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ABSTRACT

Background: Bone defects resulting from trauma, tumor resection, infection, and congenital or acquired deformities remains
an important clinical problem. Synthetic nano-crystalline hydroxyapatite, Nano bone, was successfully used in healing of
bone defects without revealing negative side effects. Biodentine; a calcium-silicate based material was reported to have
osteogenic and angiogenic properties.

Objectives: This study aims to investigate the initial osteoinductive potential of Nano Bone and Biodentine on surgically
created defects in rabbit’s alveolar process.

Methods: 30 adult male rabbits (1-1.5kg) were used in this study. Bilateral bone defects were created in the mandibles of
all rabbits, one in each side; the right sides were experimental, and the lefts were kept empty as control. Animals were then
divided into two groups (15 rabbits each); Group I (Biodentine): The right-side defects were loaded with Biodentine material.
Group II (Nano Bone): Nano Bone was packed in the right-side defects. Five rabbits were euthanized from each group at; 3,
7 and 14 days postoperatively. Bone defects’ specimens were prepared for histological examination by light microscope as
well as quantitative analysis of gene expression of collagenl alpha and Runx-2 by real time PCR.

Results: Biodentine had initiated osteogenesis; yet the newly formed bone was apparently of lesser quality than that formed
with Nano Bone. Runx- 2 showed significant increase in Nano Bone compared to Biodentine at 1 week, while collagen! alpha
gene expression was significantly increased at all intervals.

Conclusion: Both Nano Bone and Biodentine had initiated osteogenesis. Nano bone showed better healing results when
compared to Biodentine.
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INTRODUCTION Hydroxyapatite ceramics also exhibit minor

Researchers in the field of regenerative therapy and
tissue engineering are always heading for new technologies
in cell transplantation, and bioengineering. This quest
to develop new techniques and biological substitutes to
compensate for damaged tissuel!l.

Bone substitute grafts have adventitious characters over
autografts and allografts. Bio-mineral morphogenesis is an
approach to improve architectural structure of chemicals
in micro size and nanocrystal. Hydroxyapatite (HA) is
the principal inorganic component of bone and teeth!'l.
Synthetic HA is widely used in biomedical applications
based on its close resemblance to HA structure in bone!?.
Nano Bone is an advanced graft material constructed from
nanocrystalline hydroxyapatite (nHA). It is a biocompatible
candidate applied in many maxillofacial surgeries®!.
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biodegradation in vivo and proper osteoconductive
propertiest?. Nano-hydroxyapatite (nHA) was
used successfully in sinus floor and alveolar ridge
augmentation, as well as space-maintenance of bone
fractures and intra-bony periodontal defects?!. It was also
applied as coating for implants and as a bone filler.

Biodentine is a new calcium-silicate based biomaterial
that is manufactured using mineral trioxide aggregate
(MTA)-based cement technology, which improves its
physical properties and handling. Its powder is formed of
tricalcium silicate, calcium carbonate and Zirconium oxide
for radio-opacity. The liquid consists of calcium chloride,
water and polycarboxylatel®).

Biodentinehasashortsettingtime,excellentcompressive
strength and good sealing properties!®. It is outstandingly
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bioactive and biocompatible with the peri-radicular tissues
and acquires high physical and chemical qualities in oral
environment as in root perforations, apexification, direct
pulp capping, retrograde endodontic filling, and in dentin
restorative substitution. Few researches highlighted the
stimulatory effect of Biodentine on the osteoblastic and
periodontal cells’ activity and identified it as a bioactive
cement!’). The present study aimed to investigate the osteo-
inductive potential of Biodetine versus Nano Bone’s on
surgically created defects in rabbits’ mandibular alveolar
processes through histological changes as well measuring
the levels of the associated proteins Runx-2 and collagen-
1-alpha.

METHODS

Ethical statement

The experiment was held at the animal house, Faculty
of Medicine, Cairo University. The design was accepted
by Cairo University Institutional Animal Care and Use
Committee (CU-IACUC) Medical Science Sector.

MATERIALS

Nano Bone was supplied as vials containing dry grainy
material to be directly packed inside the defect after being
mixed with a drop of the animal’s blood. According to
manufacturer's instructions, mixing the grains with the
recipient’s blood provides the proteins needed for active
bone formation and facilitates regeneration. It is a fully
synthetic, granular, biodegradable, biocompatible and
highly porous bone grafting material produced by a sol-gel
process. It is composed of nanocrystalline, non-sintered
hydroxyapatite and silica gel (SiO,) up to 76% and 24%
respectively. Its particle size is 1.0 x 2.0 mm.

Biodentine was supplied as powder capsules (700mg
each) and plastic disposable vials (0.20 ml each). The liquid
contains calcium chloride as an accelerator and a hydro
soluble polymer that serves as a water reducing agent.
Each portion of powder and liquid was mixed according to
the manufacturer instruction sheet.

Experimental design

Thirty adult male New Zealand rabbits (1-1.5 kg weight,
31-35 weeks age) were used. Rabbits were housed in the
animal house, Faculty of Medicine, Cairo University under
veterinarian supervision. Animals were housed separately
in stainless steel laboratory rabbit cages under controlled
temperature at 25°C + 2°C with free access to standard
unstiffened diet and freshwater inverted plastic flasks.

Surgical protocol

Under sterile conditions, the surgical procedures were
performed under general anesthesia with a combination of
ketamine hydrochloride (0.08 mL/100g bw) and Xylazine
hydrochloride (0.04 mL/100 g bw)[®.

The gingiva was incised over the crest of the ridge in the
diastema extent between the incisor and the posterior teeth,
then the mucoperiosteum was elevated exposing the bone

surface. A bone defect was fabricated using trephine bur
(3mm diameter and 3mm depth) at low-speed hand piece
under constant saline irrigation to prevent overheating of
bone margins. To control the defect size; a fixed size of
a surgical bur was used with marking the required length
using an endodontic file rubber stopper to provide a fixed
depth.

At the end of the surgical procedure, the muco-
periosteum was sutured with 5-0 silk suture (Ethicon®,
Johnson and Johnson, Sao Jos¢ dos Campos, Brazil).
Animals were kept under systemic antibiotic coverage
1 mg/kg once daily for five days postoperatively. Pain was
controlled by oral administration of Paracetamol (200 mg/
kg, twice a day for 2 days). The surgical procedure was
applied on both sides (right and left); where the right-side
defect was considered as experimental and the left-side
defect was kept empty and set as control.

Rabbits were divided into two groups (15 rabbits
each)

Group I (Biodentine): The mandibular right-side
defects were loaded with Biodentine material.

Group II (Nano Bone): The mandibular right-side
defects were loaded with Nano Bone material.

Powder and liquid components of Biodentine were
manually mixed in parallel by a stainless-steel spatula on
a clean glass slab. The paste was then loaded in the defect
using a dental composite applicator instrument and then
compressed into the defect using an amalgam condenser
to secure complete filling of the defect to the level of the
surrounding bone surface. Nano Bone was handled in the
same manner by mixing its grains with blood drops and
loaded as well into the defect.

After the experiment was carried out, animals of both
groups were euthanized by intra-cardiac overdoses of
sodium thiopental at; 3, 7 and 14 days. At each period, five
rabbits were sacrificed from each group. Bone defects’
specimens were prepared for histological examination by
light microscope as well as for quantitative analysis of
gene expression of collagenl alpha and Runx-2 by real
time PCR.

Histopathological Examination

Specimens from each group were soaked in 10%
ethylene diamine tetra-acetic acid (EDTA) for 4 weeks
to decalcify. Then dehydrated in alcohol, cleared in xylol
and embedded in paraffin. Sections of 4-5u thickness were
mounted on regular glass slides and stained by Hematoxylin
and Eosin (H and E) for routine histological examination
according to the conventional method.

Quantitative analysis of gene expression of
collagenl alpha and Runx-2 by real time PCR:

Total RNA extraction

Total RNA was extracted according to manufacturer
instructionsusing SV Total RN Aisolationsystem. (Promega,
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Madison, WI, USA). The RNA concentrations and purity
were measured with an ultraviolet spectrophotometer.

Complementary DNA (cDNA) synthesis

The cDNA was synthesized from 1 pg RNA using
SuperScript III First-Strand Synthesis System as described
in the manufacturer’s protocol (#K1621, Fermentas,
Waltham, MA, USA).

Real-time quantitative PCR (RT-PCR)

RT-PCR amplification was done with Applied
Biosystem with software version 3.1 (StepOne™, USA).
The reaction includes SYBR Green Master Mix and
gene-specific primer pairs (Table 1). It was designed by
Gene Runner Software (Hasting Software, Inc., Hasting,
NY) from RNA sequences of the gene bank. Every set
of primers exhibited 60° annealing temperature. RT-PCR
was done in 25-pul reaction volume formed of 2X SYBR
Green PCR Master Mix, 900 nM of every primer plus 2l
of complementary DNA. Amplification was applied under
specific time and temperature conditions of several cycles
of denaturation and annealing/extension. v1-7 sequence
detection software from PE Biosystems (Foster City, CA)
was used to calculate the records of RT assays. Comparative
Ct technique was used to determine the relative expression
of mRNA gene. Data were standardized to beta actin which
is the control housekeeping gene.

Table 1: Showing the primer sequence of the studied gene

Primer sequence

Collagen  Forward primer :5’- TCACCTACAGCACGCTTG-3
1 alpha Reverse primer 5'- GGTCTGTTTCCAGGGTTG -3°
Runx.2 Forward primer :5- GACTGTGGTTACCGTCATGGC -3
U Reverse primer: 5- ACTTGGTTTTTCATAACAGCGGA -3
. Forward primer :5’--GGTCGGTGTGAACGGATTTGG -3
Beta actin

Reverse primer:5'- ATGTAGGCCATGAGGTCCACC-3

Statistical analysis

Statistical analysis was done by the statistical package
SPSS version 22. Mean and standard deviation were used
to summarize the obtained data. Comparisons between
groups were done using analysis of variance (ANOVA) with
multiple comparisons post hoc test when comparing more
than 2 groups. Correlations between quantitative variables
were done using Pearson correlation coefficient!!%l.

RESULTS

Histological Results
I- Three days interval
a) Control

The experimental defects appeared with well-defined
open margins. The granulation tissue almost filling the
entire defect was infiltrated peripherally with collagen
fibers varying from loosely arranged to densely packed.
In some areas, the fibers assumed a network entrapping
inflammatory cells that were numerous in some areas

with deeply stained, and sometimes, bilobed nuclei.
Interconnected bone trabeculae with intervening marrow
spaces were detected surrounding the defects margins.
(Figure 1)

b) Biodentine group

The defects were nearly empty with no evidence of
granulation tissue or inflammatory cells, except for tiny
collagen bundles which were accidentally found. Scattered
remnants of the material were seen inside the defect. In
some locations, the material exhibited tight attachment to
the bone surface leaving no space intervening. Old bone
fragments were obvious together with the regular spongy
bone bordering the margins of the defects. (Figure 2)

¢) Nano Bone group

The defects were apparently empty; but evidence of
initial granulation tissue formation could be detected near
the base of the specimens. Densely packed fine collagen
fibers, inflammatory cells infiltration and congested
capillaries were observed among the fibrous tissues.
Remnants of the nano material were still detected within
the defects. The nano material was observed interlacing
with the granulation tissue and infiltrating the nearby
marrow cavities. Few osteoclasts were seen scattered
within the adjacent marrow spaces of old bone (Figure 3).

II- One week interval

a) Control

Wide areas of granulation tissue were still obvious
with irregularly arranged collagen fibers and heavy
inflammatory cells infiltration in relation to the control
of the previous interval. Thus, signs of fibrous tissue
organization as an early step of osteogenesis could be
detected through the onset of confluence of fibrous
tissue and emergence of high cellularity filling most of
the defect area. Some of these cells were spindle shaped;
others appeared with deeply stained basophilic eccentric
nuclei. Few blood vessels were seen scattered within the
tissue. Sporadic osteoclasts were detected on original bone
boundaries of the defect.

Bone trabecular formation started as thin highly cellular
septa spreading from and connecting the original bone and
dispersed into the granulation tissue. The newly formed
trabeculae appeared with different staining intensity than
older bone trabeculae. Numerous resting lines were seen
within the newly formed bone, the osteocytes lacunae
appeared widened and few were empty. The osteocytes’
nuclei exhibited variable sizes and staining intensity
(Figure 4).

b) Biodentine group

Compared to the control side; greater number of
inflammatory cells was detected within the granulation
tissue which exhibited densely packed collagen bundles.
Inflammatory cells’ condensation was evident within the
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defects with multiple multinucleated giant cells near an
area assumed to belong to the remains of the used material.
Obvious areas of fatty degeneration were detected
throughout the defect. Extravasated blood could be seen
dispersed within the defects. Scattered trabeculae of woven
bone with entrapped osteocytes in wide lacunae were
evident. Sometimes, multiple nuclei were seen in separate
lacunae with variable shapes and staining intensity. No
obvious resting lines were detected (Figure 5)

¢) Nano Bone group

Still granulation tissue with densely packed collagen
bundles and inflammatory infiltration was obvious but to
a fairly lesser extent when compared to the Biodentine
group. Areas of woven bone formation were detected
with entrapped osteocytes; closely resembling those of
the control but lacking resting lines. The newly formed
bone covered a greater area of the defects compared to the
Biodentine group (Figure 6)

III- Two weeks interval

a) Control

The margins of the defects were not yet approximated.
Radiating delicate bone trabeculaec were detected within
the granulation tissue; some were interconnected enclosing
tissues simulating marrow cavities. The newly formed
trabeculae revealed entrapped osteocytes and were
obviously bordered by osteoblasts. Intertwining with
the trabeculae there were areas of fibrous tissue with
spindle-shaped fibroblasts. Evidence of inflammatory
cells with bilobed nuclei; others assumed large size with
multinucleation (Figure 7).

b) Biodentine group

In contrast to control, numerous inflammatory cells
infiltrate was still obvious within the defects with bundles
of thick collagen fibers. Multinucleated giant cells with
spindle shaped cells were detected within the dense fibrous
tissue. More bony spicules were revealed than the same
group of the previous interval. The entrapped osteocytes
appeared with hyperchromatic, pleomorphic nuclei
and exhibited widened lacunae; some appeared empty.
Osteoblasts like cells were obvious in the vicinity of the
newly formed trabeculae in an attempt to line their borders
(Figure 8)

¢) Nano Bone group

Well defined bone trabeculae within the defects were
obvious with embedded osteocytes and were lined along
their periphery by osteoblasts. Osteocytes appeared with
deeply stained basophilic nuclei in uniform lacunae;
yet some appeared empty. Reversal lines together with
irregularly arranged numerous resting lines could be
detected. Granulation tissue with collagen fibers ranging
from widely dispersed to densely packed collagen bundles;

as well as numerous inflammatory cells were seen
(Figure 9)

Statistical Results
Runx-2

Statistically significant increase in Runx- 2 gene
expression was noted in Biodentine and Nano Bone
groups compared to control throughout the three periods
(p value<0.001). No significant difference was detected
between Biodentine and Nano Bone groups at 3 days
(p value 0.72) and 2 weeks (p value 0.45). At 1 week there
was a significant increase in Nano Bone group compared
to Biodentine (p value<0.001) (Table 2 a, b, ¢ and Figure
10).

Control specimens showed no significant difference
(p value>0.05) among the three intervals. No significant
difference was noted between 1 week and 3 days
(p value 0.9) in Biodentine group. While, there was a
significant increase in Runx-2 gene expression in 2 weeks
compared to 3 days (p value<0.001) as well as to 1 week
duration (p value = 0.002). Nano Bone group revealed
statistically significant increase in Runx-2 in 1 and 2 weeks
compared to 3 days (p value<0.001); with no difference
between 1 and 2 weeks durations (p value 0.9) (Figure 11)

Collagen 1 alpha

Similar to Runx-2 gene expression; a statistically
significant increase in collagen 1 alpha gene expression
was detected in Biodentine and Nano Bone groups
compared to control (p value<0.001) through the three
periods. At 3 days, a significant increase in collagen] alpha
was noted in Nano Bone group compared to Biodentine
(p value = 0.001). At 1 and 2 weeks; still a statistically
significant increase in gene expression was detected
(p value<0.001) (Table 3 a, b, c and Figure 12).

No significant difference was detected in the
control specimens throughout the experiment intervals
(p value>0.05). Regarding Biodentine group, no significant
difference was noted in collagen 1 alpha between 1 week
and 3 days (p value 0.18); however, there was a significant
increase in 2 weeks compared to 3 days (p value<0.001)
as well as to 1 week duration (p value = 0.019). In the
Nano Bone group, there was a significant increase in
collagen 1 alpha in 1 and 2 weeks compared to 3 days
(p value 0.019, <0.001 respectively) with no significant
difference between 1 and 2 weeks (p value 0.057)
(Figure 13).

Correlation between Runx-2 and Collagen 1alpha

The correlation between collagen 1 alpha and
Runx-2 was a very good positive correlation (r=0.879,
p value<0.001) where r = correlation coefficient and
r>0.75: very good correlation (Figure 14).
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Table 2a: Showing Runx- 2 gene expression between groups at 3 days interval

Mean Std. Deviation Minimum Maximum P1 value P2 value
Control 99 113 .80 1.10 C
Biodentine 4.92 77 3.80 5.90 <0.001 C
Nano Bone 5.18 .509 4.70 6.01 <0.001 0.72
Table 2b: Showing Runx- 2 gene expression between groups at 1 week interval
Mean Std. Deviation Minimum Maximum P1 value P2 value
Control 1.22 18 1.03 1.50 C
Biodentine 5.25 .66 4.50 6.20 <0.001 C
Nano Bone 7.29 .61 6.50 8.07 <0.001 <0.001
Table 2¢: Showing Runx- 2 gene expression between groups at 2 weeks interval
Mean Std. Deviation Minimum Maximum P1 value P2 value
Control 1.85 25 1.50 2.10 C
Biodentine 7.16 1.12 6.10 8.90 <0.001 C
Nano Bone 7.84 95 6.90 9.20 <0.001 0.45
Table 3a: Showing collagen 1 alpha gene expression between groups at 3 days interval
Mean Std. Deviation Minimum Maximum P1 value P2 value
Control 1.24 37 1.02 1.90 C
Biodentine 2.59 Sl 2.07 3.20 <0.014 C
Nano Bone 4.6 .89 3.40 5.60 <0.001 0.001
Table 3b: Showing collagen 1 alpha gene expression between groups at 1 week interval
Mean Std. Deviation Minimum Maximum P1 value P2 value
Control 1.32 .54 90 2.20 C
Biodentine 3.63 .59 2.80 430 <0.001 C
Nano Bone 6.01 .56 5.20 6.70 <0.001 <0.001
Table 3c¢: Showing collagen 1 alpha gene expression between groups at 2 weeks interval
Mean Std. Deviation Minimum Maximum P1 value P2 value
Control 1.94 57 1.01 2.50 C
Biodentine 5.04 .74 4.02 6.01 <0.001 C
Nano Bone 7.26 51 6.70 8.01 <0.001 <0.001
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Fig.1: Photomicrograph of control (3 days) showing;
a) Granulation tissue filling the defect (asterisk), old bone (OB) (H&E, Orig.Mag.40X)

b) Collagen fibers; loosely arranged (red arrow) and densely packed (black arrow), old bone (OB) (H&E, Orig.Mag.100X)

¢) Higher magnification showing; deeply stained inflammatory cells; some assumed bilobed nuclei (arrows) (H&E, Orig.Mag.400X)
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Fig.2: Photomicrograph of Biodentine group (3 days) showing;

a) No granulation tissue or inflammatory cells (H&E, Orig.Mag.40X)

b) Remnants of the material (asterisks) & old bone (OB) (H&E, Orig.Mag.100X)

¢) Higher magnification showing; tight attachment of the material to bone (arrow) (H&E, Orig.Mag.400X)
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Fig. 3: Photomicrograph of Nano Bone group (3 days) showing;

a) Initial granulation tissue (asterisk) & old bone (O) (H&E, Orig.Mag.40X)

b) Higher magnification showing; remnants of the nano material within the defects (asterisks) and inside marrow cavities (R), collagen fibers with inflammatory
cells (c), congested capillaries (black arrow), few osteoclasts (red arrow). (H&E, Orig.Mag.100X)

Fig. 4: Photomicrograph of control (1 week) showing;

a) Granulation tissue (asterisks),old bone (OB) (H&E,Orig.Mag.40X)

b) Highly cellular Fibrous tissue(G), thin highly cellular bony septa (asterisks), original bone (OB) there was a difference in bone stainability between old and
new bone (H&E, Orig.Mag.100X)

c¢) Higher magnification showing; spindle shaped cells (yellow arrows), cells with eccentric nuclei (green arrows), few blood vessels (red arrow). Widened
(black arrowheads) or empty osteocytic lacunae (asterisks) & resting lines(red arrowheads). (H&E, Orig.Mag.400X)
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Fig. 5: Photomicrograph of Biodentine group (1 week) showing;

a) Granulation tissue with inflammatory cells (arrow heads), collagen bundles and fatty degeneration (G), multinucleated giant cells (red arrows),extravasated
blood (black arrows) (H&E, Orig.Mag.40X)

b) Higher magnification showing; fatty degeneration (asterisks), multinucleated giant cells (black arrows), woven bone (WB) with osteocytes in wide lacunae
(red arrows),multiple nuclei in lacunae with variable shapes and staining intensity (arrowheads) (H&E, Orig.Mag.100X)

Fig.6: Photomicrograph of Nano Bone group (1 week) showing;
a) Granulation tissue (G), (H&E, Orig.Mag.40X)
b) Woven bone with osteocytes (asterisks) (H&E, Orig.Mag.100X)
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Fig. 7: Photomicrograph of control (2 weeks) showing;

a) Delicate bone trabeculae(arrows), old bone(OB) (H&E, Orig.Mag.40X)

b) Bone trabeculae enclosing marrow spaces (arrows) (H&E, Orig.Mag.100X)

¢) Newly formed trabeculae bordered by osteoblasts(black arrows), entrapped osteocytes(asterisks), areas of fibrous tissue with spindle-shaped fibroblasts(blue
arrow), inflammatory cells with bilobed nuclei(red arrow); others with multinucleation(yellow arrow) (H&E, Orig.Mag.400X)

Fig. 8: Photomicrograph of Biodentine group (2 weeks) showing;

a) Inflammatory cells infiltrate with collagen bundles (asterisks),bony spicules (arrows) (H&E, Orig.Mag.40X)

b) Fibrous tissue with multinucleated giant cells (black arrows), entrapped osteocytes with hyperchromatic (red arrowhead), pleomorphic nuclei (black
arrowhead), widened (red arrows) or empty lacunae (asterisk),osteoblasts like cells (yellow arrow) (H&E, Orig.Mag.100X)

910



Hakam et al.

Fig.9: Photomicrograph of Nano Bone group (2 weeks) showing;
a) Granulation tissue with inflammatory cells and collagen bundles (G),bone trabeculae(asterisks) (H&E, Orig.Mag.40X)

b) Higher magnification showing; bone trabeculae lined by osteoblasts(black arrows), with embedded osteocytes in lacunae(asterisks), some appeared empty
(red arrows), reversal lines(yellow arrow), resting lines (white arrows) (H&E, Orig.Mag.100X)
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Fig. 13: showing comparison between groups in relation to collagen 1 alpha gene expression.

R2 Linear = 0.772

10.00
(o}
O
o O,
8.007 = o
Q
8 o
O
(o]
o~ o o)
5¢ 6007 o (o
2 (o]
2 °%
O O (o]
(o] (o]
4.00] o
@®
2.007 [o)
o
0 Opo
(o]
.00 T T T T T T
.00 2.00 4.00 6.00 8.00 10.00

collagen1 alpha

Fig. 14: showing the correlation between collagen 1 alpha and Runx-2.

913



NANOCRYSTALLINE HYDROXYAPATITE VERSUS BIODENTINE IN BONE HEALING

DISCUSSION

To evaluate the early osteogenic potential of Nano
Bone and Biodentine on surgically created defects in the
alveolar process, rabbit was a suitable model for the current
research. It is broadly used to examine the osteo-inductive
reactions to implants with a rapid postoperative recovery
as well as the close resemblance in bone structure between
human and rabbit!").

The studied experimental intervals were selected to
concentrate on the aim of monitoring the early events in the
healing process as this in our opinion are the most critical
events affecting further progress in healing.

Nano-hydroxyapatite ~ (nHA)  possesses  unique
properties related to its small size and large surface
areal'l. Biomaterial researches have focused on the use of
nanotechnology in order to enhance bioreactivity. Thus,
bone grafts of synthetic nHA crystals are widely utilized in
the repair of bony defects!.

In our study, Nano Bone group revealed granulation
tissue formation with densely packed collagen fibers
and inflammatory cells infiltration throughout the three
experimental periods. Areas of woven bone formation
occupying wide area of the experimental defects were
detected in one-week specimens. Bone formation
progressed in two weeks samples; showing well defined
trabecular bone lined by osteoblasts within the defects,
where most osteocytes appeared with deeply stained
basophilic nuclei in uniform lacunae. In accordance,
significant decrease in pockets’ depth was marked in
nHA treated intra bony periodontal defects®. Moreover,
coated nHA implants in rabbits’ femur demonstrated better
implant and bone contact than uncoated samples!'?.. Also,
enhanced bone formation was detected in nHA lining
Poly lactic co-glycolic acid (PLGA) scaffolds in defects
of rabbits!’®. Another study noted intensified spreading
and proliferation of alveolar osteoblasts from 4 to 14 days
when grownup on culture plates lined with nHA!4,

Favorable osteogenic capacity and enhancement of
bone regeneration of nHA were explained as the nano-sized
particles and their structural similarity to natural bone allow
HA nanocrytals to bond firmly to bone. This stimulates the
proliferation and metabolism of osteoblasts permitting
better osseointegration and strong osteoconductive and
osteoinductive ability!'?. It was suggested that when nHA
starts to dissolve, it releases calcium ions in the surrounding
environment which encourages cell proliferation and
osteogenic differentiation. The authors added that nHA
can augment mineral deposition promoting rapid neo-
osteogenesis!’l. It was speculated that if HA was placed
underneath healthy periosteum and properly vascularized
bone, it will release phosphate ions into the medium
inducing bone healing!'l. The authors proposed that
nHA induces alveolar osteoblasts to secrete specific bone
morphogenic proteins (BMPs) and other growth factors
which stimulate and regulate bone regeneration process!'*.

The Biodentine group showed evidence of granulation
tissue, collagen bundles and inflammatory cells infiltration
in one and two week's post-surgical durations. These
observations are inagreement with others who demonstrated
moderate inflammatory reaction in subcutaneous tissue
of rats treated with Biodentine. They also recorded a
significant increase in fibroblasts and collagen bundles
synthesis. The inflammatory reaction of Biodentine may
be attributed to its chemical components!'®.

Present results revealed more bony spicules with
widened lacunae in the two weeks Biodentine group.
Osteoblast-like cells were obvious in the vicinity of the
newly formed trabeculae. Other investigators confirmed
osteoblast-like cells attachment and proliferation on the
surface of Biodentine within 5 days incubation period
in vitrol'”). Similar outcome was reviewed regarding
the material’s in vitro effect over a period of 20 days
revealing significant increase in human osteoblastic cell
concentration!”.

It was proposed that Biodentine constituents of
calcium silicate, carbonate and zirconium oxide are
markedly biocompatible, displaying high osteogenic
potential and promoting bone neoformation as
well'* 4181 Biodentine was suggested to increase osteoblast-
like cell differentiation by enhancing their proliferation
and attachment. These cellular actions may be related to
the nano-features and topography of the material*”), which
allows large surface area for protein adsorption. In
addition, bone regeneration starts when osteogenic signals
unite with soluble molecular signals such as calcium which
triggers cascade of cellular differentiation into osteoblast
cell lines resulting in bone matrix formation. Another
hypothesis suggested that calcium silicate cements show
alkaline pH and are able to release calcium ions?’!. These
conditions induce nucleation of calcium phosphates and
apatite which favor osteoblastic activity and mineralization
process2,

Furthermore, some investigations could be interpreted
supporting that Biodentine stimulates the release of
transforming growth factor B1 (TGF-fl) from pulp
cells. This may result in activation of odontoblastic
differentiation together with mineralization in the form
of osteodentin®?. Further studies subjected Saos-2 cells
(a model for osteoblastic cells) to Biodentine in vitro. Data
confirmed elevated expression of bone morphogenetic
protein-2 (BMP-2) encouraging osteogenic differentiation
and formation of mineralizing nodules*.

Runx- 2 is a chief transcription factor for osteoblastic
differentiation, matrix formation, and mineralization
throughout bone synthesis®®¥. This essential gene is required
for induction of osteoblasts; hence, bone regeneration
process as the regulation of differentiation of osteoblasts
by Runx- 2 occurs during initial stages of differentiation,
whereas it inhibits this process in advanced stages.
Statistical analysis of Runx- 2 gene expression revealed
significant increase in both Biodentine and Nano Bone
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groups compared to control group throughout the three
experimental periods (3days, 1 week, 2 weeks). Similar
results of elevated levels of Runx- 2 gene expression were
detected in vitro* showing high osteogenic differentiation
potency of icariin (a herbal treatment of osteoporosis).
The increase in Runx- 2 expression levels reflects the
clevated bone regeneration activity. Furthermore, Nano
Bone grafted defects created at the upper and lower first
premolars in dogs demonstrated the existence of Runx-2-
positive osteoblast precursor cells at the treated sites®7.

On the other hand, collagen 1 alpha is a specific
osteogenic protein and transcription factor that indicates
osteogenic differentiation®®!. In the ongoing study,
statistical analysis of collagen 1 alpha gene expression
revealed a significant increase in the treated groups after 3
days, 1 week and 2 weeks when compared to the control. In
this regard, both collagen 1 alpha and Runx- 2 genes were
used as osteogenic markers for human bone marrow stem
cells (hBMSCs) in vitro®l. Expression levels of collagen
1 alpha and Runx- 2 genes were obviously increased in
SIRT7 down regulated hBMSCs than in the control group
at 3 and 7 days presenting increased osteogenic activity.
Another study documented that adding Nell-1, a bone
regeneration growth factor, on the surface of titanium disks
revealed significant raise of collagen 1 alpha and Runx-
2 genes levels after 6 days promoting pre-osteoblasts
differentiation®”.

CONCLUSION

From the fore mentioned information it can be
concluded that both Nano Bone and Biodentine had
proven their osteogenic capability. Though Biodentine
had initiated osteogenesis in the herein study; yet the
newly formed bone was of lesser quality than Nano Bone
as observed histologically. Furthermore, unexpected
reactions including intense inflammation were detected
through numerous inflammatory cells infiltration during
one and two week’s experimental periods. In addition, fatty
degeneration was documented particularly at one week
interval. Statistical analysis confirmed these results as
Runx- 2 showed significant increase in Nano Bone group
compared to Biodentine group at 1 week, while collagenl
alpha gene expression was significantly increased
throughout the three intervals. This could be attributed to
the nature of the tissue to which the material was applied;
being regularly used with dentin rather than bone.

Nevertheless, further investigation is needed;
particularly concerning Biodentine regarding its effect on
periodontal tissues that are in intimate relation to treated
teeth with the material as in cases involving root fracture
and discover the results of the long term follow up.
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