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Tumor; where good ideas come from, innovation in intervention 

Kieran Murphy 

Joint Department of Medical Imaging, UHN Mt Sinai WCH, University of Toronto, Canada 

 
Metastatic tumors are the most common tumors of 

bone affecting 10-30% of all cancer patients. 

Spinal mets are found in 36% of patients who die 

of cancer. The tumors that most commonly spread 

to bone are prostate, breast lung kidney and 

thyroid. These account for 80% of boney mets. 

The 5 year survival after diagnosis of lung mets is 

2% and thyroid is 44%. Pain is the most common 

presenting complaint and it is usually progressive, 

unrelenting and poorly controlled. Radiation 

therapy has been shown to be effective in 75-90% 

of patients but the benefit is not felt for 2 to 12 

weeks after the treatment.  

Cord compression from tumor was first described 

by Elsberg in 1916 in his work "Diseases of the 

spinal cord and its membranes".  1 in 12700 

cancer patients will develop cord compresion. 

Globally most of these patients will be treated 

with steroids and radiation.  Vast Rad Onc studies 

of up to 5400 patients have studied the role of 

IGRT SBRT SABR or HIGRT and other tightly 

columated spinal radiation therapy to treat spinal 

mets and cord compresion. The rigour of these 

NCI NIH CIHR and international studies is 

admirable. It is clear the role of surgey is limited 

to the relief of cord compresion causing 

myelopathy in patients with greater than 1 month 

life expectancy. Do we as interventionalist have a 

role in this patient population. Do we have the 

technology that would allow us have a lower risk 

minimalist impact on these patients quality of life. 

Multiple small studies of between 30 and 2 

patients would say that we do have s something to 

offer.  Our studies are Cochran level 3 or lower in 

most cases however.  Our interventions are 

currently paliative and our role is niche. This is 

unlike our role in Liver primary or secindray 

disease where RFA TACE Y90 is changing 

survival, and allowing patients become eligible 

for liver transplant.  

If we are to go beyond the palliative intervention 

described above and move into to the definitive 

treatment of patients with oligo metastatic disease 

ie limited metastatic disease in 5 sites or less we 

need to apply a new level of rigor and total tumor 

kill, with by definition marginal obliteration that 

we currently dont deliver. The application of pre 

procedural radiation theraphy soft ware planing 

and dose distribution estimation is critical. Ths is 

the subject of our research for the past 2 year. In 

this section of this session I will review the state 

of the literature and discuss our approach to oligo 

metastatic disease. In addition i will discuss the 

paucity of innovation in our field since the late 

90s and the need for renewed effort. 
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MODULAR SCAFFOLD ENGINEERING FOR SKELETAL 

RECONSTRUCTION 
S. J. Hollister 

The University of Michigan, IL, USA 

 

Large skeletal defects present significant 

challenges to restoring natural tissue, geometry, 

and load bearing.  Tissue engineering approaches 

combining scaffolds with osteobiologics (i.e. cells 

and/or growth factors) have long been proposed to 

repair such defects when conventional bone 

grafting or implant therapies fail.  However, to date 

there has been limited large pre-clinical model 

testing of such approaches, let alone clinical 

implementation.  This can be attributed in part to 

the significant technical challenges faced in 

reconstructing large defects and in part to the 

significant regulatory and commercial challenges 

that face even a technically successful approach.  

Clearly, there is no silver bullet for skeletal 

reconstruction. 

The combination of no technical silver bullet with 

the significant regulatory challenges has led us to 

propose a modular approach to skeletal tissue 

engineering (Hollister and Murphy, Tissue Eng., 

2011).  This modular approach not only 

incorporates integration of multiple structural and 

biologic components to create a skeletal 

engineering therapy, but also integrates multiple 

design and manufacturing processes to achieve 

these integrated therapies that bridge multiple 

scales.  In this talk, we will address how to design, 

fabricate, and functionalize skeletal engineering 

constructs at multiple scales, touching upon how 

such platform technologies can interface with 

regulatory requirements.   

The ultimate goal is to create an engineering 

platform that allows design of constructs to 

reconstruct any complex defect as well as the 

capability to fabricate such constructs.  

Furthermore, given that such a platform 

technology provides a plethora of design choices 

(e.g. scaffold material, scaffold pore architecture 

design, scaffold surface modification, 

osteobiologics) which raises questions as to what 

choice of modular components will lead to optimal 

skeletal regeneration, and how do we test such 

choices for example in vitro, in small animal 

models or in large pre-clinical animal model.  In 

this talk we will also present results on how 

choices of material, architecture design and 

biologic affect bone regeneration in vivo.  Open 

questions and issues resulting from the modular 

approach will finally be presented to forge a path 

going forward.  
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Biodegradable property of octacalcium phosphate-hyaluronic acid composites 

as bone substitute materials 
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1
 Dept Orthop Serg, Grad Sch Med, Tohoku Univ, Sendai, Japan.  

2
 Div Craniofac Funct Eng, 

Tohoku Univ Grad Sch Dent, Sendai, Japan. *Email: suzuki-o@m.tohoku.ac.jp 
 

INTRODUCTION: Octacalcium phosphate 

(OCP; Ca8H2(PO4)6·5H2O) enhances in vitro 

osteoblastic differentiation [1,2] and osteoclast 

formation [3]. OCP is used as a source material for 

preparing osteoconductive inorganic-polymer 

composites, such as OCP/gelatine [4]. It is of 

interest to learn whether OCP can be used as an 

injectable material in bone defects. We have 

reported that hyaluronic acid (HyA) works as an 

agent to combine OCP without losing the 

osteoconductivity and provide the injectability [5]. 

However, the effect of HyA on the 

biodegradability of OCP and the cellular response 

in bone formation remains un-clarified. In the 

present study, bone tissue response and in vitro 

osteoclastic response to OCP/HyA were examined. 

METHODS: OCP was prepared by a direct 

precipitation previously reported [6]. Three 

sodium hyaluronic acids with different molecular 

weights were used: 1) 9 x 10
5
, 2) 19 x 10

5
 and 3) 

60 x 10
5
. The granules of OCP (300 to 500μm 

diameters) and HyAs were mixed at room 

temperature. The composites were referred to as 

OCP/HyA90, OCP/HyA190 and OCP/HyA600 (a 

chemically-modified sodium hyaluronate 

derivative). These composites or OCP alone were 

implanted respectively in polytetrafluoroethylene 

(PTFE) rings (OD 8 mm, ID 6 mm, 1 mm 

thickness) placed onto eight-week old ICR mice 

until 6 weeks. The rate of the remaining implants 

was histomorphometrically estimated after the 

decalcification and the hematoxylin and eosin 

staining. The area was calculated using Image J 

public-domain software. Osteoclastic cells were 

formed by incubating macrophage RAW264 cells 

with RANKL in the presence or absence of HyAs 

and OCP. Tartrate-resistant acid phophatase 

(TRAP) staining was used to estimate the effect of 

the HyAs and OCP. 

RESULTS: OCP/HyAs exhibited liquidity (Fig.1) 

thereby the composites were easily able to inject 

into PTFE ring at the surgical operation. The bone 

formation was observed primarily around OCP 

granules in HyAs until 6 weeks. However, it seems 

likely that the capability of bone formation differs 

much from the type of HyA used for combining 

OCP: OCP/HyA90 and OCP/HyA600 could be 

enhancing the osteoconductivity of OCP more than 

that of OCP alone. Histomorphometric study 

revealed that the biodegradation of the three 

composites was enhanced with time but the rates 

were similar with OCP alone. In vitro assay 

suggested that HyAs may have a role stimulating 

osteoclast formation if co-existed with OCP. 

 

Fig. 1: Image of an OCP/HyA composite. 

DISCUSSION & CONCLUSIONS: The present 

study confirmed that HyAs provide OCP the 

injectability in handling at the operation and 

suggests that HyAs modify the osteoconductivity 

of OCP through increasing the cellular activity in 

particular bone formation and/or resorption–

related cells. Further study is underway to 

establish the linkage between the 

osteoconductivity and the biodegradability of 

OCP/HyAs composites. 
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Osteo-articular pathological calcifications: a physico-chemical point of view 
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INTRODUCTION: Osteoarthritis (OA) is the 

most common form of rheumatic diseases, leading 

ultimately to chronic pain and disability for the 

patient. Aggravating factors identified to date 

include a family history of OA, mechanical 

overload, older age, and the presence of calcium-

containing microcrystals in the joint. The two main 

types of calcium-containing crystals found in the 

joint (synovial fluid and cartilage) are hydrated 

calcium pyrophosphates (CPP: Ca2P2O7, nH2O) 

and calcium phosphates crystals (CaP including 

octacalcium phosphate, carbonated apatite,…) [1]. 

Although the physico-chemical reactivities of 

synthetic and biological CaP phases are largely 

studied in the literature, the formation and 

dissolution of CPP crystals has been less 

investigated and not fully understood. Like for 

CaP crystals, in vitro synthesis of CPP phases 

appears as an alternative route to progress easier 

and faster in the understanding of the mechanism 

of their formation in vivo. The objective of this 

study is to synthesise and characterise 

nanocrystalline apatites and CPP phases of 

biological interest and to study their properties in 

aqueous medium. 

METHODS: Nanocrystalline apatites and various 

hydrated CPP phases have been prepared by 

precipitation in aqueous solution at controlled pH 

and temperature. Some precipitates have been left 

to mature in the mother solution during various 

periods of time. The as-synthesised and matured 

precipitates have been characterised by using 

powder X-Ray diffraction, FTIR and Raman 

spectroscopies, thermogravimetry (ATG), 

scanning electron microscopy (SEM) and chemical 

analysis. Dissolution tests have also been 

performed. 

RESULTS: The main structural characteristic of 

biomimetic nanocrystalline apatites, as 

demonstrated especially by spectroscopic analyses 

is an association of rather stable apatite domains 

forming the core of the nanocrystals associated 

with a surface hydrated layer containing mainly 

bivalent ions such as Ca
2+

, HPO4
2-

 or CO3
2- 

in 

“non-apatitic” environments. These structural 

characteristics determine the chemical and 

biological properties of these compounds: 

maturation, ionic exchange and adsorption 

properties [2].  

In the case of CPP phases, we showed that 

monoclinic and triclinic CPP dihydrates (Ca2P2O7, 

2H2O), the most common polymorphs encountered 

in vivo, are formed only at high temperature and in 

acidic media with the synthesis system 

implemented in vitro. An amorphous phase was 

found to form easily in a wide range of pH and 

temperature. This phase is very stable and do not 

crystallize even after several years at 37°C. Such a 

stability of amorphous CPP was also pointed out 

by Slater et al. in other conditions of synthesis [3]. 

DISCUSSION & CONCLUSIONS: Several 

articles have suggested that amorphous phase 

precursor route was the most common process of 

minerals formation in vivo [4]. Amorphous CaP or 

CPP phases can be easily obtained in vitro, 

whereas the low supersaturation ratio in vivo 

should not favour the formation of amorphous 

phases. However, other components in biological 

fluids can promote their formation and/or stabilise 

these phases. Physical-chemical studies on calcium 

phosphate and pyrophosphate phases formation 

should be developed for explaining the dynamic 

phenomena involved in crystal induced 

osteoarthritis and also for exploring new methods 

allowing an improvement of the diagnostic. 
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Hip repair and prophylaxis 
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Hospital for Special Surgery, New York, NY, USA 
 

Osteoporosis is noted for the increased fracture 

risk – particularly following a low energy fragility 

fracture.  Unfortunately, less than 25% of patients 

sustaining a low energy fracture actually undergo 

drug therapy.  As a result, for the majority of 

individuals with fragility fracture there is a five-

fold increased risk of vertebral fracture and a two-

fold increased risk of hip fracture. 

Currently, treatment strategies are primarily 

directed at systemic interventions including 

calcium, vitamin D and drugs.  The initiation of 

treatment at the time of the fragility fracture is not 

only appropriate but clearly understandable to the 

patient (“perfect storm” concept).  An alternative 

approach would be to utilize local secondary 

fracture prevention. 

The primary target for local prevention would be 

hip fracture.  Fourteen percent of patients 

undergoing a fractured hip are at risk for the 

contralateral hip fracture within 5 years.  A hip 

fracture profoundly compromise the patient with 

70% losing mobility skills and 24% dying within 

one year. 

To prevent hip fracture the goals could include 

prophylactic implant fixation, biomechanical 

enhancement and biological stabilization. 

Cannulated screw insertion would only prevent 

femoral neck fractures and not influence 

intertrochanteric fractures.  Conversely, the 

insertion of materials to enhance bone mass and 

improve bone biology throughout the 

peritrochanteric region would address all forms of 

hip fracture. 

Candidates for rapid bone mass augmentation are 

centered on injectable ceramics, glasses and 

polymers.   The advantage of ceramics rests in 

their ability to be integrated and remodeled 

compared to polymers (PMMA) and glass. 

Drugs and biologics include anti-resorptives such 

as the bisphosphonates, anabolics such as PTH’s, 

and growth factors such as BMPs. 

The local insertion of an agent that prevent a 

secondary fracture is feasible and attractive.  It 

could easily be performed under the same 

anesthesia as the fracture hip repair.  By the time 

the patient has recovered from the primary hip 

repair, the contralateral hip would be protected.  

Systemic drugs require 6+months to work and only 

decrease the hip fracture rate by 40%.  Local 

treatment would work more rapidly and possibly 

with greater efficacy.  Now is the time to test this 

avenue of intervention. 
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Nanocrystalline Calcium Phosphate Cements in Tibial Plateau Fractures:  

Implant Augmentation Designs Derived From Clinical Studies 

T. Russell
 

University of Tennesse, Elvis Presley Trauma Center, Memphis, TN, USA 

 
Nanocrystalline Calcium Phosphate Cements 

developed in Cambridge, MA by ETEX, founded 

by Dr. D. Lee have been extensively studied in 

animal and human models. A level I prospective 

randomized multi-center study on tibial plateau 

fractures comparing Alpha-BSM (ETEX, 

Cambridge, MA) to autogenous iliac bone graft 

with standard reduction and internal fixation 

techniques published in JBJS (A) in 2008 

documented a decreased articular subsidence rate 

with this ceramic cement compared to cancellous 

graft. The study mirrored the findings by Welch et 

al reported in JBJS 2004 showing the improved 

healing of trabecular bone with Alpha-BSM 

compared to autogenous bone graft.  

 

The technical problems associated with proper 

placement of ceramics in fracture defects has 

hindered the widespread clinical adoption of these 

materials in general practice. The optimal 

combination of surgical implants with these 

ceramic materials would permit placement of the 

ceramics in intimate proximity to the fracture 

cavity, in adequate volume, without significant 

dilution by blood and fluids in the fracture cavity. 

Also, the fracture implant would require modified 

designs to optimize strength, hydraulic 

modifications for cement intrusion without 

excessive force and a method of extraction of the 

implant after fracture healing without associated 

damage to the regenerated bone.  

 

The N-Force Fracture Fixation system 

(InnoVision, Inc., Memphis, TN, USA) received 

USFDA clearance in the fall of 2011, and was 

commercially released in the USA in 2013. It is a 

titanium alloy screw with the initial offering of a 

4.0mm headless screw design with strength 

equivalent to non-fenestrated 4.0 Cannulated 

screws. It is cleared for cement delivery of ETEX 

proprietary Beta-BSM and CarriGen materials 

only at this time due to requirements by the FDA. 

It is capable of nondestructive removal by hand 

force after fracture healing. The hurdles faced in 

obtaining the first clearance in the USA of a 

combination implant and biomaterial delivery 

system centered about safety issues raised by the 

FDA.  

Initial clinical studies have begun in fracture 

surgery and selected cases will be presented. This 

system opens the door for future combination 

implants and orthobiologic materials delivered by 

the implant to optimize function and placement of 

both materials. 
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INTRODUCTION: Wet-process is mainly 
used for the synthesis of calcium deficient 
HA. However and recently, it can be used in 
direct processing of biphasic calcium- 
phosphate ceramics HA/TCP. When 
compared to both α- and β-TCP, HA is a 
more stable phase under the physiological 
conditions, as it has a lower solubility and, 
thus, slower resorption kinetics. Therefore,  
the biphasic calcium-phosphate BCP concept 
is determined by the optimum balance of a 
more stable phase of HA and a more soluble 
TCP [2]. Due to a higher biodegradability of 
the α- or β-TCP component, the reactivity of 
BCP increases with increasing TCP/HA ratio. 
Therefore, in vivo bioresorbability of BCP 
can be controlled through the phase 
composition. This study examined the use of 
wet-chemical process to synthesis the (BCP) 
powders and the effect of the aging on the 
phase composition. 

METHODS: Ca(NO3)2.4H2O and 
(NH4)2HPO4, as precursors, were mixed 
according to an initial Ca/P ratio = 1.5 and 
chemical reactions take place between 
calcium and phosphorus ions under a 
controlled pH and temperature of the solution. 
The alkalinity and reaction temperature were 
fixed at pH 8 and 60˚C for the preparation of 
BCP respectively. A part of the precipitated 
powder was then got dried and the other part 
was aged overnight. All precipitated powders 
were then calcined for 2hr at 1000 °C, and 
heating and cooling rates were 20 °C/min. 

RESULTS:  
The chosen pH value was optimal in order to 
produce BCP powders. In particular pH less 
than 9 favors the synthesis of TCP powders 
while pH value of a bout 9-10 favours the 
production of straight fibrous HA. That is due 
to the increase of Ca/P molar ratio of the 
product with the increase of the pH value of 
starting solution. Moreover, increasing the pH 

induced the substitution of PO4 groups with 
CO3 groups. 
The effect of aging was clearly demonstrated 
with XRD. The draying stops the evolution of 
the burshite phase and hence the as-dried and 
calcined powders showed higher β-TCP/HA 
in the formed BCP than that of the non-dried 
and calcined powders. 

Fig.1 XRD and SEM of as-dried and calcined BCP 
powder. 
 
CONCLUSIONS: 
Wet process is a low cost fabrication process 
to synthesis HA/β-TCP via wet chemical 
reaction. It is also suitable for an industrial 
production, as it requires inexpensive reagents 
and BCP products with variable phase 
composition can be easily obtained. Yet, very 
few studies exist here and different 
compositions were investigated. In such 
compounds, significant differences in the 
characteristics may exist between materials of 
very close chemical compositions and 
consequently their usage in the different 
applications. Within these applications, the 
particle size, presence of substituting 
elements and the crystallinity strongly affect 
resorbability. Thus, the ability to prepare 
biphasic mixtures with controlled 
crystallinity, size and phase composition will 
be of our future studies.  
REFERENCES: (1) Kannan S, Lemos A. F, 
Ferreira J. M. F. Chem. Mater.; (2006) 18:2181-2186. 
(2)Dorozhkin S.V. J. Funct. Biomater.; (2010) 1:22-
107. 
(3)Gibson I.R, Rehman I, Best S.M, Bonfield W. J. 

Mat. Sci. Med.; (2000) 12:799-804 
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Prophylactic Vertebral Augmentation  

Luigi Manfrè 
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Prophylactic vertebral augmentation (PVA) has 

became the new challenge for spinal 

interventionist, particularly after the increasing 

number of papers claiming increase in adjacent 

vertebral fractures (AVF) after PMMA 

vertebroplasty for vertebral compression fracture 

(VCF). 

The conservative option, that is, not to treat 

patients with a VCF with vertebral augmentation 

(VA) cannot be accepted nowadays, considering 

the increasing risk of bed-rest complications, the 

cardiovascular distress related to increasing 

kyphosis, worsening of Altzheimer symptoms and 

muscles and bone loss in patients forced to stay in 

bed. 

Rehabilitation of osteoporosis Program Exercise 

(ROPE) can be a valid tool in prophylaxis, 

according to the fact that patients undergone VA + 

ROPE treatment  showed a new AVF only 20.4 

months in comparison to simple VA, who showed 

new fractures after 4.5 months only.  

The rationale of doing PVA is strictly dependent 

on the fact that a VCF is responsible not only for 

local but whole spine changes, involving 

ligaments, muscles, disc, joints and even sagittal 

balance: so a need for stiffness restoration is 

mandatory to prevent new AVF. 

The first question is: “how we can predict a 

fracture?”. There are several factors that can be 

take in account about. Besides global factor such 

as the degree of osteoporosis, Bone Mineral 

Density (BMD), other concurrent diseases, local 

factors seems to be more and more important for 

generating an AVF. Local condition that can 

increase the risk of an AFV are the position of a 

vertebra into the spine architecture, the 

degeneration of adjacent disc, and endplates 

fracture & deformation. There are imaging tools 

that will help us in finding out vertebra-at-risk for 

fracture, such as spectroscopy, perfusion MRI, 

High resolution MRI scanning and Diffusion MRI. 

The disc however seems to play a master role in 

increasing AVF. In case of VCF with regularly 

hydrated disc, the axial load is mainly distributed 

on the anterior 2/3 of the vertebra, the posterior 

arch being compressed for 8% and 2% only in the 

erect position and forward bending respectively. 

However, in case of VCF with degenerated disc, 

despite dramatic increase of axial stress load on 

the posterior 2/3 or a vertebra, there is evident 

increase up to 59% in anterior endplates portion on 

forward bending. This could explain the typical 

involvement of bone under endplates in case of 

AVF, with new AVF clustered at the endplates 

closest to the previously treated vertebra.  

Using software for Finite Element analysis (FEA) 

on CT scans helps us to better understand the area-

at-risk for fracture. By calculating FEA before VA, 

one can predict local area of vertebral bone 

weakness, and area supposed to fracture in the 

adjacent vertebra. In particular, a protective effect 

of VA has been demonstrated on adjacent 

vertebra: in fact, in case of AVF, new fractures 

were depicted only in area above adjacent 

endplates without PMMA under, while no fracture 

where depicted when endplates below were above 

PMMA. Moreover, in contrast to the decrease in 

bulge of the augmented vertebra endplates, the 

bulge of the adjacent endplates substantially 

increased, by as much as 17%. According to Trout 

(2006) the number of incident fractures is not as 

many as the that of prevalent fractures after bone 

augmentation in osteoporotic patients: 

consequently, VA do not increase the real risk of 

fracture, but the risk of AVF only, as 54% incident 

fractures in 934 patients after PMMA were AVF. 

When performing VA, one should take more 

attention in kind of distribution of PMMA, as 

augmentation under the endplates seems to be the 

key to prevent AVF. And PVA can be nowadays 

justified by the fact that the eight loss of intact 

vertebra adjacent to a 2-level augmented vertebra 

was smaller than the one adjacent a 1-level 

augmentation, according to Chang (2009).  

Recent studies calculating distance across the disc 

variation under compressive stress demonstrated 

that by restoring normal load sharing, 

vertebroplasty has the potential to decrease the risk 

of recurrent and adjacent level fractures (Dolan 

2010). Besides the distribution of PMMA, 

changing the modulus of injected material (i.e. a 

material more similar to human bone) could be the 

solution for preventing AVF. In the past, 

morphological changes of injected calcium 
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phosphate cement (CPC) in osteoporotic 

compressed vertebral bodies have been studied, 

demonstrating that CPC only is not sufficient for 

increasing the stiffness of a fractured vertebra.  

Recently, osteo-conduction with 60% α-

CalciumSulphate (α-CaS) and 40% 

Hydroxyapatite (CaP), the so-called Cerament ®, 

showed good capability in treating a VCF. New 

silicons as the VK100, fully biocompatible and 

radiopaque, is able to adheres to bone, and the 

elastic modulus acts as a shock absorber, with 

excellent adhesion to bone. Moreover, osteo-

induction with recombinant human Bone 

Morphogenetic Protein-2 Calcium Phosphate 

Cement Nanoscale (4.6 m particles) showed CaP 

degradation happening simultaneously to new 

bone regrowth, with no gaps, no inflammatory 

reaction, no fibrous capsule, no connective tissue 

or scars, with fibrocartilagineous regrowth of the 

new bone, as for normal human bone. 
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New Augmentation devices and regulatory hurdles 

Eric W. Gilbert 

Vice President, Sales and Marketing, Benvenue Medical, Inc., 3052 Bunker Hill Lane, Suite 120, 

Santa Clara, CA  95054 
 

Since 2007, regulatory hurdles have increased 

requiring randomized clinical data for innovative 

products.  Benvenue Medical’s flagship product is 

the Kiva VCF Treatment System which features a 

proprietary flexible implant made from PEEK-

OPTIMA®.  The implant is designed to function 

as a mechanical support structure and a reservoir 

to contain and direct the flow of bone cement.  It is 

currently engaged in its FDA clearance trial, 

KAST, which is a randomized, controlled trial of 

Kiva versus the current gold standard of care, 

balloon vertebral augmentation.  

Additionally, In the February edition of Spine, an 

independent, prospective, randomized study of 

patients with vertebral compression fractures 

(VCFs) comparing the effectiveness of balloon 

kyphoplasty with the Kiva VCF Treatment System 

found that only the Kiva system significantly 

restored vertebral body wedge deformity, Gardner 

angle. The Kiva system also resulted in 

significantly lower rates of extravasation and 

cement volume than balloon kyphoplasty.  
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/)		0��	�-�����(� 	��� ���#	�'	$%%&	��	����	�����#�����	'��	����(��	#� �����	�#!	 �#	 �"��	 �(��� ����#�	�#	 ����	�'	�-����������#	.
1	�1	�/)		2�����,	$%%&	��	#��	���� ����	�#!	+���	#��	��	���������!	.
1	�1	�/)	0�"�,	�����#�����	 �(�#��	+���	��(����	(� ��#� ��	����#����	���	���#�	�-�����!)		��� �"(	���������	 �(�#��	.��$/	����	���#	�-�����!	!"�	��	�����	���� ����	�#!	#�#3����(��	����������	.�1	4/)		5������	�����	�!��#�����,	�����	���	����������#�	�'	���!����#��	��$	 �(�#��	!"�	��	!�'� ��# ���	�#	(� ��#� ��	����������	.
1	4/)	6�	����"���!	#�+	����(���7�!	 �� �"(	���������	.���$/	 �(�#�	+�� �	��	#��	�������	��8�	���!����#��	��$	 �(�#��)	%� ��#� ��	����������	���$	���#�,	�#!	�'	���������	��!���	�"�(�#��!	+���	������	$%%&	��	���$	�'���	'�� �"��	+���	!����(�#�!	�#	�����)	0��	������� 	�����#��	��	���$	�#!	9����#	:;:	+���	!����(�#�!	�#	�	���������	������	(����������	!�'� �	(�!��	�#	9�+	<����#!	6����	�������)		=>�?��@�A#	�����B	C	���#��	+���	� �##�!	+���	5DE&)		��	���������	������	+���	 �����'��!	��	����������� 	����!	�#	�����	03� ����)		:��#��	+���	 ���'"���	!���� ��!	�����#�	���	���������	���(�#��	�#�� �	�#!	���������	+���	 ���#�!,	(�8�#�	�"��	#�	!�(���	+��	!�#�	��	���	�#!������)		F��������	��!�	������	+��	(���"��!	��	+���	��	���	(�!	��������	���#�	!����# �	�#!	(�!���	�������	!����# �	�'	���	�"������	�#!	�#'�����	�#!������)		0��	(�!���	�������	!����# �	+��	(���"��!	��	���	���'+��	���#�	�'	���	(�!3��������	���#�	!����# �	�'	���	�"������	�#!	�#'�����	�#!������)		0��	�#'�����	�#!�����	+�����!	+���	������ 3+���	�#!	���#	�����!	"��#�	 ��#!�)			0��	������ 3+���	�����#��!	���	��#!�	'��(	�#'�������#�	���	���������	��!�)						&��	��� �(�#�	+���	'�� �"��!	��'���	���#�	�������!	+���	������	$%%&	��	���$)		G��	'�� �"��	 ������#,	�	���#������	����	+��	(�!�	+���	�	��#!	��+	+���	�	���!�	+�!��	�'	
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�n9�
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����������¬JOUNĹVNKM]¢NµX±±Z�� �

�����¶��
��������������w���°̂N±GO]IUVNZF[��������·̧¹f��"!�" ���	������
�?������
��°NºJG¦OWO[M�������3·¹¹#����»e¼_b½�sc¾srs_̀ uf3p����������i�����kg������v�@	���v$¿������$���ÀÁÀÀÀÂÀÀÀÃÀÀÀÄÀÀÀÀ ÀÅÆ Á ÁÅÆ ÂÇÈÉÊËÌÍÎË ÏÐÑÒÉÓÔÕÔÖ×ËÌÕÕÎËØÙÑÔÚÐÕÔÖ×ÉÒËÏÉ×ÉÛØËÜËÝËÀÅÀÆËØÓÉÚ×ÝÆÀÞßÉÛØËÜËÝËÀÅÁËØÓÉÚ×ÝÁÀÞßÉÛØËÜËÝËÀÅÁËØÓÉÚ×ÝÁÀÞßÉÛØËÜËÝËÀÅÀÆËØÓÉÚ×ÝàÞßÉÀÀÅÆÁÁÅÆÂÂÅÆÃÀ ÀÅÆ Á ÁÅÆ ÂÞÉÚáÔÚËÊÐâÑÒÉÓÔÕÔÖ×Ë ÌÕÕÎË ãÖâ×ÚÈÖËÓÚÈââäÔÉÊËÊÐâÑÒÉÓÔÕÔÖ×ËÌÕÕÎËÇåæËÛØËÕÉÚáÔÚçåæËÛØËÕÉÚáÔÚÇåæËØÙÑËÕÉÚáÔÚçåæËØÙÑËÕÉÚáÔÚ���k�� èéê



�����������	�
��
������������������������������� ��!��"�#������� $%&



���������	�

������
������
����
����������
������������������������������������������������������������������������������������� !��"��� � ���������������������������������������������������#$$%%%��&'(�����
������ )*+,-./*0120324./*51/26.7*.1852*1280+4,/./*01.-2+095-:2032/;52:4*152<	�=���������>��'��������?�(�@����������A<�>�B����C��%����>A�?�
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�����D�������DD�&��}��&�����D�&��
$���������&�~�����������������'������
��|����~(�&��}���D����������G������������'���������DD�&�&G��D�����}�
�~���������~
������!����&������	�
&��'�M����������	�M��~���������G�D���~�������������������|��������G�%�

�&�����������!��K���	�M����������&
��������	�M�������&���������%�������%�������L
M!����������&��~����������������������&����&�
���K���~������D�&��'���
�����BA�xy�{.����!����&�������������&�
&��'�����������~���������G�&���G����������K���	�M�����������&
��������	�M���%�����������������&����&����K���������������������}�}�������	����&�
���K����D�&����	���������~~����
��������!&'����'����
���D�&�����������''����'�������~~���&�����D�&��
���D�&��%����&����������������������������������������
��D���������G��
�������%����L
M!����!��G��%������I����''������
G�D�

�%��������������G����%�

��������������"�%��I������!����F�~~������&�'����%�������}����������������������'�������������
�&��!	|����%�

���������
���&�
�����������'�����'���G����
G����%�������D��'������������DG�~��������������������/B�z�A�{�|�������G����%����&�

����&�

�����&�'���� ���� &�

�
��� '���������� |�����������&�����������������������������&�D�&����D�&��������D������E�D��'������������
���D����������������&���������������D�&�����&�����~�������������
�I�
G��~���}���D�����������������I�����&���D������'�
����������G����������
����D����������������&�
��'�&��!	|����������
���&�
$�����'�����'����&�
�������'�����D�������%�����������}��~�������%��������%�������%�������L
M!������������������	�M!����G�G��
�����������~�����������������&�'�������������&�����
���������yw�4z��wx).�.4x)4�z�wx)�����������
��������������������&�������������	�M!����G�%�������%�������������&������������D�L
M!�������G��
��~�������
���������&�'����&�'���������&�����
�������&���������!������������&�����D�&�����������
������D�������������}�
��'�����D������~�~
��������������������'���~
�������������������D����%���D�&������� ���



������������	�
��
����������������������������������������������������������������������� �!��"#$"�%&�'�(� ��)*�+,)���-�.)�/�0)*12�3+"��������� � 456



���������	�

������
������
����
����������
������������������������������������������������������������������������������������� !��"��� � ���������������������������������������������������#$$%%%��&'(�����
������)*+,-./01,234,../01,31546*,78,96:,83;<15=9,.>/*,3?9/@.43@<930<*,39,?,*,9/.6<*333�A�B��
&�����CDEFGHIJKLMNDOGLPIJQLNRSDTFQUPLMMISDVTDD�)WXYZ[\]X)ZŴ3_����������̀ ��'���������"a������b�������c��������&��������������c��'�����&��d�����A
�����������
������b�������c�����e������b����&���&��d�������'�
�������
��������
������������f�������!�����'��b����d��g�����������e�
��'�����c��d������&�����������&�����
�������'���'�

d���e���e�������&�
���&���h����������b�������
�b���c����c��������'�����c�����������&���(��������_��������e�
������b���������b
��b�������c��������������
�e��d��d���'��&�'���������%�����&��e��
�h����&�'������������������������������������(�&��b
���
�������e������������c�������g�����'������
��&�������i���'�����������������c�
���������c�&�

�����������%����c���%��������LGDPLPj���g�����(�&��b
�����c��������
�������cc�&�������
�e��d��d���'�c���b��
���&�����&
����������b����&���������%���c�&�������&�������&�'b��������'���b����'�����������&������������k
l!�����_����'����&��������c�'�
d��c���(�&��b
�����c���c��������'�����c�����������&�&���������������������cc�&�
��������
����&�������b��
��
������c��&���������%��&������&�
���&�������&��'����b��'�������������%�

��������������'��d�c��&������&����'�������%����b�&��������mnXoZ[p̂3l�
d����������l̀ q��b��&�'��������%�������������c��'���
d�����������&d�����r���
d����d
�����
d&�
�������
d'��������
d����������
����s�&����
�&��������s��
d&�
�������s�
�&�������
d�
��
�� ���!�t�����'�
!����������d
�������'����&���
d������������d
��
d&�
�������������&�
�����'���������&������

����c��b�����&�
&��'�������������b���&��e���
����������&������kB������&
���%����c��&�����
�u��� bd� ���c�&�� ���c����� �c���
d&����
�&������l	v����������&�������c�&��
�b������� ���	�'�����������������������������%�������c��'������&d
�����&�
����&�'�����w�������LGDPLPj�����d���� ''���a''����&����&�
���c�&��%���&�������������������d�����c���������c�'�����k��&�'��������%������(�&���������������c�&�������

�%������&����LGDQLNx�c���ya�'���c�

�%���bd�%�����&
�������q����%������&��c�&���������z�%��f���c�����'�
�����������{a���Ac�������e�������������c�&����|}~��'�����%������f������������
����
d����������������������|}~����������������&�'����%�����'b���������l

A��������!��&��������ya��|�����������������������������������������������������&��(��&�����%��������B��������
��������Ynp\�Xp̂�̀ ����������&�&�'�������������c�&�!'���c����kB$l̀ q�b��&�'����������e�������&�&�'������e��������������
������������c�"z������z�
l��������&��e�
d��w�����A!k���%��&�������%�&�� �������c���'���c����kB�&�'���������	!kB��������b�������

d���������������������c������b�����Ac����z!%��f���'�
�����������'���&�

�
�����c�
��������������%�b����c��'������%�����b���e�������������������������kB$l̀ q�b��&�'��������w�������	!��������������c����
������������e����c
�''����d������������������������b�������%���%�����b���e����k���������������������������������|}~�����������������c�b����%����������b��&�'����������%�����&�'����b
����&����������'������c���%�b����b��%���������!�����z!%��f���'���������� ��L��DC�D ¡¢D£j¤¥JIQQLPIDFGHD ¦¢DNjJQLjGFMD¥Jj¥IJNLIQDj§D¦̈ ©ªO«D¬j¤¥jQLNIQ�D £¢DC�­®̄DFGHD °¢DC±̄DL¤F�IQDj§DULQNjMj�L¬FMDQI¬NLjGQDQUj²LG�DGI²DKjGID JIHSDT¦¢DFGHD¬IMMxMFJDLG§LMNJFNLjGD £¢SDFQD²IMMDFQDJIQjJ¥NLjGDj§DJIQLHxFMD¥jMR¤IJD ªO¢DFGHDKLj�MFQQD ¦̈ ¢DFND³D²IÍQDL¤¥MFGNFNLjGDNL¤IDLGDJFNQ�DD[)p]\pp)ZW3µ3]ZW]�\p)ZWp̂¶	�'��������c�b��&�����c��'����c�&�!'���c����kB������&
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��������VLQQxIDºG�DªFJND¡D�"�z�#�a�a!�z�D��¹����'�������
��������¦Lj¤IHD»FNIJ�����#��������� �¼½¾¿ÀÁÂÃ¾ÃÄ¾ÅÆ¾ÇÈÉÉÊË¾ÌÍÎÏÐÑÒÓÍÐÔÕ¾ÈÖ×ØÙÚÛØÚÖ½¾��Ü½¾ÝÃÞÁÃ¾ÃÄ¾ÅÆ¾ÇÈÉÉØË¾ßàÌÍÎÏÒáàâÐÑÒÓàãÒÕàäàØÉå×ØæçÛØØÈ½¾¾è]éWZê�n[ëmnWX̂3��w��
q�z������¾ìíî



���������	�

������
������
����
����������
������������������������������������������������������������������������������������� !��"��� � ���������������������������������������������������#$$%%%��&'(�����
������ )*+,-.-/0,*+012*345678*91-.:*0*34;<.4-5=*35>14-45426*?-<0/4-@2*A,011*B*34;<.><.2C*B*4<*D-,,*),@2<,0;*3</E241*�F�G����H�

����'���F�%
�������I����'�J�K�����%���������������L��
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&��'�����������&�'������	D	���������'������&����������z���{��������������E�����
�&������������&��

|������������&�����
��E���������������{|��'�
�'����������������������
��z��'�{����������
|�
�&��&!&�!�
|&�
�&��&�����DJKM��'�&������������}���DJKM�'�&������������������������������|���
|��&��������������%��&��&��������������|�%����������	D	�'������������&��������������z�&����������&����&��%��������{��
���&�
������������������

�%�z�������������������z�����	D	��I���������&���������
���
|�%��
������
�������������'{����z������������&������������������
|����������H������������'�����z�{������z�&�����������������&������������������������E��
�{
����������������{��
���&�
����z��'��&���z��|������&�{������{��������'������
������E��%��z�������������'��z�����������������|�%������&�'������E�
|��E�
���������{��
���&�
����z��'��&���z�	D	$DJKM�������
��|����������������&��������������z�'���
�&���|
��{������z�&��'���
��~)s�uv�y/DJKM��D������{���D���&�F���K����&��'���J��%��������z��������������������z�DJKM!'�&����������������&��{������E����
| ��%��&��%����&����&���������&�'{�����%����	D	���� ��%�����������'
��|�������&��������������	D	$DJKM�� ���� �����
�������������''�������������������GK|���|����|����
���F������
����J���H�'�
��I�����������%���������z������!&
���&�
�������'������z��������&�
������E�
������&&�����������������
������
�����z�������&�������������z�
�{������|����'�
�����
z��z��������'�
�������%����{�
�����
��E����&��'|��L��������������������
z���&��E������'�������|����M
�������%��G��
�������

����'�
��%���������z�������&���������z����
�����
�z�'���
�&���|
����z�&����������''�������� �''���	D	$DJKM�%�����(�&�������������{������z�&������
�z��������
�z������������%��G���������E������&�'���� %���� �����
���&�

|� ���&��������'{���������

M��������������zz���������������������%����'���|
����{
��${���&�z�&����������$}�MD��}�����&������%���������
���&�

|�����!'�����'����&�

|����
|�����t)�w@s�y�	D	$DJKM�%���&�������%����DJKM�'�&�����������z� "�����'��������������|��z������ �'�&���������|#�������������
���&�
����
|�������%��������z
�''����|�����������������z�������������������z�	D	$DJKM����L���&����������H���{������M
�����L������%�{����%������{�&�
��!
�G����������&������%����{����'����%�z��'�������}�MD������������E��
�����'�
��������&
����&��&��E��|�z�����M
�����L��������������E��'������'����� ���%��� �����z�&���
|� z������	D	$DJKM�������������������
�|�����%�{����z��'�������H�������z���L���&�'�����������M
�����[egON�O�[]UXVXTR�XVQUT[jOSWS\p][]OXYOcmcO�UXR�OSWkOWQ�O�XWQO��XUUXV�O[WOU�QOkQYQjUOSTQSgOPS]�QkO\[WQO[Wk[jSUQ]OSVXiWUO[WOiWUTQSUQkOjXWUTS\SUQTS\OYQVXTS\OjXWkp\Qg��R��̂���Ovq�xw��qur/�/xurx@w�qur�y/}��������|�&
���
|����%���������������������&�&��������������z�&���
|��&&�
�������	D	$DJKM�������������������
�|����%�{����z��'������&�'������������
��|�&�����
���}�������z�'���
�&���|
��{������z�&��'���
��

�%���&��������z����'��%��'���������������z���{������{��������'������
�����{���������������������&�&�����������t)�)t)rx)�y/ �� �D� H�
��J������ �	K�J���%��{������CK	�I�
G�������
�������� jUSOZ[XVSUQT�¡���# ���!"¢���������������
�L������������H����������������������#$$��z{������
��������J�
����
��������� �I���{��G����CK	�I�
G���MK�
�G��������
�����"��O£OZ[XVSUQTO¤j[OmX\pVO¥k�¦¡#����!��§� ©̈ª



�����������	�
��
����������������������������������� ���!�"���������� � #$%



���������	�

������
������
����
����������
������������������������������������������������������������������������������������� !��"��� � ���������������������������������������������������#$$%%%��&'(�����
������ )*+,-.,+/0.1/23+4*56,.7+846+3+8.0-+194:.,49*+4219+,,;092.14.:4<63+,/+4,+-.6+8821740,.=+//+/42142/=*+-2=4=<,62.-5.0<9*54>?�>�������@
���
�����A����B�'��?��C�
��DEFGHIJKLJMNONPNQKRGSKTQUQJQSINOVQKDQWOEOJQKIJWKXQYISNZQJNMKGRK[PSUQS\K]K̂OGQJUOJQQSOJU_KJ̀OVQSMON\KGRKaONNMbPSUc_KaONNMbPSUc_KadK�ef)ghijk)ehfl4��&��'�&�&�����'m�����m����&����&����B���nm������o�������'���

�������&����%�������������p��&����o�����&�
���%�

��������������pp�����%��
������o�����&�
���&�o��m���
������
�&����&�

m���������������%�

�����������������&����������������%��&��'�m�n����o�
o���������o����p�������%�

���������������&���p��'��������������m�������B������������&���������%�

���������������������'���

�����������'�m����o������
�����������&�'����%�������'����p��&�����
�����&������&����&����B���nm�
������
����������%�

����pp�������q���%�m������'�����n���&&�'�
�����������������������(�&������p�'������
�����������������������p��&����������������&������%�

����������rs)thiul4v���'���������o���m�����
��������&
�����p�'������
���������o�������&��o��p��������p���o�����&�
���%�

���(�&������>������
�%���&����&�
���
��������'���������n�
�%�n��m���'����������������'������
��&��
��n����(�&���������
�n
��p��'������������'�

�n��������
���m�����
�������������o����������������������������o����'�&����&�
����������w�o�����m��p��m������&�����'���������o���m�����
����o��n�����m������B����������o������n
��������&������n���o�������m���
m��&�
�n�
��m�����%�

��������&���&��m�p������o������������o�����p���&�����

�����
������p�n���&��o���������x�!�y��v�����'������
����o��n����&����&����B������o����������o�
���������������'���
��p���&��'�&�&�����'m�����m��gsujz)ul��&��&�����������&�������'�����p�����o�����&�
���p��&�����������'��������������n���p����p�����'���������o���m�����
���(�&�����o��������
����&�����
�'������
�������'���p�����������
�&����������p��&�����
������&�������A����
���&�
�������'�������%��'��������&���p������&{�����%�

�%����������(�&����'������
�n�������p�
�������nm�'�&�������������������������������&�������&������ieukjuuehf4 |4 khfkzjuehful4 v�����(�&������p��m������&�����'���������o���m�����
�����������o�����&�
���%�

��������%��n���p�������
�������������'���

����&�������p���&��'�&�&�����'m�����m�����
������o�������p�������o���
�'������p�

�%����'m�&�����
���p��&����������������'���
��}����'����
�~�����������'������������������'�
�������������p���&���m�����
���p���������&��������'���p����������������������pp�������������������p���&��&�����������'�&����&�
���������
�o��m���p� �����������&��&���n���pp�&��o���������&
���&�����%��
��n�������&��o�������������'�����n���&&�'�
�����������'���'�

m���o���o��'�������������o�������
�m������
��������������������%��������!������&�����'m�����m��%�����&�����������������'����
�'�������������&��&�����&�����&�������
�����������������n
m������'�
����������p���o�����&�
������������o�&��p���&�����&�&��&�
����m����������gs�sgsfksul4��}�(�'��������
��C����
����@
��A����B�'��?����������v�n�������>������>?#��m���������&����&����B��������������������&��pp�&�&m��p���n���������n
�������'���������o���m�����
����������p������
�&���������&�����&���p��&����'m�&�����'��̂ OGZINQSOI�M� �#� ��!"��������������
����@
��
��C���������	���>������>?#����������������~������
���
�o��m��p���������p��'���(�&��n
������'���������o���m�����
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|��J�~�����������������������������}���
|�������JJ�����
|�����}������������������������������!���J�ROUcRQdV�J���
��K��������������ROUcRcV����������������JJ�����
|�L������}������
�������}�

����������������J�
��������������
�����������JJ�����
|�������������������������������������������������������}���
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