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ABSTRACT
Introduction: Three-dimensional Scaffold structure of
synthetic biomaterials with their interconnected spaces seem to
be a safe and effective option in supporting bone regeneration.
The aim of this animal study was to compare the effectiveness
of three different biocompatible scaffolds: bioglass (BG),
demineralized bone matrix (DBM) and forstrite (FR).
Materials and methods: Four healthy dogs were anesthetized
and the first to fourth premolars were extracted atraumatically
in each quadrant. After healing, linear incision was prepared
from molar to anterior segment and 4 defects in each quadrant
(16 defects in each dog) were prepared. Scaffold blocks of BG,
DBM and FR were resized according to size of defects and
placed in the 12 defects randomly, 4 defects remained as control
group. The dogs were sacrificed in 4 time intervals (15, 30, 45
and 60 days after) and the percentage of different types of
regenerated bones (lamellar and woven) and connective tissue
were recorded in histological process. The data were analyzed
by one-way ANOVA and post hoc using SPSS software Ver.
15 at significant level of 0.05.
Results: In day 30th, although the amount of regenerated
lamellar bone in control, DBM and BG Scaffold (22.37 ± 3.44;
21.46 ± 1.96; 21.21 ± 0.96) were near to each, the FR Scaffold
provided the highest amount of lamellar (29.71 ± 7.94) and
woven bone (18.28 ± 2.35). Also, FR Scaffold showed significant
difference with BG (p = 0.026) and DBM Scaffolds (p = 0.032)
in regenerated lamellar bone.
Conclusion: We recommend paying more attention to FR
Scaffold as a biomaterial, but it is better to be compared with
other nano biomaterials in future studies.
Keywords: Bioglass, Bone regeneration, Demonetized bone
matrix, Forstrite, Scaffold.
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INTRODUCTION
Due to trauma, tumors, or degenerative disease bone or
massive tissue might be lost and reconstruction requires
sufficient bone with acceptable quality and quantity.1,2
From another view, the optimum goal of periodontal
treatments is the regeneration of lost bone and periodontium.3 Nowadays many patients are discovering
a hope for their jaws to be reconstructed by substitutes
with osseous structures.4
Autogenously bone grafts are claimed to be the optimum choice for reconstructing bone defects. However,
limited bone stock, imposing surgical intervention,
and complications at the donor site are some of the
major obstacles of this technique.2,5 Allogeneic grafts
are another tested alternatives which are including as
irradiated bone from cadavers (bone mineral from bone
banks) and demineralized bone matrix (bone mineral
dissolved away by using acids), but immunological
responses are probable to happen.6
Biocompatibility, bio-restorability and osteogenicity
are some the characteristics of an ideal bone substitute.7
To accomplish the mentioned properties, synthetic
biocompatible bone substitutions have been introduced.
They seem to propose a safe and effective option in
procedures like filling of fracture defects, complete
joint revision surgery and spine fusion but still there is
some doubts.7,8 They consisted of calcium, phosphate,
ceramics, and organic materials which can enhance
a stable situation for appropriate bone response and
reconstructions.9 It is stated that they are appropriate for
repairing small defects, not extended bone ones.10
The examples are bioactive glass and calcium phosphate ceramics such as hydroxyapatite, and tricalcium
phosphate or biphasic calcium phosphate.11
In 1971, bioactive glass (BG) first was introduced as
a biocompatible material for repairing bone defects.12
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Since then, many studies have proved the capability of
BG in promoting osseintegration and forming new bone
in defects.13-15 It’s well surface modifications induce the
osteoblast to generate an amorphous calcium phosphate
layer which can turn to a biological hydroxycarbonate
apatite phase and durable interfacial bonding.12 Gatti
et al16 managed a study to evaluate the clinical use of BG
in treating dental extraction sites before loading implants.
The results manifested existence of new bone formation
and biodegradation of the glass.
3D Scaffold structure form of these synthetic materials
opened a fabulous technique in bone and tissue engineering. They provide a porous and interconnected spaces
with sufficient room for migration and adhesion of cells,
and finally ingrowth of new bone tissue.17 An ideal Scaffold must be able to share loads with surrounded bone.
This cannot be achieved if they were brittle, specially
when the bone defect is subjected to cyclic loads.18 Chen
et al19 claimed that BG Scaffolds possess the essential
features for bone tissue regenerating as they are biodegradable and support temporary mechanical function.
Forstrite (Mg2SiO4) (FR) is another well biocompatible
nanocomposite with better bonding strength, fracture
toughness; specially in combination with Polycaprolactone
which results in a Scaffold structure appropriate for bone
tissue regeneration.20-23 F Tavangarian RE conducted a
study about bioactivity of Forstrite, the result revealed
that mechanical properties of Forstrite tolerated implant
material loads, perfectly.20
Collagen and demineralized bone matrix (DBM)
Scaffolds have their advocates, too. They can stimulate
osteoinductive factors including bone morphogenetic
proteins and transforming growth factor-a (TGF-a) for
new bone regeneration.24-26
Based on above information, the aim of this study
was to compare the efficacy of BG, FR and DBM based
Scaffolds in supporting new bone formation.

MATERIALS AND METHODS
Ethics
This study was approved by the animal department of
Torabinejad Dental Research Center and local ethical
committee of Isfahan University of medical science.

Surgical Procedure
In this prospective animal study, four healthy male dogs
(Persian race) aged 1-4 and weighed 32 to 46 kg were
included. The dogs were anesthetized initially with 10
mg/kg Ketamine (Ketamine HCL, Alfasan, Woerden,
Holland) and 0.15 mg/kg Rampone under aseptic
condition and maintained under general anesthesia by
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5% Halothane (Halothane, Bp, Nicholas Piramal India
Limited, India) and N2O. First to fourth premolars were
extracted without severe trauma in each quadrant and
surrounding bone was tried to be preserved, according to
Helsinki declaration. Parallel periapical radiographs were
taken with XCP film holders (Rinn Co., USA) to evaluate the
healing of tooth extraction sites in further three months.

Material Placement
After appropriate bone healing, infiltration anesthesia
comprising of 3.6 ml Lidocain (Darou pakhsh pharmaceutical. Mfg. Co., Tehran, Iran) was derived in the mucobuccal fold. Linear incision was prepared from molar to
anterior segment and full thickness mucoperiosteal flap
was elevated by a mucoperiosteal elevator. Four defects
with 5 mm depth and 5 mm diameter in each quadrant
(16 defects in each dog) were prepared by trephine #5
surgically. Two of the defects were on the crestal ridge
and two others on the buccal surface of the ridge. Then,
these 16 defects were randomly filled by following four
Scaffolds separately:
1. Bioglass (BG) Scaffold (Novabone, Alachua, USA)
2. Dem i nerali zed bone mat rix (DBM) Scaffold
(BioHorizons’ Grafton, Birmingham)
3. Forstrite (FR) Scaffold (New nano, Isfahan University
of Technology, Isfahan, Iran)
4. Control group
The above materials’ blocks according to size of defects
were prepared and rinsed with distilled water according
to the manufacturers’ instructions. Then all the defects
were covered by a non-resorbable membrane (PTFE
Whatman, Kent, UK).

Follow-up
The dogs were kept in the animal house keeping of faculty under consideration of a vet and they were sacrificed
in 4 time intervals (15, 30, 45 and 60 days, each dog at
each time point). A lethal injection of 40 ml Pentobarbital
Sodium at 100 mg/ml in 290 gr/1000 ml Spiritus Fortis,
100 mg/kg was given to each of the dogs in scheduled
time intervals. All 16 samples were extracted using trephine #8 with sufficient amount of surrounding bone.
These procedures were also done in 30, 45 and 60 days
after the surgery.

Histological Analysis
Extracted specimens were kept in glutaraldehyde
solution for 6 hours. Four longitudinal ground sections
(totally 16 samples for each biomaterial in each interval)
were prepared from each defect by using Microtome
(Accutom-50, Stuers, Copenhagen, Denmark). The
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Table 1: The mean regenerated lamellar and woven bone in different time intervals
Day
15

30

45

60

Biomaterial
BG
DBM
FR
Control
BG
DBM
FR
Control
BG
DBM
FR
Control
BG
DBM
FR
Control

Mean (SD)
24.84 (4.26)
29.71 (7.94)
25.21 (3.83)
21.59 (0.66)
21.21 (0.94)
21.46 (1.96)
26.56 (6.97)
22.37 (3.44)
24.28 (4.01)
23.71 (2.16)
25.21 (3.27)
24.51 (2.75)
22.65 (2.76)
21.12 (1.16)
26.65 (4.51)
23.43 (5.26)

Lamellar bone
Upper bound
27.11
33.95
27.26
21.94
22.72
22.51
30.28
24.20
26.41
24.87
26.96
25.27
24.12
21.74
29.06
26.24

Lower bound
22.56
25.48
23.17
21.24
19.71
20.42
22.84
20.54
22.14
22.56
23.47
24.34
21.18
20.50
24.24
22.63

Table 2: Comparisons of regenerated lamellar and woven bone
in different time intervals
Day
15

30

45

60

Comparing
biomaterials
FR
BG
DBM
Control
DBM
BG
Control
BG
Control
FR
BG
DBM
Control
DBM
BG
Control
BG
Control
FR
BG
DBM
Control
DBM
BG
Control
BG
Control
FR
BG
DBM
Control
DBM
BG
Control
BG
Control

Lamellar bone
1.00
0.11
0.43
0.55
0.001
0.63
0.026
0.032
0.19
1.00
1.00
0.97
1.00
1.00
0.84
1.00
0.98
0.99
0.26
0.012
0.018
0.99
0.36
0.84

Woven bone
0.99
0.97
1.00
1.00
1.00
1.00
0.18
1.00
0.13
0.56
0.44
1.00
0.88
0.97
1.00
0.96
1.00
0.79
1.00
1.00
0.92
1.00
1.00
1.00

samples were stained by Hematoxylin and Eosin stain
(H & E) and mounted on the histological lams. All stained
specimens were investigated under optical microscope
(40× magnification) (Ziess, Germany) and percentage of
different types of regenerated bones (lamellar and woven)
and connective tissue were recorded. The cross sections of
specimens were surveyed by Adobe Photoshope 7.0 (San
Jose CA.) and the amount of the regenerated bone was

Mean (SD)
15.25 (1.35)
15.00 (1.14)
15.87 (0.82)
15.17 (0.50)
16.59 (1.42)
17.93 (3.08)
18.28 (2.35)
16.50 (0.70)
16.68 (1.66)
17.25 (1.12)
17.37 (1.24)
16.81 (1.64)
15.06 (1.43)
15.00 (1.06)
15.33 (1.30)
14.78 (2.48)

Woven bone
Upper bound
15.97
15.60
16.31
15.54
17.35
19.57
19.53
16.87
17.57
17.84
18.03
17.68
15.82
15.56
17.03
16.45

Lower bound
14.25
14.39
15.43
15.10
15.83
16.29
17.02
16.12
13.80
16.65
15.71
15.93
14.29
14.43
15.71
13.82

re-evaluated to confirm data. Data analysis were carried
out by one-way ANOVA and post hoc using SPSS
software version. 15 at significant level of 0.05.

RESULTS
Table 1 represents the descriptive analysis of regenerated
lamellar and woven bones induced by biomaterials and
Table 2 demonstrates comparisons between biomaterials
in each time intervals.
Day 15: Based on the results, DBM Scaffold induced
the highest amount of lamellar bone (29.71 ± 7.94) and FR
Scaffold caused the highest amount of regenerated woven
bone (15.87 ± 0.82).
The results of comparison showed that only DBM
Scaffold provided significant difference with the control
group (p = 0.001).
Day 30: In this interval, although the amount of regenerated lamellar bone was approximate to each other in
control, DBM and BG Scaffold (22.37 ± 3.44; 21.46 ± 1.96;
21.21 ± 0.96), the FR Scaffold provided the highest amount
of lamellar (29.71 ± 7.94) and woven bone (18.28 ± 2.35).
Also, FR Scaffold showed significant difference
with BG (p = 0.026) and DBM Scaffolds (p = 0.032) in
regenerated lamellar bone.
Day 45: FR Scaffold caused the highest amount of
lamellar (25.21 ± 3.27) and woven (17.37 ± 1.24) regenerated
bone. The lowest lamellar and woven bone was observed
in DBM Scaffold (23.71 ± 2.16) and control (16.81 ± 1.64)
groups.
Day 60: Based on analyzed results, FR Scaffold
induced the highest level of lamellar (26.65 ± 4.51) and
woven (15.33 ± 1.30) regenerated bones; also FR Scaffold
showed significant difference with DBM Scaffold
(p = 0.018) and control (p = 0.012) groups in amounts of
lamellar bone regeneration.
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DISCUSSION
Emerging cell-based tissue engineering technique
currently has offered great fortune to meet the clinical
need for bone substitutes. There has been growing
interest in using 3D Scaffolds for supporting bone
regeneration.6, 27-29
An appropriate Scaffold must have a suitable interconnected pore network which can make migration and
proliferation of osteoblasts cells more.6,22 In the present
study, the use of Forsterite seems to have promising
results compared to other Scaffolds in repairing bone
defects.
FR is a nanocrystalat bioceramic made of Talc,
Alumina, and Magnesium Carbonat with not only lots
of macropores, but also plentiful micropores (on the scale
of 1–10 nm) on the macroporous walls. The FR Scaffold
provides the most suitable morphology with 30% Wt
and shows steady structure,22 while the nano BG with
its high biocompatibility, as Hajialian H et al claimed,
has only 7.5% Wt.30
As the result showed, the FR Scaffold made the
highest generation of lamellar bones in days 30, 45 and 60;
and the highest level of woven bone in all the intervals.
Maybe it is needed to mention that in the initial stage
of bone healing, the matrix proteins can be attracted by
Nano-size granules then a vascular rich protein matrix

A

C

would be formed. So the osteogenesis happens on this
matrix and the final bone is regenerated. Since nano scale
structures provide a larger surface area, the amount of
attracted proteins would be much more increased. This
can be an explanation why the use of nano materials (FR
Scaffold) can enhance the bone regeneration capacity
compared to micros (DBM and BG Scaffold). Also these
larger surface areas pretend as biological materials.31
Zhou Y et al claimed that different ions including Mg2+
and Si4+, specially in crystalized form (like FR structure),
shows a little cytotoxicity and significant promotion
of regeneration. 32 Also nanoparticles accelerate the
substitution of biomaterials by vital bone33 and can
induce the osteogenic differentiation of stem cells.34 All
of these mentioned capabilities can explain the significant
difference which were observed between FR and DBM
(p = 0.032), and BG (p = 0.026) Scaffolds after 30 days.
The histopathology of the samples after 15 and 30 days
in Figures 1 and 2.
To respect to Helsinki declaration, we limited our
samples to four dogs but tried to compensate with higher
number of defects. As each dog was designated for one
interval and biology of each dog might be different
from another one, comparing regenerated bone among
them might not be logical. For instance, considering
lower amount of regenerated woven bone in day 60th

B

D
Figs 1A to D: Histopathology of the sample after 15 days A (BG), B (C), C (Fr) and D (BDM)
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A

B

C

D
Figs 2A to D: Histopathology of the sample after 30 days A (BDM), B (C), C (BG) and D (Fr)

in comparison with day 45th is not suggested. Also it is
stated that new bone formation around the materials is
influenced by their location within the bone.35
The BG Scaffold did not show significant differences
with other groups specially the controls (p > 0.05); and
following the recommendation of using nano BG Scaffold
instead of microporous BG Scaffold36 is suggested.

CONCLUSION
By considering limitations of this study, the FR Scaffold
showed the highest amount of bone regeneration
specially after 30 days. We recommend paying more
attention to this material as a 3D scaffold as a biomaterial
for regenerating bone, but it is better to be compared with
other nano type materials in future studies.
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