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ABSTRACT

Background: Spinal fusion is a common procedure used for surgical treatment of spinal deformity. In recent
years, many bone graft substitutes (BGS) have been developed to provide good arthrodesis when the available
autologous bone harvested from the patient is not enough. The aim of this study was to analyze the use of a
new-generation composite material (RegenOss) made of Mg-hydroxyapatite nanoparticles nucleated on type |
collagen to obtain long posterolateral fusion in adult scoliosis surgery.

Methods: A total of 41 patients who underwent spinal fusion for the treatment of adult scoliosis were retro-
spectively analyzed. According to Lenke classification, visual analog scale (VAS) score and Oswestry Disability
Index (ODI) score, radiographic rates of bone union were evaluated before surgery and at 6, 12 and 36 months
of follow-up. Fusion was considered to be successful when criteria for Lenke grade A or B were satisfied. Patient-
related risk factors were considered for the evaluation of the final outcome.

Results: At 36-month follow-up, radiographic evidence of spinal fusion was present in the majority of patients
(95.1%). A time-dependent statistically significant improvement was evidenced after surgery for all clinical
outcomes evaluated. Based on the demographic data collected, there were no statistically significant factors
determining fusion. The correction of deformity was maintained at different time points. No intraoperative or
postoperative complications were recorded.

Conclusions: The present study demonstrated that RegenOss can safely be used to achieve good arthrodesis
when associated with autologous bone graft to obtain long spinal fusion in the treatment of adult scoliosis.

Keywords: Biomaterial, Biomimetism, Bone graft substitute, Hybrid composite, Osteointegration, Regenerative
bone, Spinal fusion

Introduction

Adult scoliosis is a spinal deformity in a skeletally mature
patient with a Cobb angle of more than 10° in the coronal
plain. Deformity in the adult spine can be a consequence
of an adolescent deformity, a new presentation of defor-
mity due to a degenerative process of the motion segment
of the spine or the result of other causes such as tumor or
osteoporotic fractures. Aebi scores describe 3 types of adult
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scoliosis: (i) primary degenerative scoliosis (de novo), (ii)
progressive idiopathic scoliosis; (iii) secondary degenerative
scoliosis (1).

In adult scoliosis, pain and disability correlate with seg-
ment degeneration, and sagittal imbalance are the most
relevant findings to make a decision to undertake surgical
treatment (2). Progression of neurological deficits or symp-
toms not responsive to conservative treatment for more
than 6 months are additional indications to surgery. Instru-
mented spinal fusion is an effective treatment; however,
the relatively limited amount of autologous local bone avail-
able for the graft makes it necessary to use bone from other
sources or synthetic biomaterials.

Among the available graft options, an autologous iliac
crest bone graft (ICBG) is considered the gold standard option
for achieving arthrodesis, thanks to its excellent osteoinduc-
tive, osteoconductive and osteogenic properties. However,
drawbacks such as morbidity at the harvesting site and lim-
ited availability may limit its use (3-6).
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Local autograft bone (LAB), harvested from the lamina
and the spinous processes during surgery, shows excellent fu-
sion rates, reduced morbidity rates and shorter times in sur-
gery (3, 7, 8); however, despite these excellent characteristics,
the quantity and quality of LAB can be influenced by patient-
related factors, particularly in children and older patients, re-
sulting in a lack of material in sufficient amounts. Other bone
graft substitutes developed as alternatives to autologous
bone (i.e., allograft, bone morphogenetic proteins, demin-
eralized bone matrix, platelet gel, mesenchymal stem cells)
have shown variable results and disagreement in their clinical
indications, being still the focus of investigations concerning
their safety and efficacy in spinal applications (7, 9-12).

In this scenario, synthetic bone graft substitutes (BGSs)
have been proposed and have available on the market since
the 1980s as alternative osteoconductive materials to fill bony
defects and smooth contour irregularities (3, 10, 13, 14). Usu-
ally derived from naturally occurring ceramics, these materi-
als have been developed to provide porous scaffolds with a
structural framework and mechanical stability, able to act as a
cell anchorage site and thus enable new bone ingrowth.

The most common examples of ceramic-based materials are
hydroxyapatite (HA), tricalcium phosphate (TCP) and calcium
sulphate (CS), which have structural compositions that closely
mimic the inorganic phase of bone. In spinal applications, the
use of BGSs as viable replacements for autologous bone has
been well-documented, showing how these materials, used as
graft extenders, can provide comparable fusion rates to autolo-
gous bone, while avoiding donor site complications (15-19).

In particular, among the ceramic-based alternatives avail-
able, HA accounts for nearly 70 wt% of the mineral (inor-
ganic) component of bone and teeth (20, 21), and is thus
the most suitable material for bone replacement. In recent
decades, new-generation BGSs have been developed to ob-
tain enhanced mimicry of the biochemical and biophysical
properties of the human bone. These “biomimetic” materi-
als are manufactured by an assembling and mineralization
process mimicking the cascade of phenomena yielding new
bone formation in vivo (22), using equine-derived type I col-
lagen, subjected to self-assembly and simultaneous mineral-
ization with an apatite nanophase. In this complex process of
biomineralization, therefore, an extracellular matrix (ECM)—
mimicking matrix acts as an active template for the deposi-
tion of the mineral phase, and is also able to direct mineral
deposition and limit crystal growth. The activation of these
control mechanisms occurs through the linking of collagen
functional groups (e.g., carbonyl groups) with calcium ions,
which are then the nucleation sites for the mineral part. The
highly regulated chemical-physical interaction between the
inorganic (HA) and organic (type | collagen) phase is funda-
mental to allowing the formation of a composite material
(bone) with unique properties of both stiffness (minerals)
and elasticity (collagen) (23, 24).

The information stored in the organic phase (type | collagen)
drives the mineralization process toward the development of
nanostructured apatite platelets orientated along the long axis
of the collagen, which is a feature considered to promote osteo-
blasts’ adhesion (25) (Fig. 1). Studies have also demonstrated
that a multitude of doping ions (i.e., carbonate, magnesium),
substituting either calcium (Ca) or phosphate (P) ions in the
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Fig. 1 - (A) Schematic representation of the biomineralization
process used in the synthesis of hydroxyapatite/type | colla-
gen (MGHA/Coll) scaffold. (B) Transmission electron micros-
copy (TEM) analysis: Collagen fiber completely covered with
magnesium-doped hydroxyapatite (MHA) nanoparticles (A) and

detail of the disordered crystalline structure of MHA nanopar-
ticles (B).

crystal lattice, characterize the formation of new bone (26-28).
This phenomenon represents the major source of structural dis-
order in the mineral bone component, increasing its chemical
reactivity and dissolution ability while maintaining a good affin-
ity with osteoblast cells. Among the doping ions taking part to
this process, Mg?* ions, partially substituting calcium ions, are
associated with the first stages and the very fast turnover of
newly bone formation. The presence of Mg? ions increases the
nucleation kinetic of the new mineral bone component while
delaying the crystallization process, thus making it extremely
active during remodeling (23). For the purpose of manufactur-
ing a 3D fibrous mineralized construct which exhibits a very high
degree of mimicry of the natural bone tissue, the assembling
and simultaneous mineralization of type | collagen fibrils with
biomimetic Mg-HA in aqueous media is provided, thus obtain-
ing a newly developed 3D scaffold for bone regeneration made
of magnesium-doped hydroxyapatite/type | collagen (MHA/
Coll) (Fig. 2). The capability of this new-generation biomimetic
BGS to promote bone regeneration and to assist new bone for-
mation has been demonstrated in preliminary studies in animal
models (29, 30), showing interesting results and therefore rep-
resenting a valid alternative to ICBG for spinal applications —in
particular for those procedures requiring enormous amounts of
bone graft to be available for the treatment of long spinal seg-
ments (i.e., degenerative scoliosis).

In light of these considerations, we retrospectively re-
viewed a case series of patients who underwent long spinal
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Fig. 2 - The newly developed magnesium-doped hydroxyapa-
tite/type | collagen (MHA/Coll) 3D scaffold developed for bone
regeneration.

fusion with the use of a synthetic MHA/Coll composite scaf-
fold (provided by Fin-Ceramica Faenza S.p.A., Faenza, Italy)
mixed with LAB graft for the treatment of adult degenera-
tive scoliosis. The final outcome was evaluated by the anal-
ysis of posterolateral fusion rates and clinical parameters.
A number of patient-related factors were also considered
in order to evidence their possible influence on the final
outcome.

Materials and methods

Patient population

This study was a retrospective study to investigate the
efficacy of a new-generation composite material made of
Mg-doped HA and type | collagen from an equine source, as-
sociated with an LAB graft in a spinal fusion for the treatment
of adult degenerative scoliosis. Data were gathered through
the review of patients’ case notes and relevant data records
over 4 years (between 2011 and 2015) at the Niguarda Hos-
pital (Milan, Italy), with a minimum of 3 years of follow-up.
This retrospective study was conducted in conformity with
the 1975 Declaration of Helsinki.

Specific inclusion criteria were (i) indication for multilevel
instrumented posterolateral spinal fusion with or without in-
terbody device; (ii) low-back pain, sciatica and/or neurogenic
claudication for at least 6 months nonresponsive to previous-
ly administered conservative therapy (i.e., bed rest, bracing,
antiinflammatory medications, physical therapy); (iii) preop-
erative radiographic analysis showing adult scoliosis type 1, 2
or 3 according to the Aebi classification system (1); (iv) aged
45 to 75 years; and (v) participant had personally signed and
dated an informed consent document prior to any study-re-
lated procedure.

Exclusion criteria were (i) alcohol or drug abuse; (ii) drug
therapy resulting in impaired bone regeneration (corticoste-
roids, chemotherapeutic drugs etc.); or (iii) active or systemic
local infections, active malignancy, metabolic or hematic
disorders. At pre-op, baseline characteristics (age, sex, body
mass index, smoking habits, previous surgical procedures
undertaken), clinical parameters (Oswestry Disability Index
[ODI] and the visual analog scale [VAS]) were recorded, and
radiographic analysis was carried out.

W

Collagen-hydroxyapatite composite in posterior spinal fusion (scoliosis)

Biomaterial

The device employed in this study (RegenOss; provided by
Fin-Ceramica Faenza S.p.A., Faenza, Italy) is a commercially
available, porous, 3-dimensional composite bone substitute
made of type | collagen fibers (from equine source) in which
nano-sized (10-20 nm) crystals of biomimetic Mg-doped HA
(Mg-HA) are nucleated at a 40%-60% ratio. The composite
device is manufactured to be capable of reproducing the ana-
tomical structure of the bone compartment as it occurs in the
biological process of neo-ossification. The device has biocom-
patibility characteristics and a good safety profile (31), high-
lighted by toxicological studies carried out in accordance with
the laws and regulations in force concerning Class Il medical
devices. Once the tissue regeneration process has been com-
pleted, the device is able to undergo resorption.

Surgical procedure

All patients underwent decompression and spinal stabili-
zation using instrumented fixation supports (pedicle screws/
rods/cage) at at least 2 spinal levels between T4 and the il-
eum. All of the surgical procedures were performed by the
same senior surgeon using the standard open posterior ap-
proach to the thoracolumbar spine. Patients underwent in-
travenous antibiotic treatment 30 minutes before surgery
(cefazolin 2 g total amount). Pedicle titanium screws (Expedi-
um system; DePuy Synthes) and PEEK interbody cages (T-PAL
spacer system; DePuy Synthes) were used. A bleeding bone
fusion bed was obtained through decortication of the pos-
terolateral area from the transverse processes throughout
the posterior aspect of the facet joints.

A synthetic magnesium-doped MHA/Coll BGS was
shaped according to the defect to be treated (Fig. 3) and
mixed with morselized autologous bone (ratio 1:1) (Fig. 4),
previously harvested during laminectomy, spinosectomy.
The mixture was used to provide posterolateral fusion. In
13 patients, a transforaminal approach to the intervertebral
disc space was performed (TLIF). Local bone was placed in
the anterior portion of the interbody space and used to fill
the cage (with lordotic angle of 5°) prior to its placement. In
all cases, the screw instrumentation was compressed to re-
produce the normal lordotic curvature of the lumbar spine.
In some cases, if required to restore good sagittal alignment,
shortening of the posterior column with a Smith-Petersen
osteotomy was performed. In a few cases, if required, a
pedicle subtraction osteotomy was carried out to obtain
more than 30 degrees of lordosis. The wound was sutured
in 3 layers over 2 suction drainage tubes. Patients were in-
travenously treated with prophylactic antibiotic therapy
immediately after surgery (cefazolin 2 g, total amount) and
mobilized 2 to 3 days after surgery. A lumbar brace was used
for about 1 month after surgery in all patients. Follow-up
visits, including the recording of clinical parameters and ra-
diological analysis, were conducted at 6, 12 and 36 months.

Clinical and radiological data

Adult scoliosis was classified preoperatively through
radiographic analysis, according to the Aebi classification
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Fig. 3 - Intraoperative photograph showing the malleability and
flexibility of the magnesium-doped hydroxyapatite/type | collagen
3D scaffold. The device can be cut and shaped according to the sur-
geon’s needs.

Fig. 4 - Intraoperative photograph showing the use of the magne-
sium-doped hydroxyapatite/type | collagen 3D scaffold in associa-
tion with local autologous bone graft for posterior fusion in adult
scoliosis surgery.

system (1) (Tab. I). All patients underwent complete stand-
ing radiography of the spine to evaluate the sagittal balance
of the column. Changes in low-back pain and leg pain were
evaluated before and after surgery. For pain scoring, the VAS
score (scale range from 0 = no pain, to 10 = unbearable pain)
was used to evaluate the patient’s pain intensity. The ODI
(0-20: minimal disability; 21-40: moderate disability; 41-60:
severe disability; 61-80: crippling back pain; 81-100) was
recorded for the quantification of the patient’s disability.
The degree of fusion was determined by 2 independent ob-
servers using plain radiography, including anteroposterior,

© 2017 The Authors. Published by Wichtig Publishing
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TABLE | - AEBI classification of adult scoliosis

Type 1: Primary degenerative scoliosis (de novo scoliosis)

Type 2: Progressive idiopathic scoliosis of the lumbar and/or thora-
columbar spine

Type 3a: Secondary adult scoliosis (for example: adjacent thoracic
or thoracolumbar curve of idiopathic, neuromuscular or congenital
origin)

Type 3b: Deformity progressing mostly due to bone weakness with,
e.g., osteoporotic fracture with secondary deformity

Aebi classification system used to classify adult scoliosis.

TABLE Il - Lenke classification of posterolateral fusion success

Grade A: Definitely solid, with bilateral trabeculated stout fusion
masses present.

Grade B: Possibly solid, with a unilateral large fusion mass and a
contra-lateral small fusion mass.

Grade C: Probably not solid, with a small fusion mass bilaterally.

Grade D: Definitely not solid, with bone graft resorption or obvious
pseudarthrosis bilaterally.

Lenke classification system used to radiographically evaluate the degree of
fusion.

lateral flexion/extension and Ferguson views. At follow-up
visits (after 6, 12 and 36 months) radiological assessment of
spinal fusion was graded by the Lenke classification system
(Tab. 1) (32). Fusion was considered to be successful when
criteria for Lenke grade A or B were satisfied. At 36 months
after surgery the sagittal vertical axis (SVA), which is the hor-
izontal offset between a vertical plumb line from the center
of the C7 vertebral body and the posterior superior corner
of S1, was evaluated (33).

The number of vertebral levels fused, the postopera-
tive sagittal balance and postoperative complications were
also recorded. A number of parameters which might influ-
ence the degree of fusion were considered, among which
were age, sex, number of levels fused during surgery (<4 or
>4 levels), previous spinal surgeries undertaken (yes/no),
interbody fusions and smoking habits (yes/no). A single se-
nior author examined all of the images and recorded data.

Statistical analysis

Values are presented as number (no.), mean or percent-
age, as appropriate. Differences of clinical values (ODI and
VAS) among the follow-up periods were analyzed using the
Friedman ANOVA test. Stratification groups were correlated
to ODI and VAS values at different follow-up periods by the
Wilcoxon matched-pairs test. The level of statistical signifi-
cance was set at a p value <0.05.

Results

According to the inclusion criteria, 41 patients were in-
cluded in this retrospective study. Table Il shows the patients’
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TABLE Ill - Baseline characteristics

Collagen-hydroxyapatite composite in posterior spinal fusion (scoliosis)

TABLE IV - Number of levels fused

Baseline characteristics

Number of levels fused No. of patients (%)

Patients, no. 41
Female, no. (%) 31 (75.6)
Male, no. (%) 10 (24.4)

Mean age 62.9
Age <65, no. (%) 22 (53.6)
Age >65, no. (%) 19 (46.4)

Mean BMI 24.5

Smokers, no. (%) 12 (29.3)

Previous surgeries
Interbody fusion, no. (%) 13 (31.7)

Aebi classification
De novo scoliosis, no. (%) 31 (75.6)
Idiopathic scoliosis, no. (%) 4(9.8)
latrogenic scoliosis, no. (%) 6 (14.6)

Mean pre-op VAS 8.6

Mean pre-op ODI 72

Patient demographic and clinical data at pre-op. Data are reported as num-
bers (no.) and percentage (%), or means where indicated.
ODI = Oswestry Disability Index; VAS = visual analog scale.

demographic characteristics. There were 31 women and 10
men. The mean patient age was 62.9 years (standard deviation
[SD] = 8.21 years). There were 22 participants younger than
65 years. Mean BMI (kg/m?) was 24.5 (SD = 3.6). Smokers com-
prised 29.3% of the sample population. Twelve patients (29.3%)
had had previous surgical treatments for degenerative scoliosis.
Thirteen patients (31.7%) had undergone an interbody fusion.
The type of adult scoliosis was evaluated according to the Aebi
classification system (Tab. lll). Mean preoperative VAS score
was 8.6. The mean preoperative ODI score was 72.

All of the patients underwent at least the fusion of 2 ver-
tebral levels (Tab. 1V). The postoperative radiographs (Figs. 5
and 6) showed the progressive incorporation of synthetic
bone graft in the fusion area with time. Table V reports bony
fusion as evaluated by the Lenke classification system. After
6 months, a good level of arthrodesis was achieved by the ma-
jority of patients (grade A or B). Only 1 patient showed no fu-
sion (Lenke grade D). At 12-month follow-up, more than half
of the patients (56%) already showed complete fusion mass
(grade A). Only 2 patients still manifested partial and incom-
plete fusion (grade C). There were no patients showing a bone
union failure. After 36 months, the majority of patients showed
complete (grade A, 61%) (Fig. 7) or almost complete (grade B,
34%) bone union. Only 2 patients still manifested partial and
incomplete fusion (grade C). The lack of bone union failure was
confirmed at 36 months of follow-up. No baseline or clinical
differences affected the outcome of patients with a delayed
fusion as compared with patients already showing Lenke grade
A or B at 6 months (Fisher’s exact test: 2-sided p>0.05).

Maximum flexion-extension postoperative radiographs,
performed at 36 months after surgery, did not show any

W

2 levels 4(9.8)
3 levels 8(19.5)
4 levels 8(19.5)
5 levels 5(12.2)
6 levels 2 (4.9)
7 levels 6 (14.6)
8 levels 3(7.3)
9 levels 1(2.4)
10 levels 4(9.8)

Number of levels fused during surgery. Data are reported as numbers (no.)
and percentage (%), or means where indicated.

Fig. 5 - Patient’s X-ray images. (A) The patient underwent T4-ileum
fusion, L4 pedicle subtraction osteotomy (PSO) and L3-L4 extreme
lateral interbody fusion (XLIF). (B) The patient shows good sagittal
balance at 36-month follow-up (sagittal vertical axis [SVA] 0.3 cm).

mechanical instability. No hardware failure was recorded.
Correction of the scoliosis deformity and sagittal balance
were maintained similarly and satisfactorily at final follow-
up in all patients. SVA was between 0 and 5 points in all
patients, and was also evaluated at 36-month follow-up
(Tab. VI) (34). According to the Schwab criteria for good

© 2017 The Authors. Published by Wichtig Publishing
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Fig. 6 - Example of posterior and lateral X-ray image at 36 months
of follow-up showing successful posterolateral fusion as confirmed
by the presence of mature bony trabeculae (arrows), equivalent to
Lenke classification grade A, in patient who underwent T10-ileum
fusion, L3-L4 anterior column realignment (ACR), L4 pedicle sub-
traction osteotomy (PSO) and L3-L4+L4-L5 extreme lateral inter-
body fusion (XLIF) (image kindly provided by the Department of
Orthopaedic Surgery, Niguarda Hospital, Milan, Italy).

TABLE V - Evaluation of spinal fusion (Lenke classification)

Lenke classification

6 months 12 months 36 months
Grade A 10 (24.4%) 23 (56.1%) 25 (61.0%)
Grade B 21 (51.2%) 16 (39.0%) 14 (34.1%)
Grade C 9 (22.0%) 2 (4.9%) 2 (4.9%)
Grade D 1(2.4%) 0 (0.0%) 0 (0.0%)

Values are represented as numbers of patients (%).

sagittal alignment, all patients showed SVA of between 0
and 5 cm (35).

The mean ODI decreased from 72 (baseline value) to 34.6,
25.5 and 23, at 6, 12 and 36 months, respectively (p<0.0001
for all time points vs. pre-op measure) (Tab. VII).

Mean pain intensity, measured on the 10-point VAS,
was 8.6 at baseline. The mean VAS score decreased from
8.6 to 4.5 after 6 months post-op, then from 4.5 to 2.8 at
12-month follow-up, and from 2.8 to 2.2 at 36-month fol-
low-up. At the different time points, the decrease of VAS

© 2017 The Authors. Published by Wichtig Publishing
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Fig. 7 - Intraoperative photograph of fusion area at 30 months (case
of revision surgery in adult scoliosis). Histological analysis per-
formed in a 63-year-old patient who underwent revision surgery,
showing newly formed bone and the complete osteointegration of
the device at 30 months (image kindly provided by the Department
of Orthopaedic Surgery, Niguarda Hospital, Milan, Italy).

score was significant, compared with the pre-op measure
(p<0.0001) (Tab. VIIl). No demographic or surgical factors
affected either fusion or clinical values, which were all sta-
tistically significantly different at the follow-up periods (6,
12 and 36 months) compared with their preoperative val-
ues (p<0.0005, at least). No intraoperative or postoperative
complications were recorded.

Discussion

Currently, no BGS is better than an autologous bone graft. In
long spinal fusion, the relatively limited quantity of local bone
LAB graft means there is a need for other sources. Harvesting
autologous bone graft from the iliac crest is one of the stan-
dard procedures, but possible complications associated with
this technique are well known: donor site morbidity, postop-
erative pain, hematoma, infections and increased blood loss,
which may occur in 25%-30% of patients, thus limiting its use
(3). Another alternative is the use of allograft bone (harvested
from a cadaveric donor), but this is often associated with po-
tential risk of disease transmission, bacterial contamination or
host-related reactions (36).

The results of the present study demonstrated that
the use of the newly developed MHA/Coll 3D scaffold (Re-
genOss; provided by Fin-Ceramica Faenza S.p.A., Faenza,
Italy) as BGS for bone regeneration is effective to achieve
long spinal fusion in the surgical treatment of adult scoliosis.
Moreover, this material can safely be mixed with autologous
bone, as demonstrated by the absence of any adverse events
recorded. We also considered a number of patient-related
risk factors, which might influence the final outcome, but no
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TABLE VI - Sagittal Vertical Axis stratification

Collagen-hydroxyapatite composite in posterior spinal fusion (scoliosis)

TABLE VIII - Visual Analog Scale (VAS) evaluation

Sagittal vertical axis points No. of patients (%)

Visual analog scale

SVAO 10 (24.4)
SVA1 9(22.0)
SVA?2 4(9.8)
SVA2.5 1(2.4)
SVA3 9(22.0)
SVA4 7 (17.1)
SVAS 1(2.4)

Sagittal vertical axis (SVA) recorded at 36-month follow-up. For each level,
data are reported as number (n) of patients and relative percentage (%).

TABLE VII - Oswestry Disability Index (ODI) evaluation

Oswestry disability index

Baseline 6 months 12 months 36 months

No. 41 41 41 41
Mean 72 34.6 25.5 23.0
SD 5.79 8.79 1491 12.65
Change from
baseline

Mean - -37.4 -46.5 -49

p value - <0.0001 <0.0001 <0.0001

Time course of oswestry disability index (ODI) scores. ODI values significantly
decreased for all follow-up time points, vs. basal values.

correlations with either the degree of fusion or any clinical
parameters were found.

The RegenOss scaffold evaluated in the present work was
obtained by a bioinspired synthesis method (biomineraliza-
tion) enabling the mineralization of type | collagen fibrils with
an ion-doped apatitic nanophase, similar to what occurs dur-
ing the formation of natural bone (22). Therefore, the scaf-
fold exhibits physicochemical, morphological, structural and
ultrastructural features very close to those of newly formed
bone tissue (37).; as a result, the presence of a plethora of
compositional and morphological cues offered by this scaf-
fold can trigger several biochemical mechanisms instructing
cells toward tissue regeneration.

In particular, the osteointegrative capabilities of this new
scaffold have been recently reported by Grigolo and colleagues
(38). The author reported the clinical case of a 65-year-old
patient who underwent a long posterolateral fusion for treat-
ment of adult scoliosis with severe sagittal imbalance and,
1 year later, revision surgery due to the rupture of a metal-
lic bar. During the revision surgery, a histological examination
was performed, showing the complete osteointegration of the
graft, and evidencing the safety and efficacy of the implanted
material (Fig. 8).

The use of ceramic-based BGSs in spinal applications
has been widely investigated during recent years. Nickoli
and colleagues (39) reviewed 30 clinical studies using

W

Baseline 6 months 12 months 36 months

No. 41 41 41 41
Mean 8.6 4.5 2.8 2.2
SD 0.73 1.19 1.74 1.56
Change from
baseline

Mean - -4.1 -5.8 -6.4

p value - <0.0001 <0.0001 <0.0001

Time course of visual analog scale (VAS) score. Mean VAS values significantly
decreased for all follow-up time points, vs.basal values.

Fig. 8 - Histological analysis performed in a 63-year-old patient af-
ter revision surgery, showing newly formed bone tissue marked by
purple-red staining (black arrows) and the complete osteointegra-
tion of the device (represented by the white area in the black circle)
at 30 months post-op.

ceramic-based materials as bone graft extenders in the
lumbar spine. In 10 studies, involving more than 450 pa-
tients, the use of ceramics plus local autograft evidenced a
fusion rate of around 90%. Lee and coworkers (40) 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 (41) concluded that
HA together with the use of instrumentation and autolo-
gous bone provides good performance and a solid dorsal
fusion within the expected time. Mashhadinezhad et al (42)
evaluated the degree of fusion after applying HA inserted
into cages for interbody fusion. The authors reported no dif-
ference 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 ef-
fective treatment also for interbody fusion applications.

All of these data again confirm the safety and effective-
ness of HA-based bone grafts in different spinal applications.
From this perspective, data from the present retrospective
study, in which we showed an improvement of bony fusion
of about more than 90% at 36 months after surgery, are in
line with results reported above. Moreover, the safety and
efficacy of RegenOss in providing bone union was reiterated
by the lack of baseline or clinical factors affecting the final
outcome, as measured by Lenke grades A and B, at 6-month
follow-up.

© 2017 The Authors. Published by Wichtig Publishing
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HA provides an osteoconductive matrix and shows osteo-
genic properties, but it generally lacks osteoinductive poten-
tial. For this reason, rates of successful arthrodesis can be
increased by using bioceramics in conjunction with a source
of cells such as a local autograft, which can be indicated to
reduce the need for ICBG and concomitantly increase the
quantity of bone graft available during surgery. The advantag-
es provided by the use of synthetic bone grafts include their
immediate availability and their unlimited quantity and good
safety profile, which make them an essential resource, espe-
cially for those surgical procedures requiring a large amount
of available bone graft.

In this retrospective study, we evidenced the safety and
efficacy of this new-generation BGS for long fusion in spinal
surgery. This BGS, by virtue of its malleability which makes
it adaptable to cover complex shape defects, is particularly
recommended for overlapping long segments of the spinal
column. In addition, its regenerative properties, which allow
bone ingrowth and tissue remodeling, are of relevant interest
in scoliosis surgery.

One limitation of this study was the lack of a control group
treated with autologous bone alone. Furthermore, a longer-
term observation is needed to evaluate the fate of the syn-
thetic bone graft—assisted spinal fusion, because a rigid spi-
nal system can mask possible pseudoarthrosis during the first
few years after surgery.

Conclusion

This study suggests that the use of this newly developed
MHA/Coll 3D scaffold as a BGS in long spinal fusion for the
treatment of adult scoliosis was safe and effective in provid-
ing spinal arthrodesis without any adverse effects or inflam-
matory response in all of the 41 patients treated for adult
degenerative scoliosis. Surgical results showed equivalent or
superior results compared with previous published data as-
sociated with the use of the gold standard ICBG. No patient-
related factors affected the final outcome, underlying the
notion that the use of this bone graft is effective indepen-
dently of the patient’s clinical condition, and it can be safely
associated with autologous bone in this surgery. Use of the
3D scaffold provided new bone formation, allowing spinal
arthrodesis and therefore representing a valid support to in-
strumentation devices for the achievement of spinal fusion.
Further investigations are needed to support long-term effi-
cacy and additional indications for its use.
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Abbreviations

BGS Bone graft substitutes

CS Calcium sulphate

HA Hydroxyapatite

ICBG Iliac crest bone graft

LAB Local autograft bone

MHA/Coll  Magnesium-doped hydroxyapatite/type | colla-

gen
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ODI Oswestry Disability Index

SVA Sagittal vertical axis

TCP Tricalcium phosphate

TLIF Transforaminal lumbar interbody fusion

VAS Visual analog scale
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