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 S53P4 Bioactive Glass - an Alternative Treatment of Bone Defects
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A challenging problem in orthopedic practice is represented by bone defects may they occur from trauma,
malignancy, infection or congenital disease. Bioactive Glasses have a widely recognized ability to foster the
growth of bone cells, and to bond strongly with both hard and soft tissues. Upon implantation, Bioactive
Glasses undergoes specific reactions, leading to the formation of an amorphous calcium phosphate or
crystalline hydroxyapatite phase on the surface of the glass, which is responsible for its strong bonding with
the surrounding tissue. This phenomenon sustains a more rapid healing of bone defects and presents great
antibacterial properties. In this paper we report on a clinical study that uses S53P4 Bioactive Glass to
successfully treat bone defects and testify of the good compatibility of this material with human tissues.
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A challenging problem in orthopedic practice is
represented by bone defects may they occur from trauma,
malignancy, infection or congenital disease. Clinically, these
defects can be reconstructed through the use of various
grafts such as autografts, allografts and biocompatible
synthetic materials [1,2]. As such, more than 2.2 million
bone graft procedures are performed annually worldwide
to ease fracture healing or to fill defects.

After Hench discovered the 45S5 bioactive glasses in
1971 [3] the later has been frequently considered as
scaffold materials for bone repair [3-6]. Bioactive glasses
have a widely recognized ability to foster the growth of
bone cells [7,8], and to bond strongly with both hard and
soft tissues [3,4]. Upon implantation, bioactive glasses
undergo specific reactions, leading to the formation of an
amorphous calcium phosphate (ACP) or crystalline
hydroxyapatite (HA) phase on the surface of the glass,
which is responsible for their strong bonding with the
surrounding tissue [4]. Several studies have reported on
properties of the Bioactive Glass (BAG) such as ions
releasing that activate expression of osteogenic genes [9-
11] or stimulation of angiogenesis [11-14]. It is also shown
in [15-21] that the Bioactive Glass has antibacterial,
osteoconductive and angiogenic properties, that makes it
a perfect candidate for treating bone defects in infections.

Another important advantage of the BAG is the ease in
controlling its chemical composition, thus its rate of
degradation which makes it attractive as scaffold material.
The structure and chemistry of Bioactive Glasses can be
tailored over a wide range by changing either composition,
or thermal or environmental production conditions.
Therefore, it is possible to design glass scaffolds with
variable degradation rates closely matching those of bone
ingrowth and remodeling [22].

So far, a limiting factor in the common use of Bioactive
Glass scaffolds for the repair of defects in load-bearing
bones has been their low strength [5,6, 23]. However, there
are studies [24,25] showing that by slightly varying the
composition and the fabrication conditions, bioactive glass

scaffolds can be created with strength comparable to
human trabecular and cortical bones, having predesigned
pore architectures.

To our knowledge, in Romania there is limited scientific
work involving the Bioactive Glass and the existing
approaches are mainly in vitro experiments such as [26-
28]. So far, the only Romanian clinical initiative of treating
bone infections using the Bioactive Glass has been recently
reported by [29] with promising results. However, the
clinical work involving Bioactive Glass implants for treating
bone defects and especially defects in load-bearing bones
is far from mainstream in Romanian hospitals. This
motivated our clinical trial and via our results we intend to
encourage the update of the treatment protocol for bone
cysts not only institutional wide but also country wide.

Experimental part
Our study of using Bioactive Glass for treating bone

defects was conducted between 2011 and 2016, by a well
prepared team of orthopedics surgeons. The Bioactive
Glass BonAlive [31] (S53P4) was used to fill the defects
resulted after the debridement of bone cysts. The study
was conducted on 4 patients (2 male, 2 female) with an
age range of 17 to 67 years, with a mean age of 32 years
and a male/female ratio of 1:1. None of the patients had
any contraindication neither for the surgery nor for this
technique.

The physical examination of all 4 patients showed pain
in the area of the cysts. The active and passive mobility of
the affected limb was restricted due to algic defense. The
diagnosis of bone cysts was confirmed radiologically.
Figure 1 shows the Rx images of two of the treated defects.

The surgical intervention consisting of debridement of
bone cysts and filling the defects with Bioactive BonAlive
Glass was performed by the same team of surgeons. We
used BonAlive granules sized 2.0-3.15 mm on all patients,
with a composition of  53% SiO2, 23% Na2O, 20% CaO, 4%
P2O2 [31].

* email: sorintpop@yahoo.com; Phone: 0744527203



http://www.revistadechimie.ro REV.CHIM.(Bucharest)♦ 68♦ No. 2 ♦ 2017388

The patients were clinically and radiologically evaluated
(Rx exams) after the surgery at 2 weeks, 1 month and 12
months. Figure 3 shows a selection of the post-operatory
images of the treated areas.

Results and discussions
After surgery all patients followed the same recovery

program. 2 weeks they had no weight bearing restrictions
(walk with crutches). Between 2-4 weeks they could
progressive start loading walking. No restrictions on
movements after 2 months.

We performed physical examination of the patients to
determine the range of motion and the level of pain. For all
patients the pain decreased between 2 to 4 weeks after
surgery and they were able to return to their normal
activities after the recovery program. At the 1 and 12
months’ evaluations all the patients showed good bone
substitute integration, with no signs of ostheolysis on the
Rx. None of the patients experienced post operatory
complications. Figure 3 illustrates the Rx results on two
patients at 12 months’ evaluation exam.

cells and their matrix production. Using an in vitro model
[18] demonstrated that the presence of 45S5 Bioglass
scaffold in a fibroblast-conditioned medium stimulated the
development of complex networks of interconnected
tubules and increased the tubules branching. These are
essential elements for angiogenesis, cell migration, cell
proliferation, vessel branching and anastomosis.

All those properties make the Bioactive Glass an
excellent candidate for solving bone defects in orthopedic
practice. In this direction our current clinical study proved
that the bioactive glass can be successfully used for treating
cysts in load-bearing bones and that it permits a more rapid
recovery than the conventional therapy protocol.

In the future we intend to extensively study and test
several new generations of mesoporous bioactive glasses
configurations (MBGs) [22] tailored at the nanometer scale
through the incorporation of structure-directing agents to
the solgel synthesis. These new glasses exhibit the fastest
in vitro bioactivity observed up to date. The real clinical
significance and the resulting palette of implications is still
unknown, as the ordered mesoporous structure could allow
incorporating osteogenic agents, osteoclasts inhibitors,
antitumoral drugs, etc., thus providing an excellent potential
for the treatment of bone diseases. Also the morphology
and the size of the implanted granules are critical
parameters for an optimal colonization of bone cells and
formation of blood vessels. In this sense, rapid prototyping
techniques and additive preparation methods allow the
control of the implants macro-architecture and are called
to play a very important role in regenerative therapies [22].

Conclusions
This clinical study confirms that bioactive glass is an

excellent bone substitute that can be used as a
replacement of autografts in several particular scenarios.
In particular, great candidates for bioactive glass implants
are patients with minimal access to the defect and minimal
exposure of the bone. In this specific configuration, patients
are protected from infections, excessive bleeding and are
expected to have a faster recovery.
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