
Bony defects of the skeletal system 
present a variety of healing environments 
with distinct biologic requirements, depending 
on anatomic location, physiologic complexity
and functional demands. Therefore, synthetic
bone grafts should be designed to meet the 
specific biologic demands of the targeted 
healing environment due to the vast 
levels of difficulty in forming new bone.1 

SIGNAFUSE Bioactive Bone Graft is 
comprised of a patented composition 
of biphasic HA/β-TCP granules (0.5-2 mm) 
and 45S5 bioactive glass (212-420 µm) 
confined in a resorbable polymer carrier 

to provide a moldable bone graft putty 
designed specifically for treatment of
posterolateral spine fusion defects. The various  
biostimulative mechanisms reported for the 
SIGNAFUSE implant materials have been 
verified with the finished device via 
established bench testing and clinically 
relevant animal models. The patented 
combination of scientifically validated 
biomaterials with a history of clinical 
use in the spine provides a bone graft that 
can encourage the healing processes and 
effectively support structural fusion 
development in the posterolateral spine. 
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EXECUTIVE SUMMARY

+ SIGNAFUSE is a patented bioactive 
   bone graft.

+ SIGNAFUSE is specifically designed    
   for treatment of posterolateral spine   
   fusion defects, achieved by combining     
   scientifically validated and clinically used   
   bone graft materials.

+ The osteostimulative properties of the     
   SIGNAFUSE implant materials have          
   been verified with the finished device 
   via established bench testing.

+ SIGNAFUSE has shown higher rates   
   of spine fusion and new bone formation   
   compared to Actifuse® ABX in a 
   validated posterolateral spine fusion 
   rabbit model based on Boden et al.*

+ SIGNAFUSE was first commercialized  
   in 2014 and its use in spine fusion     
   procedures has been adopted by 
   many surgeons.

BACKGROUND

Synthetic bone grafts are intended to provide 
a scaffold that can encourage cellular 
attachment and support the formation of 
osseous tissue across the bony defect. 
These materials generally differ in terms of 
composition, structure and solubility, all of 
which affect bone bonding, osteoconductivity 
and remodeling at the defect site. Calcium 
phosphate materials, which are similar in 
composition and crystalline structure to 
human bone, are osteoconductive and  

have been used clinically in spine fusion 
procedures for several decades. These 
materials range from slow-resorbing 
hydroxyapatite (HA) to highly soluble beta-
tricalcium phosphate (β-TCP), and most 
commonly have been provided in the form 
of porous granules that can be packed into 
a variety of bony defects.

HA is similar in composition to mature 
human bone; however, the material is largely 
insoluble with bone bonding limited to its 
surface. Despite compositional modifications 
such as “silicate-substitution” as with 
Actifuse ABX (ApaTech/Baxter), the potential 
for limited resorption remains, which may 
leave the defect/fusion site susceptible to 
focused mechanical stress.2,3  Conversely, 
β-TCP is similar in composition to amorphous 
bone precursors, and readily undergoes 
remodeling through osteoclastic resorption 
and osteoblastic new bone formation, 
stimulated by the material’s calcium 
phosphate-rich surface layers.3,4  However, 
complete remodeling of β-TCP depends on 
the rate of new bone formation, which may 
not match the rapid resorption rate resulting 
in the formation of non-mineralized fibrous 
tissue at the implant site.2-4  Despite enhanced 
configurations of β-TCP, such as the “highly 
purified β-TCP” featured in the Integra 
MozaikTM Osteoconductive Scaffold, or the 
“Ultraporous β-TCP” featured in the Vitoss® 
Scaffold (Citagenix) Foam Pack (Stryker, 
previously Orthovita), the resorption of β-TCP 
has been largely reported to be unpredictable 
in biological environments.2,4,5 Biphasic 
calcium phosphates combine the long-term 
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stability of HA with the rapid solubility of 
β-TCP in an attempt to produce a gradual 
resorption rate that is more amenable with the 
host healing process. Dissolution of biphasic 
HA/β-TCP in biological fluids has been shown 
to produce a direct bonding interface with 
host bone through the release of calcium and 
phosphate ions, and this behavior has led 
to enhanced outcomes compared to the HA 
and β-TCP starting materials.6 The efficacy 
of biphasic HA/β-TCP in the posterolateral 
spine has been reported in both animal 
studies and is clinically supported.5,7,8  

Bioactive glasses are a category of 
biomaterials that elicit a bioactive response 
in the presence of living tissue and have a 
long history of clinical use. Dissolution of 
these materials in biologic fluids initiates the 
formation of a surface apatite layer through 
the exchange of silicon (Si), phosphorus (P), 
calcium (Ca) and sodium (Na) ions.9,10  This 
apatite layer provides an osteoconductive 
scaffold to which host bone can readily 
bond and proliferate as part of the normal 
healing process.  Ionic dissolution products 
of bioactive glasses have been shown 
to increase osteoblast differentiation 
and proliferation, an effect defined as 
osteostimulative. These dissolution products 
have also been reported to upregulate 
osteogenic gene expression9-11, stimulate 
angiogenesis9,10, minimize the persistence 
of inflammatory responses12, and have 
antimicrobial effectiveness.13-15  The bone 
healing properties of bioactive glass materials 
are well established; however, the relatively 
fast resorption rate of these products is 

generally inadequate for standalone use in 
spine fusion procedures, where sustained 
support of osteoconductivity and remodeling 
are required.16 Therefore, bioactive glass is 
commonly used in conjunction with calcium 
phosphate materials to induce bioactive bone 
bonding at the graft site.9 

The ultimate goal in developing new bone 
graft materials is to improve resorption 
and bony substitution such that fusion 
can be more reliably achieved.1 More 
recent materials have incorporated design 
modifications in an attempt to bestow 
bioactive and/or osteostimulative properties 
and improve bone healing capability.  Further, 
several products have featured synthetic 
granules combined with a collagen matrix 
or resorbable polymer carrier to produce a 
more cohesive and moldable implant with 
improved intraoperative handling properties.

SIGNAFUSE DESIGN RATIONALE

Synthetic bone grafts should be designed 
to meet the specific biologic demands 
for the targeted defect site and healing 
environment.1 Many variables can influence 
how the bone graft responds in the healing 
environment: mineral type and combination, 
particle size and porosity, procedure type, 
etc. SIGNAFUSE was designed to thrive 
against the inherent challenges of spine 
fusion healing based on a comprehensive 
evaluation of the best available bone 
graft technologies and surgeon feedback. 
SIGNAFUSE is a patented moldable bone 
graft comprised of biphasic HA/β-TCP 
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granules and bioactive glass combined in a 
resorbable polymer carrier. This synergistic 
combination of scientifically validated and 
clinically supported biomaterials, in the most 
optimized forms available, provides a bone 
graft that can properly support the spine 
fusion healing process.  The unique design 
features of novel biomaterials comprising 
SIGNAFUSE are described in the following 
sections.

Biphasic HA/β-TCP Granules – 
The Foundation For Fusion
The microporous and macroporous biphasic 
HA/β-TCP granules in SIGNAFUSE have 
been utilized clinically in the reconstruction 
of small and large bony defects, including 
posterior spinal fusion.5,7,8 The material’s 
unique chemistry, particle size range, 
microstructure and porosity produce 
a reliable scaffold material that allows 
sustained osteoconductivity and remodeling 
during the fusion process. The resorption 
rate lies between the slower resorbing HA 
and highly soluble β-TCP, resulting in a 
gradual resorption profile that is more 
amenable to the host healing process.  
Following implantation, dissolution of 
biphasic mineral produces a direct bonding 
interface with host bone through the release 
of calcium and phosphate ions and 
subsequent formation of a surface apatite 
layer similar to bone mineral.6 The 
biphasic 60:40 (HA:β-TCP) weight ratio 
has demonstrated advantageous bone 
remodeling properties in both bench testing 
and in clinically relevant animal studies.1,6,17* 
These studies have demonstrated greater 

surface bonding, cellular proliferation and 
maturation, and rates of new bone formation 
with the 60:40 mixture in comparison to other 
ratios.  

The patented granule size range (Figure 
1) includes a 50:50 mixture of 0.5-1 mm 
granules and 1-2 mm granules, which has 
produced reliable bone remodeling and 
high fusion rates in an established fusion 
rabbit model.18,19  The biphasic granules also 
contain a multidirectional and interconnected 
structure, similar to that of human cancellous 
bone that is 20-30% microporous (<10 μm) 
and 50-55% macroporous (>100 μm), as 
shown in Figure 2.  The microporosity, due 
to the spaces between the crystals, allows 
diffusion of biological fluids and offers 
a large surface area for dissolution.6 
The macroporosity corresponds to the 
size of trabecular and haversian bone, 
and supports osteoconduction of host cells 
into the depths of the granules, which further 
facilitates implant resorption and new bone 
formation.6
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Figure 1
Particle size distribution and macropores of the biphasic HA/β-TCP granules used 
in SIGNAFUSE.

Figure 2
Macroporous 
structure and 
microporous 
surface of the 
SIGNAFUSE 
biphasic granules.
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45S5 Bioactive Glass – 
The Maven of Osteostimulation
The 45S5 bioactive glass component of 
SIGNAFUSE undergoes a unique surface 
modification within the physiological 
environment that allows for direct bonding 
with surrounding bone. Following implantation, 
dissolution of the bioactive glass creates an 
exchange of biologically active ions, producing 
an apatite layer to which bone can readily bond. 
These dissolution products also stimulate the 
proliferation and differentiation of bone on the 
apatite matrix as part of the normal healing 
process, a phenomenon commonly referred to 
as osteostimulation.9,10  More recent studies have 
demonstrated that the dissolution of ions from 
bioactive glass upregulates the expression of 
genes that control osteogenesis, which explains 
the higher rate of bone formation in comparison 
to other bioceramics such as hydroxyapatite.9-11  
Further studies have shown potential 
angiogenic effects, with increased secretion 
of vascular endothelial growth factor (VEGF) 
in vitro, and enhancement of vascularization 
in vivo.9,10  Bioactive glasses have also been 
reported to have antimicrobial effectiveness and 
minimize the persistence of macrophage and 
inflammatory responses, potentially allowing for 
faster cellular proliferation, matrix mineralization 
and bone bonding.12-15

The 45S5 bioactive glass component used 
in SIGNAFUSE offers benefits over other 
bioactive glass products due to its specific and 
narrow particle size distribution that results in 
enhanced bone bonding at the grafting site. 
Particle size distribution of bioactive glass is 
a critical factor to bone bonding performance. 

The patented 210-420 µm range has shown 
advantages over the more common 90–710 
µm range (Novabone®), including higher 
rates of new bone formation and material 
remodeling at the defect site.20 Generally, a 
narrow particle size distribution will yield a more 
controlled rate of ion dissolution and surface 
reactivity, producing a more consistent rate of 
bone bonding and remodeling throughout the 
material. Smaller particles (<210 µm found in 
Vitoss) can degrade quickly, causing a transient 
inflammatory response that may impede the 
upregulation of osteoprogenitor cells, whereas 
larger particles (>420 µm) may not fully 
degrade, leaving unreacted glass particles at 
the defect site that can delay osteoconduction 
and remodeling.21

Figure 3
The 45S5 bioactive glass component 
of SIGNAFUSE (210-420 µm).
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Alkylene Oxide Polymer (AOP) Carrier – 
The Biocompatible Unifier
In order to combine the bioactive glass and 
biphasic mineral components into a single 
cohesive device, as well as impart the 
desired handling properties, a carrier with 
unique physical and biological properties was 
required. The polymer carrier component 
of SIGNAFUSE was designed for optimal 
intraoperative handling and rapid, biologically 
quiet resorption from the implant site. The 
patented polymer carrier is comprised of 
a blend of low and high molecular weight 
alkylene oxide polymers, which produces a 
carrier viscosity that is desirable for use with 
bone graft materials. Alkylene oxide polymers 
are highly biocompatible and have been used 
in a variety of medical applications, including 
as a carrier in implantable bone void fillers.22   
After implantation, the AOP carrier is readily 
absorbed into surrounding tissues and 
eliminated from the body via natural metabolic 
pathways. Animal studies have shown that 
AOPs are almost completely excreted from 
the body within 24 hours.22,23  This moldable, 
highly biocompatible carrier24,25 allows accurate 

graft placement and containment at the 
defect site, followed by rapid dissolution 
and resorption into the surrounding tissues, 
thereby allowing immediate access to the 
scaffold components and their healing effects. 

Mechanism of Action (MoA)
The bone healing MoA observed with 
SIGNAFUSE in the posterolateral spine is 
shown in Figure 4. Immediately following 
implantation, the polymer carrier resorbs into 
surrounding tissues as the bioactive glass 
particles elicit a homogeneous, osteostimulative 
response within the matrix of biphasic granules. 
This response encourages the adhesion, 
proliferation and differentiation of bone healing 
cells on the newly formed surface apatite layer 
and facilitates a uniform progression of these 
processes to the biphasic granulate matrix.  The 
biphasic HA/β-TCP matrix resorbs in tandem 
with the host healing process to facilitate 
structural development and remodeling of the 
fusion site. The various dissolution effects and 
healing performance of SIGNAFUSE have been 
verified using established laboratory tests and in 
a clinically relevant spine fusion rabbit model.19*  

Figure 4
SIGNAFUSE bone healing MoA in rabbit model of posterolateral spine fusion.
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SIGNAFUSE PRECLINICAL 
PERFORMANCE TESTING

SIGNAFUSE is composed of bone graft 
materials with well-established MoAs that 
contribute to bone healing. Specifically, the 
45S5 bioactive glass component has been 
reported to elicit bioactive, osteostimulatory 
and antimicrobial effects with a variety 
of test conditions. Most commercial bone 
grafts containing bioactive glass proclaim 
these biological responses based on the 
bioactive glass raw material, supported only 
by the underlying theoretical biochemistry 
and/or published studies. However, this 
extrapolation may not accurately transition 
to the final device, as it does not account 
for any inhibitory effects the carrier may 
have on the raw material’s dissolution 
rate and interaction with the physiological 
environment. In order to meet growing 
surgeon demand for scientific evidence to 
verify these claims, the various biochemical 
properties inherent to the SIGNAFUSE raw 
materials have been directly verified in the 
finished device form, to demonstrate that 
the reported biological effects persist in the 
presence of the resorbing polymer carrier. 
As described below, the SIGNAFUSE 
final implant has been characterized and 
evaluated for carrier dissolution rate, ion 
dissolution, antimicrobial effectiveness, 
bioactivity and osteostimulation, as well 
as validation of resorption and remodeling 
performance in established femoral defect 
and posterolateral spine fusion rabbit 
models.*

Polymer Carrier Dissolution
The hydrophilic nature of the SIGNAFUSE
AOP polymer carrier results in a rapid 
dissolution rate that provides a distinct 
advantage over slower resorbing polymer 
carriers, as well as collagen-based 
carriers that undergo biodegradation. 
Rapid elimination of the polymer carrier 
after implantation is critical to enable almost 
immediate physiological interaction with 
the biphasic HA/β-TCP and bioactive glass 
components so ionic surface dissolution may 
occur. The dissolution rate of the SIGNAFUSE 
AOP carrier was tested in comparison to the 
Actifuse ABX aqueous polymer carrier in a 
controlled laboratory bench study. Implants 
from each test group were placed in 0.5 liters 
of phosphate buffered saline (PBS) at 37oC 
for time intervals of 7.5, 15, 30, 45 and 60 
minutes.  Samples at each time point (N=3) 
were dried to constant weight to determine 
the carrier mass loss compared to the 
starting implant. The SIGNAFUSE AOP 
carrier was completely dissolved by 45 
minutes, while the Actifuse ABX aqueous 
carrier dissolved in approximately 7 hours. 
The final dissolution profiles of each 
test material are shown in Figure 5. 
Representative images of the biphasic HA/β-
TCP granules and 45S5 bioactive glass of 
the SIGNAFUSE group following 15- and 
30-minute treatments are shown in Figure 6. 
This carrier dissolution data was generated 
for comparative purposes only and is not 
intended to represent implant behavior 
in humans.  
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Figure 5
Carrier dissolution profiles of SIGNAFUSE versus Actifuse ABX.

Figure 6
Dissolution of the SIGNAFUSE AOP polymer carrier after 15 (left) and 30 (right) 
minutes.
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Table 1 
Ion Dissolution Products Present in SBF as Determined by ICP Analysis.

Bioactivity: Ion Dissolution and Apatite 
Layer Formation
The composition of 45S5 bioactive glass allows 
for the formation of a HA surface layer upon 
exposure to physiological fluids, which plays 
a significant role in its ability to form a strong 
bond with natural bone.12,26-28 To demonstrate 
this reaction in vitro, products composed of 
45S5 are submerged in an aqueous phosphate 
containing solution that acts as simulated 
body fluid (SBF), also referred to as Kukubo’s 
solution.  The 45S5 bioactive glass component of 
SIGNAFUSE should exhibit dissolution behavior 
and bioactivity similar to that reported for similar 
forms of bioactive glass.29  The aim of this in vitro 
study was to characterize the ion dissolution 
behavior and bioactivity of SIGNAFUSE based 
on the endpoint of HA formation on the surface 
of the 45S5 component when immersed in 
simulated body fluid (SBF), according to the 
International Organization for Standardization 
ISO 23317:2012, Implants for Surgery – In vitro 
evaluation for apatite-forming ability of implant 
materials.  Testing was performed at MO-SCI 
Corporation (Rolla, MO). Test articles included 
the 45S5 raw material used in SIGNAFUSE 
and the SIGNAFUSE finished device, as well as 
Actifuse ABX and a known non-apatite forming 

glass used as controls. Samples were immersed 
in SBF at 37oC for time periods of 1, 7, 14, and 28 
days and monitored for pH and weight changes 
at each time point. Samples were selectively 
evaluated for ion dissolution and apatite layer 
formation as described below.   

Inductive coupled plasma (ICP) analysis was 
completed on the SBF solution before (Time 0) 
and after immersion of the test articles (1 day 
and 7 days) to detect the presence of Ca, P, Si 
and Na ion dissolution products (Table 1).  The 
ion concentrations in 45S5 raw material were 
similar to the SIGNAFUSE finished device, 
demonstrating that the polymer carrier and 
biphasic HA/β-TCP components do not affect 
the dissolution of the 45S5 component (Figure 
7).  Sodium (Na) is not shown in Figure 1 in order 
to maintain a relevant visual scale in the figure. 
The reduction of P ions approaching 0 ppm from 
the starting SBF concentration indicates that 
precipitation of HA onto the 45S5 surface was 
occurring, as P is consumed during this process.  
Continual release of Ca and Si was apparent in 
both the 45S5 raw material and SIGNAFUSE 
finished device, while Actifuse ABX showed little 
change in Ca and near zero dissolution of Si 
ions (Figure 8). 



Figure 7
ICP results showing similar ion dissolution quantities between the 45S5 raw 
material and SIGNAFUSE finished device after 1 day in SBF. 

Figure 8
ICP results showing a similar increase in Si ion dissolution over time between 
the 45S5 raw material and SIGNAFUSE finished device, and compared to Actifuse ABX.
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Scanning electron microscopy (SEM) was 
performed on unreacted test articles (Time 0) 
and test articles after 1, 7, 14 and 28 days of 
submersion in SBF. Both the 45S5 raw material 
and 45S5 in the SIGNAFUSE finished device 
revealed a nanocrystalline HA surface at each 
interval, which also appeared to increase over 
time (Figure 9).  This finding is aligned with the 
ion dissolution results in demonstrating that 
the polymer carrier and biphasic HA/β-TCP 
components of SIGNAFUSE do not affect the 
bioactivity of the 45S5 component. The Actifuse 
ABX samples had no visible precipitation of a 

crystalline HA layer after submersion in the 
SBF regardless of time point when compared 
to unreacted samples. The lack of crystalline 
layer formation on the Actifuse ABX is 
explained by the ICP results in that there was 
no measurable release of Si, and little change 
to the P and Ca levels detected in the SBF 
compared to time 0. The non-apatite forming 
glass did not precipitate any HA on its surface 
at any time point, verifying that the SBF was 
not spontaneously precipitating HA crystals 
onto the test article surfaces.  

Figure 9
SEM images confirming HA precipitation onto the surface of the 45S5 component of 
the SIGNAFUSE finished device. The crystalline HA structure appears to progressively 
increase from 1 to 28 days.   
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X-ray diffraction (XRD) was performed on 
the 45S5 raw material and the non-apatite 
forming glass test groups. XRD was not 
performed on the SIGNAFUSE finished 
device or Actifuse ABX because these devices 
contain a significant fraction of HA as the base 
implant material, which makes identifying a 
new crystalline HA surface layer formed by the 
SBF solution indistinguishable from the parent 
materials. 

The XRD pattern for the unreacted 45S5 raw 
material showed no evidence of crystalline 
peaks, while those samples immersed in SBF 
showed a progressive increase in peak intensity 
from 1 to 28 days (~26o and 32o) corresponding 
to those of a HA, Ca10(PO4)6(OH)2 (JCPSD 
72-1243), indicating the presence of HA on 
the surface of the 45S5 raw material (Figure 
10).  No crystalline peaks were identified for 
the non-apatite forming glass control, before or 
after immersion in SBF, verifying that HA did 
not spontaneously precipitate on the surface of 
the 45S5 materials.

The 45S5 bioactive glass component of 
SIGNAFUSE was found to be bioactive, in both 
its raw material form and as a component of the 
finished device, in that it forms a surface layer 
of crystalline HA when immersed in SBF.  The 
HA surface layer was identified via both XRD 
and SEM analyses on the 45S5 raw material 
and identified visually via SEM as part of the 
finished device.  The presence of the polymer 
carrier or the biphasic HA/β-TCP components 
did not affect the bioactive effects of the 45S5 
component. SIGNAFUSE meets the ISO 
22317 criteria for apatite-forming ability and is 

considered bioactive due to the 45S5 bioactive 
glass component. 
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Figure 10
XRD patterns for the unreacted 45S5 
raw material and after submersion in 
SBF for 1, 7, 14 and 28 days.
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USP <51> Antimicrobial Effectiveness Test
Bioactive glass has been shown to have 
antimicrobial capability due to its ion 
dissolution products, which produce high local 
concentrations of Ca ions and a significant 
pH increase. This environment can block 
the natural electrochemical gradient across 
the microbe’s plasma membrane, thereby 
destroying the organism.15  SIGNAFUSE was 
evaluated in accordance with the USP <51> 
Antimicrobial Effectiveness Test.  The implant 
was inoculated using the three most common 
infection-causing bacteria found in surgical 
wounds (Escherichia coli, Pseudomonas 
aeruginosa, Staphylococcus aureus).30 The 
growth of these bacteria was then measured 

at time points of 1, 7, 14 and 28 days. By day 
7, SIGNAFUSE achieved greater than 99.95% 
effectiveness in the reduction of all three 
bacteria and achieved the maximum reduction 
by day 28 (Figure 11).  SIGNAFUSE  met the 
most stringent acceptance criteria, Category 1, 
in the USP <51> Antimicrobial Effectiveness 
Test.

These data and analyses do not imply 
that SIGNAFUSE possesses antimicrobial 
properties or that the final product is an 
antimicrobial agent.

Figure 11
SIGNAFUSE antimicrobial effectiveness versus the three most common infection-
causing bacteria found in surgical wounds.
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Osteostimulatory Testing
Mitogenesis and cell proliferation are crucial to 
the success of bone graft substitutes achieving 
bony fusion at defect sites. This localized 
proliferation of osteoblast-like cells and 
subsequent osteoblastic differentiation aids in 
the overall remodeling response by increasing 
the production of new bone by newly-formed 
osteoblasts.31  The osteostimulatory effect of 
SIGNAFUSE was evaluated using the currently 
accepted definition of increasing osteoblast-
like cell proliferation and differentiation towards 
a more osteoblastic fate. Both MG63 and Saos-
2 osteoblast-like cell lines were cultured with or 
without the presence of conditioned media as 
previously reported32, and cell proliferation was 
measured using a (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) (MTT) assay.  
It was shown that Saos-2 cell proliferation was 
significantly increased when cultured in the 
conditioned media with respect to the control 
(growth media only) at both 1- and 3-day time 
points (Figure 12). When normalized to the 
control (growth media only) at Day 1, Saos-2 
proliferation in SIGNAFUSE-treated samples 
was increased with respect to 45S5 bioactive 
glass and biphasic granules, suggesting a 

synergistic effect of the individual components 
of SIGNAFUSE (Figure 13). The MG63 cell 
line also showed a statistically significant 
increase in proliferation measured at 3 days, 
with seeding densities of 1x103 cells/mL and 
5x103 cells/mL (Figure 14). 

In the alkaline phosphatase (ALP) differentia-
tion assay, both MG63 and C2C12 cell lines 
were cultured with or without the presence of 
conditioned media created by the previous-
ly described methods.32 The ALP differentia-
tion assay is commonly used to monitor os-
teoblastic differentiation. ALP levels were 
quantified in the cell lysate and normalized to 
protein levels in each condition. The C2C12 
cell line showed statistically significant ALP 
upregulation at 7 days in comparison to both 
the control and the biphasic mineral, and an 
increase compared to control at day 14, but 
that increase was not significant (Figure 15). It 
was shown that MG63 cells upregulated ALP 
activity at days 14 and 21, although only statis-
tically significantly at day 21 (Figure 16). 

Figure 12
Saos-2 cell 
proliferation MTT 
assay results from 
media conditioned 
with SIGNAFUSE, 
growth media only 
(control), 45S5 
bioglass, and 60:40 
(HA:β-TCP) biphasic 
granules.* = p-value 
< 0.05, data are mean 
± S.D.
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Figure 13
Normalized cell proliferation data to control (growth media only) for the Saos-2 cell 
line at Day 1. Data are mean ± S.D.

Figure 14
MG63 cell proliferation MTT assay results from growth media (control) and media 
conditioned with SIGNAFUSE at 1x103 cells/mL (Low Density) and 5x103 cells/mL 
(High Density). * = p-value < 0.05, data are mean ± S.D.
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Figure 15
Alkaline phosphatase expression from conditioned media of C2C12 cells conditioned 
with SIGNAFUSE, growth media only (control), and 60:40 (HA:β-TCP) biphasic 
granules at day 7 and 14. * = p-value < 0.05, data are mean ± S.D.

Figure 16
Alkaline phosphatase expression from conditioned media of MG63 cells conditioned 
with SIGNAFUSE, growth media only (control), and 60:40 (HA:β-TCP) biphasic 
granules at day 7 and 14. * = p-value < 0.05, data are mean ± S.D.
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POSTEROLATERAL FUSION RABBIT MODEL

To compare the spine fusion capability of 
SIGNAFUSE with Actifuse ABX, a bilateral, 
intertransverse rabbit spine fusion model 
was used. This study was conducted by an 
independent laboratory, and the results are 
published in The Iowa Orthopedic Journal.19 
New bone formation and spine fusion was 
assessed at 6 and 12 weeks using a variety 
of methodologies including MicroCT, histology, 
biomechanical fusion, and histological fusion 
scoring. 

MicroCT and histomorphometry analyses at 
6 weeks revealed significantly greater bone 
area in SIGNAFUSE-treated animals when 
compared to Actifuse ABX animals (Table 2). 
Further, histological observations made at 6 
weeks revealed greater new bone formation 
across the fusion site in SIGNAFUSE-

treated animals (Figure 17). Consistently, 
SIGNAFUSE-treated animals had structurally 
mature bone bridging between the transverse 
processes, developed marrow spaces, and 
resorption of the graft material. By using 
standard biomechanical range of motion 
testing, it was observed that SIGNAFUSE-
treated animals had a higher biomechanical 
fusion rate (80% fused) than Actifuse ABX-
treated animals (44% fused). Further, 
SIGNAFUSE-treated animals had greater 
histological fusion scores at both 6 and 
12 weeks when compared to Actifuse 
ABX-treated animals (Table 3). Histological 
observations at 12 weeks revealed a higher 
degree of structural remodeling and tendency 
towards complete bridging of the fusion bed in 
SIGNAFUSE-treated animals versus Actifuse 
ABX-treated animals (Figure 18).

Table 2 
Normalized Bone Area at 6 weeks Using MicroCT and Histomorphometry Analysis.

Figure 17
Representative histology images of the fusion site at 6 weeks. Transverse process 
(TP); New bone formation (purple); Defect site between TPs (red outline).

6 WEEKS
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aP-value < .05 indicates statistical 
significance.



In summary, SIGNAFUSE demonstrated greater levels of new bone formation and higher 
biomechanical fusion rates when compared to Actifuse ABX. SIGNAFUSE animals had a higher 
degree of structural remodeling and a greater tendency towards complete bridging of the fusion 
bed. The SIGNAFUSE performance is likely due to the patented formulation of bioactive glass and 
biphasic material. For a more thorough description of these studies, please see Fredericks et al.19

Table 3
Histological fusion score assessment of SIGNAFUSE and Actifuse ABX treated animals.

Figure 18
Representative histology images of the fusion site at 12 weeks. Transverse process 
(TP); New bone formation (purple); Defect site between TPs (red outline).
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*In vivo performance may not be predictive of performance in humans.

+ SIGNAFUSE combines a proprietary      
   and synergistic combination of bone 
   graft technologies for sustained bioactivity     
   and remodeling in bone graft applications.

+ SIGNAFUSE was designed to combine      
   bone healing biomaterials specific to 
   the environment of spine fusion procedures.

+ The inherent bioactive and osteostimulatory   
   properties of the selected raw materials that  
   comprise SIGNAFUSE have been verified.

+ The successful results from the PLF 
   rabbit study indicate that the literature-       
   based and lab-based biostimulatory    
   properties will occur in an in vivo setting.

 

CONCLUSION

12 WEEKS

NOTE: Histological fusion scoring (1-10 scale) 
based on incremental healing features of the 
fusion site. 
aP-value < .05 indicates statistical significance.

+ Clinical case studies are currently    
   being planned to demonstrate a positive   
   correlation  between in vitro data, in vivo 
   data, and clinical outcomes.
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 SIGNAFUSE is available in a ready-to-use format in a pre-loaded 
open barrel syringe applicator.

PART NO.
SGF-037  
SGF-075
SGF-150     

DESCRIPTION
SIGNAFUSE Bioactive Bone Graft Putty
SIGNAFUSE Bioactive Bone Graft Putty
SIGNAFUSE Bioactive Bone Graft Putty

SIZE (g)
3.75
7.5
15

Ordering Information



NOTES
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Indications for Use
SIGNAFUSE is a bone void filler device intended for use in bony voids or gaps that are not intrinsic to the stability of the bony structure. These defects 
may be surgically created osseous defects or osseous defects created from traumatic injury to the bone. SIGNAFUSE is indicated to be packed gently 
into bony voids or gaps of the skeletal system (i.e., extremities, pelvis and posterolateral spine fusion procedures). SIGNAFUSE can also be used with 
autograft as a bone graft extender in posterolateral spine. The device provides a bone void filler that is resorbed and replaced with host bone during the 
healing process.

SIGNAFUSE is a registered trademark of Bioventus LLC.

All registered trademarks are the respective property of their owner.

SMK-002151   |   06/17

BioventusSurgical.com


