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2014 Vol. 34, No. 1

Review: Plasma-Sprayed Apatite Coatings: Review of Physical-Chemical
Characteristics and Their Biological Consequences
Imane Demnati, David Grossin, Christéle Combes, Christian Rey

Hydroxyapatite (HA) is widely used as a coating on orthopedic medical implants to
improve anchoring to bone tissue and facilitate bone repair. The use of plasma-sprayed
HA coatings on metal implants has raised as much controversy as interest over the last
decade. Although faster and stronger fixation and enhanced bone growth have been
reported, the long-term performance of HA-coated implants has been questionned This
ambivalent behaviour is related to the thermal decomposition of HA during the plasma
spraying of HA powder, which has several observable consequences for the
physical-chemical and biological properties of the coatings. This review presents the
current knowledge on the characteristics of plasma-sprayed HA coatings and their
biological consequences. Various schemes of chemical reactions and physical-chemical
processes that can occur during HA-particle plasma spraying, HA-coating formation, or
after implantation of HA coatings are presented. Standard and emerging methods
developed for the characterization of HA coatings are reviewed, with a focus on Raman
spectroscopy, which allows high-quality imaging. Finally, several promising trends that
have been explored in recent years to improve the mechanical resistance of coatings and
their adhesion on the substrate, to improve the coating microstructure and crystallinity,
or to confer a therapeutic activity (e.g., antibacterial activity) on plasma-sprayed HA
coatings are reviewed.

103.04 %—L_ 20



Effects of Bismuth Subgallate on Properties of Calcium Phosphate Bone Cement in
Vitro
Wen-Cheng Chen, Shih-Ming Hsu, Jia-Huei Ko, Chia-Ching Lin, Dan-Jae Lin

This study evaluated the effects of combining the hemostatic agent bismuth subgallate
(BS) with calcium phosphate bone cement (CPC) in hard-tissue regeneration. BS was
added at 5, 10, and 15 wt.% in CPC with 1 M phosphate hardening solution. The
radiopacity, physiochemistry, hemostasis, and cytocompatibility were characterized. The
data were statistically analyzed using one-way analysis of variance followed by
Tuckey’s post-hoc test. The radiopacity of BS/CPC increased linearly with increasing
BS content. The crystallite morphologies and X-ray diffraction patterns indicated a
retardation effect on the phase transformation in all BS/CPC groups in vitro, resulting in
a significant reduction in strength and prolonged setting time, but no significant changes
in the relative working time, when compared with those of pure CPC. The analyses
results show that 15 wt.% BS/CPC can shorten the blood clotting time by more than
50%. Moreover, the cell viability (as evaluated by the MTT assay) significantly
increased after the addition of BS to a human osteosarcoma cell line (MG63) cultured
for 1 and 24 h when compared with that obtained with pure CPC. The BS/CPC samples
were highly radiopaque and are potential therapeutic candidates for shorting blood
clotting time and thereby for correcting hemostatic failure and reducing bleeding risk in
hypertensive patients.
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Fabrication of Yttrium Phosphate Microcapsules by Emulsion Route for In Situ
Cancer Radiotherapy
Toshiki Miyazaki, Takajin Suda, Yuki Shirosaki, Masakazu Kawashita

Radiotherapy is a novel, non-invasive cancer treatment. Radioactive hollow
microspheres, i.e., microcapsules, are attractive for in situ cancer radiotherapy because
they can effectively reach tumors without settling in blood vessels. In particular,
microcapsules 20-30 pm in size are expected to exhibit not only a radiotherapy effect
but also embolization that blocks the nutrient supply to cancer cells.  -ray irradiation is
the most suitable source for in situ radiotherapy because of its moderate range. Several
kinds of  -emitting yttria (Y203) microcapsules have therefore been developed.
Yttrium phosphate (YPO4) should have a longer irradiation effect than that of Y203
because the half-life of 31P (14.3 days) is longer than that of 90Y (64.1 hours). However,
the preparation of YPO4 microcapsules has not been reported to date. In the present
study, YPO4 microcapsules were fabricated using a water/oil (W/O) emulsion prepared
by first dispersing a YPO4 sol into toluene containing a surfactant, with mechanical
homogenization. The emulsion was then added into butanol to dehydrate the water phase
and precipitate microcapsules. These were then heat-treated to improve their mechanical
strength and chemical stability. Microcapsule fragility at low YPO4 sol concentrations
in the water phase was attributed to the thinness of the microcapsule shell. The size of
the microcapsules decreased with increasing emulsification speed. The chemical
stability of the prepared microcapsules is similar to those of previously reported YPO4
and Y203 microspheres in weakly acidic conditions. Thus, little leakage of radioactive
species into nearby healthy tissues is expected. The obtained microcapsules are expected
to be highly effective for cancer radiotherapy.
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One-step Synthesis and Characterization of Nanosized Bioactive Glass
Shao-Ju Shih, Yu-Jen Chou, Chin-Yi Chen, Chung-Kwei Lin

Bioactive glasses (BGs) have been applied for bone transplant surgery, dentistry, and
drug delivery due to their high reactive surface areas and excellent bioactive properties.
Spray pyrolysis (SP) has been employed to fabricate BG in order to overcome the
disadvantages of common techniques such as the conventional glass method (low purity
and high calcination temperature) and the sol-gel method (difficulties in mass
production). Bioactivity, the most important property of BGs, is directly related to
surface area. It is well known that BG surface area increases greatly with decreasing
particle size. Therefore, in this study, both submicron and nanostructured BG particles
were synthesized in order to determine the effect of particle size on bioactivity by
adjusting the SP calcination temperature. The surface structure, morphology,
crystallography, chemical composition, and surface area of BG particles were
characterized using scanning and transmission electron microscopy, selected area
electron  diffraction,  Fourier  transform-infrared  spectroscopy, and the
Brunauer-Emmett-Teller method. It was found that with increasing calcination
temperature, the particle morphology changed from submicron solid structures to
nanosized hollow structures. In addition, the surface area increased from 6.0 to 20.1
m2/g. The bioactivity test suggests that nanosized BG particles have a higher hydroxyl
apatite formation rate due to their higher surface area. Based on these experimental
results, SP formation mechanisms for BGs particles with various morphologies based on
the “one-particle-per-drop” and “gas to particle conversion” mechanisms are proposed.
By controlling the SP calcination temperature, BG morphologies crystallographic
structures and surface areas have been correlated with their bioactivities. These findings
demonstrate that SP can be used for BG fabrication.
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Effect of Coloring on Mechanical Properties of Dental Zirconia
Seiji Ban, Takayuki Suzuki, Kentaro Yoshihara, Keisuke Sasaki, Tatsushi Kawali,
Hiroshi Kono

Pre-sintered blocks of three kinds of yttria-stabilized tetragonal zirconia polycrystal
(Y-TZP) and one ceria- stabilized tetragonal zirconia polycrystal (Ce-TZP)/alumina
nanocomposite were stained with six kinds of coloring liquid (three ivory, two violet,
and one pink). The crystal phases of the baking powder of the coloring liquids fired at
1100 «C for 30 min were characterized by X-ray diffractometry (XRD) and their
constituent elements were detected by wavelength dispersive X-ray spectroscopy (WDS).
The three ivory liquids contained mainly Fe ions, the two violet liquids mainly contained
Co ions, and the pink liquid contained Er and Nd ions. After the final sintering, the color
differences (AE) were determined with a chroma meter. Three-point flexural strengths
were determined at a span length of 16 mm according to 1SO 6872. Fracture toughness
was determined by an indentation method in terms of Palmqvist cracks. The color
difference of the nanocomposite was smaller than those of three Y-TZPs due to high
light scattering. The three ivory liquids for the nanocomposite led to small AE values.
The sintered zirconia stained with the pink liquid containing Er and Nd ions showed
significant decreases in flexural strength and fracture toughness. An XRD study revealed
that most of the crystal phase of the zirconia stained with Er and Nd was cubic. In
contrast, the three ivory and two violet liquids led to no significant change in the flexural
strength and fracture toughness of the zirconia.
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Effects of Bismuth Oxide on Physicochemical Properties and Osteogenic Activity of
Dicalcium Silicate Cements
Ting-Yi Chiang, Chung-Kai Wei, Shinn-Jyh Ding

This study examines the effects of bismuth oxide (Bi203) radiopacifier on the
physicochemical properties and in vitro osteogenic activities of sol-gel-derived
dicalcium silicate cements. The setting time, diametral tensile strength, radiopacity,
solubility, pH value, and phase composition of the cements containing various amounts
of Bi203 (5, 10, and 20 wt%) were evaluated and compared to those of ProRoot
white-colored mineral trioxide aggregate (WMTA). The osteogenic activities, such as
proliferation, differentiation, and mineralization, of MG63 human osteoblast-like cells
on cements with and without Bi203 were also examined. The results show that the
setting time increased significantly (P < 0.05) with increasing Bi203 content. The pH
value and diametral tensile strength of the cements were slightly affected by the
introduction of Bi203. After the addition of 5, 10, and 20 wt% Bi203, the radiopacity of
the cements became significantly (P < 0.05) higher, with values equivalent to 3.3, 5.8,
and 8.4 mm of Al, respectively, which are all greater than the 3 mm of Al recommended
by ISO 6876: 2001 standards. The solubility of the three radiopaque cements ranged
between 0.8% and 1.1%, which is significantly (P < 0.05) lower than that of WMTA
(1.4%). 20 wt% Bi203 led to lower cell proliferation, differentiation, and calcium
deposits of MG63 cells on the cement surfaces at all culture times compared those
obtained with the other cements. The addition of 10 wt% Bi203 to dicalcium silicate
cement improves the setting time, radiopacity, and osteogenic activity, making the
cement a potential alternative to WMTA as a root-end filling material.
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In Vitro Cartilage Tissue Engineering Using Porous Collagen/PLLA Nanoparticle
Hybrid Scaffold
Shaoquan Bian, Wei Lu, Cancan Xu, Yujiang Fan, Xingdong Zhang

Porous collagen/poly L-lactic acid (PLLA) nanoparticle hybrid scaffolds were evaluated
for application in the construction of engineered cartilage in terms of biocompatibility
and bioactivity. The hybrid scaffolds were prepared by mixing various amounts of
surface-modified PLLA nanoparticles with collagen solution, freeze drying, and cross-
linking. PLLA nanoparticles that were homogeneously distributed in the collagen matrix
effectively improved the mechanical properties of the scaffold without significantly
influencing the microstructure, and slowed down degradation. In vitro cell seeding and
culture studies showed that cells infiltrated into the scaffolds and dispersed
homogeneously. The proliferation of cells in the hybrid scaffold increased with
increasing number of PLLA nanoparticles. In addition, strengthening the scaffolds with
PLLA nanoparticles helped to resist the shrinkage of the engineered tissue during in
vitro culture. The glycosaminoglycan (GAG) content in the hybrid scaffolds also
increased with the addition of PLLA nanoparticles. hematoxylin-eosin (HE), toluidine
blue, and immunohistochemical staining and reverse transcription polymerase chain
reaction (RT-PCR) analysis of the chondrocyte/scaffold constructions indicated that the
hybrid scaffold promoted the formation of cartilage tissue, resulting in engineered
cartilage with a higher compressive modulus compared with that of cartilage cultured on
a pure collagen scaffold. These results demonstrate that a porous collagen/PLLA
nanoparticle hybrid scaffold is biocompatible, making it suitable for cartilage tissue
engineering.
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Improvement of Osteoblast Adhesion Through Polarization of Plasma-Sprayed
Hydroxyapatite Coatings on Metal

Miho Nakamura, Akira Kobayashi, Kosuke Nozaki, Naohiro Horiuchi, Akiko Nagali,
Kimihiro Yamashita

Hydroxyapatite coatings (HACs) have long been applied to orthopedic and dental
implants made of titanium and its alloys because of their high biocompatibility and
osteoconductivity. We have recently demonstrated that the charged surfaces on HAC
induced by polarization enhance mineral deposition in simulated body fluid and
osteoconductive capabilities in vivo. The present study evaluates the effects of the
electrical polarization of HAC on surface characteristics and osteoblast adhesion. It was
found that electrical polarization has no effect on surface roughness and crystallinity.
Morphological observations and quantitative analyses of adhered osteoblasts on HACs
revealed that the cell areas positively stained for actin, which indicates the degree of cell
spreading, were distinctly larger on negatively and positively charged HAC than that on
uncharged HAC.
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Mechanical Effects of Micro-thread Orthodontic Mini-screw Design on Artificial
Cortical Bone
Jian-Hong Yu, Yang-Sung Lin, Wen-Jen Chang, Yau-Zen Chang, Chun-Li Lin

This study evaluates the mechanical effects of the micro-thread design of a mini-screw
using in vitro insertion/ removal torque, pull-out tests, and numerical simulation on
artificial bone samples with various cortical bone thicknesses. Single-threaded (ST)
(0.8-mm pitch) and dual-threaded (DT) (0.25-mm pitch in the cortical bone contact
region) mini-screws (diameter: 1.6 mm; length: 9.5 mm) were inserted into, removed
from, and pulled out of artificial cortical bones with 0, 1, and 2 mm thicknesses.
Maximum insertion/removal torque (MIT/MRT), insertion/removal angular momentum
(IAM/RAM), and maximum pull-out force (F max) were recorded and statistically
analyzed for evaluating the micro-thread mechanical retention in cortical bone with
various thicknesses. A parallel finite element (FE) analysis was performed to determine
the mini-screw micro-motion at the mini-screw/bone interface and the surrounding bone
strain development. The MRT, RAM, and F max tests show that DT screws exhibit
higher retention than that of ST screws when cortical bone existed, but there was no
significant difference (p < 0.05) for only medullary bone. The maximum pull-out force
increased with increasing cortical bone thickness for both screw types. High MIT and
IAM values were found for DT screws inserted into cortical bone with thicknesses of 1
mm (48 N-cm/1529 N-cm-s) and 2 mm (54 N-cm/1582 N-cm-s). The FE simulation
results show that screw micro-motions were smaller than 5 um for all cases, far from the
critical bone remodeling threshold. Bone strain values for DT screws were lower than
those for ST screws. DT screws had better mechanical stability with higher MRT, RAM,
and pull-out force in the experimental tests and lower bone strain value in the FE
analysis compared to those for ST screws. However, the DT design may need
improvement to reduce the insertion torque and angular momentum to decrease the
stress to the surrounding tissue.
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Altered Wall Shear Stresses in Embryonic Chicken Outflow Tract Due to
Homocysteine Exposure

Christian Poelma, Els Bon, Regine P. M. Steegers-Theunissen, Eric A. P. Steegers,
Nicolette T. C. Ursem

The embryonic heart is already beating before cardiac morphogenesis is complete.
Therefore, the effect of blood flow on cardiogenesis has been subject of many studies.
Shear stress, acting on the endocardial cells, has been shown to alter the expression of
shear-responsive genes implicated in heart development. The congenital heart defects
(CHDs) induced in the chicken embryo after altering blood flow and intracardiac shear
stress are comparable to the type of defects observed after homocysteine (Hcy) exposure.
This may suggest that altered blood flow and shear stress have a role in the etiology of
Hcy-induced CHDs. The aim of this study is to quantitate wall shear stress (WSS) in the
outflow tract (OFT) of Hcy-exposed chicken embryos. WSS was derived from the
velocity field obtained with microscopic particle image velocimetry in the OFT of the
embryonic-day-3 Hcy- and sham-treated chicken embryos. Hcy treatment consisted of
L-Hcy-thiolactone 30 uM solution injected into the neural tube of the embryos. The
results suggest that Hcy has an inhibiting effect on WSS in the early embryonic chicken
heart. These alterations in shear stress may cause altered gene expression and behaviour
of endothelial cells, eventually contributing to the development of CHDs.
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Effects of Type I Collagen and Fibronectin on Regulation of Breast Cancer Cell
Biological and Biomechanical Characteristics

Yanqun Teng, Juhui Qiu, Yiming Zheng, Xiangdong Luo, Linlin Zhang, Li Chen, Guixue
Wang

Type | collagen (Col 1) and fibronectin (FN) are important matrix proteins. Their
biological roles in breast cancer are still unknown. This study investigates the effects of
Col I and FN on the biological and biomechanical characteristics of breast cancer cells.
Breast cancer MDA-MB 231 and MCF-7 cell lines were cultured on Col-I- or FN-
coated plates or coverslips. Cell adhesion, spreading, proliferation, migration, and
elasticity assays were performed. Changes in proliferation and migration were observed
after using antibodies inhibiting syndecan-1 (syn-1) or syndecan-4 (syn-4). It was found
that Col | promoted cell adhesion and spreading, and induced cytoskeleton organization
of the two types of breast cancer cell, especially MDA-MB 231 cells. FN promoted
breast tumor cell proliferation. Atomic force microscopy data show that the Young’s
modulus of MDA-MB 231 (MCF-7) cells was much lower (higher) on Col I than on FN.
After incubation with syn-1 or syn-4 antibodies, FN-induced cell proliferation was
inhibited. These data demonstrate that Col | and FN have different effects on the
biological and biomechanical characteristics of breast cancer cells, with syn-1 and syn-4
involved in FN-regulated proliferation.

103.04 %—L_ 30



Protective Effect of Non-lonizing Radiation from Ceramic Far Infrared
(cFIR)-Emitting Material Against Oxidative Stress on Human Breast Epithelial
Cells

Ting-Kai Leung, Chi-Ming Lee, Shoei-Loong Lin, Chih-Hsiung Wu, Jeng-Fong Chiou,
Pai-Jung Huang, Li-Kuo Shen, Chin-Sheng Hung, Yuan-Soon Ho, Hung-Jung Wang,
Ching-Huei Kung, Yi-Hsiang Lin, Huey-Min Yeh

Previous research has identified that ceramic far infrared (cFIR)-emitting material can
modulate various biological processes, particularly those involving hydrogen peroxide
scavenging and antioxidant activities. The present study treated MCF-10A cells with 50
and 100 pM hydrogen peroxide before incubating them for 24 h on the top of The
present study treated MCF-10A cells with 50 and 100 uM hydrogen peroxide before
incubating them for 24 h on the top of cFIR or control powder. cFIR or control powder.
Cells were also treated with ionizing radiation from a fluoroscopic X-ray source to
induce cell damage and cultured for 48 h beneath cFIR or control powder. The effects of
cFIR on cell survival were evaluated using XTT and MTT assays. A total accumulated
radiation dose of 1 Gy to 2 Gy was sufficient to cause cell damage and reduce cell
viability. In both the hydrogen peroxide toxicity and radiation exposure experimental
models, the cFIR groups demonstrated significantly higher cell survival rates than those
of the control groups (p < 0.05). Considering the relationship between
indirect-ionizing-radiation- and oxidative-stress- induced cell damage and the
accumulation of free radicals, these results indicate that the protection of cFIR against
ionizing radiation is predominantly through an antioxidant mechanism. cFIR-emitting
material has potential use in reducing radiation damage caused by medical instruments
and radiation pollution.
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Ceramic Macrostructured Acetabular Liner Integratingdirectly into Bone:
Implant Design, Manufacturing, and In vitro Investigations

Stefan Eichhorn, Erwin Steinhauser, Hans Gollwitzer, Thomas Pandorf, Marita Zipperle,
Rudiger von Eisenhart-Rothe, Rainer Burgkart

The development of new ceramic materials for medical applications enhances the
possibilities of implant design. Monolithic acetabular liners based on
zirconia-platelet-toughened alumina with a macrostructured backside could increase
patient mobility and prosthesis life span. This study developed a ceramic liner with an
articulating diameter of 40 mm and a wall thickness of 3 mm. A macroporous coating
with an average pore size of 300-400 um was deposited at the backside of the liner
during the manufacturing process. Cytotoxity testing, microscopic imaging, as well as
mechanical examinations (four-point bending test; compressive strength test) were
performed to characterize the properties of the implant in vitro. Examinations of the
impact resistance and luxation stability were also conducted. The macrostructured
backside could be manufactured homogeniously. No cytotoxic effects were detected in
cell culture experiments. The mechanical examinations were passed without
delamination of the coating. No cracks due to impact loading appeared for any of the
samples tested. The range of motion of the joint and luxation stability both increased
significantly compared to those of an established liner with a 28-mm diameter. The
results show that the developed liner has outstanding mechanical and tribological
properties.
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Dual-Channel Neuromodulation of Pudendal Nerve with Closed-Loop Control
Strategy to Improve Bladder Functions

Yin-Tsong Lin, Chien-Hung Lai, Te-Son Kuo, Chih-Chen Chen, Yu-Luen Chen,
Shuenn-Tsong Young, Shih-Ching Chen, Jin-Shin Lai, Tsung-Hsun Hsieh, Chih-Wei
Peng

Although sacral anterior root neuromodulation (SARN) has proven to be effective in
patients with neurogenic bladder, it is not widely accepted due to the need to conduct a
dorsal rhizotomy, and commercially available SARN devices are not usually equipped
with a closed-loop controller for the automatic regulation of bladder functions.
Therefore, there is still a need for a more effective electrical neuromodulation scheme to
restore bladder function. Intravesical pressure (I\VVP) is the major biosignal that reflects
the state of bladder conditions. The present study develops a closed-loop control strategy
for improving bladder emptying and verifies its performance using animal experiments.
Two channel outputs of electrical currents triggered by I\VVP-feedback signals were set to
automatically regulate a rat’s pudendal nerve for selective nerve stimulation and
blocking. Under this experimental design, a series of in vivo animal experiments were
conducted on anesthetized rats, including the computational characterization of
biosignals, the development of an intermittent high-frequency blocking current
waveform for blocking the nerve, and verification of the control strategy. Results show
that the IVP-feedback control strategy for dual-channel pudendal neuromodulation
performed well in animal experiments and could be utilized to selectively stimulate and
block the pudendal nerve to augment bladder contraction and restore external urethral
sphincter bursting activity to improve bladder emptying. This study demonstrates the
feasibility of the IVP-based feedback-control strategy with animal experiments. The
results could provide a basis for developing a sophisticated neural prosthesis for
restoring bladder function in clinical use or for neurophysiological study.
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Preliminary Evaluation of Chitosan Dental Plug
Yu Chiuan Wu, Shyh Ming Kuo, Shwu Jen Chang, Lain-Chyr Hwang, Po-Chou Chen

A dental plug fills the void after tooth extraction, preventing excessive growth of
gingival tissue by preoccupying the space of alveolar bone and aiding hemostasis. This
study evaluates a porous chitosan dental plug (Chi-DP) fabricated via lyophilisation and
a gelation treatment with 1 N aqueous NaOH. The basic properties, including
morphological structure, water content, swelling ratio, and degradation behavior, were
studied. To evaluate swine alveolar bone regeneration characteristics, an existing
collagen-based dental plug (Col-DP) was employed as a reference. Animal model
studies, including radiographic observations combined with hematoxylin and eosin
staining, were carried out. The preliminarily results reveal that Col-DP had a higher
porosity (38.9%) than that of Chi-DP (34.7%), and that the former had higher swelling
ratio than that of the latter. The soft, foamy prototype Chi-DP was flexible and resilient
under compression in a hydrated state. Chi-DP degraded significantly slower than did
Col-DP in a phosphate-buffered solution in a 30-day shaking test, with retentions of
70-80% and 15-20% of initial materials, respectively. Upon insertion into swine alveolar
sockets, Chi-DP swelled readily and stopped bleeding instantly, whereas Col-DP was
difficult to handle and exhibited limited hemostatic capability. Chi-DP was found to
have slow biodegradability and exhibited high hemostatic efficiency. Its potential for
applications in dentistry deserves further exploration.
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MONTREAL’2014: AES-ATEMA 17th International Conference.
Montreal, Canada. June 16-20, 2014.
http://aestr2014.com/

The XX Congress of the International Society of Electrophysiology and
Kinesiology(ISEK 2014 Biennial Congress)

Rome, ITALY. July 15-18, 2014.

http://isekconference2014.com/

TORONTO’2014: AES-ATEMA 18th International Conference
Toronto, Canada. August 11-15, 2014.
http://aestr2014.com/

The 36th Annual International Conference of the IEEE Engineering in Medicine
and Biology Society (EMBC’14)

Sheraton Hotel & Towers, Chicago, Illinois, USA. August 26-30, 2014.
http://embc.embs.org/2014/

12th International Conference of Numerical Analysis and Applied Mathematics
(ICNAAM 2014)

Rodos Palace Hotel, Rhodes, Greece. September 22-28, 2014.
http://www.icnaam.org/

The 1st Global Conference on Biomedical Engineering held with the 9th APCMBE.
National Cheng Kung University, Tainan, Taiwan. October 9-12, 2014,
http://conf.ncku.edu.tw/apcmbe9/index.html

The 16th IEEE International Conference on e-Health Networking, Application &
Services (IEEE Healthcom 2014)

Natal, RN Brazil. October 15-18, 2014.
http://www.ieee-healthcom.org/index.html
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