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Is kiva implant advantageous to balloon kyphoplasty
In treating spinal osteolytic metastasis? a prospective randomized
controlled study.

P. Korovessis, K. Vardakastanis,V. Vitsas, V. Syrimpeis
General Hospital “Agios Andreas”, Orthopaedic Department, Patras GREECE

INTRODUCTION: This prospective,
parallel-group, controlled comparative
randomized study compares the safety and
efficacy of balloon kyphoplasty ( BK) versus
KIVA procedure for painful osteolytic
vertebral body (VB) metastatic disease.

METHODS: From a total 44 patients, who
suffered from intractable spinal pain because
of vertebral fractures with evident osteolyses
and suspected malignancy and who were
initially  enrolled in this  prospective
randomized study, 4 patients were excluded
because the histologic study revealed no
malignancy. Thus, this study examined 20
patients (71+13 years) with 40 osteolytic
vertebral body fractures, who received KIVA
and PMMA and 20 patients (70+11 years)
with 40 osteolytic vertebral body fractures,
who were reinforced with BK and PMMA.
There were included 80 vertebral body
osteolyses due to  metastasis equally
distributed in two groups. All procedures (80
vertebrae) were performed in 40 patients in a
total of 40 sessions. Plain roentgenograms
and CT-scans and MRI in some cases were
used for vertebral parameters measurement,
Tomita osteolysis location classification
preoperatively, and for cement leakage
detection shortly postoperatively. Anterior
vertebral body height ratio (AVBHTr), Posterior
vertebral body height ratio (PVBHTr), Middle
vertebral body height ratio (MVBHr) vertebral
wedge deformity(WD)  were measured
preoperatively to postoperatively in each
osteolytic fracture level and comparisons were
between the groups subsequently.

RESULTS: The documented osteolyses in
both groups were graded as Tomita 1 to 7,
average grade 5 and 4 in KIVA BK group
respectively. KIVA was made from Ty to S,
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level. BK was uniquely performed between
T, and T4, while KIVA below Ls because of
anatomy. Asymptomatic cement leakage
occurred only in 4(10%) vertebrae (4
patients) in BK group: two anterior, one
posterior to the spinal canal and one from the
pedicle. No leakages observered to the disk or
to the segmental wvessels. All leakages
occurred solely in cases of with Tomita
grade 5 and 6 in BK group. No cement
leakage occurred in the patients of the
KIVA  group. AVBHr and PVBHr
improved similarly, although insignificantly
in both groups but MVBHr improved
marginally significantly (P=0.07) only in the
KIVA group.

No significant changes occurred in WD in
both groups. 87% of the patients noted
immediately  postoperatively marked or
complete significant pain relief equally after
BK and KIVA procedures. No patient was
worse after treatment. There were no deaths
related to the procedures.

DISCUSSION& CONCLUSIONS :

Percutaneous BK and KIVA provided
immediately postoperatively significant spinal
pain relief in a high percentage of cancer
patients equally in both groups. The absence of
cement leakage in the KIVA group and the
low percentage of leakage in BK group
without neurological impairment may reflect
the safety of both augmentation techniques, the
use of high-viscosity cement in BK and the
safety of the KIVA PMMA containment
technique and subsequent bone cement
leakage control. Both KIVA and BK can
safely  stabilize vertebral osteolytic
metastases grades 1-7 Tomita.
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INTRODUCTION: The goal of this work was
to develop a thermoresponsive injectable
calcium phosphate cement (CPC) for bone
regeneration using alpha-tricalcium phosphate
(a-TCP) as solid phase. The novelty of the
work lies in the use of a poloxamer hydrogel as
cement liquid phase. Poloxamers are
amphiphilic triblock copolymers accepted by
pharmacopeias for drug delivery applications.
Poloxamer hydrogels present the advantage to
be rheologically thermoresponsive increasing
their viscosity with temperature. This property
provided the cement with an excellent
injectability close to room temperature and
excellent cohesion at physiological conditions.
METHODS: «o-TCP and beta-tricalcium
phosphate (B-TCP) powders were obtained as
described elsewhere!. Solutions of 2.5 %
Na,HPO, with and without poloxamer F127
(20 wt%) were used as liquid phase. a-TCP
and B-TCP were mixed with liquid phase at
L/P ratio of 0.35 ml/g. Cement pastes were
prepared at different initial temperatures (0, 7,
12, 15, 18 or 20 °C), and the extrusion
behaviour was monitored through injection
tests’. Injection forces were determined from
injection curves. Cohesion was assessed
injecting the pastes in Ringer’s solution (0.9 %
NaCl) that was kept at different temperatures
between 0 and 37 °C. Setting times were
measured using Gilmore needles. The set
cements were characterized after 7 days of
setting at 37 °C in terms of the crystalline
phases present (XRD), and the compressive
strength.

RESULTS: Irrespective of the initial
temperature of the paste (7 or 18 °C), shape
retention of the a-TCP/poloxamer extruded
strands increased with increasing temperature
of the Ringer’s solution, with total cohesion
when Ringer’s solution was at 37 °C (Fig. 1).
In addition, a-TCP/poloxamer pastes were
totally injectable, whereas in contrast the a-
TCP paste without poloxamer presented phase
separation, with a maximum plunger run of 55
%. Interestingly, the injection force decreased
when decreasing the temperature of the paste,
reaching a minimum value of ~50 N below 15
°C (Fig. 1). There were no significant
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differences in injection force between a-TCP
and B-TCP poloxamer pastes. This can be
indicative that after mixing the addition of
poloxamer introduced an induction period in
the early stages of the setting reaction of a-
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M Beta-TCP

0°c 7°C 12°C 15°C 20°C

Temperature (°C)
Fig. 1: Left: paste without cohesion in Ringer’s
solution at 25 °C and with cohesion in Ringer’s
solution at 37°C. Right: relation between the
injection force and the temperature of the paste.

The o-TCP/poloxamer paste presented an
initial setting time of 11.6 min and a final
setting time of 33.7 min. a-TCP was
completely transformed into calcium deficient
hydroxyapatite after 7 days of setting. The
compressive strength of the set cement was
28.4 £5.1 MPa.

DISCUSSION & CONCLUSIONS:
Poloxamer prevented phase separation,
allowing complete cement injection, and
conferred to the paste thermoresponsive
properties.  Thus, by controlling the
temperature of the paste the rheological
properties, and particularly the injection force
can be modulated. Interestingly, a-
TCP/poloxamer pastes showed complete
cohesion in Ringer’s solution at 37 °C
irrespective to their initial temperature, without
delaying their setting in situ. The set cement
reached similar compressive strength than
several commercial cements, which makes it
an excellent injectable bone filler material.

REFERENCES: 'E.B. Montufar, Y.
Maazouz, M.P. Ginebra  (2013)
ActaBiomaterialia 9:6188-98.
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INTRODUCTION: Numerous calcium
phosphate materials have generated significant
interest as potential biomaterials due to their
chemical and structural similarities to the apatite
phases that constitute the mineral component of
natural bone. Materials such as alpha-tricalcium
phosphate (a-TCP: Cas(PQO,),) have been subject
to increased attention recently since it
demonstrates both resorbable and bioactive
characteristics. The «o-TCP ceramic is a
metastable phase at room temperature; this
means that the o-TCP structure needs to be
‘frozen’ in place from very high temperatures
where it exists as a thermodynamically stable
phase. Unlike the addition of other cations such
as Mg* and Zn**, the addition of Si*" helps to
stabilise o-TCP to a lower temperature [1], thus
making the a-TCP synthesis easier by alleviating
the importance of the quenching temperature.
This solid state NMR study investigates the
structure of Si-a-TCP in relation to its a-TCP
parent material.

METHODS: Samples of stoichiometric a-TCP
and Si-o-TCP (x = 0.10) with no charge-
balancing adjustments were prepared based on
the following design composition:
Cag(PO4)2x(Si04)x  (x =0.10)

thus maintaining the Ca/P+Si ratio the same as
the initial parent Ca/P ratio [1,2,3].

#Si and *P MAS, and “Ca DOR NMR
measurements were performed at ambient
temperatures (~297 K) on a Bruker Avancelll
500 spectrometer (B, = 11.7 T) operating at *Si,
3p and *Ca Larmor frequencies of 99.3, 202.4
and 33.6 MHz, respectively.

RESULTS: The **P MAS NMR data from high
purity o-TCP and Si-a-TCP (x = 0.10) are
compared in Figure 1, together with the
corresponding XRD data characterising these
systems. This comparison illustrates the marked
differences that Si doping imparts on the TCP
structure when comparing long-range and short-
range length scales.
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Fig. 1: XRD data and *'P MAS NMR data for a-
TCP (Ca3(P0O,),) (bottom), and Si-a-TCP
(Ca3(PO4)2x(SiO4)x (x = 0.10)) (top).

DISCUSSION & CONCLUSIONS: The
results of Figure 1 describe the extensive loss of
short-range order (as described by the MAS
NMR data) upon Si incorporation into the TCP
structure, while the long-range order is largely
preserved (as indicated by the XRD data). The
#Si MAS NMR data from the Si-a-TCP system
(not shown) clearly resolves contributions from
both Q° (orthosilicate) and Q' (pyrosilicate)
species that reside within the TCP framework,
while the associated 2D *'P-*Si HETCOR result
(not shown) unambiguously places these Si
species within the TCP structure and not as
phase-separated surface moieties. Furthermore,
the 2D ¥P-*Si HETCOR result shows that this
Si speciation is not homogeneously distributed
throughout the structure, but rather certain
substitution positions are favoured. The “*Ca
DOR results (not shown) exhibit excellent
resolution enhancement of the 18 Ca positions
defining the a-TCP structure.

REFERENCES: ! I. Massie, J.M. Skakle, I.R.
Gibson (2008) Key Eng Mater 361-363:67-70.
J. Duncan, J.F. MacDonald, J.V. Hanna, |.R.
Gibson et al. (2014) Mat Sci Eng C 34:123-129.
%J. Duncan, J.F. MacDonald, J.V. Hanna, J.M.
Skakle, I.R. Gibson et al. (2014) accepted Acta
Biomat.
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Powder and liquid flow regimes during extrusion of calcium phosphate pastes.
R O’Neill*, F Buchanan', A Lennon®, N Dunne’
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INTRODUCTION: Phase separation during
injection of calcium phosphate cement (CPC)
inhibits its application in percutaneous surgery.
Phase separation of non-setting calcium phosphate
paste (CPP) occurs when the liquid component
flows more readily than granular flow of the
powder [1]. The aim of this study was to determine
the liquid flow regime and its effect on the
deformable powder matrix during extrusion of
CPP, identifying new approaches to improve CPC
injectability and obtain homogeneous extrusion.
METHODS: CPP (6 mL) was loaded into a
syringe and extruded at a constant rate to a
maximum force of 100 N [1]. Variables
investigated were liquid-to-powder ratio (LPR)
(0.4, 0.425 and 0.45) and extrusion rate (5, 10 and
20 mm/min).

LPR of samples taken from the extrudate and paste
remaining in the syringe barrel were determined.
Consequently, flow regime of the liquid part of the
CPP could be observed. To determine the
deformation of the powder matrix, individual
layers of powder were dyed a different colour and
loaded into the syringe, creating a striped effect.
Post injection, paste remaining in the syringe was
removed and sliced transversely to the longitudinal
axis, effectively revealing the cutaway section of
the paste remaining in the barrel.

RESULTS AND DISCUSSION: In the barrel,
the lowest LPR occurred at the plunger (Fig. 1a;
A) and subsequently increased towards the exit
(Fig. 1a; D). Due to inter particle and CPP-wall
friction, the pressure exerted by the plunger is not
transmitted uniformly throughout the paste,
pressure being greatest at the plunger side. A rise
in pressure increases liquid migration due to an
increase in powder consolidation [2]. The LPR is
highest directly above the exit point of the syringe
barrel, due to the paste in this region being able to
flow freely. However, the paste within corners
(Fig. 1a; C) is constrained by syringe walls on the

exit side, increasing pressure and liquid migration.
Table 1: Volume flow rate of liquid relative to powder

during injection (times faster)
Plunger rate (mm/min)

5 10 20
x 10400 152| 148| 147
o [0425| 159| 151| 146
0450 | 1.61| 156| 1.50
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Figure 1: a) LPR distribution remaining in syringe barrel

post injection. Key value represents LPR; b) Cutaway
view of powder remaining in syringe barrel for an initial

When powder flow is considered, line B in Fig. 1b
remaining horizontal confirms plug flow occurs,
indicating wall slip [3]. Plug flow does not
continue at barrel exit. Preceding layers not fully
extruded (‘static zones’) are evident (Fig 1b; C).
Liguid migration towards the exit contributes to
static zone formation, as regions of CPP with low
LPR have an increased vyield stress, decreasing
flow relative to regions of high LPR. Similar
trends were observed for all parameter
combinations investigated; i.e. plug flow, static
zones and similar LPR distributions.

Increasing plunger rate decreased phase separation
(Table 1) due to less time for liquid migration
through the powder matrix.

CONCLUSION: Liquid flow is dependent on
pressure distribution within the syringe barrel.
Consequently powder flow is dependent on flow of
liquid; powder in regions of high LPR flowing
more readily due to a decrease in yield stress.
Results agree with previous findings [1] indicating
methods to decrease yield stress and permeability,
will reduce phase separation. Results also suggest
increasing pressure distribution uniformity within
the syringe can decrease phase separation.
REFERENCES: 'R. O’Neill, et al. (2013) GRIBOI 23
CP:100 2S. Rough, et al. (2002) Trans IChemE, 80, A:
701-714. *D. Wilson & S. Rough, (2012) CSChE 90:
277-289
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INTRODUCTION: One recent trend in the field of
calcium phosphate cements (CPC) consists in
introducing millimeter-sized particles in the pastes to
create macroporosity or to release drugs, bioactive
molecules and cells. However, the addition of large
particles in CPC is likely to decrease the injectability
of the pastes and cause separation phenomena between
solid and liquid phases (= phase separation) and
between small and large particles (= size separation).
Therefore, the aim of this study was to investigate the
effect of millimeter-sized spherical glass beads on the
injectability and on separation phenomena of non-
setting model pastes [1].

METHODS: The pastes consisted of a mixture of
powder (P), glass beads (B) and liquid phase (L). P
was B-Cas(POg4), (Sigma-Aldrich), L was either
demineralized water or 0.5 wt % Na hyaluronate
solution (Lifecore Biomedical) and different weights
and sizes of B (Spheriglass®, Potters Europe) were
introduced. After manual mixing of P+B+L, the paste
was poured into a ImL syringe (BD Luerlock, intern
diameter: 4.5 mm, opening diameter: 1.9 mm).
Injectability was measured (n > 3) using a compression
testing machine (rate = 0.4 mm.s™). Samples of the
extruded paste were collected at 3 time points: in the
first 20 mm of the piston displacement, between 20
and 40 mm, and after 40 mm (40-60 mm for a
completely injectable paste). Measurements were
stopped when the load required to extrude the paste
from the syringe reached 250 N and the weight
proportion of extruded paste was determined.
Collected samples were submitted to successive
treatments to determine weights of L, P and B in each
portion of the extruded paste. L/(P+B), P/B ratios were
then calculated. The size distribution of B within the
different portions of paste was determined by image
analysis. Statistical analysis was performed by
ANOVA tests (p<0.01).

RESULTS: Adding from 0 to 40 wt.% of 156 pm-
sized beads into the pastes resulted in a significant
injectability increase, whereas for

390 um-beads, the paste injectability remained
constant until 36 wt.% and dropped then suddenly
(Figure 1).
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1: Injectability of pastes vs. weight ratio of included
beads (B diameters = 156um or 390um)

The L/(P+B) ratio of the extruded pastes did not vary
throughout the injection but was significantly higher
than the L/(P+B) ratio of the paste remaining in the
syringe after extrusion, indicating the existence of
phase separation. This effect was decreased with a
more viscous L. The P/B ratios varied inversely: it
increased along the plunger displacement, suggesting
that beads were extruded whereas a dense cake of
powder particles formed at the rear of the syringe.
Finally, the particle size distribution of extruded beads
shifted towards smaller sizes along the injection
process, confirming that size separation occurred.

DISCUSSION & CONCLUSIONS: This study
showed that phase and size separation occurring during
the injection of model pastes were amplified by the
addition of millimeter-sized beads. Except for the
smallest tested bead size, a significant decrease of
paste injectability was observed with increasing size
and proportion of beads, as observed in previous
studies for usual cement pastes when the size and the
volume of the micrometer solid phase particles were
increased. Moreover, two separation phenomena
occurred simultaneously during the extrusion: both
liquid and large particles (B) moved faster than small
particles (P). This led to the formation of a dense
powder cake at the rear of the syringe.

REFERENCES: ! S. Tadier, L. Galea, B.
Charbonnier, G. Baroud. M. Bohner (2013) Acta
Biomaterialia, DOI:10.1016/j.actabio.2013.12.018
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Injectability of a new calcium aluminate cement for endodontic application
(Endobinder)
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INTRODUCTION: Despite the clinical
performance of Mineral Trioxide Aggregate
(MTA), some of its negative features such as
poor handling characteristics, long setting time
and low flow capacity have led to the
development of new root filling materials.
“EndoBinder”(EB) (Binderware, S8o Carlos,
SP, Brazil) is a calcium aluminate-based
endodontic cement composed (%wt) of Al,Os
(>68.0), CaO (< 31.0), SiO, (0.3-0.8), MgO
(0.4-0.5) and Fe,0O3 (<0.3). Assessment of its
mechanical properties and microstructure’,
colour stability?, antimicrobial activity and
biocompatibility have been performed aiming
to validate the new cement for dental
application, however, its injectability via a
needle has not been evaluated yet. The aim of
this study was therefore to evaluate the
injectability of Endobinder and to investigate
the suitability of calcium nitrate addition to
modify the extrusion and compressive strength
(CS) of the cement.

METHODS: EB was manipulated in
accordance with the manufacturer’s
instructions, mixing the powder with distilled
water at a powder-to-liquid ratio of 2.1g/ml.
5wt% of calcium nitrate was added to the
modified cement. Pastes were hand mixed for
1 minute, then placed into a 5ml syringe and
extruded through a 19 gauge stainless steel
needle with inner diameter of 0.69mm. This
needle size was selected due to the small inner
diameter, indicating suitability for dental
application. The cement was extruded using an
universal mechanical testing machine at a
cross-head speed of 30mm/min, which was
continued until either the entire paste was
extruded or a maximum force of 100N was
reached. The weight percentage of paste
extruded from the syringe was then
determined.

RESULTS: Pure EB was not fully injectable,
however, the addition of 5%Calcium nitrate
improved the injectability without
compromising CS (Figure 1).
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Fig. 1: Effect of Calcium nitrate on the
extrusion and compressive strength of EB.

DISCUSSION & CONCLUSIONS: During
the injection of pure EB, a liquid-phase
separation could be observed, thus causing the
limited injectability. Extrusion was not
increased by lowering the PLR as this would
not only have resulted in more porous cements,
which are mechanically weaker, but also have
promoted phase separation in the cement paste
which would decrease injectability. Calcium
nitrate acted as liquefying agent and no liquid-
phase separation could be observed during
extrusion, making the mixture fully injectable
without decreasing CS. EB has a lower CS
when compared with MTA. CS is assumed to
be a less-critical factor for root-end filling
materials®, as they do not bear direct
mechanical load. However, as Endobinder is a
multipurpose material that could also be used
as a pulp capping or furcation repair material,
the CS remains an important characteristic for
the material to be considered and ideally
enhanced.
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Long term clinical results from using Spinelack ®
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INTRODUCTION: The aim of this study was
to confirm the safety and clinical performance
of the SpineJack® System in combination with
Cohesion® Bone Cement for the treatment of
vertebral compression fractures (VCF) due to
trauma.

METHODS: This prospective international
multicentric observational study was set up and
conducted at fourteen centers across Europe
including 103 patients, mean age at the time of
the surgery was 61.6 years (SD 15.3) range
from 18 to 88 years. 108 vertebral fractures
were treated. In 81 patients, the fracture was
only traumatic. In 22 patients, the trauma
fracture was associated with osteoporosis.

In this study 58.8% of the fractures are
complex fractures: A2, A3 and B fractures.
27.9% of the fractures were classified as A.3.1,
4,8% as A.3.2 and 11,5% as A.3.3 fractures
according to the AO Magerl classification.

The fracture age was a mean 9.2 (SD 7.8) days
old at time of treatment.

Assessments of clinical parameters; Pain
(VAS), functional capacity (Oswestry Global
score, ODI), quality of life (EQ VAS) and
analgesic intake were performed, together with
radiological parameters, prior to surgery, after
surgery and at 3 months.

RESULTS: Results were completed for 91 of
the patients at 3 months follow up. The VAS
score improved from 6.6 + 2.6 at baseline to
1.4 £ 1.2 at 48 hours after the procedure and to
1.4 £1.7 at 3 months, representing a 79%
(p<0.001) overall improvement. The ODI,
showing a decrease from 76.6 + 19.4 % at
baseline to 14.4 + 17.4% at 3 months
postoperatively representing a 81% (p<0.001)
overall improvement. The results of the EQ-
VAS are showing a significant increase of
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Quality of Life from 50.4 £ 25.5 at baseline to
71.9 + 24.4 at 3 months postoperatively. The
decrease in pain allowed a dramatic and
significant reduction in the intake of
analgesics. 3 months after the surgery, 97.8%
of patients were using no medication at all or
only mild analgesics.

There were 7 new fractures, 4 of them
adjacent, reported for 4 patients (3.9%0). 3
patients (2.9%) presented fractures
adjacent to the treated vertebra.

A statistically significant height restoration and
endplates reconstruction with the SpineJack®
were demonstrated immediately postoperative
even with a high percentage of very complex
fractures. In the group with severe fractures
(A3), the mean value for highest point of
restoration is 5.10 mm for the superior
endplate and 2.52 mm for the inferior endplate.
No implant related adverse events or serious
adverse events were reported.

fracture in L1. Pre op and Post op CT scans.

DISCUSSION & CONCLUSIONS: Both the
clinical and radiological results confirmed that
SpineJack® procedure is a safe and efficient
intervention for the treatment of traumatic
VCF. The reported rate of adjacent fractures is
2.9% which can be considered very low
compared to results presented in the literature.
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Bone to go: Metal, ceramic or polymer?
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INTRODUCTION: Life expectancy nowadays, in
most countries around the world, is around 80
years [1]. With a long life expectancy high health
expectations come along. This defines needs to
satisfy and markets opportunities are created. The
bone substitutes market, in 2012, was around 222
million USD in America and around 200 million
Euros in Europe [2, 3]. Depending on the area of
application product choices to replace/substitute
bone could be ample, i.e. metal, ceramic, polymer
or a combination of these. This is the joint work of
different actors which will allow finding the best
alternative to the different needs.

Metals are able to load weight. Due to this
characteristic  most of the implants, i.e.
orthopaedic, spine or dental, are made mainly of
metal. Here, aspects of importance are the structure
and surface. Structure can be obtained by different
ways such as machining, the lost wax process,
CAD/CAM, etc. Surface modification can also be
reached, in order to increase the implant-host
interaction, by several means, such as plasma
spraying,  electrochemically, radiofrequency
plasma, etc [4-6]. Ceramics are more brittle than
metals but offer other proven advantages, mainly
on the reactivity aspect. These materials have been
under research, in an intensive manner, since the
1980’s and through the years their interest for
minimal invasive applications has increased [7].
These materials offer the possibility to be used
for cancer applications [8]. However, some aspects
of their processing parameters need still to be
clarified [9, 10]. Polymers have revolutionized our
daily life and they will do the same on the bone
substitute domain. In combination with the other
two aforementioned materials, polymers can
complement, or modify, the properties and
characteristics of the final materials. So, they can
be used as coatings for metallic implants or
matrices/fillers for ceramic materials [11-12].

The way from bench to bed could be long and
tortuous. In addition, the human body is a complex
system; hence, basic and applied research should
be performed in close interaction with veterinarians
and clinicians in order to overcome obstacles
together.

REFERENCES: ' WHO (2013) Global Health
Observatory Data Repository Life expectancy: Life
expectancy by country. ? IDataResearch (2013)
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Biomater;4:1953-62. ° L. Le Guehennec, Martin F.,
Lopez-Heredia M.A., et al. (2008)
Nanomedicine;3:61-71.  M.A. Lopez-Heredia,
Bongio M., Bohner M., et al. (2012) Acta
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Jansen J.A. (2011) J Biomed Mater Res B Appl
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M., Lopez-Heredia M.A., Muller-Mai C., Knabe C.
(2014) Biomaterials ' M.A. Lopez-Heredia,
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Space maintenance and new bone formation with injectable and settable
composite bone grafts in a canine mandibular ridge saddle defect model

AD Talley', KA Kalpakci®, D Shimko?, KJ Zienkiewicz!, DL Cochran®, SA Guelcher®
! Department of Chemical and Biomolecular Engineering, Vanderbilt University, Nashville, TN, USA.
2 Medtronic Sofamor Danek, Memphis, TN, USA. 3Department of Periodontics, University of Texas
Health Science Center, San Antonio, TX, USA

INTRODUCTION: Large mandibular  defect
reconstruction presents a continual challenge in oral
and maxillofacial surgery. Growth factors, such as
recombinant human bone morphogenetic protein-2
(rhBMP-2), incorporated into scaffolds stimulate new
bone formation. Low-viscosity (LV) injectable
polyurethane grafts have been reported to be effective
carriers for rhBMP-2 and support new bone growth.!
By reinforcing the scaffold with ceramic particles, its
space maintenance properties can be enhanced.
Mastergraft (MG) is a biocompatible, biphasic ceramic
composed of 85% B-tricalcium phosphate and 15%
hydroxyapatite that is similar in mineral content to
natural bone.? 45S5 Bioglass (BG) is a bioactive,
resorbable glass that has been used effectively in a
variety of bone regeneration applications.®> In the
present study, we investigated the ability of injectable
LV-MG and LV-BG composites with two doses of
rhBMP-2 to heal saddle defects in the canine
mandible.

METHODS: LV was synthesized from a lysine
triisocyanate  (LTI)-polyethylene  glycol (PEG)
prepolymer, a polyester triol 450 (g/mol), and
triethylene diamine catalyst. Treatment groups
included the LV-45% MG or LV-45% BG with 100
pg/mL (low dose, L) or 400 pg/mL (high dose, H)
rhBMP-2 (n=6/group). The lyophilized rhBMP-2 was
hand-mixed into the PUR and injected into saddle
defects in the canine mandible (4/animal) measuring 7-
8 mm apicocoronal by 8-10 mm mesiodistal. The
biocomposite was shaped through the creation of a
pocket of soft tissue into which the composite could be
injected (Fig 1A). The grafts expanded to ~50%
porosity and hardened within 7-9 min, at which point
the soft tissue was sutured over the defect sites.
Animals were sacrificed at 16 weeks and new bone
formation evaluated by radiography, uCT, histology,
and histomorphometry.

RESULTS: Images of mandibles treated with LV-BG
or LV-MG augmented with 100 (L) or 400 (H) pg/mL
rhBMP-2 and explanted at 16 weeks are shown in Fig.
1. While all four grafts promoted bone healing, uCT
images reveal that LV-MG-H and LV-BG-H more
effectively maintained the original height of the ridge.
Quantitative measurements (Fig. 1B) showed a
significant increase in ridge height at the high dose of
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rhBMP-2, while differences between materials were
not significant at either dose. Histology and
histomorphometry are ongoing.
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Fig. 1: (A) Photograph showing injection of LV grafts
into saddle defects. (B) uCT measurements indicate
that the high (H, 400 pg/mL) rhBMP-2 dose more
effectively maintained ridge height than the low (L,
100 pg/mL dose). uCT images of saddle defects at 16
weeks reveal evidence of new bone formation.

DISCUSSION & CONCLUSIONS: Injectable,
settable LV-MG and LV-BG composite bone grafts
augmented with rhBMP-2 supported new bone
formation and remodeling in canine mandibular ridge
saddle defects. Maintenance of the height of the
mandibular ridge increased with rhBMP-2 dose.
Injectable LV grafts therefore provide the potential
advantage of space maintenance and healing without
the need for protective membranes or cages.* LV grafts
will be further evaluated in preclinical models of
lateral ridge augmentation.

REFERENCES: ! B. Li, JM. Davidson, S.A.
Guelcher. (2009) Biomaterials 30:6768-6779. % R.Z.
LeGeros et al. (2003) J. Mater. Sci.-Mater. Med
14:201-209. * J.R. Jones. (2013) Acta Biomaterialia
9:4457-4486. * F. Schwarz, |. Mihatovic, V. Golubovic
et al. (2012) Clin. Oral Impl. Res. 23: 83-89.
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Assessment of osteogenic potential of injectable human mesenchymal stem
cells/coralline hydroxyapatite/calcium carbonate microtissues
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! College of Engineering; 2 College of Medicine, Swansea University, Singleton Park, Swansea, UK.
®Department of Orthopaedic Surgery, Affiliated Hospital to Hainan Medical College , Haikou, Hainan
Province, PR China. 4 Botnar Research Centre, University of Oxford, UK

INTRODUCTION: Coralline hydroxyapatite/
calcium carbonate (CHACC) is a biodegradable
and osteoconductive bone graft material', which
has demonstrated excellent clinical performance in
our previous study”. We hypothesise that CHACC
can be used as a carrier for mesenchymal stem
cells (MSCs) to form injectable microtissues
which will have the potential to enhance
osteogenesis. The aim of the study is to construct
human mesenchymal stem cells on CHACC
granules to form microtissue, and to assess their
osteogenic differentiation in vitro.

METHODS: CHACC blocks were grounded to
granules using a mortar and pestle, and
subsequently sieved to select the granules sized
between 200 and 300 pum. Human MSCs isolated
from bone marrow and umbilical cord matrix were
used for comparison. Microtissues were formed
via hanging-drops in Terasaki microplates, by
adding 3,000 human MSCs with 3 CHACC
granules/well (in 20 pul aMEM supplemented with
10% fetal bovine serum and 1% antibiotics), and
incubated for 24 hours. The microtissues are then
transferred to 100 mm petri dishes, and
continuously cultured in either control or
osteogenic differentiation medium (100 nM
dexamethasone, 10 mM B-glycerol phosphate, and
100 uM 2-phosphate-ascorbic acid). Mesenchymal
stem cell phenotypes were characterised using a
BD flow cytometer for CD14, CD34, CD73,
CD90, CD105, CD19 and CD45. Microtissues
were harvested at days 1 (baseline), 7, 14 and 21
days and imaged using bright field microscopy and
scanning electron microscopy (SEM). The samples
were fixed in 10% Formalin and fluorescently
stained for alkaline phosphatase. At day 21,
immunocytochemistry of osteocalcin, osteopontin,
RUNX2 and type | collagen were performed and
total RNA from the microtissues were extracted
for gPCR analysis of RUNX2, type | collagen,
ALP, Osteopontin and Osteocalcin expression.
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RESULTS: Human MSCs enveloped the surface
of CHACC granules to form microtissue at day 1
after seeding. Cells increased in number
continuously and bridged nearby microtissues at
day 7. At day 21 all CHACC granules were
integrated by MSCs and their extracellular
matrixes (Figure 1). Human MSCs from bone
marrow and umbilical cord matrix both showed
osteogenic differentiation, assessed by
immunohistochemistry and gPCR of osteogenic
markers of RUNX2, Collagen type I, osteocalcin
and osteopontin. However, these markers were
more pronounced in human MSCs from bone

marrow than those from umbilical cord matrix.
hUCM-MSCs BM-hMSCs Figure 1: SEM images of hUCM-MSCs

S (A-E) and BM-hMSCs (A2-E2) grown on
CHACC. Control a-MEM images at day 1
and 21 of hUCM-MSCs (A and E,
respectively) and BM-hMSCs (A2 and E2,
respectively). Human UCM-MSCs
osteogenically induced at day 7, 14, and 21
(B, C, and D, respectively) and BM-hMSCs
(B2, C2, and D2, respectively). Scale bars

500 pm.

a-MEM Day 21 Osteo Day 21 Osteo Day 14 Osteo Day 7 a-MEM Day 1

DISCUSSION & CONCLUSIONS: CHACC
granules can be a suitable carrier for human MSC
proliferation and differentiation in vitro, for the
purpose of injectable delivery. However, as
expected, MSCs from bone marrow have superior
osteogenic differentiation abilities to those from
umbilical cord matrix.

REFERENCES:

1. FuK, etal JBiomed Mater Res A 2010;92(4):1256-64. 2.
Fu K, et al. Biomed Mater 2013;8(6):065007.
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FTIR-Attenuated Total Reflectance: a new tool in the assessment of 1VD
aging and degeneration.

O Hamel'?, A Touré!, S Youl*, S Quillard®, J Lesoeur*, M Fusellier®, J Abadie®, BH Fellah®,
O Gauthier®, P Weiss™*, J Guicheux'*, J Clouet*®
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INTRODUCTION: Aging and degeneration
cause significant alterations in the biochemical
composition of the IVD tissue with respect to
these components®. In this context, the objective
of this study was to demonstrate the efficacy of
Fourier transform infrared-Attenuated Total
Reflectance (FTIR-ATR) as a reliable technique to
detect major components of the IVD extracellular
matrix (ECM) and discerning subsequent changes
to IVD tissue in two complementary models of
IVD degeneration disease (DDD).

METHODS: Age-related DDD model was performed
using New Zealand White rabbits of increasing ages
(1, 6 and 24 months). In addition, enzymatic treatment
with hyaluronidase (1mg/20uL) was used to induce an
experimental model of DDD in 1 year-old rabbits®.
Longitudinal follow-up in experimentally-induced
animal model was performed at 7, 30 and 60 days.
MRI (T2 sequence) was used to assess the Pfirrmann’s
grading and to stratify IVD in several groups with
increasing severity of DDD: grade I, 1l and 11l and V.
In-situ analysis with FTIR-ATR was conducted to
determine the chemical composition of IVD. Nucleus
pulposus (NP) and Annulus fibrosus (AF) of each IVD
was examined by FTIR-ATR and spectrum analyzed.

RESULTS: In the age-related model, three groups
have been defined according to Pfirrmann’s grading
(grade I, Il and I1I). Interestingly, spectra in NP (Fig.
1) and AF (data not shown) showed reproducible
modifications notably in the spectral regions of 1340,
1550, 2850, 2960 cm™. In experimentally-induced
DDD model, spectra of control 1VD (grade Il with no
enzymatic treatment) show at day 7 a FTIR-ATR
spectrum quite comparable to the spontaneous IVD
spectrum of grade Il (data not shown). Enzymatic
treatment induces rapidly a deterioration of the
Pfirrmann’s grading from grade Il to IV-V.
Consistently with this Pfirrmann’s grading increase, a
drastic modification of FTIR-ATR spectrum is
observed at day 7 and 60 (Fig. 2).
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Fig. 1: FTIR-ATR spectrum of NP in spontaneous
model according to IVD Pfirrmann’s grading.
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Fig. 2: FTIR-ATR spectrum of NP in experimentally-
induced animal model according to IVD Pfirrmann’s
grading.

DISCUSSION & CONCLUSIONS: These results
illustrated that FTIR-ATR can be used as an easy and
fast ex vivo analysis of molecular constituents of 1VD.
The molecular information obtained may be relevant
for understanding the pathogenesis of IVD
degeneration. Identical modifications between grade
Il in aging IVD and in grade IV-V after enzymatic
treatment confirm that some spectrum regions could be
specific of macromolecular complex (proteoglycans
and collagens) alteration in the ECM of I\VD.

REFERENCES: *. J. Clouet et al (2009) Joint Bone
Spine 76(6):614-8. * J. Antoniou et al (2006) Spine
31(14): 1547-54.
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High frequency impedance measurement for the relevant determination of
setting times of apatitic cement

C. Despas', V. Schnitzler?, P. Janvier®, F. Fayon**, D. Massiot* ®, J.-M. Bouler®, B. Bujoli®,
A.Walcarius®
YL CPME, Université de Lorraine CNRS UMR 7564, Villers Lés Nancy, France. 2Graftys SA , Aixen
Provence, France. *CEISAM, Université de Nantes CNRS UMR 6230, NANTES, France. “CEMHTI,
CNRS, UPR 3079, Orléans, France. *Université d’Orléans, Faculté des Sciences, Orléans, France

INTRODUCTION: The discovery of calcium
phosphate cements (CPC) constitutes a
significant advance in the field of biomaterials
for bone reconstruction, especially for
injectable  compositions  which  allow
implantation using minimally invasive surgical
techniques. In this context, one current trend is
to formulate new CPC to obtain biocompatible
and resorbable materials showing improved
mechanical properties, allowing the delivery of
drugs and together with a setting reaction
proceeding in a suitable time. Therefore,
determining the initial and final setting times
of injectable bone cements is of great
importance to define the time window for
which the cement can be handled. For that
purpose, two standardized methods are
classically used: the Gillmore[1] or Vicat[2]
needle tests. These methods are based on the
concept of ‘visible indentation” which is
operator-dependent and can result in poor
reproducibility from one research group to
another, and are unable to provide information
about the progress of the chemical reaction
controlling the setting process. Monitoring
chemical  characteristics and  physical
properties of the cement as a function of time
involves sophisticated characterization
techniques with destructive conditions of
preparation on collected samples.

RESULTS, DISCUSSION &
CONCLUSION: We demonstrate, here, that
the high frequency impedance (0.4-100MHz
frequency range) allows non-destructive and in
situ dynamic monitoring of setting reactions of
cements dedicated to orthopaedic
applications[3,4] (Fig.1). The present approach
enables to identify in a non-invasive way
through the variation of dielectric permittivity,
¢’, and dielectric losses, €”: (i) a first weakly
evolving step (with in some cases the presence
of an induction period) for which the paste is
not consolidated (ii) a second step showing
sharp variations of the &’ and €” curves as a
result of the conversion of o-TCP into CDA on
the particles surface and (iii) a final stage for
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which the dielectric permittivity and dielectric
losses start to stabilize when the chemical
transformation of o-TCP progresses towards
the inner part of the particles. Unambiguously,
the high impedance frequency is also likely to
characterize the effect of additives (i.e,
antiosteoporotic bisphosphonate drugs such as
Alendronate) on the hydration process.
Interestingly, the variation of both dielectric
parameters not only gave clear evidence of the
retarding effect of alendronate, but was also
sensitive to the different mechanisms of
hydration taking place depending on the way
the BP was introduced in the cement
formulation. It was thus observed, that the
retarding effect was minimized when the BP
was chemisorbed onto CDA, in agreement
with *P MAS RMN experiments.
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Fig. 1. Variation of dielectric_permittivity, &’

versus reaction time for the undoped CPC.
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Calcium phosphate foams: Tunable, ready-to-use bone grafts
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INTRODUCTION: Calcium phosphate foams (CPFs)
are synthetic bone graft substitutes presenting
attractive  properties such as an additional
interconnected macroporosity compared to Calcium
Phosphate Cements. This work explores the potential
of different formulations of CPFs to tune their
properties allowing their storage and readiness-to-use.
METHODS: The powder phase was a mixture of a-
TCP containing 2%wt of precipitated hydroxyapatite
and Pluronic F-127 (0, 10 or 15%wt). The liquid phase
was a solution of 1%wt Tween80 in water. Calcium
phosphate foams were prepared using a L/P ratio of
0.55mL/g, injected into moulds (6mm @&, 12mm) and
characterised after 7 days of setting. The compressive
strength (CS) was evaluated. The total porosity and
pore entrance size distribution (PESD) were evaluated
by Mercury Intrusion Porosimetry (MIP). Right after
preparation, some samples were frozen (-80°C).
To unfreeze, a milk heater (Medela) was used, and the
material was subsequently injected into moulds for
setting.

RESULTS: CPFs clearly showed a macroporous
structure (Fig.1) in all formulations.
1 Fi g B B P, h
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.1: SEM Image of a pristine CPF showing its
interconnected macroporosity.

The addition of Pluronic in the matrix led to a decrease
in the pore interconnection diameter as recorded by
MIP (Fig.2), and an increase in the CS while the total
porosity was maintained (Fig.3).
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.2: PESD of CPFs containing variable amounts of

Pluronic.

Moreover, the freezing-unfreezing process did not

significantly affect the macroporosity and total

porosity of the CPFs as shown in Fig.3.
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Fig.3: Total porosity and compressive strength of
Pluronic containing CPFs, and unfrozen CPF.

DISCUSSION & CONCLUSIONS: Pluronic was
used to tune the interconnection size of CPFs from
120um down to 8um. While the total porosity was not
affected, the CS increased due to the decreasing pore
size, due to the higher concentration of surfactant
leading to the formation of smaller bubbles while
foaming. The CPF containing 10% of Pluronic showed
interconnections between pores around 80um. It was
shown that it is possible to freeze, store and deliver
ready-to-use CPFs without altering their initial
properties.
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Biological and reconstructive properties of gallium-doped calcium phosphate bone
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INTRODUCTION: Calcium phosphate (CaP)
biomaterials are commonly wused in bone
reconstructive surgery, and if combined with
drugs, can serve as an active vector for local drug
delivery such as the semimetallic element gallium
(Ga). Ga has been used in treatment of several
disorders associated with accelerated bone mineral
resorption [I], and it was shown to inhibit the
differentiation of osteoclasts, the bone-resorbing
cells [2]. It was also demonstrated that Ga can be
chemically associated with CaP following an ionic
substitution of calcium sites [3]. Therefore, we
embarked on investigating biological properties of
novel gallium-doped CaP biomaterials using an in
vitro  co-culture  model of  osteoclastic
differentiation and an in vivo rat model of defect
healing.

METHODS: In vitro. CaP cement (CPC) and
CPC-Ga pellets were prepared (following user
manual for Graftys® Quickset). Human primary
osteoblasts or human primary monocytes were
seeded separately or together on cement pellets. At
day 14, cells were TRAP-stained for qualitative
observations. Alternatively, mRNA were prepared
for quantitative RT-PCR. In vivo. A cylindrical
critical-sized defect was created bilaterally at the
distal femoral metaphysis of male Lewis rats. The
osseous cavity was filled with micro-particles (80-
200um) of CPC+/- Ga or calcium-deficient apatite
CDA +/- Ga. Animals were sacrificed 2 or 8 weeks
after implantation and bone specimens were
retrieved. 2D analysis from SEM images and 3D
analysis from micro-CT images (Skyscan 1172)
were conducted to determine histomorphological
parameters. In addition, histological studies
guantified the surface of newly formed tissue and
micro particles.

RESULTS: In vitro. TRAP staining revealed
mature osteoclasts on both CPC and CPC-Ga
pellets. Furthermore, a decrease in osteoclasts
number was observed on the surface of CPC-Ga
compared to CPC pellets. In vivo. For all tested
scaffolds, histological staining revealed a good
osseointegration of implants into the surrounding
host tissue accompanied by
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successful bone ingrowth and bone marrow
reconstruction (Fig.1).
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Fig. 1: Histological section stained by MOVAT
(condition CPC at 2 months)

Preliminary results showed that defects implanted
with CDA-Ga had a higher percentage of filling
compared to control CDA, as observed by
quantitative micro-CT analysis for samples at 2
months.

DISCUSSION & CONCLUSIONS: Here we
demonstrate that CPC and CPC-Ga provide
biocompatible and non-cytotoxic substrates for
bone cells survival, thus allowing for their
functional dialogue and osteoclastic differentiation.
However, osteoclasts number is reduced on CPC-
Ga pellets, potentially suggesting an inhibition of
osteoclastic differentiation, which is yet to be
confirmed by quantitative RT-PCR. In quantitative
micro-CT analysis, in vivo model suggests an
increase of the defect filling at 2 months in the case
of CDA-Ga compared to control, and quantitative
histological analysis is currently in progress to
refine and further enforce these results.

REFERENCES: ! E.Verron et al. (2012) Gallium as a
potential candidate for treatment of osteoporosis Drug
Discov Today 17:1127-1132., °E. Verron et al. (2010)
Gallium modulates osteoclastic bone resorption in vitro
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159(8):1681-92., Mellier et al. (2011) Characterization
and properties of novel gallium-doped calcium
phosphate ceramics Inorg.Chem 50:8252-60.
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INTRODUCTION: The aim of this study was to
investigate the effect on cement properties and bone
cells of progressive Sr-substitution for Ca in bioactive
glasses used as precursors for novel calcium phosphate
cements (CPCs). This novel route of cement
production has been patented’ and properties and pro-
osteogenic effects have already been assessed in-vitro
and in-vivo®. They possess excellent osteoconductive
properties and optimum resorption rate. The addition
of Sr is hypothesised to improve their properties and to
enhance performance in-vivo when this material is
used as bone graft. Sr has been shown to stimulate in-
vitro and in-vivo replication of pre-osteoblasts and to
inhibit osteoclasts differentiation®. As a consequence
faster rates of new bone formation and enhanced
osteoconduction are the advantages of using Sr
containing bone substitutes. Sr has been shown to
increase radiopacity and its substitution for Ca in
bioactive glasses is known to expand the glass network
resulting in faster glass dissolution and improved
bioactivity.

METHODS: Glasses were produced by progressively
substituting Sr for Ca on a molar basis. Cements were
prepared by mixing the glass powder with Ca(H,POy),
powder and using 2.5% solution of Na,HPO, solution
(L/P 0.70) to start the setting reaction. Setting times
and compressive strength were measured after 1h, 1d,
7d and 28d immersion in TRIS buffer solution on
cylindrical samples. X-Ray Diffraction (XRD) and
Radiopacity were assessed. Cell culture was performed
using mouse and human osteosarcoma preosteoblasts
and the samples observed by Scanning Electron
Microscopy (SEM).

Tablel. Glass Compositions for Cements (mole %)

Glass SiO, P,Os CaO Sro Na,O

ADSr0 42.00 | 4.00 39.00 0.00 15.00

ADSr5 42.00 | 4.00 37.05 | 1.95 15.00

ADSr10 42.00 | 4.00 3510 | 3.90 15.00

ADSr25 42.00 | 4.00 29.25 9.75 15.00

ADSr50 42.00 | 4.00 19.50 | 195 15.00

ADSI75 42.00 | 4.00 9.75 29.25 | 15.00

ADSr100 | 42.00 | 4.00 0.00 39.00 15.00

RESULTS: Setting time increased proportionally with
Sr-substitution in the glass up to 25%, whereas for
higher substitutions it decreased. Compressive strength
showed the same trend with a maximum medium value
of 12.5 MPa for 25%Sr composition after 1d. XRD
showed that the presence of Sr influenced the crystal
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phases forming during the time and crystallites size.
OCP (CagH»(P0O,)s-5H,0) was the main phase present
after 1h and 1d. After 28d OCP was completely
transformed to Sr-containing hydroxyapatite (SrcCao-
»(POs)s(OH),,  SrHA).  Radiopacity  increased
proportionally to Sr content. In general, fewer cells
grew on the surface of 0% Sr compared to that of 25%
Sr.

DISCUSSION & CONCLUSIONS: A novel method
to develop a bone substitute forming in vitro SrHA as a
final product by using a bioactive glass as a precursor
was shown. SrHA appeared after the formation of
OCP, which is believed to be a precursor in HA
formation. Diffraction lines for HA showed a shift
towards lower 20 values with increasing in Sr
substitution in the glass, meaning that the Sr was
incorporated in the lattice of HA with evident effects
on the unit cell and crystallite sizes. A correlation
between the phases formed, setting time and
compressive strength was witnessed. The compressive
strength obtained in vitro matched the strength value of
trabecular bone. Sr-addition enhanced cellular
attachment and proliferation and increased radiopacity.
Cements highly radiopaque are more easily tracked for
their resorption and replacement by new bone. These
novel bioactive glass cements are promising materials
for dental and orthopaedic applications, resulting in a
new more effective and biocompatible bone substitute.
Further in- vivo characterizations are being conducted.
REFERENCES: 'R. Hill, N. Kent, N. Karpukhina, Jun 27,

2013. Patent Number: PCT/EP2012/076844.> N. Kent,
R. Hill, N. Karpukhina, Highly Bioactive Glass Reacts to
Form In-Vivo Setting Injectable Bone Graft Substitute.
[Under Review - Journal Royal Society Interface]. *P.J.
Marie, P. Ammann, G. Boivin, C. Rey (2001) Calcif.
Tissue Int., 69:121-129.
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Fabrication and characterization of bone cement-reactive poly(vinyl alcohol)
membrane for balloon kyphoplasty
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INTRODUCTION: Balloon kyphoplasty is a typical
operation technique in which the vertebral body is
inflated with a balloon, after which poly (methyl
methacrylate) (PMMA)-based bone cement is injected
into the collapsed space. This operation technique is
effective to reduce pain, however, its major
disadvantage is leakage of the cement into the closed
collapsed space of the vertebral body. Therefore, the
development of a device that regenerates the vertebral
body without cement leakage is required in clinical
field. In the present study, we employed a
poly(vinyl alcohol) (PVA) membrane as a starting
material for implantable balloon kyphoplasty.
PVA membrane has excellent mechanical
properties derived from their intra- and
intermolecular hydrogen bonding. Also, it is
known that bone-like hydroxyapatite deposits
on/in PVA hydrogels, meaning that implanted
PVA membranes can be immobilized inside of
vertebral body via calcified products such as
hydroxyapatite when implanted in the body. Using
PVA membrane, we introduced vinyl groups on
the surface of the PVA membrane so that the bone
cement can covalently react with the hydrogel
membrane. Then, we evaluated the effect of this
vinyl group modification of the PVA membrane
on the bonding strength between the membrane
and bone cement [1].

METHODS: Introduction of vinyl groups on PVA
membrane was carried out as follows; Dried PVA
membranes were immersed for 24 h at room
temperature in glycidyl methacrylate (GMA) glycidyl
aqueous solution adjusted to pH 1.5 using hydrochloric
acid. After the reaction, the membrane was washed
with excess acetone and water, and dried at room
temperature. The resulting GMA-modified PVA
(GMA-PVA) membranes were characterized using
water contact angle measurement, fourier transform
infrared (FT-IR) spectra, X-ray photoelectron
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spectroscopy  (XPS) and  bonding  strength
measurement with PMMA bone cement.

RESULTS: The water contact angle of the PVA
membrane was 45.6° + 3.5°, which increased to 69.7
°+3.5 ° upon GMA modification, confirming that the
hydrophobic GMA was actually introduced onto the
PVA membrane. From FT-IR analysis, the peaks at
1700 cm™ and 1200-1040 cm™ were assigned to the
C=0 groups and C-O-C groups of GMA, respectively,
suggesting that the hydroxyl groups in PVA were
replaced with GMA groups. From XPS analysis, C1s
narrow XPS spectra of PVA before and after GMA
modification. Only the C-O peak was found on the
original PVA membrane, while, C=0 peaks appeared
after modification with GMA, suggesting that the
hydroxyl groups of PVA were partially converted to
GMA groups. The prepared membrane adhered to
PMMA-based bone cements within 10 min, which is
the time required for PMMA polymerization in the
bone cement. The bonding strength between the GMA-
PVA membrane and the PMMA-based bone cement
was higher than that for the original PVA membrane,
likely because vinyl bonds form between the surface of
the GMA-PVA membrane and the bone cement. Since
GMA-PVA membrane adhered firmly to the PMMA-
based bone cement, the membrane was able to
completely cover the PMMA-based bone cement.

CONCLUSIONS: We developed PVA membrane that
is reactive with PMMA-based bone cement by
introducing GMA onto a thermally treated PVA
membrane. The bonding strength between the PMMA-
based bone cement and the GMA-PVA membrane was
2-fold higher compared with the original PVA
membrane. The GMA-PVA membrane is therefore a
useful material for implantable balloon kyphoplasty.

REFERENCES: 'M. Inoue, M. Sakane and T.
Taguchi, Fabrication of reactive poly(vinyl alcohol)
membranes for prevention of bone cement leakage, J.
Biomed. Mater. Res. Part B. Appl. Biomater., in press
(2014).
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Association of a novel peptide inhibitor targeting RANK and a crosslinked hydrogel as
anti-osteoporotic drug delivery system
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INTRODUCTION: Due to the aging population of
the industrial world, the development of novel
therapies against osteolytic diseases is a subject of
growing interest. Bone remodeling is characterized by
a balance between osteoblasts expressing receptor
activator of nuclear factor-«B ligand (RANKL) and
RANK-expressing osteoclasts [1]. One of the
strategies consists in blocking the RANK/RANKL
interaction with a peptide able to specifically bind to
the receptor RANK. To avoid secondary effects of
systemic therapies, drug delivery systems are of key
importance.

Thus the aim of this study was first to develop a novel
structure-based approach to generate peptides targeting
RANK, then to build a tridimensional matrix able to
encapsulate and slowly release such molecules.
METHODS: To identify inhibitors of RANK, a
peptide library was generated in silico. After
refinement process, 40 peptides were purchased from
GeneCust EUROPE. The biological activity of each
candidate was tested in vitro in an assay of osteoclast
differentiation (human CD14" and murine CD11b"
monocytes). The effect of the most promising peptide
on RANK signaling was evaluated by gPCR and
Western blot analysis. Finally in vivo experiments on
ovariectomized mice were performed with daily
subcutaneous injection of the peptide for 5 weeks and
the activity of the peptide on bone remodelling was
evaluated by microtomography and histology.
Chemically crosslinked hydrogels made of hydroxy
propyl methyl cellulose (HPMC) were obtained by
radiation. The swelling and the crosslinking ratio were
measured in phosphate buffer saline solution.

The encapsulation of the peptide was performed by
solubilisation in the polymer solution and crosslinking
by irradiation. The kinetic release was studied in a
physiological solution and monitored over 6 weeks by
high performance liquid chromatography and
(indirectly) via measuring the viability of mouse
osteosarcoma (POS-1) cells.
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RESULTS: A library of short peptides (22.5x10°) was
screened in silico according to the structure of RANK
in complex with RANKL and refined based on their
solubility in biologically compatible solvents (25,000)
and their binding affinities with the receptor (~1,000).
50 peptides were tested in vitro; three molecules
PepA3, Pep5_I7K and Pep8 showed a high activity in
vitro on human and murine osteoclastogenesis. Of
these, Pep8 also had the highest solubility in aqueous
solution, making it a promising candidate for further in
Vivo testing.

The inhibitory effect of Pep8 was confirmed by
microtomography and histological analysis on
ovariectomy-induced bone loss.

Concerning the HPMC hydrogels, the swelling and the
crosslinking ratio were controlled by the radiation dose
and the polymer concentration.

Kinetic release of the peptide was observed up to 4
weeks whatever the hydrogel formulation.
DISCUSSION & CONCLUSIONS: The in silico
conception of peptide able to inhibit the RANK-
RANKL interaction has led to novel and innovative
molecules. The in vitro an in vivo experiments have
validated the specificity of one peptide.[3] A patent
has been issued on the amino acid sequence showing a
strong inhibitory effect on osteoclastogenesis.[4]

The process of hydrogel formation showed that the
network can be adapted depending on the size of the
molecule to be released, leading to a sterile, ready-to-
use drug delivery system. This technology was also
patented.[5]

REFERENCES: * D.M. Anderson, et al. (1997)
Nature 390, 175-179. 2 S. Téletchéa, et al. J Bone
Miner. Res. In press. :D. Heymann, S. Téletchéa, V
Stresing, (2013) EP2606905A1. * X. Bourges, S.
Baroth (2010) US20100021544.
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Impact evaluation of an osteosynthesis device dedicated to prevent hip fracture
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INTRODUCTION: The second fracture of the
upper part of the femur is associated to a dramatic
increase of the mortality rate (from 20 to 50%
depending of the studies) [1,2]. Therefore, it is
clearly important to prevent this second fracture.
The purpose of this study is to evaluate the impact
of a new prevention dedicated osteosynthesis
implant (PDOI) on patient in terms of safety and
effectiveness.

METHODS: The study was performed in an on-
going, prospective series of 15 PDOIs. To date, 3
patients were implanted. The PDOI was implanted
into the contralateral hip during the same surgery
time of fractured hip gamma nail implantation.
Mean follow-up was 3 months. Clinical evaluation
included the Oxford hip score, the WOMAC
scores. Plantar pressure measurements were
evaluated at 3 weeks and 3 months after the
surgery using a Win-Pod (Medicapteurs).

RESULTS: Mean Age and BMI of patients were
8313 years and 259 kg/m2 respectively. Mean
duration of surgery was 43 minutes (range 35 to
58). Cement quantities were similar over the 3
patients (6-7 cc). At 3 weeks, comparison between
the two legs’ plantar pressures revealed no
differences (50%-50%). Experiences of pain were
comparable between the two legs (0.7 and 1 for the
Gamma Nail and the PDOI respectively). At 3
months, Womac scores for pain and functionality
were 6 and 36 respectively and an OHS score of
25. Experiences of pain were similar between the
two legs (3 and 4 for the Gamma Nail and the
PDOI respectively). Concerning the plantar
pressures, results obtained were in favor of the
PDOI compared to the Gamma nail (53% vs.
47%). No osteolysis or implant loosening was
observed at the different follow-ups.

DISCUSSION & CONCLUSIONS: At 3 months,
patients have maintained good physical health
without any inconveniences, in the contralateral
hip, caused by the implantation of the PDOI.
Furthermore, patients tend to more bear their
weight on the leg with the PDOI. These first results
are very encouraging and suggest that PDOI did
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not cause additional troubles or pains to the
patient.
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Fig. 1: Per-operatory radiography of the patient 1 just
after implantation of the PDOI.

AQe Elans  |Pamoogs:
oo Poigs 1 E3 Ky Examen 0062013
Talle: 145 em

Comespandant Pointure: 37.0

Date - DS062013)
Surface: 36 om® Analyse posturologique Surface: 46 om®
Poussae 13 % Pousséa 21 %
Repartition 42 % Repartiion =33 %
AN
A% :?%..
m@ a
Ut
: #
Surface. 38 om® Surface: 44 ot
Poussée 125 % Poussde 1M %

Repartttion - 53 % Repartition |62 %
Sufsce P madrde F.moyerne Pouses Poids | |Curace Pm@dmek Fmoyenne Fousses POl
Téon: 1GESOQGIF  41900TF 46% 24Kg | 90onF 223BgQNT  A13QLIF 54 % 29 kg
Longueur trace: £21,6mm | ViLLa: 7.5mmis *0: 2,1 mm
Surace frace: 4332 M | WILANL: 10,5 mmis ¥O-12,8 mm
Longueursuace 0,9 iimm | Varlat: 4.3mm X moy. --5,5 mm
Vit Moy Ouad : 129 mmvs [VarAnt: 4.7 mm ¥ moy. --15,4 mm
- IR WG TR W e [

Fig. 2: Plantar pressure results of patient 1 at 3 weeks
after the surgery. Similar pressure obtained in both left
and right sides.

REFERENCES: ' Ryg J, Rejnmark L, Overgaard S,
Brixen K, Vestergaard P. Hip fracture patients at risk of
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Samelson EJ, Hannan MT, McLean RR et al. Second
hip fracture in older men and women: the Framingham
Study. Arch Intern Med. 2007 Oct 8;167(18):1971-6.
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Bone Augmentation Solutions Syndicate (BASS): A collaborative
development of bone augmentation solutions for proximal humeral and hip
fractures,

P Procter’, G GradI?, H-C Pape? T Russell® B Nies*, G Insley®, K Madden®, B Nieber® A

Greter®

1 CPP consultancy F, 2Uniklinik Aachen D, ®Innovision USA, *Innotere D, °PBC IE, ® Medmix

INTRODUCTION: in proximal fractures of the
humerus and the femur in elderly osteoporotic patients
complication rates due to failure of screw/bone
fixation may be as high as 40% and 8% respectively'?.
Injectable CaP cement augmentation of fixation screws
offers potential clinical benefits of reduced
displacement and pain postoperatively®. However
injectable cement makers often focus less on
development of indication specific delivery devices.
To address unmet needs several smaller companies
(see author list above) have formed a collaborative
group — Bone Augmentation Solutions Syndicate
(BASS) to ensure all aspects of clinical user needs are
addressed in injectable biomaterials treatments.
METHODS: The six groups involved in this initiative
contributed as follows (in order of author above):
clinical applications knowhow, relevant clinician
experience, an implant designed for cement delivery, a
novel CaP pre-mix cement, project management
infrastructure, and mixing and delivery technologies.
The starting point was defining clinical user needs in
key specific indications. This lead the group to
develop: specific flexible couplings, disposable and
non-disposable cement delivery/pressurisation devices
and specialty cannula designs. The new solutions were
benchmarked by surgeons against current standard
solutions

RESULTS: In the proximal humeral application, up
to 6 screws may be augmented with CaP at one session
requiring start/stop cement injection over a 10 minute
period in a limited operative field. The BASS device
package was assessed by clinicians with experience of
current clinical practice’. The package for proximal
humerus comprised cement injection screw implant, a
flexible implant to syringe connector to ease clinical
field access, and options of disposable and reusable
devices to apply force to a standard syringe design, and
a premix CaP cement. Experienced clinicians* assessed
the overall system characteristics and handling as
being better than current practice by means of a
workshop. See Fig. 1 a. In hip fracture lag screw
augmentation a key need is the ability to inject through
the lagscrew cannulation.
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Fig. 1 a) Proximal Humerus, b) Proximal Femur

A special cannula was developed that replaced the
guide wire and enabled cement to be delivered both
safely and effectively at the right bony target area. The
flexible coupling and the start stop characteristic of the
CaP cement were also assessed as being advantageous
over current clinical practice. See fig 1 b.
DISCUSSION & CONCLUSIONS: The
collaborative approach where each partner brings
specific expertise demonstrates a new business model.
The unmet clinical need for augmented fixation in poor
bone is substantial. The feasibility of the solutions was
demonstrated in-vitro in a clinician workshop setting
and surgeons confirmed that the solutions were
potential advances on current clinical practice. It is
intended to supply a rescue/revision kit per clinical
indication. This will comprise: specialty CaP delivery
screws of different lengths/diameters together with
flexible connector and specialty cannula and injectable
pre-mix cement capable of start stop behaviour. The
next stage in the project is to complete these indication
packages for clinical evaluation.

REFERENCES: * K C Owsley & J T Gorczyca
(2008) Displacement/Screw cutout after open
reduction and locked plate fixation of humeral
fractures, JBJS 90A N° 2:233-240, 2 MR
Baumgaertner et al, Intramedullary  versus
extramedullary fixation for the treatment of
intertrochanteric  hip  fractures (1998) CORR
Mar;(348):87-94, ° Sohail S. Bajammal et al, (2008)
The use of calcium phosphate bone cement in fracture
treatment. A meta-analysis of randomized trials. JBJS
Am.; 90:1186-1196. ‘G Gradl et al (2012)
Biomechanical evaluation of locking plate fixation of
proximal humeral fractures augmented with calcium
phosphate cement, J Orthop Trauma. Jul; 27(7):399-
404.

http://www.ecmjournal.org


http://www.ncbi.nlm.nih.gov/pubmed/9553538
http://www.ncbi.nlm.nih.gov/pubmed/23114412

European Cells and Materials Vol. 28. Suppl. 5, 2014 (page 20)

ISSN 1473-2262

Enhanced bone augmentation by using ultraviolet light mediated photofunctionalized
titanium implant and mesh in rat femur model.
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INTRODUCTION: Guided bone surgery using thin
titanium materials, e.g., titanium mesh, faces many
challenges.  Ultraviolet (UV) light -mediated
photofunctionalization has earned a considerable
attention to enhance biological capability of dental
implants. It is unknown, however, whether and how
photofunctionalization is effective in enhancing bone
regeneration. This study examined the effects of UV
treatment on bone regeneration with titanium implant
and mesh in rat femur vertical augmentation model.

METHODS: Acid etched titanium implant that was 4
mm of length and 1 mm of diameter and titanium mesh
products were used in this study. The materials were
autoclaved and stored under dark ambient conditions
for 4 weeks. UV treatment was performed by a
combination of UVA and UVC for 15 min. A vertical
bone augmentation model using the implant and mesh
was created in rat femur bone by placing 2 mm of the 4
mm implant. The titanium mesh covered upper side of
the implant that was exposed outside of femur. The
samples were taken 24 days after surgery. Bone
formation between the implant and mesh and the
osteointegration were evaluated.

RESULTS: Bone volume between the
photofunctionalized implant and mesh  was
significantly higher than the untreated on 24 day after
surgery. The newly formed bone in
photofunctionalized group completely filled the space
that was surrounded by the implant and mesh, whereas
the space was not filled with the new bone in untreated
group. The mechanical strength analysis showed the
connection between the implant and mesh in
photofunctionalized group was 2-times greater than
that in untreated group.

DISCUSSION & CONCLUSIONS: The results from
in vivo studies collectively demonstrated that UV
photofunctionalization of titanium mesh is effective in
enhancing its osteoconductivity of both the implant
and mesh, which resulted in the increased bone
formation that could fill the space between titanium
materials.
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Fig. 1: Images of bone formation in untreated (left
side) and UV-treated (right side) implant and mesh.
UV-treated implant attracts blood (upper and middle)
and is completely covered with newly formed bone
(lower).
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biological aging of implant materials. Biomaterials 30:
5352-5363.

ACKNOWLEDGEMENTS: This work was
supported by a part of research gift from Ushio, Inc.
and by a part of Grant-in-Aid for Scientific Research
(C) (25463141).

http://www.ecmjournal.org



European Cells and Materials Vol. 28. Suppl. 5, 2014 (page 21)

ISSN 1473-2262

Nanotomographic and compression analysis of B-TCP granules prepared
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INTRODUCTION: Among biomaterials used for
bone filling, B-TCP is known to be suitable in non-
weighting bones and particularly in  dental
implantology, oral and maxillofacial surgery [1]. When
B-TCP granules are placed in a bone defect, they
occupy the void 3D volume. Little is known about the
3D arrangement of the granules which depends of the
nature and the size of the granules themselves [2].

METHODS: The aim of this study was to examine the
3D arrangement of porous B-TCP granules prepared
with different concentrations of powder in the slurry. It
is an important factor which will allow a better
invasion of cells, biological fluid and vascular sprouts
in the grafted area. Six types of B-TCP granules were
prepared with 10, 11, 15, 18, 21, and 25g of B-TCP
powder in distilled water. Granules were prepared by
the polyurethane foam process [3; 4]. Single granule of
the different types were analyzed by nanocomputed
tomography (NanoCT) on a Nanotom (GE) and
compared with scanning electron microscopy.
Compression analysis of the different powders was
also measured with an Instron machine.

RESULTS: The outer and inner structure of the
granules was shown by nanoCT which evidenced the
macroporosity and microporosity (Fig.1).
Macroporosity increased as an inverse relationship
with powder concentration in the slurry. An internal
porosity due to the sublimated polyurethane foam was
present on all granules cross-sections. However, the
microporosity due to grain joints was only evidenced
by SEM. On 2D sections, the granules presented a
heterogeneous aspect which corresponded to different

mineralization degrees of the sintered powder grains.

Fig. 1: NanoCT images of the different types of
granules
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Mechanical tests were highly dependent on the number
and the spatial distribution of macropores. The
granules with the lower amount of B-TCP were the
most porous and were the more friable. On the
contrary, the 25g denser granules exhibited the highest
compressive energy (Fig.2).
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Fig. 2: Compressive analysis of f-TCP granules

DISCUSSION & CONCLUSIONS: For obtaining an
improved formulation, there is a need to balance
between a sufficiently porous material (which will
facilitate osteoconduction) and sufficient
biomechanical properties of the stacked granules in the
grafted site.
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In Vitro evaluation of collagen reinforced calcium phosphate bone cements
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INTRODUCTION: Calcium phosphate bone cements

0.5 1
(CPCs) are used in a wide range of clinical 045 | %
applications. Their bioactivity can potentially induce in 04 1
vivo responses such as osteoclastic resorption and _ 035 | i A %
promotion of natural bone remodelling and ingrowth. E 03] } B0y 1
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investigated. Incorporation of bovine collagen ¥ 01s
significantly improves compressive modulus and 017
fracture toughness of CPCs without compromising 0.05 1
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setting time or injectability’. Similar improvements
have also been seen from incorporation of marine
derived collagen fibres®. Due to the role of collagen in
bone function and formation, it is hypothesised that
incorporating collagen into CPCs will also result in
biological benefits.

VP-PMMA Merck-CPC a-TCP-CPC  BC-CPC MC-CPC

Figure 1: dsDNA concentration.

METHODS: An a-tricalcium phosphate based CPC 4500 T
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produced by adding 1 wt% collagen into the powder £ 200 T oo

O Day 21

and liquid phases respectively. A further CPC (Merck-
CPC) based on a commercial formulation® and a
commercial injectable PMMA  bone cement
(Vertebroplastic® Radiopaque Resinous Material,
DePuy) were used as controls.

In vitro analyses using human bone marrow
stromal cells (hBMSCs) were performed to assess
cytotoxicity, cell proliferation and differentiation using
lactate dehydrogenase (LDH), PicoGreen® and alkaline
phosphatase (ALP) activity assays respectively.

RESULTS: Cell death on each cement was relatively
low (<15 %). Collagen incorporation increased
cytotoxicity but only to the extent observed for other
commonly used biomaterials such as hydroxyapatite®.
hBMSC proliferation occurred on all cements (Figure
1). Scanning electron microscopy confirmed these
findings, with cells adhering and proliferating on each
of the cement formulations. The most notable
difference between cements was in the induction of
osteoblastic differentiation (Figure 2). Large increases
in ALP activity were observed, and was significantly
lower on PMMA compared to the CPCs. ALP activity
was similar on the collagen-CPCs at each time point;
however, by Day 21 ALP activity was significantly
higher on both unaugmented CPCs when compared to
BC-CPC.
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Figure 2: ALP activity per ug dsDNA.

DISCUSSION & CONCLUSIONS: Marine derived
collagen has little influence on the in vitro biological
properties of o-TCP-CPC; however, since its
incorporation significantly improved the mechanical
properties, it may still prove a suitable alternative to
some commercially available bone cements.

REFERENCES:*NJ Dunne et al. (2010) 6™ World
Congress of Biomechanics, pp 1173-1176, Springer.
’R O’Hara (2010), Injectable Calcium Phosphate
Cements for Spinal Repair, PhD Thesis, Queen's
University Belfast. °E Ooms et al. (2002) J. Biomed.
Mater. Res 61:9-18.  “KL Skelton et al. (2007) Acta
Biomater 3:563-572.
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Cavuplasty procedure reduces cement extravasation during PMMA-
augmentation of osteoporotic vertebral body fracture.
A prospective randomized clinical trial

M Arabmotlagh, A Lukas, M. Rauschmann
Department of Spine Surgery, University Hospital Frankfurt, Germany

INTRODUCTION: Prior to cement injection
for vertebroplasty, an irregular cone shaped
cavity was created in vertebral body through a
special instrument, a procedure that is termed
as Cavuplasty. The aim of this procedure is to
reduce the injection pressure of PMMA with
subsequent less extravasation of cement from
vertebral body. The purpose of this study was
to investigate whether cavuplasty is superior to
vertebroplasty with regard to the rate of
cement extravasation.

METHODS: 36 Patients with 42 stable
osteoporotic vertebral body fractures (type Al,
AO classification) in thoracolumbar area (Th4-
L5) who were recommended for vertebral body
augmentation were randomly assigned to either
conventional vertebroplasty (n=18; 15f/3m; @
68.8 years old, 21 vertebral bodies) or
cavuplasty (n=18; 17f/1m; @ 72.3 years old, 21
vertebral bodies) treatment. For cavuplasty a
special instrument (Cemento EC, OptiMed
global care) was introduced through the needle
into the wvertebral body prior to cement
injection.

Fig. 1: Cemento EC created a cavity in the
vertebral body by opening the tip in an
alternatively rotating fashion prior to injection
of PMMA.
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By opening of the tip of the instrument through
manipulation of the lever with a scissor grip
bone tissue was compressed aside. This was
repeated by alternatively rotating and
manipulating the instrument in a circular
manner until a cone-shaped cavity was created.
Cement leakage and site of extravasation was
detected by a postoperative CT-scan according
to YEOM-classification. Clinical outcome
expressed as pain reduction was evaluated by
VAS preoperatively as well as 6 and 12 weeks
postoperatively. The statistical analysis of
cement leakage was performed by using the
four field method and the chi-square test.

RESULTS: The average duration of the
procedure was 31.5 minutes for vertebroplasty
and 37 minutes for cavuplasty. The average
volume of injected cement in each vertebral
body was 3.26 (£0.8 SD) ml for vertebroplasty
and 3.32 (x0.87 SD) ml for cavuplasty.
Cement leakage occurred significantly less in
cavuplasty group. Of the 21 vertebral bodies
treated with vertebroplasty 14 showed leaks of
cement compared to the cavuplasty group in
which cement leakage was detected in 3
vertebral bodies (p=0.0013). None of these
cement leakages caused symptoms.

Table 1: Rate of PMMA leakage by two
augmentation procedures for osteoporotic
vertebral fracture

PMMA Cavuplasty  Vertebroplasty
Yes 3 14
No 18 7

DISCUSSION & CONCLUSION:
Occurance of cement leakage is very common
during vertebral body augmentation which
may result in life threatening complication.
Cavuplasty is a safe, cost efficient, easy to use
cement augmentation technique that reduces
cement leakage compared to conventional
vertebroplasty procedure.
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Effect of powder-to-liquid ratio and needle size on the extrusion of gray and white
Portland cement for dental root filling application

CC Alandia-Roman®, RM Shelton?, RL Sammons?, FCP Pires-de-Souza®, H Panzerit, MP
Hofmann?

! Ribeirao Preto School of Dentistry, University of Sao Paulo, Brazil. *Biomaterials Unit,
School of Dentistry, University of Birmingham UK.

INTRODUCTION: Portland cement (PC), is used
worldwide in the construction industry® and recently
has also been approved for clinical use. Mineral
trioxide aggregate (MTA), a PC-based root filling
material, available in either gray or white form, has
been widely used as repair material in endodontics,
however it is difficult to deliver clinically due to its
granular and sand-like consistency. Other problems
associated with MTA are the high cost of the cement
and requirement for specially designed delivery
devices®. Thus, the aim of this study was to evaluate a
simple method for placing PC using medical stainless
steel needles and to compare the extrusion (1) of white
(WPC) and gray PC (GPC).

METHODS: WPC or GPC containing 20% Bismuth
oxide was mixed with distilled water at powder-to-
liquid ratios (PLR) of 3, 3.5 and 4.0g/ml, then placed
into a 5ml syringe using needles with inner diameter of
0.69mm (19 gauge (19G)) to deliver the pastes. The
cement was extruded using a universal mechanical
testing machine with a cross-head speed of 30mm/min,
which was continued until either the entire paste was
extruded, or a maximum force of 100N was reached.
The percentage of paste extruded was determined as
the mass of the extruded paste/the original mass of the
paste inside the syringe. Compressive strength (CS)
and porosity (P) of the WPC/GPC samples were also
evaluated.

RESULTS: The extrusion of PC is shown in Figure 1.
GPC was practically fully extruded at a PLR of 3g/ml,
PLRs of 3.5 and 4.0g/ml were still injectable, however,
the percentage of extruded cement decreased with
increasing PLRs. WPC showed markedly reduced
extrusion at a PLR of 3g/ml, PLRs of 3.5 and 4.0g/ml
were not injectable at all. CS and P were inversely
proportional, the increase of the water content led to
decreased CS and increased P values for both GPC and
WPC.
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Fig. 1: Percentage of extruded GPC and WPC using
19G stainless steel needles.

Fig. 2: Influence of PLRs on the compressive strength
and porosity of GPC and WPC.
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Fig. 2: Influence of PLRs on the compressive strength
and porosity of GPC and WPC.
DISCUSSION & CONCLUSIONS: Although GPC
and WPC showed similar mechanical behaviour, the
injectability of WPC was markedly reduced. This
could have been influenced by the size of the cement
particles. WPC is a very fine powder with smaller
particles when compared with GPC. The smaller the
particles, the more water will be retained in the inter-
particulate spaces by surface tension, therefore, water
is rapidly absorbed making the mixture less fluid and
difficult to inject. Only GPC could be made injectable
in this study and 19G needles were demonstrated to be
suitable for delivery of this MTA.

REFERENCES: ' C.K.Y Leung (2001) Concrete as a

Building Material in: Encyclopedia of Materials:
Science and Technology Oxford: Elsevier;. pp 1471-
1479. °T. Kamabayashi, L.S.W Spangberg (2008) J
Endod 34(1):94-98.
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Assessment of drillability of CERAMENT ™ | BONE VOID FILLER
A Kasioptas', E Lidén*
! BONESUPPORT AB, Lund, Sweden

INTRODUCTION: The ability to drill through a
bone graft substitute bears great relevance to
orthopaedic hardware installation. It is desirable
that the administered bone graft substitute should
have the capacity of remaining stable during
drilling and that the placement of a screw does not
induce breaks or cracks in the material. The
purpose of this study was to investigate the effects
of drilling and screw insertion through an
injectable  synthetic bone graft substitute
consisting of hydroxyapatite and calcium sulfate,
CERAMENT™ | BONE VOID FILLER (CBVF).
In vivo, the calcium sulfate component resorbs
with time and is replaced by ingrowing bone [1].
CBVF is indicated to be placed into bone voids or
gaps in the skeletal system, not intrinsic to the
stability of the bony structure.

METHODS: The experiments were carried out
similarly to the method described by Granberry et al.
[2]. An open cell rigid foam from SAWBONES® was
used (density: 0.12g/cc), simulating osteoporotic
cancellous bone. The foam was cut into blocks with
dimensions 30 x 30 x 40mm. A ~12.5mm deep void
was created at the top of the samples, using a bench
drill, with a diameter of 12.8mm. The blocks were then
fully immersed in 125mL of Ringer solution (prepared
with deionized water, 0-0.1uS/cm) maintained at 37°C,
to simulate physiological conditions. CBVF
(BONESUPPORT AB, Sweden) was mixed according
to instructions in the IFU and 2-3mL of paste were
injected at 3min into the void (while the samples were
immersed). 15 minutes after mixing, drilling was
performed with a bench-drill, using a 3.9mm drill-bit
and infiltrating the blocks to a depth of 25mm. Two
drilling speeds were examined, 600 and 900 rpm as
according to Bertollo and Walsh [3], in orthopaedics,
speeds of <1000rpm are employed. An Ansis 111 screw
(5.0x60mm, Stryker) was inserted straight after
drilling. The sample was placed back into the solution
and sectioning was performed after 2h. The drilled
canal and the adjacent areas were examined for breaks
and/or cracks optically and with a magnifier lamp.

RESULTS: CBVF was easily drilled and the material
that accumulated at the top as a result of the drilling
held together (Fig. 1c) and could be removed. The
drilling channel maintained its shape and the screw
was manually inserted. The screw went through the
bone graft substitute and into the foam (Fig. 1d). In the
cross-sections it can be seen that the area surrounding
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the drilling channel is free of fractures (Fig. le&f).
This was observed for both drilling speeds.

Fig. 1: a) SAWBONES® blocks with created voids,
b)Void filled with CERAMENT ™ /BVF, c) Drilled
sample, d)Illustration of placement of screw through
the cement, anchorage in foam,

e & f) Cross-sections of drilling channel

DISCUSSION & CONCLUSIONS: This study
shows that CERAMENT™ |BONE VOID FILLER
can be drilled and a screw can be placed through the
material without producing cracks. The results support
the use of CBVF in non-load bearing applications
where screws are anchored in good-quality bone.

REFERENCES: * A. Abramo, M. Geijer, P. Kopylov,
M. Tagil (2010) J. Biomed. Mater. Res. B Appl.
Biomater. 92[1]: 281-286. * L. Granberry, M. Ewing, J.
Rose and C. Moore (2011) Bone & Joint Science 2: 1-
4. * N. Bertollo and W.R. Walsh (2011) Drilling of
bone: Practicality, limitations and complications
associated with surgical drill-bits. Biomechanics in
Applications (ed V. Klika) InTech, pp 53-82.
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Real-time monitoring of transformation processes of biogenic calcium phosphate
materials for bone tissue engineering applications

JV Rau*, M Fosca', VS Komlev?

! Istituto di Struttura della Materia, Consiglio Nazionale delle Ricerche, Via del Fosso del Cavaliere, 100 -
00133 Rome, Italy Email: giulietta.rau@ism.cnr.it ? A.A. Baikov Institute of Metallurgy and Materials

Science, Russian Academy of Sciences, Leninsky prospect 49, 119991 Moscow, Russia

INTRODUCTION: This study offers physico-
chemical insights into biomineralization mechanism of
hard tissue formation, by bringing into focus
phenomena taking place in octacalcium phosphate
(OCP) - dicalcium phosphate dihydrate (DCPD) -
Simulating Body Fluid (SBF) system. It is known that
bone has a hierarchical structure, its primary unit being
based on the nucleation of calcium phosphates in
nanoscale spaces organized within the supramolecular
assembly of collagen fibrils. Therefore, controlled
crystal nucleation and growth is a fundamental issue in
materials chemistry applied to biological systems. In
connection with this, the aim of this work was in situ
investigation of structural transformations happening
to OCP-based systems, being of great interest for
biomedical applications due to biocompatibility,
osteoconductive and possible osteoinductive
properties.

METHODS: The Energy Dispersive X-Ray
Diffraction (EDXRD) technique was applied to follow
structural transformations in real time. For each
sample, a sequence of diffraction patterns, collected as
a function of scattering parameter and of time (a 3D
map), was obtained (Fig. 1). Together with phase
transformations  (initial-intermediate-final ~ phases),
amorphous-into-crystalline conversion, i.e. the primary
and secondary crystallization processes, was monitored
in situ, and the characteristic crystallization times for
the phases of interest were deduced. Long-time in situ
EDXRD measurements, performed in this work,
demonstrated that hardening process of calcium
phosphate bone cements is much more complex than
expected [1-3].

RESULTS: The obtained experimental results allow
us to conclude that when only OCP is present in SBF,
the formation of carbonated hydroxyapatite takes
place, whereas for the OCP-DCPD (30%) system in
SBF, less kinetically favourable hydroxyapatite (HA)
is formed. The additional component (DCPD)
influences significantly the structural behaviour of
hydroxyapatite, acting as the HA crystallization

inhibition agent [1].
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Fig. 1: 3D Map of the EDXRD patterns collected upon
the OCP-DCPD-SBF system. Diffraction data are
complemented with the SEM results.

DISCUSSION & CONCLUSIONS: In order to
control the HA crystallization in a biomineralization
processes, it is of considerable biomedical value to
know how additives can affect the crystallization rates.
In this study, the crystallization dynamics of several
biogenic calcium phosphate materials was studied in
the presence of additive molecules. The co-operative
effect of the OCP-DCPD combination in SBF, leading
to the HA formation, was investigated. By means of
the OCP-DCPD cooperation approach, allowing to
control the HA crystallization, calcium phosphate
based materials can be suitably modified for implant-
use in bone replacement or tissue engineering. In
particular, for the OCP-based cements (OCP phase
precipitates very rapidly into HA), the observed
inhibition effect of DCPD can be applied for novel
self-setting calcium phosphate cement formulations.

REFERENCES: ! J.V. Rau, M. Fosca, V.S. Komlev,
et al (2010) Crystal Growth & Design ACS 10:3824-
34.2J.V. Rau, A. Generosi, V.S. Komlev, et al (2010)
Dalton Transactions RSC 39:11412-23. * M. Fosca,
V.S. Komlev, A.Yu. Fedotov, R. Caminiti, J.V. Rau
(2012) Appl Mater Interf ACS, 4:6202-10.
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Comparison of three experimentally-induced models of intervertebral disc
degeneration in rabbits.
M Fusellier?, O Hamel™®, P Colombier, BH Fellah'?, J Lesoeur?,
D Rouleau?, J Guicheux**, J Clouet™®

' INSERM UMRS 791-LIOAD, University of Nantes, Nantes, France ? Department of Diagnostic Imaging,
CRIP, National Veterinary School (Oniris), Nantes, France ® Neurosurgery Department, PHU4 OTONN,
University Hospital of Nantes, France * PHU4 OTONN, University Hospital of Nantes, France ° Pharmacy
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INTRODUCTION: This study was designed to
compare three experimental methods (aspiration®,
enzymatic treatment 2 and laser’) to induce
intervertebral disc (VD) degeneration in rabbits. The
ultimate goal was to help scientists choose the most
suitable model of IVD degeneration to further
investigate Nucleus pulposus regenerative therapies.

METHODS: One-year-old New Zealand white rabbits
were used (n=30). MRI of each rabbit lumbar spine
was performed to exclude spontaneously degenerated
IVD from further surgical procedure. IVD were
identified under fluoroscopy and the lesions were
induced according to the following protocol: needle
aspiration, laser and enzymatic  treatment
(hyaluronidase). Untreated IVD were used as control.
IVD degeneration was followed at day 7, 30, 60 and
90. Discal height was measured with X-ray
radiographs and T2-weighted signal intensity (T2wsi)
and Pfirrmann’s grading were determined on MRI
images. Histological 1VD degeneration was evaluated
according to the Boos’ scoring®.

RESULTS: After 90 days and even much sooner,
aspiration, laser and enzymatic treatments induced a
gradual and significant degeneration of IVD with a
decrease in IVD height (data not shown) and T2wsi

(Fig.1).
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Fig. 1: Decrease in T2-weighted signal intensity of
IVD after treatment (%)

Contrarily to laser, enzyme and aspiration induced a
significantly more pronounced degeneration. The
degeneration induced by enzymatic treatment is faster.
Indeed, 3 months after surgical procedure, the decrease
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in discal height was about 12 %, 19% and 50 % in
laser, aspiration and enzyme groups respectively. The
decrease in T2wsi was 17%, 25% and 37% in the same

conditions. Histological analysis and Boos’scoring
(Fig.2) confirmed the gradually decrease after laser
treatment contrarily to aspiration and enzyme
treatments.
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Fig. 2: Boos’scoring after laser, aspiration and
enzyme treatments.

DISCUSSION & CONCLUSIONS: Compared with
control, the 3 treatments induce a significant IVD
degeneration that is more prominent and rapid in
enzyme and aspiration groups. Even if the mechanisms
are still poorly understood, laser induces a progressive
degenerative process, which is consistent with the
spontaneous degeneration in human. This data confirm
the relevance of laser-induced IVD degeneration and
should be considered as a powerful model in animal
studies of regenerative medicine.

REFERENCES: * Kim et al (2005) Spine 30(1):33-37
2J. Antoniou et al (2006) Spine 31(14): 1547-54 ° O.
Lucas et al (2012) Exp Biol Med 237(11):1359-67 * N.
Boos et al (2002) Spine 27(23):2631-44.
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Monetite resorption of mouse bone marrow macrophage derived osteoclasts
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INTRODUCTION: Calcium phosphate cements
(CPC) are interesting as bone grafting materials due to
their similar composition to bone. The group of acidic
CPCs; brushite and monetite are of special interest
since these materials are resorbable in vivo. The
resorption can be divided into three different routes;
chemical dissolution, macrophages engulfing particles
and osteoclastic resorption. Although acidic CPCs
have been extensively studied for more than a decade,
few studies have focused on the osteoclastic resorption
thereof. Moreover, it has recently been suggested that
monetite have superior biological properties compared
to the hydrated form, brushite'. Therefore this study
was designed to evaluate the resorption of monetite by
bone marrow derived osteoclasts.

METHODS: A premixed calcium phosphate cement?
consisting of p-tricalcium phosphate, monocalcium
phosphate anhydrous and glycerol was prepared. The
cement paste was moulded and set at 100 % humidity
at 37 °C. After several PBS washes the pieces were
ready for cell seeding. Bone marrow derived
osteoclasts cells were obtained from femur and tibia of
3 weeks old mice. The marrow cavities were flushed
and red blood cells lysed prior expansion with
macrophage colony stimulating factor (M-CSF).
Adherent cells were seeded on monetite cement. To
initiate osteoclast differentiation receptor activator of
NF-kB ligand (RANKL) was added in combination
with (M-CSF). After 7 days cell media was collected
and Ca?" concentration was analysed by a colorimetric
assay. Cells were fixed for SEM and stained for
tartrate-resistant acid phosphatase (TRAP), as an
indication of osteoclast formation.

RESULTS: TRAP positive cells could only be
detected in wells treated with both M-CSF and
RANKL and the TRAP positive cells are large and
multinucleated, characteristic for osteoclasts (fig. 1A).
In figure 1B the SEM picture shows a cell sunk into
the monetite surface, forming a resorption lacuna.
Moreover, the Ca®* measurements revealed
significantly higher concentrations in wells with TRAP
positive cells. The concentration was compared to
wells with TRAP negative cells (only treated with M-
CSF) and to wells without any cells. No difference in
Ca’* concentration could be detected between the two
latter groups.
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Fig. 1: Cells have been treated with M-CSF and
RANKL for 7 days. A) TRAP positve cells on monetite
cement. Bar = 100 um. B) SEM picture of osteoclast in
a resorption lacuna. Bar =30 um.

Table 1. Ca** concentration in cell media of monetite
samples with no cells, cells treated with M-CSF or M-
CSF + RANKL. * indicates p <0.001.

No cells M-CSF M-CSF +
RANKL
Ca’* [mM] 2.6+0.3 23104 3.6+0.3%

DISCUSSION & CONCLUSIONS: The results from
TRAP staining, SEM and Ca®* concentration suggest
that actively resorbing osteoclast have formed on the
monetite cements. This is in agreement with a previous
study by Grossardt et al., although they used the
macrophage cell line RAW 264.7 with limited
resorption®. In vitro studies of osteoclast resorption of
monetite will be a valuable tool for optimizing cement
properties regarding the resorption rate. Until now the
focus have been on osteoblastic response to monetite,
however, the authors believe that there is much to
explore regarding the osteoclast response.
REFERENCES: 'F. Tamimi, D.L. Nihouannen, H. Eimar,

et al. (2012) Acta Biomaterialia 8:3161-69. *J. Aberg,
H. Brisby, H.B. Henriksson, et al. (2010) J. Biomed.
Mater. Res. 93B:436-41. > C. Grossardt, A. Ewald, L.
Grover, et al. (2010) Tissue Eng. 16:3687-95.
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Ready-to-use a-TCP cements based on cationic exchange
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INTRODUCTION: Calcium phosphate ceramics
have been used successfully as synthetic bone void
fillers for many years. o-TCP (a-Cas(POy),) is of
particular interest because it hydrates when mixed with
water, and the slurry undergoes a setting reaction
forming a solid cement body of Ca-deficient
hydroxyapatite (CDHA, Cag(HPO4)(PO,)sOH). a-TCP
is therefore a common constituent in hydraulic bone
cements. Certain elements dissolved in the liquid phase
of the paste inhibit the nucleation of CDHA and
suppress the hydration reaction. The effect can be
reversed by increasing the concentration of Ca®* in the
solution. Based on these cation exchange processes we
developed a bone cement using an aqueous o-TCP
paste with a nucleation inhibitor, and an activator
solution. In the present study we analyzed the
inhibitory potential of various ions and the effect of
activator concentration on the setting time of the
aqueous a-TCP paste.

METHODS: a-TCP raw material was prepared in a
solid-state reaction from CaHPO, and CaCO;. The
powder blend was heated at 1350 °C, quenched,
milled, and annealed at 500 °C for 24 h.

The long-term stability of a-TCP pastes was tested in a
real-time shelf life test at 21 °C for up to 8 weeks.
Pastes were mixed from 2.0 g a-TCP + 1.0 ml MgCl,
solution (0.1 and 0.5 M). After storage, the pastes were
washed with ethanol and dried, the a-TCP content was
measured by XRD, and the particle surface was
analysed by SEM.

To initiate the setting reaction, pastes were prepared
from 2.0 g a-TCP + 0.8 ml solution containing 0.1 M
MgCl,, SrCl,, BaCl,, ZnCl,, CuCl,, or NiCl,. BaCl,
was also tested in 0.01 M. 0.2 ml of 0-4 M CaCl,
activator solution was admixed. The progress of the
setting reaction was monitored by micro-calorimetry at
37 °C for up to 2 weeks.

RESULTS: The shelf life test revealed that pastes
containing 0.1 or 0.5 M MgCI, were stable up to 8
weeks, no precipitation was observed on the particle
surface (Figure 1). Control samples prepared with H,O
completely reacted within 3 weeks.

Calorimetry data showed that all elements except Zn*
fully inhibited the setting reaction. The observed
inhibition potentials differed vastly, requiring no CaCl,
(zn**, Cu™), low (Mg*, Sr*), or high (Ba**) CaCl,
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concentrations in the activator solution to initiate the
reaction (Table 1). CaCl, concentrations higher than
the minimum amount resulted in faster setting,
approaching the time observed with inhibitor-free
formulations. Inhibition by Ni** was too effective to be
activated with CaCl, concentrations tested in this
study.
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Fig. 1: SEM images of the a-TCP particle surface
before (left) and after 8 weeks incubation in 0.1 M
MgCl, solution (right). Scale bar =2 um.

Table 1. Minimum CaCl, concentration required to
initiate the setting reaction during the 2 weeks of
observation. Mixing ratio: 0.8 ml inhibitor + 0.2 ml
activator solution. Total LPR: 0.5 ml/g.

Inhibitor sol. Activator sol. Ca’':M*
0.1 M ZnCl, H,0 ]
0.1 M CuCl, H,0 ;
0.1 M SrcCl, 0.2 M CaCl, 122
0.1MMgCl, 0.4 M CaCl, 1:1
0.1 M BaCl, 2 M CaCl, 5:1
0.01MBaCl, 0.2 M CaCl 5:1
0.1 M Nicl, >4 M CaCl, >10:1

DISCUSSION & CONCLUSIONS: Our data shows
an inverse correlation of the inhibitory potential of
various cations M? with their defect formation
energies in the apatite crystal structure in aqueous
solution, and with differences in ionic radii’.
Matsunaga et al. reported the following sequence of
compatibilities with the apatite crystal structure: Ca?* >
Zn*" > Mg* > Ba*". This sequence indeed inversely
correlates with the concentration of CaCl, required to
compensate the inhibition. Our study demonstrated
that incompatible cations M** in solution inhibit the
nucleation of CDHA. Injecting activator solution
increases the Ca®":M** ratio and reduces the relative
concentration of incompatible cations, eventually
enabling the nucleation of CDHA crystals.
REFERENCES: ! K. Matsunaga et al (2010) J Phys:
Condens Matter 22:1-7.
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The Broad-spectrum Antimicrobial Activity and Biocompatibility of the Mesoporous Silica

Nanoparticles Encapsulated with Silver Nanocrystals

Hongbin Lu*, Hao Mo?, Xiaokai Wang?, Jianzhong Hu?
(1 Research Center of Sports Medicine of Xiangya Hospital of Central South University, Hunan Changsha

PRC 410000) (2 Department of Spine Surgery of Xiangya Hospital of Central South University, Hunan
Changsha PRC 410000)

INTRODUCTION: The Mesoporous Silica Nan-
oparticles Encapsulated with Silver Nanocrystals (Ag-
MSN)material has an excellent biocompatib-ility and
mechanical capacity. It presents an ability to load and
control the release of drugs, therefore, it is a potential
antibacterial coating for bone substitute materials. In
this study we examined the Ag-MSN material’s
antibacterial capacity, biocompatibility and its Ag ion
release characteristics in vitro to evaluate the
feasibility for the use of this material to treat the bone
defect after chronic osteomyelitis surgery.

METHODS: The ex vivo antibacterial effect against
Staphylococcus aureus (S. aureus, 25923, ATCC),
Escherichia coli (E. Coli, 25922, ATCC),
Pseudomonas aeruginosa (P. aeruginosa, 9027,
ATCC), Bacteroides fragilis (B. fragilis, 25285,
ATCC), and Candida albicans (C. albicans, 10231,
ATCC) of different concentration of Ag-MSN
suspension was detected by Standard broth dilution
method and OD600 Bacterial growth curve assay. To
verify the Ag ion release curve and assess the
material’s Ag release characteri-stics, the Ag-MSN
(400/200/100/50png/ml) was added into simulated body
fluid (SBF) and the Ag concentration was determined
by flame atomic absorption spectrometry (FAAS) at
different time points .The CCK8 assay and alkaline
phosphatase (ALP) activity test were also used to test
the biocompatibility of different concentration of Ag-
MSN and MSN suspension while Osteoblast-like
MG63 cells were cultured.

RESULT : We confirmed that the Minimum
Inhibitory Concentration (MIC) of Ag-MSN material
against S. aureus, E. Coli,P. aeruginosa and B. fragilis
were below 200ug/ml, and the Minimum Bactericidal
Concentration (MBC)were at 400,200,200,200ug/ml,
respectively. The middle concentration of Ag-MSN
suspensions could significantly inhibit bacterial growth
compared with the control group after 12 hours,
however, the Ag-MSN suspension did not exhibit
obvious sterilization effect on C. albicans, and could
only inhibit its growth at 400pg/ml concentration. We
observed a similar trend of Ag ion release in different
concentration groups of Ag-MSN suspensions that the
Ag ion concentration of all groups reached the peak
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after soaking for 6 hours, and stabilized after soaking
for 3 days ,which had no significant difference
compared to soaking for 14 days. Ag ion’s biological
safety Concentration was reported to be 54mg/L,

whereas its minimal inhibitory concentration was
0.5mg/L—0.05mg/L, the Ag ion in 400,200 and
100pg/ml concentration groups were always between
these two levels during the experiment. The CCK8
assay indicated that the Ag-MSN and MSN didn’t
restrain the proliferation of MG63 cells. The results of
alkaline phosphatase (ALP) activity test and the
expression of osteogenic marker genes, such as ALP
and osteocalcin, demonstrated that the differentiation
of MG63 cells might be enhanced by Ag-MSN and
MSN.

DISCUSSION & CONCLUSIONS: Ag-MSN
material has a significan bactericidal effect against S.
aureus, E. Coli, P. aeruginosa, and B. fragilis in
vitro, also it presents an inhibitory effect against C.
albicans . These data demonstrate that the Ag-MSN
material has a good biocompati-bility and sustained
release quality in SBFwhich makes it a potential
candidate of bone substitute antibacterial coating
material against chronic osteomyelitis .
REFERENCES: YJia L (2012) Successfully tailoring
the pore size of mesoporous silica nanoparticles:
Exploitation of delivery systems for poorly water-
soluble drugs. Int J Pharm. 2012 Oct 16;439(1-2):81-
91. *Vivero-Escoto JL (2010) Mesoporous silica
nanoparticles for intracellular controlled drug delivery.
Small. 2010 Sep 20;6(18):1952-67. *Ferris DP (2009)
Light-operated mechanized nanoparticles. J Am Chem
Soc. 2009 Feb 11;131(5):1686-8.
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An injectable hyaluronan hydrogel with microcavities for cartilage tissue engineering
CJ Fan, TT Lau, DA Wang

Division of Bioengineering, School of Chemical and Biomedical Engineering, Nanyang Technological
University, Singapore

INTRODUCTION: The injectable materials have
attracted increasing attention in tissue repair. The
minimally invasive nature of injectable scaffolds can
reduce discomfort for patients; furthermore, injectable
scaffolds also possess the ability to fill the irregular
defects. The fabrication of pure hyaline cartilage is a
great challenge for cartilage repair and the living
hyaline cartilage graft has been developed by phase
transfer cell culture in microcavitary alginate
hydrogel.”  However, the uncontrollable and
unpredictable degradability of alginate hydrogel in
vivo dramatically limited its clinical application.
Hyaluronan (HA) is an important cartilaginous
extracellular matrix (ECM) component, which can
bind specifically to the surface receptors on
chondrocytes, regulating cell motility, proliferation
and differentiation.”’!  Here, the microcavitary
injectable hyaluronan hydrogel was prepared via in
situ chemical cross-linking of glycidyl methacrylate-
modified hyaluronan (HA-GMA).¥ The
cytocompatibility of the hydrogel was studied.
METHODS: Fabrication of construct: Porcine
chondrocytes were extracted from pig (five months’
old) knee articular cartilage and cultivated in
chondrocyte culture medium (Dulbecco’s Modified
Eagle Medium (DMEM) supplemented with 0.4 mM
proline, 10 mM HEPES, 50 mg/L Vitamin C, 10%
fetal bovine serum (FBS), 1% penicillin-streptomycin,
and 0.1 mM nonessential amino acids) in the
humidified incubator at 37 °C with 5% CO..
Chondrocytes at passage one (10 million cells per mL)
and gelatin microspheres with the sphere size of 150-
180 um (0.2 gram per mL) were suspended together in
HA-GMA precursor solution (4%, w/v), and placed on
ice cubes. Ammonium persulfate (APS, 0.5%, w/v)
and N,N,N',N'-tetramethylethylene diamine (TEMED,
0.1%, v/v) were added to the solution and mixed
thoroughly with a pipette. The mixture solution was
injected into cylindrical molds (diameter 4 mm, height
3 mm) and placed in 37 °C incubator for 5 minutes.

Cell viability: Live/Dead assay was used to investigate
the viability of chondrocytes in construct after 24
hours encapsulation. Thin slices of the construct were
incubated in Live/Dead assay dye solution for 30
minutes, and then observed under fluorescence
microscope, where the live and dead cells fluoresced

green and red respectively.
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RESULTS: As shown in Fig. 1, the cavity was created
in the construct, and the chondrocytes retained their
round morphology and presented the high viability
after 24 hours culture.

Fig. 1: Fluorescent image of chondrocytes
encapsulated in construct.

DISCUSSION & CONCLUSIONS: The successful
creation of the cavities in construct is beneficial to cell
proliferation and the secretion of cartilage specific
ECM, collagen type Il and proteoglycans, due to the
“edge flourish” phenomenon,”” and the high cell
viability indicates the fabrication procedure of the
construct is cytocompatible. This injectable hydrogel is
a potential scaffold for cartilage tissue engineering.

REFERENCES: ! J.D. Kretlow, L. Klouda, and A.G.
Mikos (2007) Adv Drug Deliv Rev 59:263-273. % Y.
Gong, K. Su, T.T. Lau, et al (2010) Tissue Eng Part A
16:3611-22. * C.J. Fan, L.Q. Liao, C. Zhang, et al
(2013) J Mater Chem B 1:4251-58. * L. Yu, and J.D.
Ding, (2008) Chem Soc Rev 37:1473-81.
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Influence of the shape of glass beads on the injection properties of B-tricalcium
phosphate — glass beads — water pastes

N van Garderen®, P Michel*, M Bohner*
'RMS Foundation, Bischmattstr.12, PO Box, 2544 Bettlach, Switzerland

INTRODUCTION: Calcium phosphate cements and
pastes are of great interest in non-invasive surgeries.
However, when they contain granules, their
rheological and injection properties are poor. Recently,
our group tried to get a better understanding of this
phenomenon by looking at the injectability of model
pastes composed of B-tricalcium phosphate powder (p-
TCP), water and spherical glass beads (100-400 pm)
[1]. Since most granular bone graft substitutes are not
spherical but angular, this study aimed at determining
the influence of glass bead shape on the injectability of
B-TCP — glass beads — water pastes.

METHODS: 3-TCP powder from Sigma-Aldrich (No
2128, Steinheim, Germany) with a density of 3.1 g.cm’
®and a dg of 1.8 + 0.4 um was mixed with
demineralized water to form a paste with a liquid-to-
solid ratio of 0.45 ml/g. Spherical (Spheriglass CPO1
ref. 2024 and 1619, Potters Europe) and angular glass
beads (ref. ST-145 and ST-60, Reidt GmbH & Co.
KG, Stolberg, Germany) with a density of 2.5 g.cm®
were used. CP01_2024 (called “SS”, as “small” and
“spherical”) and ST-145 (“SA”, as “small” and
“angular”) had a size between 106 and 212 um,
whereas CP01_1619 (“LS”, as “large” and “spherical””)
and ST-60 (“LA”, as “large” and “angular”) had a size
between 250 and 425 pum. Pastes were homogenised
one minute on a vortex and filled in a 1 ml syringe
(BD Luerlock, Beckton Dickinson, USA; inner
diameter: 4.5 mm, opening diameter: 1.9 mm). The
plunger was then inserted so that its lowest part
reached the 1 ml graduation. The syringe was placed in
a metallic cylinder to avoid deformation during
pressing. Injection tests were performed with a Zwicki-
Line Z5.0 (Zwick, Kennesaw, GA, USA) compression
tests machine. Displacement rate was fixed at 0.4
mm/s and tests were automatically stopped when a 250
N load was reached. Injectability was defined as the
weight percentage of extruded material. Median beads
size was determined from optical microscopies and
sphericity was calculated from the inscribed (ds ins)
and circumscribed (dsg_cic) mMaximum diameters.

RESULTS: Fig.1 shows that about 80% of the pastes
could be injected at low bead content. As observed in
our previous study, the addition of a small bead
volume  fraction increased  significantly the
injectability. However, beyond a certain volume
fraction, which was higher for smaller and spherical
beads (20 vol.% for angular ones, compared to 40
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vol.%), a rapid injectability drop was measured.
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Fig. 1. Injectability results as a function of the bead
content. The results with SS and LS were presented in
[1].

Table 1. Measured beads size, sphericity and bulk
density

Glass dso_ dso_ Spheri- | Bulk.
beads ) ) ) D.
Ins CIrc Clty [g.cm's]
[nm]
[pm]
SS 87 87 0.93 1.43

+55 +55 +£0.06 | +0.00

LS 282 282 0.95 1.47

+ 88 + 88 +0.09 | £0.00

SA 128 232 0.55 1.08
+31 +67 +0.11 | +£0.00
LA 285 482 0.58 1.17

+45 72 +£0.08 | £0.00

DISCUSSION & CONCLUSIONS: Changing the
shape of granules strongly reduced the injectability of
pastes made of B-TCP powder, water and glass beads.
Similar injectabilities were obtained for the two pastes
composed of angular beads (SA and LA).

REFERENCES: ' S. Tadier et al. (2014) Acta
Biomateriala, DOI: 10.1016/j.actabio.2013.12.018.
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Is Kiva implant advantageous to Balloon Kyphoplasty in treating osteolytic
metastasis to the spine? A comparison of two percutaneous MIS techniques
and a prospective randomized controlled short-term study

Panagiotis Korovessis ** Konstantinos Vardakastanis® Vasilis Vitsas * Vasileios Syrimpeis*

'Orthopaedics Department, General Hospital of Patras, Greece

INTRODUCTION: This announcement
presents a prospective, parallel-group,
controlled, comparative randomized study in
order to compare the cement leakage rate and
the efficacy for vertebral body restoration of
balloon kyphoplasty (BK) versus Kiva novel
implant with polymethylmethacrylate
(PMMA) for treating osteolytic vertebral body
metastasis.

Minimally invasively vertebral augmentation
techniques with PMMA are mostly performed
for treating osteoporotic compression
fractures™®. The Kiva implant with PMMA
offers better vertebral body restoration and less
PMMA leakage than BK in osteoporotic
fractures. No previous study compared leakage
rate and efficacy for vertebral body restoration
in traditional BK and Kiva with PMMA in
osteolytic vertebral body metastases.

METHODS: This study examined 23 patients
(71 £ 13 yr) with 41 osteolytic vertebral
bodies, who received Kiva with low viscosity
PMMA and 24 patients (70 + 11 yr) with 43
vertebral body osteolyses, who were reinforced
with BK and high viscosity PMMA. All
osteolyses were graded as Tomita 1 to 3.
Anterior vertebral body height ratio (AVBHr),
posterior vertebral body height ratio (PVBHTr),
middle vertebral body height ratio (MVBHTr),
Gardner kyphotic deformity and PMMA
leakage were measured and compared between
the two groups. Visual Analogue Scale and
Oswestry Disability Index were used for the
functional outcome evaluation.

RESULTS: No patient survived after 3
months.  Asymptomatic PMMA leakage
occurred in 4 (9.3%) vertebrae in the BK group
(2 to the spinal canal, in Tomita grade 3
osteolysis). Anterior vertebral body height
ratio, posterior vertebral body height ratio,

middle vertebral body height ratio and Gardner
angle improved insignificantly similarly. In

P
ELL& matezian

both groups, Visual Analogue Scale and
Oswestry  Disability  Index  improved
postoperatively (P< 0.001).

DISCUSSION & CONCLUSIONS: BK and
Kiva provided equally significant spinal pain
relief in patients with cancer with osteolytic
metastasis. The absence of cement leakage in
the Kiva group and the absence of neurological
complication in the BK group leakages,
reflects the safety of both augmentation
techniques even in significant osteolysis. The
lack of cement leakage in the Kiva cases,
although low viscosity PMMA was used,
increases this implant safety in augmenting
severely destructed thoraco-lumbar vertebrae
and sacrum from osteolytic metastasis.

REFERENCES: * Lieberman IH, Dudeney S,
Reinhardt MK, et al. Initial outcome and
efficacy of kyphoplasty in the treatment of
painful osteoporotic vertebral compression
fractures. Spine 2001; 26:1631-38.

2 Phillips FM, Ho E, Campbell-Hupp M, et al.
Early radiographic and clinical results of
balloon kyphoplasty for the treatment of
osteoporotic vertebral compression fractures.
Spine 2003; 28: 2260 — 65.
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Feasibility of a novel concept for making non-injectable biomaterials injectable
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INTRODUCTION: Bone graft biomaterials provide
temporary or permanent replacement of bony
structures that are either traumatised or degenerate
through pathology. The broad spectrum of indications
and diverse biomaterial properties™? often results in
very challenging mixing and delivery processes. In
particular DBM-like?, Putty-like and combination
graft-materials are clinically very difficult to deliver to
the operative site by an injection technique. To
enhance the bone healing potential, other materials are
frequently added by the surgeon e.g, bone chips, bone
marrow aspirate or bone quality enhancing drugs.
Frequently these are mixed by hand and then manually
inserted into a surgical site by the surgeon. This time
honoured method has the drawbacks of taking
additional time, material is often wasted and may not
be placed in the ideal site. In this paper we will
demonstrate how it is possible to make some of these
non-injectable biomaterials injectable.

METHODS: To overcome the clinical issues noted
above the authors invented innovative tooling that
enables efficient controllable and precise delivery of
difficult to inject biomaterials. A key factor in delivery
of such materials is to overcome the high pressures and
shearing forces often generated during the loading and
injection procedure in the operating room. The
objective was to develop a device that would enable
loading and injection of wide range of different
material-configurations. The most promising solution
developed was preloading the delivery tool with the
premixed biomaterial and then to inject this into the
operative site. A number of possible ways to achieve
this were evaluated theoretically and one was selected
as corresponding most closely to the clinical user
needs.

For the practical evaluation in the test laboratory we
utilised novel test-materials that simulated key-
properties such as viscosity, stickiness, moisture and
typical material particle sizes. The surface properties
of the device and certain geometric parameters were
found to be of critical importance.

The concept selected was approximately based on the
Razor Clam shellfish in that two shell halves are joined
by a longitudinal hinge mechanism as shown in Fig. 1.
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In the final form of the idea the biomaterial is
optimally formed into the shape of a cylinder. This is
then transferred with the designed sleeve into the
delivery device. The biomaterial is then injectable by a
special plunger.

RESULTS: The device trials showed that this method
formed a consistent intact cylinder of the biomaterial
in typically less than 20 seconds. Whilst the cylinder of
biomaterial could be injected with a minimum of
effort, compared to conventional methods, there were
considerable differences in pressure and shearing
forces. So some material combinations could be
injected by hand pressure whereas others required a
delivery gun.

Fig. 1: Image of the initial shape (left) and the clinical
desirable shape for injection (right).

DISCUSSION & CONCLUSIONS: The present
feasibility study was designed to investigate the
possibility  making  non-injectable  biomaterials
injectable. Our experimental results demonstrated,
using the prototype tooling shown above, that some
materials considered difficult or even un-injectable
may be safely and effectively injected. It remains for a
production version of the device to be made and
evaluated clinically with a range of difficult to inject
biomaterials.

REFERENCES: 'S. Larsson, G. Hannink (2011)
Injectable bone-graft substitutes: Current products,
their characteristics and indications, and new
developments, Injury, Int. J. Care Injured 42:S30-S34.
M. Bohner, G. Baroud (2005) Injectability of calcium
phosphate pastes, Biomaterials 26:1553-1563. °E.
Gruskin, B.A. Doll, F.W. Futrell, J.P. Schmitz, J.O.
Hollinger (2012) Demineralized bone matrix in bone
repair: History and use, Advanced Drug Delivery
Reviews 64:1063-1077.
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Palliative surgery prevents vertebral collapse and potential neural elements
compression, restores vertebral body and improves pain and quality of life in Multiple
Myeloma patients with spinal osteolytic lesions
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Switzerland

INTRODUCTION: This announcement presents a
retrospective review that aims to present the functional
outcome and survival rates following “palliative”
surgery in 21 consecutive Multiple Myeloma (MM)
patients who underwent a total of 25 surgeries in one
institution and to review the relative literature.

MM is a systemic neoplasm of plasma cells and that
affects 1-4 per 100,000 people per year, and is
commonly associated with bone pain usually due to
spinal and rib osteolyses in 70% of these patients [1-4].
Skeletal osteolyses is the most frequent cause of
morbidity and mortality in patients affected by this
pathology [5].

Percutaneous augmentation with PMMA in patients
with osteoporotic and metastatic vertebral fractures has
been a safe and successful procedure for vertebral
body stabilization and axial pain reduction. In the case
of spinal cord and cauda compression open
decompression plus mesh cage stabilization has been
successfully used in some cases. There are few short-
term studies reporting vertebral augmentation for MM
osteolytic spinal lesions.

METHODS: Between December 2004 and May 2012,
25 surgical procedures (percutaneous augmentation,
hybrid ~ fixation, and open  circumferential
decompression and stabilization) were performed by
the authors for symptomatic vertebral body osteolysis
and fractures in 21 consecutive patients with MM.
Tomita classification for osteolytic lesion extension,
and Karnofski scale plus ASIA neurological
impairment scale and VAS pain scale were used.
Survival analysis was performed.

RESULTS: All patients were followed for a minimum
6 months postoperatively. Karnofsky Index was
improved from an average = SD, 66%+20%
preoperatively to 81.3%+15%, one month after surgery
and 83%+10% one year after surgery. VAS score was
significantly reduced in all patients from 7.08+2

preoperatively to 3.35t1.5 at the time of latest
evaluation. One patient with preoperatively ASIA D
and 2 patients with ASIA C grade improved
postoperatively to ASIA E. The one-year survival rate
from the date of diagnosis was 85.2% (95% CI, 60.6%
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- 96.0%), while the five-year survival rate dropped to
55.4% (29.4% - 75.1%). The one-year survival rate
from the date of surgery was 65.9% (95% ClI, 38.8% -
83.2%), while the five-year survival rate dropped to
33.5% (95% ClI, 11.1% - 58.0%).

DISCUSSION & CONCLUSIONS: Palliative
surgical treatment for osteolytic painful vertebral
lesions in MM patients was proved to prevent vertebral
body collapse and potentially spinal cord injury,
restore vertebral body and improve pain and quality of
life.
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Chloride Containing Bioactive Glasses
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INTRODUCTION: Bioactive glasses dissolve in
body fluids, releasing calcium phosphate and silicate
ions and forming apatitie like phases. They stimulate
new bone formation and exhibit excellent osseo-
integration.

Previous studies have investigated the incorporation of
fluoride in bioactive glasses [1,2], The chloride ion is
significantly larger than the fluoride or oxygen anions
and this is likely to strongly influence the glass
structure, dissolution behaviour and ability to form
apatite like phases. Chloride ions are naturally present
in the body and consequently unlike fluoride ions
which are present only at low concentrations chloride
releasing glasses are likely to be more acceptable.

This study investigates the incorporation of chloride
into bioactive glasses on their dissolution behaviour
and ability to form apatite like phases in Tris buffer
and simulated body fluid (SBF).

METHODS: Glasses were synthesised using a melt
guench route by progressively adding CaCl2 to the
starting glass composition B3 given in Table 1.

Table 1. Glass Compositions Synthesised (mole %)

Glass Si02 Ca0o P205 CaCl2
B3 37.27 44.12 6.18 0.0
C3 36.82 47.74 6.11 2.28
D3 36.39 49.63 6.04 3.46
E3 35.4 51.55 5.87 4.6
F3 34.08 52.98 5.65 7.17
G3 32.8 53.61 5.44 10.64
H3 30.29 54.27 5.02 14.02

All the glasses have a fixed network connectivity [3]
of 2.08.

The glasses were characterised by XRD and high
temperature differential scanning calorimetry (DSC)
and their dissolution behaviour in Tris buffer pH=7.4
and SBF and ability to form apatite like phases
characterised by Inductively Coupled Plasma Optical
Emission spectroscopy, FTIR, XRD and *P MAS-
NMR.

RESULTS: All the glasses were largely amorphous by
XRD. The glass transition temperature determined by
DSC decreased markedly with CaCl, content reducing
by over 250°C The glasses dissolved more quickly on
incorporating CaCl,.
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The glasses showed evidence of apatite like phase
formation in Tris buffer after immersion for as little as
3 hours. Apatite formation took slightly longer in SBF.
There was some evidence that these glasses were so
reactive that they reacted with atmospheric water.
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Figure 1 FTIR Spectra of Glass C3 after immersion in
Tris buffer.

DISCUSSION & CONCLUSIONS: Novel bioactive
glasses were synthesised containing chloride. The
incorporation of CacCl, resulted in less crosslinked and
more reactive glasses that dissolved more rapidly and
formed apatite like phases very quickly.

Further studies are required to assess the in vivo
behaviour of these glasses.

These novel glasses may be suitable for bone
substitutes tissue engineered scaffolds and re-
mineralising toothpastes.
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In-vitro to in-vivo developmental pathway of a novel injectable bioactive glass cement
for bone grafting in dentistry
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! Medmix Systems AG, Rotkreuz, Switzerland; ® Bart’s and The London School of Medicine and Dentistry,
Queen Mary University of London, London, United Kingdom

INTRODUCTION:  Currently the only At 12 weeks however, bone was observed

synthetic option available for bone grafting in
dentistry is granular calcium phosphate
ceramic materials. These materials have been
used successfully offering an osteoconductive
and somewhat resorbable bone substitute
material. Their disadvantages however are
susceptibility to deformation & migration, poor
handling properties and have poor in-vivo
performance.

In dentistry bone graft materials are used for a
number of procedures including guided bone
regeneration (GBR) and alveolar socket filling
(ASF). The problems of current bone substitute
materials used in dentistry are primarily that
they do not set in-vivo and the difficulty of
implantation cause by their granular nature. It
has been the aim of this project to overcome
these challenges by developing a novel
injectable, in-vivo setting calcium phosphate
cement; with in-vivo porosity that can be
mixed and injected through an injection
delivery device.

METHODS: Cements were developed and
optimised, as outlined previously'. The
bioactive glass and Ca(H,PO,), powders were
mixed together in their specific ratios. The
cement powder was then mixed with a 2.5%
Na,HPO, solution. Cement compositions were
chosen based upon working and setting times,
compressive strength, and cements phase
formed. A six and twelve week femoral ovine
study was conducted using four hand-mixed
cement compositions, mixed on a glass slab.
The in-vivo specimens were analyzed using X-
ray microtomography, SEM, and confocal
microscopy. Cement compositions were then
developed for dental procedures. This involved
incorporation into the Medmix Bone-Cement
Delivery System (P-System). Liquid to powder
ratios of the various cement compositions were
to allow mixing and subsequent injection
through the syringe.

RESULTS: Initial observation of in-vivo bone
sections indicated no inflammatory reaction or
fibrosis. Bone formation was observed in the
cement at 6 and 12 weeks. Bone formation was
seen in the 6 week samples predominantly
adjacent to the outer surface of the biomaterial.
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more uniformly distributed within the implant
with areas of osteogenesis observed. At six
weeks there was a thin layer of bone covering
the surface of the implant whereas after twelve
weeks the new bone covering the implant was
relatively thick.

v g

Fig 1 Novel Bioactive glass cement being
injected through the Medmix P Cement
Mixing System

All cement compositions could be injected
using the delivery syringe. The use of the
syringe did not impact either the compressive
strength or the setting times when compared
against mixing the cement on a glass slab.

DISCUSSION & CONCLUSIONS: The
novel bioactive glass-based cement system
overcomes the disadvantages associated with
bone graft materials in dentistry. The Medmix
Bone-Cement Delivery System (P-System)
enables a more efficient controllable and
precise delivery. The bioactive glass-based
cement was able to be premixed homogenously
in the delivery device and injected through a
curved cannula with an inner diameter of
2.5mm into the field of interest. The results of
the ovine indicated that all the cement samples
studied are osteoconductive and are able to
osseointegrate with host bone.

REFERENCES: *Hill et al. A composition for
making a cement or an implant - WO 2013093101
Al [Patent].
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Repair of bone defect using zinc-doped bioactive glass: an experimental study in an
irradiated rat model
S.Mosbahi*, M.Trigui?, S.Jebahi? L .Farhat?, H.Oudadesse®, T.Reabai?,J.Daoued?, H.Kekes®.

'University of Rennes 1, UMR CNRS 6226, Campus de Beaulieu, 35042 Rennes, France, “Histology,
Orthopaedic and Traumatology laboratory Sfax Faculty of Medicine Sfax, Tunisia.

INTRODUCTION: The Zinc (Zn) is an essential
mineral that is a component of more than 200 enzymes
and is known as to be necessary for normal collagen
synthesis and mineralization of bone (1). Bioactivity of
bioactive glass (BG) has been shown to be dependent
on its chemical composition and structure. In order to
improve the bioactivity and other properties of the
material, several elements such as Zn, have been
incorporated into BG (2). The purpose of this study
was to evaluate the importance of incorporating Zn
into BG on bone mineralization.

METHODS: A drill-hole was done in the femoral
condyle of female rats and then filled with 10 mg BG
or Zn-BG. Surgical interventions were performed
under general anesthesia in aseptic conditions. In
experiment 1(Tr1Gy(perfect 1Gy group), BG1Gy
(bioglass pure 1 Gy group), Zn-BG1Gy(zinc doped
bioactive glass 1 Gy group)), 30 days after surgery,
rats were exposed to 1 Gy, and after an additional 10
days they were euthanized and tissues were harvested.
In experiment 2 (Tr2 Gy (perfect group 2 Gy),
BG2Gy( bioglass pure 2Gy group) , Zn-BG 2Gy ( zinc
doped bioactive bioglass 2 Gy)), 30 days later they
were exposed to 2 Gy and after an additional 3 days
they were euthanized and tissues were harvested.

Femoral condyles were placed in 25 ml tubes with 2
ml of added nitric acid. One milliliter of 30% H,0,
was placed in the tube after 10 min. The volume of the
mixture was made up to 500 ml with distilled water.
Standard solutions of Ca and P were used to prepare
the working standard solution, and a blank solution.
The element concentrations were detected using
inductively coupled plasma optical emission
spectrometry ICP-OES. Biochemical parameters were
detected by Kkits.

RESULTS: ICP-OES and biochemical parameters
showed an increase of Ca, Ca/P ratio and alkaline
phosphatase in Zn-BG groups, this explain bone
mineralisation in bone.

DISCUSSION & CONCLUSION: Zinc has been
known to encourage attachment, proliferation of
osteoblast and increase ALP expression. The enzymes
responsible for laying down the bone callus were
activated by Zn, and Osteon and Osteoid structures are
known to have a high Zn content (3). So zinc has an
important role for the mineralization of bone.
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Fig.1. Distribution of Ca (A), Ca/P (B), in newly-
formed bone of irradiated female Wistar rats
implanted with bioglass (BG) and zinc-doped bioglass
(BG-Zn).

Table 1: Biochemical parameters in the serum of
irradiated female wistar rats, implanted with bioglass
(BG) and zinc-doped bioactive glass (Zn-

T TGy TaBGIGy | BGGy | TriGy 7 BG 1GY | BG1GY
AP MO5L1E | 175250227 | 20522454 2038358 | 200.5:3.55% | 2085376408 | 206.5
(k) +523%@
P 25240.15% | 1940.00° 22110.1% L940.02° | L5104 | LESHL028 15140049
(Mmal)
Ca ZTOOTT | L61D.14% | 213000470 | 2232006 | 2362062 | 25940.06% 2380016
(Mmaly

REFERENCES: 1- Hyun TH, Barret-Connor J, Milne
DB (2004). Zinc intakes and plasma concentrations in men
with osteoporosis the Rancho Bernardo Study. Am J Clin
Nutr; 80,715-21.

2- Lusvardi G, Zaffe D, Menabue L, Bertoldi C, Malavasi
G, Consolo U(2009). In vitro and in vivo behaviour of zinc-
doped phosphosilicate glasses. Acta Biomater, 5, 419-428.

3-Oki A, Parveen B, Hossain B, Adeniji S, Donahue H
(2004). Preparation and in vitro bioactivity of zinc
containing sol-gel-derived bioglass materials. J Biomed
Mater Res A,69,216-21.
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Reversible dentine demineralisation
Y Ahmed*, G Grégoire', M. Fiallo?, P Sharrock?
! Equipe biomatériaux, Faculté d’odontologie LU51, Université Toulouse 111, Fr.
2 SIMAD, IUT Paul Sabatier LU50, Toulouse 111, Fr.

INTRODUCTION: The burr used to remove carious
dentine leaves a smear layer on treated dentine. 33%
HsPO, is commonly used to remove debris and
dissolve the smear layer prior to infiltration of
monomers intended to stabilize demineralized collagen
when polymerized. However, water is used to remove
the dissolved products and remains in the
demineralized zone of dentine, requiring a hydrophilic
monomer to enable monomer infiltration in the water
expanded collagen. Long term clinical observations
reveal that the weak link in the aesthetic restorations
built with polymers, glass-ionomer resins or composite
materials containing organic adhesives is the sound
dentine to demineralized dentine interface, causing
eventual loss of restoration [1]. Several attempts were
made to improve this situation by applying ethanol
rinsing prior to adhesive application, or by integrating
biologically active ingredients in the infiltration
medium to prevent metal matric proteinase (MMP
enzyme) or bacterial degradation of the unprotected
water laden collagen, but these solutions do not fill the
demineralized zones completely with biologically inert
and hydrophobic material. We report on the possibility
of dentine remineralisation following acid removal of
the smear layer

METHODS: Dentine powder was made by low
temperature grinding of healthy molars extracted for
prophylactic reasons. The outer enamel layer was
removed prior to grinding [2].

33% Phosphoric acid was used to treat the dentine
powder, but the dissolution products were not rinsed
away, but left to remain in the final material to enable
chemical analysis of reaction products. The acid
treated dentine powder was investigated by IR
spectroscopy, 31P NMR, thermal analysis (TGA and
DSC) and XRD. To evaluate the possible reversibility
of the demineralization, the treated dentine was reacted
with calcium hydroxide and followed by chemical
analysis during several weeks during aging in an oven
thermo stated at 40°C and 80% humidity.

RESULTS: As expected (see Fig.1), HsPO, reacted
with the hydroxyapatite contained in dentine to
produce monocalcium phosphate according to equation

2):
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Cas(PO4)3(OH)+7H3PO4=5ca(H2PO4)2+6H20 (1)

Following reaction with calcium hydroxide, the acid
calcium phosphate gradually converted back to a
hydroxyapatite, but only slowly (3 to 4 weeks) in a
carbonated form.
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Fig. 1: X-ray diffraction pattern of the calcium
phosphate produced by acid reaction with dentine.

DISCUSSION & CONCLUSIONS: The
remineralisation of demineralized dentine is thought to
be possible by biomimetic deposition of calcium from
physiological serum, but this should be a very slow
process inside living teeth. Dentists use calcium
hydroxide to treat the inside edge of teeth where a
small proportion of dentine remains after removing
carious infections. Our results demonstrate that the
hydrated collagen matrix resulting from acid
demineralization can be theoretically re-mineralized in
vitro by calcium hydroxide to replenish the space left
void by hydroxyapatite removal during smear layer
cleaning and dentine etching.

REFERENCES:

! M. Toledano, R.Osorio et al (2004) Effect of the
hydration status of the smear layer on the wettability
and bond strength of a self-etching primer to dentin.
Am J Dent. 17(5):310-4.

2 S. Elfersi, G. Gregoire, P. Sharrock (2002)
Characterization of sound human dentine particles of
sub-millimeter size, Dent Mater 18 (7):529-34.

® LN. Niu, W. Zhang et al (2014) Biomimetic
remineralization of dentine, Dent Mater. 30(1):77-96.
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Development of an injectable extracellular matrix for regenerative medicine

by silanization of a cellulose derivative in an ionic liquid medium.

X Guillory!, N Chopin®, P Weiss?, S Colliec-Jouault’, J Le Bideau®.

! IFREMER, Nantes, France “INSERM, Laboratory for osteoarticular and dental tissue
engineering LIOAD UMRS 791 , Nantes, France *Institut des Matériaux Jean Rouxel IMN
UMRG6502 , Nantes, France

INTRODUCTION:  Hydroxypropylmethylcellulose
(HPMC) is a biocompatible polymer and a good
candidate to make injectable hydrogels.  After
chemical grafting of silanolate groups under basic
conditions, the decrease of pH promotes a self-
crosslinked network. Innovative Extra Cellular
Matrices (ECMs) are obtained thanks to these
particular chemical groups which induce siloxane
covalent bond between HPMC chains. In regenerative
medicine, these materials are currently evaluated in
animal models for tissue engineering by combining
autologous stem cells, and thus producing hybrid
synthetic biologic grafts. Our group focuses in a new
process of silanization in ionic liquid (IL) media.
These media used as solvents have highlighted a real
improvement on the number of linked silanolate onto
the polysaccharide.

METHODS: Working in IL media with cellulose and
its derivatives allow to obtain homogeneous reaction
conditions, and thus, a better access to the functions. A
previous work [1] on silanization of HPMC

(Colorcon®, E4M, Mw=370 kg/mol) in alkaline
conditions has given high functionalization rate.
Nevertheless, it appeared to be harmful for the
polysaccharide. Our aims today are: (i) to found
reactive conditions friendly to the HPMC, (ii) to obtain
controlled functionalization rates. The IL 1-allyl-2,3-
dimethylimidazolium dicyanamide (AMMIM DCA)
was chosen for its good ability to solubilise HPMC and
for its liquid nature at room temperature. Sodium
hydroxide was chosen as a positive control of the
silanisation with (3-glycidoxipropyl)trimethoxysilane
(GPTMS). We evaluated the influence on the resulting
polysaccharide of major parameters involved in the
reaction conditions such as: the base (organic vs.
inorganic), the temperature and the presence of water
(not detailed). Molecular weights were determined
using a high performance size exclusion
chromatography (HPSEC, Shimadzu) combined with a
multi-angle laser light scattering detector (MALS,
Wyatt technology). Analyses of the silicon content
were done by

Inductively Coupled Plasma Atomic Emission
Spectroscopy (ICP-AES). In a typical silanization
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experiment, AMMIM DCA (3.25g) is weighted in a 10
mL round bottom flask, inerted with nitrogen and
heated at 60°C. HPMC (100mg, 1leq.) is then
solubilized within 1h at 60°C. The basic activating
agent (NaOH(S) or (I)s DBU, DBN, DABCO, t-BuOK,
leq.) is introduced and the medium is stirred at 60°C
for 30 min. Then, GPTMS (1eq.) is added slowly via a
syringe and the reaction is carried out for 2h. The
resulting mixture is then dialyzed and freeze-dried.
RESULTS:

Table 1. Molecular Weights and weight percentage
silicon in the products after silanization procedure
with different bases.

NaOH,  NaOH DABCO DBN DBU t-BuOK

Mw
290 256 294 400 365 332

(kg/mol)

Si wt% 2.55 0.74 0.04 0.18 1.74  0.55

These new reaction conditions have significantly
improved the preservation of the HPMC chains in IL
media. The molecular weights of the products were
sensibly similar to that of the starting material,
excepted in case of aqueous sodium hydroxide base.
Moreover, high functionalization rates (theoretical
maximum = 8 wt%) were obtained with NaOH, and
the DBU.

DISCUSSION & CONCLUSIONS: Organic bases
seem to be less degrading against HPMC chains and
thus more adapted for further experiments. It was also
observed that the presence of water induced a
depolymerization in IL media, explaining the lower
Mw with aqueous sodium hydroxide. This improved
process should permit to establish a methodology
allowing control on the functionalization rates,
respectful of the chains and potentially allowing

transposition to other polysaccharides.
REFERENCES: * J. Recho, J. Le Bideau, P. Weiss (2008) Brevet WO
N°2010/037986A1.
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Development of a method for testing bovine caudal discs for biomechanical assessment of novel nucleus
replacement therapies.

SM Tarsuslugil', DE Miles', RK Wilcox*
! Institite of Medical and Biological Engineering, University of Leeds, UK

INTRODUCTION: More than 75% of cases of low
back pain are associated with degeneration of the
intervertebral discs, it is reported that 97% of
individuals over the age of 50 years display evidence
of disc degeneration®. Nucleus replacement potentially
offers a minimally invasive treatment for early stage
disc degeneration, but there are limited methods
available for testing these treatments in the laboratory.
The aim of the present study is to develop standardized
in-vitro testing methodologies to examine the
biomechanical performance of nucleus replacement
procedures.

METHODS: Fresh bovine caudal discs were excised
and immediately frozen at -80°C. Whilst frozen,
specimens were dissected such that 15 mm of flat,
parallel bone surfaces either side of the disc remained
attached. This was achieved using a custom made
cutting guide in combination with high resolution CT
imaging at a voxel size of 246pum (Xtreme CT, Scanco,
Switzerland). A method was developed to enable the
nucleus to be extracted from a disc with minimal
damage to the annulus fibrosus. A 9.5mm hole was
drilled though the center of the superior bone surface
of the disc. Drilling was ceased when the superior
bony endplate was breached. A biopsy punch (8mm
diameter, Steifel, USA), ring curette (4mm, Steifel,
USA) and a pair of fine tweezers were used to
carefully remove nucleus material, which was weighed
immediately using a lab balance (Oheus Pioneer,
Switzerland). An oversized allograft (with endplate) of
predetermined length (10mm in diameter) was
obtained from a donor disc to create a push-fit
interface between the hole created and the allograft.
This technique created a void within the disc for
subsequent testing and nucleus replacement injection
through a fine gauge needle (30G). In the present study
a nucleus augmentation material simulant was used,
with similar viscosity to the materials currently in
development. This was used as an indicator to examine
signs of leakage within the intervertebral disc.

RESULTS: The method of generating a standardised
nucleus removal model to allow testing of novel
nucleus replacement materials appears to be
successful. The technique used, enabled controlled
removal of nucleus material whilst maintaining the
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integrity of the annulus fibrosus. MicroCT and
photographic images of the replaced bone plug
confirm that a good seal between the vertebra and the
bone plug was created, minimizing leakage and
maintaining endplate morphology (Figure 1).

Fig. 1: a. Transverse plane view of specimen following
controlled nucleus removal, b. Injected peptide
simulant (for image purposes), c. Sagittal CT slice
showing placement of bone plug, d. Interface between
vertebra and bone plug.

DISCUSSION & CONCLUSIONS: Using the
methods described further studies will use a
combination of static and dynamic biomechanical
testing to determine if novel minimally invasive
nucleus  replacement therapies, currently in
development at the University of Leeds, can be utilised
to restore mechanical properties of intervertebral discs
following nucleus removal.

REFERENCES: ' J. Urban (2003)
Arthritis research and Therapy 5:120-130.
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IN VITRO EVALUATION OF OSTEOGENIC AND ANTIBACTERIAL ACTIVITY OF A SYNTHETIC BONE
SUBSTITUTE MODIFIED WITH COLLAGEN-HYALURONIC ACID-VANCOMYCIN COMPLEXES

M. Morra®, C. Cassinelli*, G. Iviglia®, D. Bollati*
! Nobil Bio Ricerche, Via Valcastellana 26, 14037 Portacomaro (AT) Italy

INTRODUCTION: Periprosthetic infection (PPI) is a
devastating consequence of implant insertion involving
1%-5% of procedures, further elevated in trauma
patients. Strategies to PPl prevention involve either
increasing the rate of new bone formation or the
release of antibiotics such as vancomycin (Va).
Modern surface-engineering approaches allow to
combine these strategies: we developed an innovative
synthetic phosphate-based ceramic bone substitute,
surface modified with a coating composed of collagen
(Col), hyaluronic acid (Hya) and vancomycin (Va)
complexes. The aim of this work is to test the pro-
osteogenic and antibacterial activity of Col-Hya-Va
treated ceramic granules, by in vitro assays involving
measurement of gene expression of bone and
inflammatory cells, antibiotic elution rate and zone of
inhibition of bacterial growth.

METHODS: Phosphate-based ceramic granules
(dimensional range of 300 um — 2 mm) were subjected
to a surface coating treatment with collagen,
hyaluronic acid and vancomycin complexes. This
surface process generates a coating with a thickness of
hundreds of nanometers. The granules were then
characterized by FT-IR, scanning electron microscopy
(SEM) and the profile of antibiotic release was
evaluated through HPLC and UV-visible spectroscopy.
Biological properties were tested on inflammatory
(J774.A1) and bone cells (SaOs-2): morphology and
gene expression (RT-PCR) studies at different
timepoints were performed. The bactericidal effect was
evaluated by agar germ test with a Staphilococcus
Epidermidis strain.

RESULTS: Physico-chemical studies demonstrated
that the production process was reproducible and that
granules had an identical degree of porosity and
similar mechanical and degradation properties. The
evaluation of vancomycin release indicated that more
than 70% of vancomycin was released during the first
3 days. The agar germ test (figure 1) confirmed that
the entrapped antibiotic is able to preserve its
bactericidal properties, by inhibiting the growth and
proliferation of S. Epidermidis.
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Fig. 1: Anti-bacterial effect of surface modified
granules (left-control; right-test sample)

In vitro biological studies (table 1) demonstrated that
collagen-hyaluronic acid complexes on the surface of
the granules stimulate the expression of pro-osteogenic
genes (such as those for ALP, BSP and BMP-2) in
bone cells while decrease inflammatory response in
macrophage cells (expression of IL-1p, IL-6 and MCP-
1).

Table 1: Gene expression of bone cells and
inflammatory cells (+ or — compared to untreated
granules)

Bone cells  Col-Hya- Inflammatory Col-Hya-Va

Va cells
ALP ++ MCP-1
BSP + IL-1B
BMP-2 + IL-6 —

DISCUSSION & CONCLUSIONS: In vitro results
show that this surface treatment is able to add
biochemical stimulation and bactericidal functionality
to the mechanical characteristics of the synthetic
ceramic bone substitute. Even if the encouraging in
vitro results must be confirmed by further in vivo tests,
this study demonstrates that surface engineering
applied to synthetic bone substitutes could play an
important role in the development of innovative
materials of clinical interest.

REFERENCES: * WR. Moore et al. (2001) Anz. J.
Surg 71,354-361. * M. Zilberman et al (2008) J
Controlled Release 130, 202-215. * T. Livingston
Arinzeh et al (2005) Biomaterials 26, 3631-38.
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Surface chemistry and effects on bone regeneration and inflammation of a
novel biomimetic synthetic bone filler
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Therapies, Bologna, Italy. ® Universita di Pavia, Dipartimento Discipline

Odontostomatologiche, Pavia, Italy

INTRODUCTION: The lack of dentoalveolar bone
could often disallow implant therapy by compromising
primary stability. Thus, replacement of bone loss or
reconstruction of bone defects is still a clinical
challenge. Many different bone substitute such as
autografts, allografts, xenografts, synthetic
biomaterials and osteoactive agents have been
proposed. Synergoss® (Nobil Bio Ricerche srl, Italy)
is a recently developed synthetic bone filler that
exploits biomolecular surface engineering to deliver
directly to the filler-implant interface the signaling
properties of type | collagen. The aim of this work is to
test physico-chemical and biological (in vitro and in
vivo) properties of this ceramic bone substitute
compared to its counterpart without collagen surface
layer and to the widely used Bio-Oss (Geistlich).

METHODS: Synergoss® (SO) was prepared by
mixing nano-hydroxyapatite, p-tricalcium phosphate
and a polysaccharide-based porogen. After sintering
and sieving, ceramic granules (dimensional range of
300 um — 1 mm) were subjected to a surface coating
treatment with collagen type I. The granules were then
characterized by FT-IR, scanning electron microscopy
(SEM), XPS, BET and IGC. Biological properties
were tested in vitro on inflammatory (J774.Al) and
mesenchymal stem cells (hMSCs): morphology and
gene expression (RT-PCR) studies at different
timepoints were performed. In vivo evaluations were
performed in a rabbit model as recommended by the
international rules UNI EN 1SO 10993-6: 2009 to
obtain information about material performance in
terms of histocompatibility and osteointegrative
capabilities (Rizzoli Orthopaedic Institute).

RESULTS: Surface analysis confirmed that the
ceramic phosphate granules present a collagen
nanolayer to the surrounding environment. Cell
cultures tests showed that, in agreement with literature
reports, surface-immobilized collagen molecular cues
can stimulated progression along the osteogenic
pathway of undifferentiated human mesenchymal cells.
Moreover SO elicited a strong decrease of the
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expression of the main pro-inflammatory cytokines
compared to the collagen free control and Bio-Oss
(Table 1).

Table 1: Gene expression of hMSCs and inflammatory
cells (+ or — compared to untreated granules)

hMSC  Synergoss® Inflammatory Synergoss®

cells
ALP ++ MCP-1
BSP + IL-1B -
BMP-2 + IL-6 —

Finally, in vivo test in a rabbit model of critical bone
defect shows statistically significant increase of bone
volume and mineral apposition rate between the
biomimetic bone filler and collagen-free control
(Figure 1).

Fig. 1: 3D reconstruction of the Volume of Interest
(VOI) selected to perform the microtomographic
investigations of SO (C) and SO- (D) materials
DISCUSSION & CONCLUSIONS: All together, obtained
data confirm that biomolecular surface engineering can
upgrade the properties of implant device, by promoting
more specific and targeted implant-host cells
interactions.

REFERENCES: ' P.V. Giannoudis et al. (2005)
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(2007) Expert reviews of medical devices 4, 361-372.
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Generating Nucleus pulposus-like cells from human Adipose Stromal cells:
a first step towards the regeneration of intervertebral disc
P Colombier*?, M Ruel'?, J Lesoeur? , A Moreau*®, C Robiou-Dupont'?*, O
Hamel"**" L Lescaudron®?°, J Clouet"**®, J Guicheux"?®
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Physiopathology »Nantes,? Université de Nantes, UFR Odontologie, Nantes, ® Université de Nantes,
UFR Sciences Biologiques et Pharmaceutiques, Nantes,* Université de Nantes, UFR Médecine,
Nantes, ° Université de Nantes, UFR Sciences et Techniques, Nantes, ® CHU Nantes, Pharmacie
Centrale, Nantes, * CHU Nantes Service de Neurotraumatologie, Nantes, ® CHU Nantes, Service
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INTRODUCTION: Intervertebral disc (IVD)
degeneration is one of the major causes of low
back pain. It is now well-established that the
Nucleus pulposus (NP) is prematurely affected by
degenerative events, mainly starting with the
apoptotic death of the NP resident mature cells
namely the nucleopulpocytes. In this context,
repopulating a damaged NP with functional
regenerative cells seems to be a promising
approach for long term regeneration of 1VD.
Since Growth Differentiation Factor 5 (GDF5)
plays a crucial role in IVD anabolism and
biological activity of nucleopulpocytes [1], we
guestioned whether GDF5 may be an efficient
tool to drive the nucleopulpogenic differentiation
of human Adipose Stromal Cells (hASC). In this
context, the aim of the present work was to
investigate the effects of supplementing a
chondrogenic medium with GDF5 on the in vitro
production of functional nucleopulpocytes from
hASC.

METHODS: Human ASC have been cultivated
in pellets (500.000 cells/pellet) for 28 days in the
presence of low oxygen tension (5%) with a
chondrogenic medium enriched or not with GDF5
(100ng/ml). The nucleopulpogenic differentiation
of hASC has been evaluated by determining the
expression levels of ACAN, COL2A1, PAX1,
OVOS2 and CD24 transcripts by RT-gPCR. The
levels of the corresponding proteins in hASC
pellets have been assessed by
immunohistochemistry analyses. The specificity
of the hASC commitment has been determined by
analysing the expression of osteogenic-,
adipogenic- and chondrogenic-related markers by
Tagman Low Density Array. Furthermore, hASC
were cultivated in the presence of the GDF5-
enriched chondrogenic medium with or without
SB505124 (5uM) or dorsomorphin (5uM) to
decipher the involvement of Smad proteins.
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RESULTS: Our RT-gPCR and
immunohistochemistry data showed that hASC
cultivated in the presence of a GDF5-enriched
chondrogenic medium expressed nucleopulpocyte
markers (ACAN, COL2Al, PAX1, OVOS2 and
CD24) at the transcript and protein levels. A time
course experiment demonstrated that hASC
express nucleopulpocyte markers as early as 21
days of culture. Furthermore, the osteogenic-,
adipogenic- and chondrogenic-related markers
remain at a barely detectable level of expression.
Concerning the role of Smad pathways during the
nucleopulpogenic differentiation of hASC, our
western blot data demonstrated that SB505124
and dorsomorphin respectively inhibit the
phosphorylation of Smad2/3 and Smad1/5/8 and
thus respectively block the TGF-B and GDF5
canonical pathways. Whereas SB505124 was
found to prevent the nucleopulpogenic
differentiation of hASC, dorsomorphin did not
significantly affect this differentiation process.

DISCUSSION & CONCLUSIONS: Our data
demonstrate that human ASC cultivated in the
presence of a GDF5-enriched chondrogenic
medium can be committed towards the
nucleopulpocyte lineage. This commitment seems
to be reproducible, robust and specific. Our results
also suggest that the canonical TGF-p pathway
(Smad2/3) plays a pivotal role for the
nucleopulpogenic commitment of hASC. Whether
the in vitro generation of functional
nucleopulpocytes may help us design regenerative
medicine strategies remains to be further
evaluated in suitable animal models of disc
degeneration.

REFERENCES: 1.X. Li (2004) Collagen and

proteoglycan abnormalities in the GDF-5-deficient
mice and molecular changes when treating disk
cells with recombinant growth factor. Spine,
2004. 29(20): p. 2229-34.
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INTRODUCTION: Strontium (Sr) has found to
hinder osteoclast, promote osteoblast and aid in
osseous collagen formation besides being also
antimicrobial®. Sr containing acrylic cements and o/B-
TCP based calcium phosphate cements (CPC) has been
extensively studied and Sr has found enhance
radiopacity in these cements. Recent attention on
tetracalcium phosphate (TTCP-C,P) based apatitic
cements has resulted in its usage in clinics worldwide.
In this work we have studied the 5 and 10% Sr
substituted TTCP based cements.

METHODS: Pure TTCP was prepared by heating
equimolar amount of calcium carbonate, (CaCQs) and
dicalcium phosphate anhydrous (CaHPO,) to 1500°C
for 6 h followed by rapid quenching. Strontium
carbonate (SrCOs) was added to the precursor mixture
replacing CaCOsat 5 and 10 at.% of Sr to that of Ca to
synthesize Sr substituted TTCPs by the same
procedure. CPC’s made of powder containing pure
TTCP, 5 and 10% Sr substituted TTCP were named as
T,CPC, 5SrT,CPC and 10SrT,CPC respectively. 1M
disodium hydrogen phosphate containing 15% citric
acid was used as the liquid. CPC powder and liquid are
mixed in an L/P ratio of 0.5ml/g. The paste was packed
into a mould and allowed to harden. Setting time and
compression strength (CS) was measured. Radiopacity
was measured by medical X-ray apparatus and
compared with pure Al of various thicknesses (ISO
6876:2001). Cell viability (MTT) assay, cell
attachment and proliferation studies were done using
rat skeletal muscle cells.

Table 1: List of various parameter of CPC

Samples Setting time CS CDHA Cell
(minutes) (MPa) (%) viability
(%)
Initial Final At 24h

T,CPC 9+1.3 16+3 10.443.1 29+7 94+0.5
5SrT4CPC 6+2.4 13425 | 18.6+5.5 61+8 93+1.4

10SrT,CPC | 10+1.3 | 16+3.2 | 14.3+4.4 52+6 90+3.5

RESULTS: X-ray diffraction (XRD) pattern of 5 and
10% Sr-substituted TTCP was found to be similar to
that of pure TTCP (JCPDS no. 25-1137). The setting
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time, CS, cell viability and percentage of calcium-
deficient hydroxyapatite (CDHA) formed at 24h
(calculated from XRD) are listed in Table 1.
Radiopacity increased with increasing of Sr**
concentration as shown in Figl.

5mm 4mm 3mm 2mm 1mm

Pure Aluminium

T.CPC SSIT,CPC  10SIT,CPC

Fig. 1: Radiopacity of Sr substituted CPCs.

DISCUSSION & CONCLUSIONS: Substitution of
Sr** jon into the lattice of TTCP has resulted in
expansion of the cell parameters due to larger radius of
Sr®* jon than that of Ca" ion. Setting time was found to
be shorter and CS at 24h was found to higher for
5SrT,CPC. The increased defect concentration with the
Sr’* jon substitution in the lattice may have led to the
accelerated hydration to form CDHA and this in turn
contributed to increased CS of the 5SrT,CPC.
However, 10SrT,CPC had comparatively slow setting
time and low CS at 24h which could be explained due
to the inhibition effect of dissolved Sr** during the
early hydration to form CDHA?. Increased radiopacity
with the increasing Sr content is due to its higher
atomic number and weight than that of Ca resulting in
increased absorption of X-ray energy®. Cell viability
was above 90% for all the samples which proves
cytocompatibilty of Sr*. These findings shows that Sr**
substituted C,P cements could serve as a better bone
graft material with potential clinical applications.

REFERENCES: 'R. Narmadha Devi et al (2012) J
Am Ceram Soc 95:2700-08. ?D. Guo et al (2005)
Biomaterials 26:4073-83. *M. Schumacher et al (2013)
Acta Biomater 9: 7536-44.
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INTRODUCTION: Calcium phosphate cements have
great potential as carriers for controlled release of
drugs in bone tissue due to their composition close to
bone mineral, excellent bioactivity and possible use as
injectable and degradable grafting materials [1]. The
objective of this work is to study the injectability and
the release property of a biomimetic cement loaded
with sodium fusidate (SF), a soluble salt of fusidic
acid, an antibiotic with a broad antibacterial spectrum
and a good bone penetration.

METHODS: The cement paste was obtained by the
homogenous mixing of solid phase (powder mixture of
vaterite, CaCQOgz, and dicalcium phosphate dihydrate,
DCPD, with a weight ratio of 1:1), with an appropriate
amount of liquid phase (deionised water), at a liquid-
to-powder ratio (L/P) of 0.7 and 0.8 mL/g [2]. An
aqueous solution of SF was used as liquid phase to
prepare the antibiotic-loaded cements including 3% or
9% of antibiotic (w/w of the solid phase). After mixing
the solid and the liquid phases, the paste was placed in
a sealed container saturated with H,O at 37°C for
setting and hardening. The cements prepared were
characterised by X-ray diffraction, FTIR spectroscopy
and scanning electron microscopy. The setting time
was determined using the Gillmore needle method.
The injectability of the cement was measured using a
texture analyser equipped with a syringe system. The
release of the antibiotic from the cements was
investigated for five weeks in 1 liter of 0.9% w/w
NaCl solution at pH = 7.4 using a dissolutest apparatus
according to the European pharmacopoeia.

RESULTS: The results indicated that the
incorporation of sodium fusidate in the cement reduced
the setting time (Table 1), while increasing the
injectability of the cements and this effect was dose
dependent. In addition to the effect of the antibiotic,
cements prepared with the highest L/P ratio were more
injectable but exhibited a higher setting time. The
drug-loaded cements showed a sustained release, with
a release rate of drug which diminished when L/P
decreased. For cement containing 9% of antibiotic, the
time necessary to release 20% of drug (ty) Was 27
days and 12 days for L/P = 0.7 and L/P = 0.8,
respectively.
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Table 1: Setting time of the cements.

Setting time (min)

Cement L/P=0.7 L/P=0.8
0% SF 752 100+ 4
3% SF 65+3 85+3

DISCUSSION & CONCLUSIONS: The association
of SF with the cement increased its injectability but
decreased its setting time. The latter observation can
be correlated with the study of the setting chemical
reaction rate by FTIR spectroscopy which confirmed
that the introduction of SF accelerated the dissolution
of DCPD and the formation of the biomimetic apatite.
Drug release test has shown that SF release rate was
dependent on cement microstructure. Indeed, the
increase of L/P ratio induced an increase of cement
microporosity enhancing diffusion phenomenon and
therefore drug release. The possibility to control
cement parameters and properties makes this
biomimetic cement a promising candidate especially
for the prevention of bone implant-associated
infections.

REFERENCES: * M.P. Ginebra, T. Traykova, J.A.
Planell, Calcium phosphate cements as bone drug
delivery systems: a review, J Controlled Release
(2006) 113: 102-10. 2 Combes C, Bareille R, Rey C,
Calcium carbonate—calcium phosphate mixed cement
compositions for bone reconstruction, J Biomed Mater
Res (2006) A79: 318-28.
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INTRODUCTION: This retrospective study
compares the efficacy and safety of Balloon
Kyphoplasty (BK) with calcium phosphate
(Group A) versus KIVA implant with PMMA
(Group B) reinforced with three-vertebrae
pedicle screw construct for A, & Az single
fresh  non-osteoporotic  lumbar  (Li—Lg)
fractures in 38 consecutive age and diagnosis
matched patient populations.

The development of transpedicular, inflatable
balloons (BK), implantable stents or other
reinforcement devices' combined with
injectable PMMA and bone cement substitutes
has, in the recent few years, made possible to
perform a sufficient and safe anterior vertebral
column reconstruction through a percutaneous
transpedicular approach, thus reducing the
surgical and  morbidity  complications
associated with a major anterior reconstruction
surgery.

However, despite the advent of BK, the
occurrence of extracanal, intracanal PMMA
leakage remains a significant however
potential disastrous complication with rates
ranging from 7% to 10%”°.

The null hypotheses of this retrospective
comparative controlled study were: 1) KIVA
implant with low viscosity PMMA can equally
with balloon Kyphoplasty (BK) with calcium
phosphate restore fractured vertebral body? 2)
KIVA implant shows similar extracanal bone
cement leakage with BK?

METHODS: Extracanal leakage of either low
viscosity PMMA and calcium phosphate (CP)
as well as the following roentgenographic
parameters: segmental kyphosis (SKA),
anterior (AVBHr) and posterior (PVBHr)
vertebral body height ratio, spinal canal
encroachment (SCE) clearance, and functional
outcome measures: VAS and SF-36, were
recorded and compared between the two
groups. All patients in both groups were
followed for a minimum of 26 (Group A) and
25 (Group B) months.
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RESULTS: Extracanal CP and PMMA
leakage was observed in four (18%) and three
(15%) vertebrae/patients of group A and B
respectively.  Hybrid fixation improved
AVBHTr, SKA, SCE, but PVBHTr only in group
B. VAS and SF-36 improved postoperatively
in the patients of both groups.

DISCUSSION & CONCLUSIONS: Short
segment construct with the novel KIVA
implant restored better than BK fractured
lumbar vertebral body, but this had no impact
in functional outcome. Since there was no
leakage difference between PMMA and
Calcium phosphate, and no short-term adverse
related to PMMA use was observed, we advice
the use of PMMA in fresh traumatic lumbar
fractures.

REFERENCES: 'Korovessis P,
Hadjipavlou A, Repantis T (2008) Minimal
Invasive Short Posterior Instrumentation
Plus Balloon Kyphoplasty With Calcium
Phosphate for Burst and  Severe
Compression Lumbar Fractures. Spine
33:658-667. “Eck JC, Nachtigall D,
Humphreys SC, Hodges, SD. (2008)
Comparison of vertebroplasty and balloon
kyphoplasty for treatment of vertebral
compression fractures: a meta-analysis of
the literature. Spine 8:488-497.
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