At late time of the studies, it could be seen that the debris, varying in size and shape, were
phogacited by the macrophages. It could be detected that there were a varying thickness fibrous tissue
forming between the new bone and the rods in the whole period of the studies. For the articular
cartilage of the epiphysis. There was reparative tissue along the curcular margin of the entrance of the
pins. It was composed of undifferentiated mesenchymal tissue, which showed direct bonding to the
preexisting articular cartilage but its thickness did not exceed 50% of that of the normal cartilage in
any of the specimens. As to the subchondral bone, the tissue-implant boundary was distinct in both 36
and 48 weeks specimens with no indication of surface erosion and commencing degradation of the
implant at the interface. But at 72 weeks after implantation, the pins were broken down into small
debris. There were no osteolytic changes in the trabecular bone surrounding the implant channels. The
presence of the implants seemed to have no significant influence on the bone turnover dynamics and
trabecular architecture of the peripheral parts of the destal femur.
Conclusion: The early tissue reactions after PLLA pins implantation were the inflammatory reactions
and remolding processes to the surgical injuries. With the implantation times prolonging, the tissue
reactions decreased, which could be rendered as mild foreign-body reaction. In the whole studies, it
could not be seen the severe inflammatory reaction. The SC-PLLA had good tissue compatibility, and
it was sufficient as the material using in epiphysis.
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Introduction
Hydroxyapatite (Ca10(PO4)6(OH)2, HA) has been widely used as a bone replacement material in
restorative dental and orthopedic implants, due to its similar chemical and crystallographic structure to
that of bone mineral. But one of its primary restrictions on clinical use as load-bearing implants is its
poor mechanical property. On the other hand, mechanical properties of titanium and its alloys are good
enough for load-bearing parts, but their biocompatibility are much worse than that of calcium
phosphate ceramics. Therefore, a good combination of the bioactivity of hydroxyapatite and the
favorable mechanical properties of metals is considered as a promising approach to fabricating more
perfect biomedical materials for load-bearing applications. Traditionally, hydroxyapatite was used as a
coating material on titanium substrate by various techniques.
Methods
In the present paper, Ti-HA biocomposites with different original titanium contents were fabricated by
powder metallurgy method. In vitro and in vivo biological behavior of the composites were examined
in simulated body fluid and living animal body, respectively. Effect of phase composition on in vitro
and in vivo biological behavior of the biocomposites was investigated.
Results
XRD results show that severe reactions between Ti and HA have occurred in the composites during the
sintering process at 1200℃. The phase composition of the composite with lower original Ti content is
CaTiO3, CaO and a TiP-like phase. With the increase of original Ti content, the phase composition of
the composite changes into α-Ti, Ti2O, CaTiO3, CaO and TiP-like phase. With the further increase of
original Ti content, the main phase of the composite is only α-Ti. But combined with TEM analysis,
CaTiO3, CaO and TiP-like phase are also observed in the composite, and it is also found that some
oxygen atoms are soluted in the crystal lattice of titanium. A bone-like apatite layer has formed on the
surfaces of the composites with higher original Ti content when they were immersed in the SBF for
one week. They also could form a chemical bone-bonding with living bone. Whereas, no apatite forms
on the surfaces of the composite with lower original Ti content and pure Ti even after two-week
immersion in the SBF. Relatively, their in vivo bioactivity is weaker.
Conclusion
Ti2O is mainly responsible to the bioactivity of the composites, and CaO may also contribute to its
bioactivity.
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The Effect of Monomer/Polymer Ratio on the
Mechanical Properties of TCP-PMMA Cement
Shang Xi-fu, Dai Ke-rong, Tang Ting-ting
Department of Orthopaedics, Ninth People’s Hospital,
Shanghai Second Medical University, Shanghai, P. R. China

Introduction: In percutaneous vertebroplasty, the decrease of viscosity of bone cement through
alteration of monomer/powder ratio may result in longer working time and better operability. However,
this may lead to some changes in the mechanical properties of bone cement. The present study is
meant to investigate the effect of the alteration of monomer/powder ratio on the compressive strength
and stiffness of bone cement.
Method: Cylindrical test specimens of 6mm diameter and 12mm length with monomer/powder ratios
of 0.5ml/g (recommended by manufacturer), and of 0.53, 0 55, 0.58, & 0.6ml/g (test ratios) are used.
Their compressive strength and Young’s modulus are determined with a material testing machine.
Results: See Table 1. The alteration of monomer/powder ratio, up to 0.6ml/g, has been shown to
affect the mechanical properties in some degree, but the effect is statistically significant only when the
ratio exceeds 0.58ml/g.
Conclusion: To some extent the alteration of monomer/powder ratio does not affect the mechanical
properties of bone cement, while the improvement of operability and interlocking of bone cement and
cancellous bone is expected.
Table 1

Ratio

0.50
0.53
0.55
0.58
0.60

Mechanical properties and monomer/polymer ratio

Compressive strength
(Mpa)
94.4
93.5
96.2
87.3
72.2

Young’s modulus
(Gpa)
2.1
1.9
1.8
1.6
1.3
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The Effect of Ca-P Ceramic Crystallinity on Heterotopic Osteogensis

P-28

Shuxin Qu 1, Hongsong Fan 1, Xia Guo 2, Jack CY Cheng 2, Xingdong Zhang 1
Engineering Research Center in Biomaterials, Sichuan University, Chengdu, China
2
Department of Orthopaedics and Traumatology, Chinese University of Hong Kong, Hong Kong, China
1

Introduction:The ideal bone graft should exhibit osteogenic properties which should actively
stimulate the differentiation of mesenchymal stem cells into active osteoblasts and induced new bone
formation finally. Calcium phosphate ceramics have been investigated mostly as bone grafts since they
are the major component of bone and dentin. Ca-P ceramics are prepared by sintered the green body
more than 1000℃, which would result in the different crystallinity from that of natural bone. The
crystallinity of Ca-P would effect on the cascade behavior of Ca-P in vivo strongly. In our present
study, various Ca-P ceramics sintered at different temperature have been implanted in the muscle of
dogs. The histological method has been used to evaluation of the biological behavior of these Ca-P
ceramics. The goal of this study is to optimize the sintered temperature of Ca-P ceramics to get the
ideal osteogenic properties.
Materials and method: Porous Ca-P ceramics composed of hydroxyapatite (HA) and tricalcium
phosphate (TCP) were sintered at 1000℃, 1100℃, and 1250℃respectively to obtain various
crystallinities as previous study. The ratio of HA/TCP and crystallinity of ceramics determined via
X-ray diffraction (XRD). The porosity of HA/TCP was 48% and the pore dimension ranged from
300µm to 500µm, with amount interconnect micropores ranged at several micrometers on the pore
wall. The grain size of HA/TCP was observed by Scanning Electron Microscope (SEM). Then cut
into φ5X10mm cylinders, ultrasonically rinsed in deionized water and sterilized by autoclave.
The sterilized HA/TCP cylinders were implanted bilaterally in dorsal pouches of dogs created by blunt
dissection after anaesthetized with intra-abdominal injection of 3% sodium pentobarbital. Specimens
were harvested after postoperative 15days and 30 days respectively. Then fixed, dehydrated and
embedded. The undecalcified sections were cut and stained via H&E.
Results and discussion:Table 1 showed the characteristics of HA/TCP with various crystallinities.
The relative crystallinities of HA/TCP sintered at 1000℃ and 1100℃ were obtained by compared to
that of sintered at 1250℃.
Table the characteristics of HA/TCP with various crystallinities
Sintered temperature

Grain size

Crystallinity

HA/TCP12

1250℃

2.52±0.96µm

100%

HA/TCP11

1100℃

0.98±0.12µm

90%

HA/TCP10

1000℃

0.28±0.08µm

87%
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Histological evidence have shown that there were some tube-like tissue and fibrous tissue formed in
the pore of HA/TCP ceramics sintered at 1100℃ and 1250℃ implanted for 15 days. It indicated the
early angiogenesis appeared and acute inflammation almost disappeared in implants. There were
amount mononuclear cells aggregated other than normal fibrous tissue formed in the pore of HA/TCP
sintered at 1000℃ Meanwhile, there were some implant particles appeared in the pore of HA/TCP,
which resulted in the implant part not to be so intact in the histological sections. It may be due to the
poor mechanical properties sintered at lower temperature.
In samples harvested one month after implanted, undecalcified H&E stained sections showed the
beginning of osteogenesis and angiogenesis in HA/TCP sintered at 1100℃for 1 month. The cubical
osteoblasts-like cells were lining adjacent to the developing bone. Bone-like tissue deposited on the
surface of HA/TCP directly. Whereas there are no osteogenesis appeared in the HA/TCP ceramics
sintered at 1250℃ and 1000℃ after implanted for 30days.
It is well known that crystallinity of Ca-P ceramics reflected crystal size and /or strain or perfection. It
has been reported that there were some crystal defects in Ca-P ceramics sintered at 900℃ whereas
there aren’t crystal defects in Ca-P ceramics sintered at 1230℃. These defects may effect on the
adsorption of proteins, the adhesion of cells and formation of tissue in vivo. In our previous study, the
osteoblast cultured on HA/TCP ceramics with various crystallinities also shown that there was higher
proliferation cultured on the HA/TCP ceramics sintered at 1100℃.
Conclusion: In our current experiment, it has demonstrated that the Ca-P ceramic characteristics were
influenced by the ceramics sintered temperature strongly. Correspondingly, the biological responses of
Ca-P ceramics with various crystallinities were different. HA/TCP ceramics sintered at 1100℃
showed a better osteogenic behavior compared to that of HA/TCP sintered at 1250℃ and 1000℃.
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Preparation of DDS: Cross-linked Chitosan Microspheres
Xu Yong1, Huang Yue1, Liu Changsheng1,2
1.Engineering Research Centre for Biomaterials of Ministery of Educations,2. Key Laboratory for Ultrafine Materials
of Ministry of Education, ECUST, Shanghai, P. R. China (200237)

Introductions
Chitosan is a hydrolyzed derivative of chitin, a polymer widely distributed in nature. Chitosan has
attracted attention as a matrix for controlled release since it possesses reactive functionality. Enzymes
easily degrade it and degradation products are non-toxic. Thus, chitosan appears to be a promising
matrix for the controlled release of pharmaceutical agents, In this paper we report a procedure for the
preparation of a kind of drug deliver system (DDS): chitosan microspheres with good spherical
geometry and strength.
Materials and methods
Chitosan (Purified, Viscosity Grade 50) obtained from Kabob Company, was used without further
purification. Glutaraldehyde (25% aqueous solution) purchased from Sigma Chemical Company, USA,
was used directly. Span-80, used as a kind of stabilization agent, was purchased from Fargo Chemical
Supplies, Hong Kong. The drug Rifampicin was supplied by the school-run hospital of ECUST. All
the other solvents and reagents were of analytical or equivalent grade.
A 4% solution of chitosan was prepared in 1-2% aqueous acetic acid. The solution was dispersed into
liquid paraffin in a beaker. A magnetic stirrer stirred the dispersion for a few minutes, and some
glutaraldehyde was added and the stirring was continued at room temperature (±27 ℃). More
glutaraldehyde was added at 30-min intervals preparing microspheres of different cross-linking
densities and the reaction was continued for a total of 3hr. After the reaction, the beads were filtered
off, washed several times with pure ethanol and finally with water. The beads were then dried in an air
oven at 40℃. Drug-loaded microspheres were also prepared in a similar fashion by mixing required
amount of drug with the chitosan solution and cross-linking the matrix as before. Then the
microspheres were stored in a refrigerator at the temperature of -23℃ for deep-going study.
Results and discussion
Chitosan, which is insoluble in water, can be solubilized in dilute acetic acid due to the formation of
acetate salt. The viscosity of a 4% solution in 1-2% acetic acid was found to be 810cP at the
temperature of 30℃ and was the optimum for dispersing into droplets even with high drug contents.
A more concentrated solution was found to be too viscous for obtaining good dispersibility in liquid
paraffin. Glutaraldehyde cross-linking of chitosan is an instantaneous reaction. The products obtained
exhibited good spherical geometry and smooth surface. The surfaces hardening of the droplets by
cross-linking fix the shape and surface morphology of the microspheres. Further cross-linking and
hardening of the droplets could be affected by the addition of more glutaraldehyde once the surface
hardening has been achieved. It appears that chitosan could be used as a suitable matrix as
microspheres for the controlled release of pharmaceutical agents. And chitosan microspheres may act
as a kind of ideal drug deliver system.
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Calcium-Regulated Clonal Growth and Differentiation
of Murine Epidermal Keratinocytes
Yu Haiqiang, Tan Wensong
The State Key Laboratory of Bioreactor Engineering,
East China University of Science and Technology, 130 Meilong Road,
Shanghai 200237, P. R. China

Keratinocytes provide an excellent model for the study of epithelial differentiation. Differentiation.
Differentiation of cultured keratinocytes is tightly controlled by the concentration of extricelluar
calcium.Elevation of extracelluar calcium above 0.3mM inhibits proliferation and induces the onset of
terminal diferentiation accompanied by elevated expression of transglutaminase, involucrin and,
subsequently, loricrin and prolaggrin. Furthermore,the gradient of calcium within the epidermis, with
highest levels in the stratum granulosum and lowest levels in the stratum basale, suggests that calcium
is important in epidermal differentiation. In this article,an improved serum-free culture system has
been developed for normal murine epidermal keratinocytes. The medium MCDB153 is supplemented
with epidermal growth factor,insulin,hydrocortisone,and ethanolamine. The effect of calcium on
murine

keratinocyte

is

investigated

by

measuring

attachment

percentage,colony-forming

efficiency,terminal differentiation and senescence. With an optimal level of calcium ion(0.2
mM),colony forming efficiency is about 10.8 percent, attachment percentage is 30.8 percent, the
percentage of cells with conified envelops is 5.1 percent, and the percentage of aging cells is 26.8
percent. With the level of calcium(1.0 mM), colony forming efficiency is about 2.58 percent,
attachment percentage is 51.3 percent, the percentage of cells with conified envelops is 23.81 percent,
and the percentage of

aging cells is 78.1 percent. The cells undergoing terminal differentiation can be

quantified by counting cornified envelops that are resistant to boiling in sodium dodecyl sulfate plus
dithiothreitol. The cells undergoing aging can be measured by Senescence-associated β
-galactosidase(S-β-gal)staining.
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Preparation of Bioactitve Apatite by Hydrothermal Method
Wang You-fa, Yan Yu-hua , Zhang Hong-quan, He Jian-hua
Biomedical Materials Engineering and Research Center, Wuhan University of Technology, Wuhan 430070, P.R. China.
Email: bmec@public.wh.bh.cn

Introduction
In the field of biomaterials, apatite is an important system. Its bioactivity and biocompatibility enable
it be widely used as implant and bone filling materials in clinic.
Hydrothermal method is a novel way for apatite preparation. In a hermetic vessel, crystals can grow in
aqueous solution under a condition of over 100℃. Compared with those prepared by other methods,
apatite crystals prepared by hydrothermal method are of better bioactivity, crystallinity and
homogeneity in morphology.
Materials and methods
(NH4)2HPO4 and Ca(NO3)2•4H2O were used as initial materials. Dicalcium phosphate anhydrate
(CaHPO4, DCPA) was prepared by reaction of (NH4)2HPO4 with Ca(NO3)2•4H2O. The DCPA was
dissolved in distilled water. Then the clear solution was poured into a quartz glass tube. The tube with
a cover was put on a hermetic vessel whose ratio of height to diameter is about 12. A certain
temperature gradient was given when reactions were taking place. The solid products were analyzed
through X-ray powder diffractometry (XRD), scanning electron microscope (SEM), transmission
electron microscope (TEM) and infrared spectroscopy (IR).
Results
Apatite crystals were prepared in a hermetic vessel under hydrothermal condition. The SEM analysis
indicated that the apatite crystals were needle-like in shape. They were well crystallized with neat
border. The XRD, IR and chemical analysis identified the apatite with Ca-deficient hydroxyapatite.
Conclusions
Needle-like bioactive apatite can be prepared by hydrothermal method. With the effects of temperature
gradient, the DCPA is dissolved and recrystallized. That the apatite is Ca-deficient hydroxyapatite
results from initial materials DCPA whose Ca/P molar ratio is 1.0.
References
1. Hideki Aoki. Science and Medical Applications of Hydroxyapatite, Takayama Press System
Center Co.,Inc., 1991. p165-177.
2. Y.Ota,T.Iwashita,T.Kasuga et al, Novel Preparation Method of Hydroxyapatite Fibers,
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3. R. A. Young, W. E. Brown, Structures of Biological Minerals in Biological Mineralization and
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Rheological Properties of Calcium Phosphate Cement
during the Hydration Process
Liu Changsheng1,2, Shao Huifang1, Chen Feiyue1, Zheng Haiyan1
1 Engineering Research Centre for Biomaterials of Ministry of Education., 2.Key Laboratory for Ultrafine Materials of
Ministry of Education,ECUST, Shanghai 200237, P.R.China

Introduction: Calcium phosphate cement (CPC), a mixture of several calcium phosphates, after
mixing with physiological saline or setting solution, becomes a slurry that is capable of self-setting
under ambient conditions. The final product of hydration, low crystallinity hydroxyapatite (HAP), is
similar to the component of the hard tissue of human being in structure and composition. The
combination of high biocompatibility, easy shape and capability of self-setting under ambient In this
paper, the rheological properties of calcium phosphate cement (CPC) during the hydration process
have been investigated. conditions solve the tough problem in the repair of hard tissue defects [2-3].
Its research and development have attracted much attention in recent years. In the setting process of
CPC, the cement paste goes through the continuous transformation from fluid state to solid state, and
its viscoelasticity changes at the same time, which has much to do with the internal microstructure
development of the slurry. The formation of net work and the development of the microstructure in
the slurry affected not only its workability, but also the mechanical properties of the cement after
hardening
Materials and methods: The calcium phosphate cement used in this experiment was made up of
equimolar tetracalcium phosphate (TECP) and dicalcium phosphate anhydrous (DCPA), which had
been made into samples of different sizes according to the requirements. Their specific surface area
(SSA) was shown in table 1, where T refers to TECP and D referred to DCPA. Three grams powder
was taken per measurement and then was dried before measurement. The measurements were
performed by nitrogen absorption at liquid nitrogen temperature and then desorption
(Brunauer-Emmett-Teller method, BET), with ASAP 2400 (Micromeritics Co.) equipment. 0.6g of
calcium phosphate cement powder was mixed with 0.15ml of liquid (powder/liquid=4(weight/volume))
to form a slurry, and then was placed into a glass tube (6mmD×10mmH). The top and bottom
surfaces of the tube were then tightly covered with two sheets of plastic film hold by a “C” calm and
stored at 37oC in a 100% humidity box for hydration. The samples were tested at various intervals
using a vicat needle, and the time taken until the needle could only penetrate less than 1mm into the
sample was taken as the setting time. 3g powder was mixed with water with the ratio of powder to
liquid was 2.25, the rheological properties of CPC slurry were measured by a large rheometrics (RFS-2,
Rheometrics,Inc) with a conical plate.
Results: The results indicated that as the hydration process going, the yield stress of CPC slurry rose,
the area of the thixotropic hystersis loop enlarged and the thixotropy improved, which meant that the
strength of net structure increased. The results of dynamic behavior indicated the slurry was a kind
of structure similar to elasticviscous body at the beginning. During the hydration process, the slurry
was transformed from floccular structure to the net one, and the strength increased furtherly.
Different factors had different influences on the microstructure of CPC in the hydration. The raise of
the ratio of powder to liquid could decrease the distance between the particles, increase the initial
strength and shorten the setting time. The raise of temperature could improve the initial strength,
increase the order of reaction, and shorten the setting time, which was favorable to the process. The
particle size of the raw material had much to do with the strength of original structure and setting time.
The hydration process of CPC followed the rule of power function, which could be applied to forecast
the setting time, and the calculating results were in agreement with the experimental data.
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Introduction
Calcium phosphate cement (CPC), which is a mixture comprising several kinds of calcium phosphates,
has been developed as a novel material for bone defects repair. With the special self-setting
performance, the easy plasticity and the good biocompatibility having been verified in clinical practice,
the material has received much attention. The hydration products of CPC are HAP, which are very
similar to the inorganic components of hard tissue of human body In this investigation , the
physicochemical properties of the solidification of Calcium phosphate cement (CPC) had been
investigated, and the components of the solidified body and their characters concerned in the
application were measured.
Materials and methods
The calcium phosphate cement used in this experiment was made up of equimolar tetracalcium
phosphate (TECP) and dicalcium phosphate anhydrous (DCPA). And also some low crystallinity
HAP was introduced as crystal seed to accelerate the hydrating reaction [16], whose particle size
ranged from 10 nm to 20 nm. The materials above were prepared in our laboratory referring to the
related literatures. Exothermic properties: Differential scanning calorimetry (DSC, DuPont 1090B) and
micro-calorimeter were used to determine the exothermic properties in the setting process. Volume
change: Glass volume dilatometer was taken to measure the volume expansivity. The concentration of
Ca was determined through atomic absorption spectrography (Seiman atomic absorption
spectrophotometer using polarized light, Hitachi 180-80). The total content of P was measured by
means of phosphor determination method using 722 spectrophotometer (Shanghai No 3 analytical
apparatus Co.) at the wavelength of 660 nm.
Results
The setting process of CPC was moderate and slightly exothermic, the heat liberation rate was slow,
and the temperature increase was small. At the initial stage of the hydration, the compressive
strength rose with time, and reached the maximum after 4 hours. During the setting process, the
volume shrinkage was 1%, the total heavy metal content was below 2 ppm, and the porosity was 30%,
which was mainly of the gel pore with the size below 0.1µm. The hydration products were HAP
(hydroxyapatite) with low crystallinity, whose real density was 2.859 g/cm3 and lower than the
theoretical value. This may be due to the existence of lattice defects, and will lead to slightly rise in
solubility leached in physiological saline.
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Release of Tetracycline by an Injectable Calcium Phosphate Cement
A.Ratier1, M.Freche2, J.L.Lacout2, F.Rodriguez1
1 Laboratoire de Galénique – GEFSODEA 2631 – Faculté de Pharmacie Toulouse
2 Laboratoire CIRIMAT – UPRESA 5O71 – ENSIACET / INP Toulouse

Introduction
Calcium phosphate cement CEMENTEK R has been used for already several years, particularly in
orthopaedic surgery. This cement which gives good results for filling bone defects become more active
by the introduction of an antibiotic in order to avoid infection postoperative problems. In the field of
dentistry, it can be useful to use a material that is made injectable by the addition of silicone. In
addition, tetracycline is a largely used antibiotic in dentistry. A study was thus carried out concerning
both the preparation of an injectable calcium phosphate cement which contains tetracycline and the
release of this active principle.
Materials and methods
The cement was prepared by mixing a liquid and a solid phase. The solid phase was made up of a
mixture of alpha tricalciumphosphate (Ca3(PO4)2) and tetracalcium phosphate (Ca4P2O9),and additives
as glycerophosphate and silicone. Silicone was dissolved in cyclohexane and added with the solid
phase; cyclohexane was then evaporated. The liquid phase was prepared from lime and phosphoric
acid. Tetracycline was pre-treated in a solution saturated with calcium sulphate. After agitation 15
hours, the precipitate obtained was filtered and freeze-dried, then preserved at 5°C in the darkness.
The antibiotic thus treated was added in the solid phase. The release was studied using cells with
continuous flow described in the European pharmacopeia. The device was composed by 3 cells in
parallel. The quantities released in distilled water were determined by HPLC (Beckman, column
Symmetry C8, mobile phase methanol/ phosphate buffer )
Results
Former work showed the need for pre-treated tetracycline by a calcium sulphate solution. It was
possible to add 10 % of pre-treated tetracycline with cement while preserving good physicochemical
properties of the cement. If the cement contains 7% of tetracycline, the duration of injectability is 15
minutes approximately and the setting time is about 70 minutes. The study of the kinetics of release
over 6 days showed that the release was fast in the first 24 hours, then was stabilized and remained on
a constant level during the following days. Approximately 20 to 25% of the quantity available was
released after 24 hours and 50% after 6 days. The release of the active principle involves a physical
modification of the cement, in particular specific surface area increases quickly the first day from 11 to
57 m2/g, then continues to increase more slowly and becomes equal to 65 m2/g after 14 days. The first
phase corresponds to the dissolution of the active principle present at the surface of the samples,
whereas the slower second phase, corresponds to a diffusion of the active principle inside the pores of
the cement.
Conclusion
This work shows that the composition of formulated cements, containing 2% of silicone and between 2
and 10 % of pre-treated tetracycline follows a normal evolution towards hydroxyapatite and that it is
possible to obtain a progressive release of antibiotic over a prolonged period.
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Abstract

(Cancelled)
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The Mixture of Osteoblast and the Laminated PLA/β-TCP
for Calf Bone Repair
Tang Shunqing, Shi Haitao, Zhou Changren, Chen Bing*, and Pei Guoxian*
Biomedical Institute Engineering of Jinan University, *Department of Orthopedics and traumatology, Nanfang Hospital,
The First Military medical University, Guangzhou, 510632, China

The laminated composite of PLA/β-TCP is a very good bone tissue engineering scaffold, which
have a high porosity and mechanical properties and a good degradable properties. In this paper, the
composite mixed with osteoblast and was implanted into calf bones of goats to repair bone fracture.

Materials and methods

The prepared composite was cylinder with a length of 2.5-3cm and a diameter of 0.4-0.8cm. A
2.5-3cm length of calf bone in one leg of goat was cut. Then the composite mixed with osteoblast and
was implanted into the cut calf bone. A group of the cut goats were implanted, but the other groups of
the cut goats were not.

Results and discussion

One month later, the implanted goats walk regularly, but the untreated ones are lime and die. X-ray
spectra show that structures of the implanted part is similar to normal bone. The implanted composite
is ossified completely in the killed goats leg after three month. These results show degradable rate of
the composite in vivo is faster than in vitro, and osteoblast has effect on accelerating the implanted
composite to ossify.
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Release of Anthracyclines Adsorbed on Copper Treated Hydroxylapatites.
Rosana Ahamad Bacha, Marina L. Fiallo, Patrick Sharrock
Chemistry department, Paul Sabatier Institute of Technology,
Castres, France.

Anthracyclines are antibiotics widely used for the treatment of leucemia and solid tumors. Perfusion is
the standard clinical administration form. Unfortunately, this does not allow treatment of gastric
cancers.

We have developped a new galenic presentation consisting of anthracyclines adsorbed onto
hydroxylapatite granules. However, preliminary experiments show that Daunorubicine adsorbed onto
hydroxylapatite is released rapidly in less than 30 minutes without any effect due to pH. A second trial
on copper treated hydroxylapatite showed that Daunorubicine was no longer desorbed even at low pH.

Further investigations demonstrate that copper containing hydroxylapatite can retain a determined
quantity of antibiotic by surface complexation. At neutral pH, the drug remains on the mineral support,
but at pH 5, the drug is released into solution. This could contribute to new designs for drug carriers
targeted for gastric cancers.
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Introduction: Any implant introduced into the human organism is placed into an aggressive
environment and subsequently may undergo degradation depending on the physicio-chemical qualities
of the concerned materials. Although the in vivo degradation and corrosion of implants and prostheses
have largely been demonstrated in patients, very few experiments have been conducted to assess the
corrosion behaviour of implant alloys under biological conditions, which tend to simulate the complex
environment leading to corrosion.
Materials and methods: The present work was conducted on 5 different alloys representative for
multiple biomedical use: Ti6Al4V, NiTiNOL (49/51), NiCr (59/26), 316L stainless steel, PdAg (62/28),
and 2 pure metals as positive controls: hp-Ni and cp-Ti. The electrolytes for the electrochemical assays
were artificial saliva pH 6.8 and RPMI cell culture medium as biological milieu. The rest potential and
the global polarisation were established. The cell line used for the electrochemical assays was the
CEM line (ATCC-CRL1486), a human lymphoid cell line. The cell reaction was assessed by in vitro
proliferation and viability test on L132 human epithelial cells (ATCC-CCL5). Actin labelling was
performed to assess their adhesion behaviour. Ion analyses by ICP-AES were carried out in the culture
medium after the electrochemical assays and proliferation tests.
Results: The electrochemical assays clearly reveal a different corrosion behaviour of all alloys in the
three electrolytes: RPMI and RPMI with cells generally increase corrosion and diminish the
break-down potential. These differences are significant for 316L, NiCr and hp-Ni, less notable for
PdAg and nearly absent for the Ti-base alloys. A similar classification can be obtained by the cell
viability and the cell proliferation tests. Actin labelling revealed important and well aligned
intracellular filaments (stress fibres) on the control and the Ti6Al4V. On cp-Ti, NiTiNOL, NiCr and
316L, the actin fibres were less developed and with lower parallel orientation. These fibres were
strongly reduced on PdAg and absent on hp-Ni. - Chemical elemental analyses by ICP demonstrated
an increased ion release from tests samples in the presence of CEM cells with respect to culture
medium alone. This release was in most cases significantly higher after proliferation than after
corrosion. The Ni release from NiTiNOL is extremely low which may explain its good biological
behaviour.
Conclusion: All results lead to the same tendency: all alloys corrode more in biological milieu than in
saline solution such as artificial saliva. Ti and Ti-base alloys are nearly inert from the electrochemical
and from the biological point of view as well. Stainless steel and NiCr are the less favourable alloys
for biomedical use. The electrochemical results give a better understanding for how biodegradation of
metallic implants may really happen in the human organism. With respect of the present state-of-art of
in vitro corrosion assays, artificial saline solutions are electrolytes of low relevance for real
physiological conditions.
This work was performed within a cooperation program of the French-Chinese Association for Scientific Research and
Technology (PRA BT00-07).
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Electrochemical Behavior of Titanium Alloys under Biological Conditions.
Y.M. Zhang1 J.-C. Hornez 2, Z.C. Li3, Y.M. Zhao 1, J. LI3, M. Traisnel 4, T.W. Guo1, H.F. Hildebrand 2
1 - School of Stomatology, Fourth Military Medical University, Xi’an 710032, P.R. China.
2 - Groupe de Recherche sur les Biomatériaux, Faculté de Médecine, F-59045 Lille cedex, France.
3 - Northwest Institute for Nonferrous Metal Research, Xi’an

P. R. China.

4 - ENSCL, BP 108, 59652 Villeneuve d’Ascq, France

Introduction: Titanium and its alloys are recognised to be the most biocompatible materials for the
use of medical devices. During the last few years anew generation of Ti-alloys have been created with
the aim to replace Vanadium, the potential cytotoxic effect of which has been demonstrated in several
investigations. These new alloys contain other elements such as Zr, Nb, Ta and Mn. The scope of the
present work is to establish the corrosion behaviour of some new alloys in artificial mineral
electrolytes and in particular under biological conditions.
Materials and methods: The present work was conducted on cp-Ti and on 4 different Ti-alloys:
Ti6Al4V, Ti12Zr, Ti(AlMoZr), Ti(NbTaZr), on micro-arc oxidized cp-Ti (MAO), and on 316L
stainless steel as positive control. The electrolytes for the electrochemical assays were NaCl 0.9% pH
7.4, artificial saliva pH 6.8 and RPMI cell culture medium as biological milieu. The rest potential and
the global polarisation were established. The cell line used for the electrochemical assays was the
CEM line (ATCC-CRL1486), a human lymphoid cell line, in RPMI. The rest potential and the global
polarisation were established.
Results: The stainless steel, as positive control, has correct rest potential (Er) and a good passive
current density (Ip), but a high corrosion potential (Ec) and a very low breakdown potential (Eb) all
electrolytes. All Ti-alloys exhibit generally a much better electrochemical behavior: better rest and
corrosion potentials and very high breakdown potentials. There do not exist really significant
differences between these alloys. Nevertheless, Ti12Zr, Ti(AlMoZr), and Ti(NbTaZr) have better
corrosion behaviors than cp-Ti and Ti6Al4V. - A remarkable difference, however, is stated with respect
to the electrolytes. NaCl induces the most important variations between the Ti-alloys for all
electrochemical assays. More homogenous results are obtained with artificial saliva and RPMI. RPMI
alone induces a favourable Ec and an increased Ip, whereas the presence of cells decreases the Ip, the
Ec and the Eb with respect to artificial saliva and RPMI. – The MAO samples show a very important
variability for all results and for all electrolytes, which is probably due to the surface treatment
producing an isolating and possibly irregular TiO2 layer.
Conclusions: NaCl is an unbuffered salt solution and thus seems to be an unsuitable electrolyte. RPMI
with or without cells is a more relevant physiological electrolyte, the organic components in which –
biological molecules, enzymes and even more living cells - have a direct effect on the corrosion
behavior, i.e. they increase the passive current density, whereas cells may prevent early breakdown of
the passive layer by the presence of an extracellular matrix layer. – The new generation Ti-alloys show
by their electrochemical behavior some advantages as compared to pure Titanium and Ti6Al4V.
Mechanical and biological assessments of these alloys are running to confirm these advantages for
further alternative use for medical devices.
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P-40
Effect of Concentration and Ageing on the Synthesis of Hydroxyapatite Powder
Song Yunjing1，2 , Li Musen1, Wen Shulin1
1.College Of Materials Science And Engineering, Shandong University, Jinan 250062, China
2. Shandong Electricity Power Insititute, Jinan, 250002 , China

Introduction
Many kinds of calcium and phosphate precursors such as calcium diethoxide(Ca(OEt)2) ,
Ca(C2H3O2)2,triethyl phosphate (PO(OEt)3 )[1,2,3]are used to synthesize HA powder. These reactants are
expensive. For these reasons it is of interest to prepare HA with cheap precursors and simple process.
The aim of this paper is to investigate the effect of concentration and ageing on the synthesis of HA
powder. In this paper, the hydroxyapatite powder is prepared by sol-gel method using the calcium
nitrate tetrahydrate and pentoxide as reactant. The effect of concentration and refluxing on the
synthesis of HA powder is studied by XRD and IR method.
Materials and method
The ethanol solution of P2O5 and Ca(NO3)2·4H2O with the concentration of 2M,4M and1M,3M are
used to prepare the HA powders which are named HA24 and HA13 respectively. The powder is
characterized by X-ray diffraction(XRD) and infrared spectroscopy(IR).The comparison of HA24
powder with ageing and HA24 powder without ageing are characterized by XRD patterns.
Results and discussion
The results show that at 200℃ amount of HA in HA24 powder is more than that in HA13 while the
－
amount of NO3 in HA24 is less than that in HA13. The fine uniform HA powder can be prepared
using 2M ethanol solution of P2O5 and 4M ethanol solution of Ca(NO3)2·4H2O at 500℃. CaO phase is
present in HA24 powder without ageing.
Conclusion
HA powders can be prepared from ethanol solution of Ca(NO3)2·4H2O and P2O5 by sol-gel method.
The reactants are cheap and the process is simple without refluxing. The concentration has effect on
the synthesis of HA powder. The HA24 powder with high concentration turned into HA earlier at 200,
400 and 500℃.The temperature of 500℃ is appropriate to synthesize HA powder. Ageing is
necessary for the synthesis of HA powder. Otherwise, CaO phase will be present when the sol are not
aged. Ageing can increase the stability of HA powder.
Reference
[1]Masuda Y, Matubara K, Sakka S. Synthesis of hydroxyapatite from metal alkoxides through sol-gel
technique. J Ceram. Soc Japan, 1990,98:1266-77
[2]Jillavenkatesa A., Condrate RA. Sol-gel processing of hydroxyapatite. J. Mater.Sci. 1998,33:4111-9
[3]Haddow DB, James PF, Van Noort R. Characterization of sol-gel surface for biomedical application.
J. Mater. Sci Mater Med. 1996,7:255-60
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Histological Study of the Interface ofβ-TCP Bioceramics
after Implanting in Bone Defect
Honglian Dai

Yuhua Yan

Fang Fang

Shipu Li

Biologic Center, Wuhan University of Technology, WuHan Luoshi Road 122, HuBei, 430070, China

Introduction: Since their chemical composition is very close to the mineral phase of natural bone,
calcium-phosphate ceramics (CPC) appears suitable. In this work the process of bone tissue formation
in porousβ-TCP in vivo was studied in order to investigate its osteogenesis.
Materials and methods:β- TCP ceramics was mixed with high-temperature binder and pore-forming
material, foamed by the rosin foaming method and sintered in air at 900℃ for 2h. Twenty-four New
Zealand white rabbits of both sexes were divided into six groups. Bone defects of 5mm in diameter
and 8mm in depth were created with a dental drill perpendicular the long axis of the femoral shaft.
After 1, 2, 3, 4, 5 or 6 months, the animals were killed by CO2 asphyxiation. Two specimens were cut
into 5μm sections in thickness perpendicular to the long axis of the specimen, and stained with
toluidine blue. Other two tetracycline-labeled specimens were cut into sections of 10μm, and then
investigated with a fluorescent microscope.
Result: According to the rontgenogram, the space between ceramics and bony tissue became vague
after one month; After five months, ceramics and bony tissue were integrated and the external form of
the material became incomplete; After six months, some part of the materials were disappeared and the
residual became fragments or particles. For the gross findings after implantation, the implant inserted
into the medial cortex of rabbit’s femur was tightly united with the host bone in all cased, without any
sign of movement at the interface. The portion of the porous β-TCP exposed outside of the cortex
was partially covered with new bone after one month post-implant. The strength of implants seemed to
improve over time.
Light microscopic findings showed that, β -TCP appeared to have no early adverse effects,
inflammation and foreign body reaction. One month after transplantation, the interface was visible,
there were abundant osteoblasts on the surface of osteoid mesenchymal cell hyperplasia and incursion
were found in materials. The new woven bone often formed masses in shape together with
chondrocytes and mesenchymal cells, lined by a layer of osteoblast on their surfaces, and generally
located at periphery of the masses. New capillaries appeared in the center of masses. Osteoids and
thickened trabeculae of bone almost completely filled the outside ceramic pores after two months.
More deep pores were filled by woven bone and partially mineralized matrix. There was blood vessel
formation and macrophage soakage within materials, and the osteoid turned into lamella bone through
calcification. After three months, thickened trabeculae and dense plates of lamellar bone were deterred
in all pores of the ceramic block. The bone ingrowth patterns resembled Haversian canal structures
instead of woven bone structures by rebuilding. Bone-island appeared and was connected by
bone-bridge. A great deal of medullary tissue has grown into the lacunae of the materials after four
months. After six months, the residual materials are surrounded by bony tissue . Prior to and during
bone formation, the number of osteoclast-like multinucleated giant cells decreased with the increase of
already mineralized areas of the pore inner surface.
Conclusions: Results of this study show that histological specificities of bone formation and
biodegradation of β-TCP ceramics were found. Reorganization of bone tissue near the block at
various times of implantation had been studied. Porousβ-TCP ceramics can serve as a filling material
for bone defects, facilitate new bones to grow into its pores and defective area, provide a scaffold for
the formation of new bones, participate in the process of bone tissue forming and make full use of
bone conduction for the repair of bone defects. Thusβ-TCP ceramic is a degradable, biocompatible
artificial bone material which has the ability of osteogenesis.
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Charactezation of Gold Based Alloys
M. Traisnel 1, Ph. Rocher 2,3, Ch. Pelegris 1, H. F. Hildebrand 2
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2 - Biomaterials Research Laboratory, Faculté de Médecine, F-59045 Lille cedex, France.
3 - Faculté d'Odontologie de Lille (France).

Introduction
Dental alloys are required to have acceptable corrosion resistance so that bio-compatibility is
maintained during the time the metallic components are used. No harmful ions or corrosion products
should be generated to avoid toxicological reactions. Moreover they must provide adequate strength to
withstand oral stress. Until 1968, gold-based casting alloys with a high noble metal content were often
used in dentistry. To reduce the costs of dental restorations, alloys with lower gold content and alloys
based on other noble metals were developed as alternatives.
Material and methods
In order to select and/or develop new dental alloys, 15 gold-base alloys with a gold mass percentage
between 50.1 and 95.5 % are investigated in this study. Biological and electrochemical tests have been
performed to assess their biocompatibility
Cell proliferation tests have been carried out with human epithelial embryonic cells (L132 cell-line) by
counting the cell number after 72 hours. Biocompatibility was considered as good for proliferation
rates between 50 and 80 % with respect to control cultures.
Polarisation and potential time curves recorded in no-aerated artificial saliva (NF S91-141) have
allowed to determine the rest, corrosion and breakdown potentials for each alloy. Current density has
also been measured for the potential range of oral interest, i.e. 400 mV/ECS.
Results
No relationship was found between a high proliferation rate and a particular alloy composition.
Electrochemical assessments gave similar results. The ability of an alloy to passivate, the rest potential
and the corrosion potential produce different results for alloys with closely similar composition.
Although a similar good passivation aptitude is evidenced by global polarisation tests, two different
behaviours are observed after prolonged immersion in the artificial saliva: the rest potential of some
alloys drops down while it increases for others. To explain these differences, the surface analysis by
XPS was carried out with successive etchings by bombardment with argon ions. This has allowed to
show an elementary surface modification. The character more or less noble of these elements explains
this evolution of rest potentials.
Conclusion
The surface analysis by XPS has shown an increase of noble metal at the interface, phenomenon that is
interesting for alloys designated for a prolonged use in a non-aerated medium
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Experimental Research on Spine Fusion in Rabbit Model Using a New Composite:
Cell, Protein and Carrier
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Introduction
There are many ways to induce spine fusion such as using bone morphogenetic protein, gene therapy
and cell therapy. The application of osteoinductive growth factor at various anatomic sites, such as in
long bones and spinal segments, has been performed experimentally by many researchers. The gene
therapy that transfer BMP-2 and BMP-7 gene into the bone marrow stem cell was proved to be
available .The most effective carrier for BMPs and cell was proved to be sintered bovine bone coated
with type I collagen. Although many ways to induce spine fusion have been reported, the most
effective artificial bone has not been established. new bone ingrowth need three basic factors: stem
cells, bone growth factors and carrier. So in this study we focus on what is the best way to make up a
new composite that can be substitute for autograft.
Methods
Culture the bone marrow stem cell from the seven New Zealand rabbit. Fresh bovine cancellous bone
was degreased, deproteined and calcined to from sintered bone. The I type collagen was obtained form
the pig derma by the way of acetic acid extraction. The surface of sintered bone was covered by the I
type collagen, using electron microscopy to investigate the attached condition of the bone marrow
stem cell on the carrier. Transplant this carrier under the nude mice derm to investigate its
histocompatiblity in vivo. Mix respectively 1mg rhBMP-2 / rhBMP-4 with sintered bone/I type
collagen by the way of vacuum freezing to form a new kind of carrier for cells. Seven adult rabbits
underwent bilateral lumbar intertransverse process arthrodesis at L4-L5.the left side was used by a new
composite: bone marrow stem cells, BMP-2/BMP-4, sintered bone coat with type I collagen. The right
side was used by bone marrow stem cells and sintered bone coat with type I collagen. Spine fusion was
evaluated by radiographic analysis, manual palpation and histologic examination at both 4,8 and 12
weeks after surgery.
Results
Electron microscopy and in vivo research show that sintered bone coat with type I collagen has very
good histocompability. Radiographs in the left side groups showed that a continuous trabecular pattern
within the intertransverse area at 4 weeks after surgery, the histologic findings in the left side groups at
4 weeks after surgery showed a cortical bone rim around the edge of the fusion mass, and contiguous
new bone appearing between the recipient bone and the matrix of carrier, no bone formation was
present within the right side.
Conclusions
The new composite, bone marrow stem cells, BMP-2/BMP-4 and sintered bone coat with type I
collagen was more effective than other ways.
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Bone-Cements Based on Tricalcium Silicate
Chine-Wen Huang, Ren-Jei Chung, Pu-Chi Lin, Tuan-Jung Hsu and Tsung-Shune Chin
Department of Materials Science and Engineering, National Tsing Hua University,
101, Sec-2, Kunag-Fu Road, Hsinchu 30043, Taiwan

Introduction
Tricalcium silicate (C3S, Ca3SiO5) is the main and the fastest hydration constituent in cement. C3S
swells during setting and gets very high strength after being solidified. From the phase diagram, it is
manifested that C3S is a single phase at very high temperature, but will decompose into dicalcium
silicate (C2S, Ca2SiO4) and calcium oxide (CaO) at temperature below 1250 oC. Therefore, it’s difficult
to obtain pure C3S phase. It is reported that some transition metals are able to stabilize the C3S phase.
Materials and methods
In this study, our aim is to synthesize improved quality C3S with high purity, and in order to apply the
aforesaid characteristics in bony and dental restoration. We chose zinc as an additive to make use of
the antibacterial effects of zinc. Zinc would substitute in the crystal structure, replace the calcium sites
and form (Ca1-xZnx)3SiO5. We mixed the precursory powders [（CaCO3＋ZnO）: SiO2=3:1] by ball
milling. After heating the powders till 1400 oC, they were quenched in liquid nitrogen. The products
were ground to smaller than 37um (-400mesh). XRD was used to analyze the crystalline properties of
powders. 75 % powders and 25% DI water (by weight) were mixed by rapid shaking (3000rpm). The
setting property was measured. The slurry was filled into a stainless mold, pressed by a force of
8.3kg/cm2, incubated at 37oC under saturated steam for 24 hours. The compressive strength of the
cylinder was measured. Streptococcus mutans was used to test the antibacterial properties.
Results and discussion
Through our synthetic procedures, we could obtain C3S phase with very little CaO. And CaO
obviously decreases with increasing additive ZnO. Synthesized pure C3S showed a setting time of
around 9 hours, compressive strength was less then 100MPa, and broken during the testing period.
Among those zinc added products, the sample with 3.75mol% ZnO showed the best property and the
least amount of CaO. The setting time was around 11 hours and the compressive strength reached
166MPa. More ZnO addition would lengthen its setting time and decrease its compressive strength.
Besides, the slurry of C3S lost its fluidity in one minute, while the slurry of 3.75mol% ZnO added
samples maintained until 3 minutes, which may be more suitable in clinical usage. The Primary
antibacterial effect was also observed, S. mutans would grow onto C3S cylinder but reject to grow onto
ZnO added samples.
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