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Abstract
Objective: To histologically compare three different alloplasts

and assess bone regeneration

Study Design: Bone core of three different bone grafts was
procured from a grafted site after a period of 6 months and
implants were placed. The bone cores were studied
histologically at higher magnification and bone formation was

analyzed.

Results: All the grafts showed good results clinically, however
histologically BTCP had shown better results and more bone
formation as compared to others.

Conclusion:  Chronologically, Powerbone® shows the
maximum formation of mature bone followed by Adbone®and

then Novabone®

Key words: Bone graft, bone regeneration, Alloplasts,

synthetic bone.
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Introduction:

Dental implants have become a common
treatment to replace the missing tooth/teeth,
however a predictable treatment depends
upon many factors, out of which the quality of
the bone is important. According to
contemporary trends, the ideal characteristics
of a bone-substitute material include volume
maintenance, pre-specification of the desired
anatomical form, support to the periosteum,
acceleration of bone remodelling,
osteoconductive guidance, carrier function for
antibiotics, growth factors or gene therapy
approaches or scaffolds for tissue
engineering’. It may be too optimistic to
expect that a single grafting material will fulfil
all these functions and will be suitable for all
indications. Still, a huge variety of bone graft
materials are available which can produce
predictable results and can be categorized in
four groups: (A) autogenous bone graft (B)
allografts, from another individual within the
same species; (C) xenografts, from another
species; or (D) alloplastic, synthetically
produced grafts. Each graft has its own merits
and demerits and its use primarily depends
upon the clinician, still autogenous bone graft
is considered the gold standard in bone
regeneration procedures due to their inherent
osteoinductivity?. However, donor site
morbidity, unpredictable resorption, limited
quantities available, and the need to include
additional surgical sites are autografts-related
drawbacks that have intensified the search for

suitable alternatives’.

Allografts are sourced from the same species,
hence its regenerative potential is majorly
donor dependent, the older the batch, the

less the regeneration expected from the bone
graft>®. Xenografts on the other hand are
sourced from animals and provide an
unlimited supplies of the material and
resorption is very slow’. So this latter is a
disadvantage where mineralised bone is
required. Also, there is risk of transmission of
bovine spongiform encephalopathy causing
Creutzfeldt-Jakob disease (CJD) in humans,
xenograft of porcine (pig) origin can cause
Porcine endogenous retroviruses infection in
humans, (however no case of any disease
transmission has been reported far)’®. Hence,
the use of newer materials as bone graft-
bone

substitute has increased  for

augmentation procedures to overcome
limitations of aforementioned grafts, synthetic
bone grafts are available’. An alloplast is a
inorganic synthetic bone grafting material
which gives the manufacturer the freedom to
design the graft in such a manner that it is
biocompatible and osteoconductive in
nature. Thus, its fate is primarily dependent on
its chemical composition, structure and
physical properties®. And that is what we have
histologically in the study, two
different alloplasts, Powerbone® (TCP) and

Novabone® both in granules form.

studies

Material and method:

Patient with decayed tooth or teeth which
needed extraction and placement of implants
were chosen for the study, wherein a split
mouth placement of the graft would be
possible. Accordingly, 20 sites were divided
into two groups based on the following

inclusion and exclusion criteria.
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Group A | 10 sockets to be grafted | Sites with Novabone® (morsels) bone graft
Group B | 10 sockets to be grafted Sites with Powerbone® (B-TCP)
Group C | 10 sockets to be grafted | Sites with Medbone (Adbone® - B-TCP) bone graft.

INCLUSION CRITERIA: -

« Patients from the age of 20 -80 years of
age.

* Having decayed tooth/teeth ready to be
extracted and socket grafted in any of the
3 quadrants.

+  Compliant patients.

EXCLUSION CRITERIA: -

* Patients with systemic diseases and/or
presence of infections contraindicating
periodontal surgery.

« Systemic antibiotic therapy in the
preceding 3 months.

« Patients on medication known to interfere
with periodontal tissue health and healing.

* Pregnant or lactating females.

« Patients with known habit of smoking and
tobacco chewing.

+ Patients allergic to any product or to any
of the medications used in the studly.

*+ Patients with parafunctional habits.

Once the patients participating in the study
were enrolled, they signed a consent form to
willingly participate in the study and were
treated by keeping Helsinki declaration®?
(2019) into consideration. The procedure was
conducted under local anesthesia and after
tooth extraction, socket grafting was done. In
one patient minimum three or more than
three sites for socket grafting were considered

in any three separate quadrants. In such a

manner, 10 sockets were grafted with
Novabone® morsels bone graft and 10 with (B-
TCP) Powerbone® and rest 10 sockets with
Adbone® (B-TCP). Sockets were covered with
a CollaPlug (Zimmer, SA.) and 3-0 silk sutures
were used to close the sockets. Implants
(Bioner) of 4 mm in diameter were placed after
6 months. This is the same time when a core
was obtained for histological purpose with the
help of trephine with the diameter of 3.2. after
the procedure was completed 3-0 silk sutures
were again placed if there were more that 2
sites adjoining to each other, wherein a flap
was elevated. Post-operatively, Patients were
advised to maintain proper oral hygiene for
which they were prescribed Clohex-plus
mouthwash twice daily and medications were
prescribed.

Histological analysis:

3.2 mm trephine core biopsies were obtained
and fixed immediately in neutral buffered
24-48 hours. The
specimens were processed after decalcifying
in mild decalcifying agent (10% EDTA, pH
7.4). The tissues were processed using
standard

formalin  solution for

tissue  processing  laboratory
protocol, clearing and infiltration with paraffin
wax. Embedding and tissue block preparation
was done with paraffin wax. 4-micron thick
sections were stained with Hematoxylin and
Eosin stains. The slides thus obtained were

viewed in research microscope (Olympus
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BX53) and digital images were captured in low
and high magnification (Olympus EPL3).

Results:

Histological inference of Novabone® bone
graft:

As can be seen in the histological images,
image (A) at low magnification Shows the
presence of Surface epithelium and Thick
bundles of collagen fibers with minimum
inflammation (figure 1) (B) Shows the presence

Figure 1: Histological section for
Novabone®
magnification

morsels at low

-t

Figure 3: Histology for Novabone®
morsels showing varying stages of

mineralization

of calcified material (figure 2). (C) Shows the
presence of irregular bony trabeculae with
varying stages of mineralization and
entrapped osteocytes and presence of giant
(figure 3) (D) Under

trichrome varying stages of mineralization is

cells and Masson
highlighted through different stains by mature
bone shows more red color whereas immature
bone shows more green and entrapped

osteocytes. (figure 4)

Figure 2: Histology for Novabone®
morsels showing the presence of
calcified material

Figure 4: Histology for Novabone®
morsels showing mineralization at

higher magnification
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Histological results for Powerbone® bone
graft:

Here the results (A) At low magnification (10x)
shows the presence of residual graft material
which is intermingled with mature bony
trabeculae formation in center and periphery
of graft material as well. Along with new
irregular bony trabeculae at varying stages of
mineralization and entrapped osteocytes is
highly appreciated. Inset at 40 x magnification
shows new bone formation around the graft
material (figure 5). (B) To highlight the
presence of residual graft material at bone

showing various stages of mineralization
at low magnification (10x)

Figure 7: Highlighted histological image
of Powerbone® showing presence of

mature bone

graft interface special stains were used. Under
Masson Trichrome staining section is showing
the presence of residual graft material and
new bony trabeculae formation depicting in
red color around the graft material (yellow
color arrow) (figure 6). (C, D) Under Picrosirus
Red stain highlighted
showing red colour shows the presence of

similar picture is

mature  bone.  Minimum  amount  of
inflammation is seen in the section indicating
the acceptance of graft material by the body
and minimum vascularity is seen.(figure 7 and

8)

Zoans AR a1 :
o T e MK st

Figure 6: Highlighted histological image
of Powerbone® showing bone formation

Figure 8: Different histological section of

Powerbone® showing presence of

mature bone.
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Histological results for Adbone® bone graft:

Here, (A)JAt low magnification shows the
presence of Irregular bony trabeculae with
entrapped osteocytes surrounded by fibrous

Figure 9: Histological image of

Adbone® at low magnification.

Discussion:

Bone is continuously modelled and
remodelled, and reveals a unique potential for
regeneration however, this healing capacity of
the bone has limitations and bone formation
beyond the

therapeutic

skeletal envelope require

intervention and one such
classical example is tooth extraction. Time
and again various studies have shown that
once a tooth is extracted, alveolar bone
undergoes  resorption  horizontally and
vertically” which makes the use of bone graft
paramount for implant placement. The
evolution of bone grafts from 1920s, has
come a long way in the manner of their
procurement  and  understanding  the

predictability of results, hence, today,

Alloplasts give manufacturer the choice and

freedom to provide predictable bone

connective tissue stroma and (figure 9) (B)
Under Masson Trichrome Stain red color

indicates mature bone (figure 10).

Figure 10: Histological image of

Adbone® showing mature bone.

regeneration. Nonetheless, of the choice of
the graft material used, bone regeneration
should be achievable keeping the properties
of the graft into consideration. All the three
different synthetic grafts used, claim to form
their

demonstrate  an

bone in respective manner and

excellent  adaptation
clinically, thus it becomes difficult to say which
amongst all is a better bone graft. But when it
comes to histological demonstration, based
on bone formation, differentiation becomes

easy.

NovaBone® Dental Morsels combines the
properties of a xenograft and allograft, it
provides macroporosity and ionic release
(osteostimulation) for bone formation at the
site. It is a crystalline composite composed of
sodium, and

oxides of silicon, calcium,
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These

properties are based on intimate contact with

phosphorous in a silica base'.
the bone which then forms Si-rich layer, a
crucial step in bone bonding, which acts as a
template for calcium phosphate precipitation.
The calcium phosphate layer then directs new
bone formation together with absorbing
proteins'’. Company brochure states that
Dental Morsels

histologically, NovaBone

demonstrate consistent resorption
characteristics. The sheep study used as an
example below demonstrates good bone
regeneration at both the 6 & 12 week time
periods. Histology sections at both time
period show graft particles surrounded by
bone. At 6 weeks, the residual graft content is
higher as corroborated in histomorphometric

data.

When it comes to TCP, recent literature shows
that B-tricalcium phosphate (B-TCP) is not only
osteoconductive, but osteoinductive as well.
It is one of the most widely used bone graft
material and has the ability to be readily
replaced by new bone'". Chung et al™
reported 55% of complete resorption in 12
months. When it comes to osteoconductivity,
it does not fit the concept of bioactivity
according to Kokubo'™, since no apatite layer
was detected between bone and B-TCP'¢".
But B-TCP is osteoconductive according to
Kitsugi et al'® who detected significantly
higher bone bonding strength for B-TCP at 10
weeks of implantation. Also, there is more
bone formation when osteoclastic resorption
is more intense which is seen in case of B-TCP
at the microscale'. also, the calcium ions
released during resorption are used for bone
comes to

formation’™. But when it

B-TCP show this
autoclaving B-TCP

osteoinduction, not all

property. Only after

becomes osteoinductive as it triggers

formation of apatite layer which can then grow

right after implantation®®. The only
disadvantage of this synthetic graft is the
inconsistent resorption rate. Altermatt® et al
mentioned that “even 7 years after

implantation, the radiographic evaluation
showed no evidence of biodegradation”. A
lot of this depends upon the porosity of the
biomaterial. It has been stated that high
porosity is not suitable for bone regeneration.
In study Wang et al?® achieved higher bone
fusion with 60% porous B-TCP granules than
75% porous B-TCP granules. In this study, B-
TCP has shown good bone formation, in the
authors opinion the material used was not
autoclaved, in spite of that mature bone
formation is on the higher side as compared
to NovaBone®.

In the current histological study, both
and Adbone® are B-TCP,

however the former has a polygonal granules

Powerbone®

of particle size ranging from and 0.25-7mm,
which promotes interlocking and improves
mechanical stability. Hence, because of this
micro and macro-porosity, particles stick
enhancing cell attachment and
development?. Whereas, with the latter, the
porosity is 60% with particle size ranging from
300-500 microns. In spite of both the grafts
being B-TCP, histologically there is marked
difference between the both, Powerbone®
shows more mature bone as compared to
Adbone®, which can be attributed to the
difference in particle size and porosity®.

Between Novabone® and B-TCP grafts, the
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regenerative potential can be appreciated
when the mature bone is visible in red, former
shows more mature bone as compared to the
latter when both the graft were stained with
Masson Trichrome. Chronologically,
Powerbone®shows the maximum formation of
mature bone followed by Adbone® and then

Novabone®

Conclusion:
Histological analysis of bone graft materials
has shown that even two bone grafts

comprising of B-TCP can vary in terms of bone
formation as it depends upon the porosity,
graft particle size and as aforementioned
upon the graft's manufacturing. All the three
different synthetic grafts used, demonstrate
excellent adaptation clinically, however differ
histologically in bone formation. Chronologically,
Powerbone®shows the maximum formation of
mature bone followed by Adbone® and then

Novabone®
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