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SUMMARY: Aims. Spinal fusion is a common procedure used for surgical treatment of spinal deformity. In
recent years, many bone graft substitutes have been developed to provide good arthrodesis when the available
autologous bone harvested from the patient is not enough. Besides, bioactive synthetics have undergone
changes to stimulate a beneficial response within the bone, which are based on chemical reactions allowing
cellular turnover and the enhancement of new bone formation. In this context, a collagen-based hydroxyapatite
bone graft substitute enriched in magnesium has shown promising results in achieving fusion for the treatment
of adult scoliosis. Aim of the present clinical study was to evaluate the performance and safety of a collagen-
based hydroxyapatite bone graft substitute enriched in Magnesium, to stimulate bony fusion in patients
undergoing posterolateral spinal fusion.

MATERIALS AND METHODS. Twenty patients were consecutively enrolled and prospectively evaluated. Patients
underwent instrumented posterolateral spinal fusion using a biomimetic hydroxyapatite composite scaffold.
Radiological evaluations were performed at 12 months follow-up to evaluate fusion.

RESULTS. The percentage of bony fusion recorded was of 95% at twelve months follow-up. No intra-operative
or post-operative adverse events were recorded.

CONCLUSIONS. The present study provides clinical evidences of the fusion properties of a collagen-based HA
scaffold, enriched in magnesium, for posterolateral spinal fusion. The safety profile and the osteointegrative
properties makes the device a valid alternative to local autograft bone.
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[ INTRODUCTION

Vertebral arthrodesis is one of the most common
surgical procedures for the treatment of deformities,
trauma and degenerative pathologies affecting the
spinal column"”. Thanks to the use of bone grafts and
instruments (i.e. metal rods and screws), the proce-
dure allows to create fusion between two or more

adjacent vertebrae and to stabilize the vertebral
column. The biological processes involved in bone
regeneration require three critical elements: an
osteogenic potential that is capable of directly
providing cells to the newly forming bone, osteoin-
ductive factors able to cause osteoblastic differentia-
tion of osteoprogenitor stem cells, and the presence
of an osteoconductive scaffold that facilitates neo-
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LIST OF ACRONYMS AND ABBREVIATIONS: BMPs = Bone Morphogenetic Proteins; DBM = Demineralized Bone Matrix;
HA = HydroxyApatite; Mg-HA = Magnesium doped-HydroxyApatite; TCP = TriCalcium Phosphate.

vascularization and supports the bone ingrowth™. An
ideal bone graft should possess all these features,
together with excellent biological compatibility and
biological safety®.

To date, autologous bone, either local or harvested
from the iliac crest, is still considered the “gold
standard”, thanks to its osteoinductive, osteoconduc-
tive and osteogenic properties. However, contraindica-
tions and drawbacks have been frequently reported,
such as limited quantity and donor site pain“”. In order
to overcome these limitations, many alternatives have
been developed during decades and are currently
available on the market, among which growth factors
(BMPs), allogeneic or heterologous bone, DBM and
synthetic ceramic materials"'?. However, although
being extensively investigated">'*'”, clinical data
concerning these alternative materials are still scarce in
terms of quantity and quality, type of studies,
evaluations performed and conclusions reached'*'”. As
such, an understanding of the precise biological
mechanism of each bone substitute is necessary for
achieving successful results.

Synthetic ceramic-based bone graft substitutes, such as
beta-TCP and HA, have been developed as
osteoconductive scaffolds able to fill defects, support
bone remodelling and regeneration, thanks to their
chemico-physical features and properties which are
very similar (up to 70%) to the human mineral bone
component®'?,

In the last years, moreover, the incorporation of
bioinorganic ions such as silicon, magnesium, stron-
tium, zinc and copper, has been extensively
investigated®”, being actively involved in ion channel
processes and cellular signalling recruiting,
specifically, osteoblasts and osteoclasts for regenera-
tive processes of new bone formation®. The thera-
peutic use of bioinorganic ions, such as magnesium,
doped into various materials, including hydroxy-
apatite, tricalcium phosphate and collagen, showed
osteoblastic cellular attachment, proliferation and
newly bone formation in in vivo experiments"® and
clinical applications”. Additionally, the incorporation
of these ions in synthetic bone grafts like
hydroxyapatite confers low cost, longer shelf life and
lower risk as compared to other bone graft alterna-
tives®.

[] AIMS

In the present clinical study, we investigated the use
of a biomimetic HA scaffold, enriched in magnesium
and type I collagen of equine origin. Hydroxyapatite
represents the majority of the human mineral bone
component (65% weight) while type I collagen is a
fibrous protein representing the most important
structural component of the extracellular matrix of
many human tissues. The presence of type I collagen
allows the scaffold chemico-physical biomimetic
properties, ensuring great stability on site. The three-
dimensional and flexible composite scaffold has
already been used in vertebral arthrodesis procedures
involving long tracts of the column spine, showing
good results and a safety profile. The study was set up
as a spontaneous, prospective, observational, post-
marketing clinical study, with 12 months follow-up.

[ ] MATERIALS AND METHODS

In this prospective observational data collection, we
consecutively screened and enrolled patients who had
indications for single or multi-level instrumented
posterolateral fusion due to symptomatic degenera-
tive disc disease. Primary endpoints were bone
regeneration and fusion, intended as the presence of
continuous trabecular bone bridge verified by diag-
nostic imaging (X-ray) and assessed by the Brantigan
score; the safety of the medical device, through the
incidence of any adverse events, complications,
unexpected reactions, accidents.

The Medical Ethic Committee of the Ospedale di
Stato della Repubblica di San Marino (Italy) was
informed (in conformity to the 1975 Declaration of
Helsinkj).

The following criteria for inclusion were considered:
skeletally mature subjects, at least 18 years of age at
the time of surgery, affected by symptomatic degene-
rative disc disease (i.e. disc herniation, lumbar ste-
nosis, spondylolysis with spondylolisthesis); with
indication for posterolateral fusion in the LI1-SI
lumbosacral tract.

Exclusion criteria were: alcohol or drugs abuse; ac-
tive or systemic local infections, drug therapy result-
ing in impaired bone regeneration (use of cortico-
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Brantingan and Steefe classification system

Fusion score

GRADE 1 UNFUSED

Obvious radiographic pseudarthrosis, based on collapse of the construct,
loss of disk height, vertebral slip, broken screws, cage displacement, or
resorption of the bone graft

GRADE 2 PROBABLY UNFUSED

Probable radiographic pseudarthrosis, based on significant resorption of the
bone graft, or a major radiolucency or visible gaps in the fusion area

GRADE 3 UNCERTAIN

Bone graft is visible in the fusion area approximately at the same density
originally achieved intraoperatively. A small radiolucency or gap may be
visible involving a portion of the fusion area, but at least half of the graft
area showing no radiolucency between the graft bone and vertebral bone

GRADE 4 POSSIBLY FUSED

Bone bridges the entire fusion area with at least the density originally
achieved intraoperatively. No radiolucency between the donor bone and
vertebral bone should be present

GRADE 5 FUSED

The bone in the fusion are is radiographically denser and more mature, as
compared to the intraoperative phase. No radiolucency detectable between
the bone graft and the host bone

Table 1. The Brantingan and Steefe classification system.

steroids, chemotherapeutic drugs, etc.); active malig-
nancy, metabolic or haematic disorders; pregnancy;
inflammatory or auto-immune pathologies, hyper-
calcemia, insulin-dependent diabetic conditions,
thyroid function impairment, allergy to equine colla-
gen and calcium phosphate salts.

At pre-operatory, patients’ demographic data and
clinical history were recorded. X-ray and CT scan
were undertaken. The number of vertebral levels fused
during surgery was recorded. Patients were followed
post-surgery until discharge. X-ray and CT scans were
undertaken just after surgery and at 12 months follow-
up. Follow-up visits were conducted at 12 months.
Any intra-op or post-op adverse event was recorded.
B BIOMATERIAL. The bone graft substitute em-
ployed in this study (RegenOss, provided by Fin-
Ceramica Faenza S.p.A., Faenza, Italy) is a com-
mercially available, porous, three-dimensional com-
posite bone graft substitute made of type I collagen
fibres (of equine origin) in which nano-sized (10-20
nm) crystals of biomimetic Mg-HA are nucleated at a
40-60% ratio. The composite device is manufactured
to reproduce the anatomical structure of the bone
compartment in the biological processes of neo-
ossification. The device is biocompatible. While the
bone tissue regeneration proceeds, the device
undergoes resorption.

B SURGICAL TECHNIQUE. All the patients underwent
decompression and spinal stabilization using instru-
mented fixation supports (pedicle screws/rods/cage)

in one or more spinal levels between L1 and S1. All
the surgical procedures were performed by the same
senior surgeon by using the standard open posterior
approach to the lumbar sacral spine. Patients under-
went intravenous antibiotic treatment 30 minutes
before surgery (cefazolin 2 g total amount). Pedicle
titanium screws (Expedium system; DePuy Synthes)
were used. A bleeding bone fusion bed was obtained
through decortication of the posterolateral area from
the transverse processes throughout the posterior
aspect of the facet joints. The bone graft substitute
RegenOss was located by one side of the defect,
while autologous bone was placed by the opposite
side of the spinal tract to be fused. The wound was
sutured in three layers over two suction drainage
tubes. Patients were intravenously treated with
prophylactic antibiotic therapy immediately after
surgery (cefazolin 2 g, total amount) and mobilized
for 2 days after surgery. Follow-up visits, including
the recording of clinical parameters and radiological
analysis, were conducted at 12 months follow-up.

B RESULTS ASSESSMENT. The degree of fusion was
determined using plain radiography and evaluated
through the Brantingan and Steefe classification
system® (Table 1), modified as follows: fusion was
considered to be successful with radiographic evi-
dences of mature bony trabecular bridging into the
fusion area, no signs of pseudoarthrosis, no signs of
interspaces between the bone graft and the host bone.
Pseudoarthrosis was defined in case of implant
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mechanical collapse, reduction of the intervertebral
space, vertebral body sliding, breaking of the screws,
or resorption of the bone graft. Pseudoarthrosis (i.e.
the lack of fusion) was considered as adverse event.
The safety of the medical device was evaluated by
recording adverse events or any complication occur-
ring to the patients.

B STATISTICAL ANALYSIS. Values are presented as
number, mean or percentage, as appropriate. Given
the small sample size, no statistical analysis was
performed.

[ ] RESULTS

Twenty patients satisfied the inclusion criteria and were
enrolled in the study protocol between 2015 and 2016.
There were eleven female (55%) and nine male (45%),
mean age 56.4 years (age range: 38-71). All the patients
underwent spinal surgery because of degenerative
pathologies. Fifteen patients (75%) underwent one
level spinal fusion (ten female and five male), whiles
the remaining (25%) underwent two fusion levels (one
female and four male). All the patients underwent
radiographic control at 12 months follow-up.

At follow-up, fusion was assessed by X-ray and
evaluated according to the criteria described by
Brantigan. Nineteen out of 20 patients (95%) showed
a Brantingan score equivalent to Grade 5. Only one
patient showed an uncertain radiological outcome
(Grade 3). No major complications related to the
surgical procedure were recorded in both the
treatment groups.

Figure 1 and Figure 2 report due examples of
radiographic fusion reached at 12 months follow-up.

[] DISCUSSION

Currently, autologous bone graft is still considered the
“gold” standard material for achieving good ar-
throdesis. However, the relatively limited quantity of
local bone makes the need to identify other bone graft
sources®”. Harvesting autograft bone from the iliac
crest is a possible solution, and a standard procedure
as well, but complications associated with this
technique are well known: donor site morbidity, post-
operative pain, hematoma, infections and increased
blood loss, which may occur in 25%-30% of patients,
thus limiting its use"”. Other alternatives are repre-
sented by allograft bone harvested from a cadaveric

donor, which is often associated with potential risk of
disease transmission, bacterial contamination or host-
related reactions®, or DBM. a kind of highly
processed allograft derivative with at least 40% of the
mineral component removed by chemical treatments,
which negatively impact on the structural integrity
and mechanical properties of the material®'*.

The most common and safe alternative is therefore
represented, since years, by synthetic biomaterials
such as ceramics.

The use of ceramic-based BGSs in spinal applications
has been widely investigated during recent years. In a
level I study, Korovessis et al."? reported progressive
fusion at 12 months follow-up in 60 patients
undergoing posterolateral fusion. Yoo et al.?" showed
no statistical significant difference between HA and
autologous fusion rate in two different patient groups.
The fusion rate in both groups was of about 90% at 2
years follow-up. Nickoli and colleagues"® reviewed
30 clinical studies using ceramic-based materials as
bone graft extenders in the lumbar spine. In 10
studies, involving more than 450 patients, the use of
ceramics plus local autograft evidenced a fusion rate
of around 90%. Lee and coworkers" reported no
difference between the patient group treated with HA
(87%) and the control group treated with ICBG
(89%) in terms of fusion rates. Korovessis et al’?
concluded that HA together with the use of
instrumentation and autologous bone provides good
performance and a solid dorsal fusion within the
expected time. Mashhadinezhad et al’® evaluated the
degree of fusion after applying HA inserted into
cages for interbody fusion. The authors reported no
difference between fusion rates achieved with HA
compared with ICGB at 12-month follow-up,
showing that application of HA granules, even
inserted in cages, proved to be an effective treatment
also for interbody fusion applications. All of these
data again confirm the safety and effectiveness of
HA-based bone grafts in different spinal applications.
In this context, the HA-based device RegenOss,
enriched in magnesium and type I collagen, has
shown fusion and regenerative properties, as
expected. Subjects implanted with RegenOss confirm
an improvement of bony fusion at 12 months follow-
up and a safety profile, as previously reported by
others. Clinical data on the performance of RegenOss
in spinal arthrodesis are well known since years. In
October 2013, results from a prospective, observa-
tional study (“Lumbar posterolateral fusion using a
biomimetic and bioinspired bone graft: a prospective
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Figure 1. Male, 52 years old, 1
lumbar level treated between
L3 and L4. Radiographic and
CT scan images showing com-
plete fusion (grade 5 Brantingan
scale) at 12 months follow-up.

Figure 2. Female, 71 years old,
1 lumbar level treated between
L2 and L3. Radiographic and
CT scan images showing com-
plete fusion (grade 5 Brantingan
scale) at 12 months follow-up.

observational, non-randomized, single arm clinical
study”’) were presented at the “Materials in Medicine
Conference” held in Faenza (Italy). The study
showed the regenerative properties of the bone graft
substitute RegenOss already at six months follow-up,
with complete new bone formation and bony fusion
was observed in 80% of the cases. Recently, Giorgi
and colleagues” published the results of a clinical
study on the use of RegenOss for long tracts of

posterolateral fusion (i.e. scoliosis), showing radio-
graphic evidences of bony fusion in the majority of
patients (more than 70%) and reduction of pain at 12
months follow-up, which was improved (95% fusion)
at subsequent follow-up periods (36-months). The
device showed no complications or side effects even
when employed for long tracts spinal tracts. Additio-
nally, in vitro experiments and preclinical tests?
well-documented the ability of the scaffold RegenOss
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to support proliferation and differentiation of
mesenchymal stem cell, providing a biochemical
environment able to promote bone regeneration. A
case report by Grigolo and colleagues® documented
the regenerative properties of the device, together
with fast degradation and quick resorption. In this
case specifically, the rupture of a metallic bar brought
to spinal revision surgery at 14 months follow-up,
allowing to document the degree of bone fusion
achieved by RegenOss. Histological and immu-
nohistochemical analyses performed on a biopsy
sample showed the complete resorption of the device,
together with good quality of new bone formation.

[] CONCLUSIONS

This study has shown that RegenOss, a biomimetic
three-dimensional scaffold made of HA enriched in
magnesium, provides arthrodesis in posterolateral
fusion. The use of the 3D scaffold provides new bone
formation, representing a valid solution for the
achievement of spinal fusion.
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