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ABSTRACT
The complete architectural and functional rehabilitation of periodontium owes to the integrity of 
alveolar bone. The inherent shortcomings of traditional gold standard regenerative procedures like 
autografting, xenografting, allografting and alloplasting lead to the evolutionary combination of 
Tissue Engineering/Regenerative Medicine (TE/RM) and nanotechnology for bone repair. 
Nanotechnology enables the fabrication of either nanoparticles, nanofibers or nanocomposites 
based on three-dimensional scaffolds. However, it will incorporate vital cells and growth factors in 
various combinations, to simulate a conducive oral environment of the extracellular matrix (ECM) 
and empower cells in the bone to regulate in-vivo osteogenesis. The advantageous combination of 
structural similarity of nanohydroxyapatite (nHA) Scaffolds to the alveolar bone with favorable 
particle size, response rate, tissue factors and bio factor, makes it attractive for TE/RM. Relevant 
keywords from 2010-2021 studies were used to retrieve data from “PubMed” and “Google Scholar”. 
This review aims to summarize the cumulative knowledge of commercially available 
nanohydroxyapatite scaffolds for utilization in alveolar bone augmentation, regeneration of implant 
osteointegration by their fabrication techniques, advantages, components, types, interaction with 
various components and particular application of each type for in vivo alveolar bone regeneration. 
Therefore, nHA scaffolds possess significant osteoconductive and osteoinductive effects on 
structural similarities to the composition, adhesion and differentiation of bone-forming cells.
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Alveolar Bone Regeneration Via Utilization 
of Nanohydroxyapatite Scaffolds: A Review

INTRODUCTION
To achieve complete restoration of tissue function, 
following defects or diseases, by regeneration1, 
requires biocompatible bone substitute materials2-4. 
Xenografting and allografting are associated with 
high infection potential, immune rejection, and lower 
revascularization. The utilization of the multidisciplinary 
field of TE/RM, having biocompatible materials 
imitating the natural environment of ECM5,6 have 

drawbacks of insufficient strength and 
physicochemical properties2. This led to the 
exploration of further materials2,3,7. The articles 
reviewed were selected by searching keywords such 
as “Nanohydroxyapatite scaffolds”, “alveolar bone 
regeneration”, “nano scaffolds”, “nanomaterial” and 
“nanotechnology” from the databases of “PubMed” 
and “Google Scholar”. All articles are within 10 years 
limit of this review without limitations on study design. 

Previously published reviews were also included. This 
review will also focus on the application of a nano 
scaffold component of TE/RM based on available 
nanohydroxyapatite scaffolds for in vivo alveolar 
bone regeneration. The objective of the review is to 
summarize the current pool of knowledge on 
commercially available nanohydroxyapatite for the 
clinicians dealing with alveolar bone augmentation, 
regeneration, or reinforcement of implant 
osteointegration according to their fabrication 
techniques. The types, their interaction with various 
components, their advantages and application of 
each type related to in vivo alveolar bone 
regeneration are also highlighted.

DISCUSSION
A nanomaterial can be defined as: ‘A natural, 
incidental or manufactured material containing 
particles, in an unbound state or as an aggregate 
and where, for 50% or more of the particles in the 
number size distribution, one or more external dimen-
sions is in the size range of 1 nm–100 nm 8. Nanomateri-
als can either have one, two or all dimensions <100 nm 
and are known as nanocomposites, nanofibers or 
nanoparticles respectively9.

Nano scaffolds have been fabricated for many of 
the limitations of the conventional scaffolds by its 
likeness to the tissue-specific ECM; the enhanced 
speed of response to stimuli such as ultrasounds, pH 
and other stimuli; controlled release of bio factors, 
drug and genetic materials using their smaller 
particle size and high tissue specificity; increased 
stability of bioactive agents; elaborated drug 
loading capability with enhanced mobility of such 
particles and good reactivity for tissues2.

Nano-fibrous Scaffolds
Highly porous and mechanically strong structures 
with unremitting very small diameter fibers provide a 
diffusional path with a considerable surface 
area/mass ratio. Excellent transporting medium by 
about drug delivery as well2.

Nanosphere Scaffolds
These porous structures (porosity increased usually 
after the addition of spheres like porogen) although 
mechanically weak, strength is gained by 
cross-linking nanospheres as an adjunct are useful 
for delivery of growth factors, drugs, or genetic 
material. They also provide useful self-hardening 
biomaterials for bone tissue regeneration since they 
stimulate the formation of apatite crystals after the 
mineralization of hydrogels2. The remarkable 
similarity in composition of nanomaterial and 
alveolar bone has enabled its use for alveolar bone 
regenerating procedures.

Organic Phase: Arrangement of type I collagen into 
50 to 500 nm nanofibers.

Inorganic Phase: Embedded between collagen 
fibers are about 100 nm long, 20-30 nm wide and 3-6 
nm thick non-stoichiometric hydroxyapatite (HA)10. 
Because of this resemblance to the inherent 
composition of bone, nanohydroxyapatite (nHA) 
scaffolds have gained great interest in the field of 
TE/RM11. Hence, In the field of oral biology, covering 
areas of regeneration, nanotechnology plays a vital 
role2.

Advantages of Combined Bone Nano Scaffolds with 
Hydroxyapatite
The naturally occurring mineral Hydroxyapatite 
[Hap Ca10(OH)2(PO4)6] in almost all dental hard 
issues contributes many advantages solely by its 
presence in the bone constructs12,13. Its composition-
al resemblance to the tissues grants sufficient 
biocompatibility along with proven osteoconduc-
tive and osteoinductive properties13. Furthermore, its 
porous nature makes it a house for capillaries and 
cells and leading to perfusion and delivery of meta-
bolic oxygen to cells present within scaffolds and 
host cells nearby. It shows slow biodegradability 
and provides an enhancement of surface proper-
ties of scaffolds which could improve fracture 
toughness and charge, making it able to change 
adsorbed biomolecules4. It promotes cell response 
and cell proliferation needed for bone TE/RM14. 

Advantages of Nano Scaffold Systems
Nano-scaffold systems provide mass transport due 
to the porous structure being large and intercon-
nected, having the ability to bear shear stresses 
during the cultivation of bioreactor because of its 
stable structure. Its hydrophilic nature provides an 
enhancement of cell attachment and biocompati-
bility due to its biodegradable nature15,16. Lastly, the 
elastic property of nano scaffolds accounts for the 
transmission of contractile forces.

Components of Nanohydroxyapatite Scaffolds 
Favoring Alveolar Bone Regeneration
Although the advantages of bone constructs 
through hydroxyapatite alone are priceless, their 
limited mechanical strength, slow degradation 
rates, brittleness and fatigue failure, necessitate the 
enhancement of their osteoconductive and 
osteoinductive properties, substituting for conven-
tional bone grafts, they occur as polymers and 
bioceramics such as hydroxyapatite [HAp, 
Ca10(OH)2(PO4) 6] incorporated composites17. This 
polymer/bio ceramic composites combination 
promotes osteogenic differentiation, mineralization 
and high affinity for adhesive proteins18. Incorpora-
tion of polymers and bioceramics can occur either 
by integration of compounds within polymeric 
matrices or surface coating of bio-ceramic on the 
surface of scaffolds for improved properties (Figure 
1). The latter concept is more commonly 
employed18.
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Favoring Alveolar Bone Regeneration
Although the advantages of bone constructs 
through hydroxyapatite alone are priceless, their 
limited mechanical strength, slow degradation 
rates, brittleness and fatigue failure, necessitate the 
enhancement of their osteoconductive and 
osteoinductive properties, substituting for conven-
tional bone grafts, they occur as polymers and 
bioceramics such as hydroxyapatite [HAp, 
Ca10(OH)2(PO4) 6] incorporated composites17. This 
polymer/bio ceramic composites combination 
promotes osteogenic differentiation, mineralization 
and high affinity for adhesive proteins18. Incorpora-
tion of polymers and bioceramics can occur either 
by integration of compounds within polymeric 
matrices or surface coating of bio-ceramic on the 
surface of scaffolds for improved properties (Figure 
1). The latter concept is more commonly 
employed18.
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Figure 1: Diagrammatic representation of scaffold constructs for regeneration of tooth and its supporting tissues 
demonstrating seeding of growth factors and epithelial and mesenchymal cells on composite scaffolds. 

Polymers
Polymers occurring in combination with hydroxyapatite nano scaffolds (Table 1):

Table 1: Polymers occurring in combination with hydroxyapatite nano scaffolds.

Natura l  Po lymers Synthet ic  Po lymers

Chi tosan (CTS) Po ly -Lact ic -Glyco l ic  Ac id  (PLGA)

Col lagen (Co l ) Po ly -Capro lactone (PCL)

Cora l l ine Po ly - A -Hydroxyeste r s  (Po ly -Glyco l ic  Ac id  (PGA)

Alg inate Po ly (L -Lact ic  Ac id)

Gelat in

Po ly -Lact ic  Ac id  (PLA)

PLLA/Po lyethy lene Glyco l  (PEG)

Dendr imer

S i lk  fibro in

Po lyurethane

Alveolar Bone Regeneration Via Utilization of Nanohydroxyapatite Scaffolds: A Review
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Natural Polymers: Chitosan (CTS) 
Nanohydroxyapatite-chitosan scaffolds have 
favorable outcomes in terms of improvement in 
mechanical properties and bio-mineralization of 
either natural chitosan-based systems, lack 
bioactivity to achieve hard tissue or when 
HAp-based systems are used alone19. In vitro studies 
have shown the positive outcome of alveolar 
bone-like structure regeneration and improvement 
in osteogenic differentiation by use of PDLSCs20. 
Moreover, hydroxypropyl methylcellulose (HPMC) 
incorporated Chitosan/HA scaffolds also have 
potential in terms of alveolar bone regeneration21.

Collagen (COL)
The combination of bone marrow-derived stem cells 
(hBMSCS) and collagen with nanohydroxyapatite 
can stimulate osteogenic differentiation after 7 days 
utilizing the 3D printing method22. The nHA/Col 
scaffolds demonstrated significant signs of osteogenic 
differentiation of mouse calvarial MC3T3-E1 osteo-
blasts precursor cells line along with natural bone 
ceramic/collagen scaffolds when compared in a 
study23. Also interestingly, increased areas of minerali-
zation were found in naturally occurring collagen HA 
scaffolds versus commercial scaffolds24.

Coralline
In combination with HA, coralline for nHA/coral 
scaffolds as CHA particles have demonstrated 
increased periodontal ligament cell attachment 
initially in case of regeneration of periodontium25.

Synthetic Polymers
These are hydrophilic and lack cell affinity and 
bioactivity24,26.

PLGA/PLLA/PEG/PCL
These four synthetic polymers PLGA/PLLA/PEG/PCL 
in different combinations have been shown to 
produce alveolar bone regeneration2.

Bioceramics Component of Nanohydroxyapatite 
Bone Scaffolds: Ceramic Composite Scaffolds
Added to scaffolds for better performance in terms 
of delivery of materials and to improve structural 
properties2. They include Mineral Trioxide Aggre-
gate (MTA), CP Groups (Calcium Phosphate 
Groups) and Bioactive Glass Ceramic (Na2O–CaO– 
SiO2–P2O5) 27. 

Bioactive Glass Ceramic
Nano scaffolds containing bioactive glass have shown 
to be advantageous for new bone regeneration28.

CP Groups (Calcium Phosphate Groups)
The most frequently used materials for tissue 
regeneration are CP nanoparticles (nano-tricalcium 
phosphate (nTCP) and nHA in various combinations 
due to structural similarities with bone29. A 

combination of nHA with chitosan, polyamide, 
collagen, PLGA, PLA, coralline and PCL has 
demonstrated beneficial improved mechanical 
strength and biocompatibility2. Since collagen offers 
an osteoinductive effect and helps in producing 
absorbable scaffolds for osteoblasts incorporation so 
in PCL composite materials percentages of nHA and 
collagen are carefully controlled for favorable 
properties as nHA being nonabsorbable can lessen 
the effect of collagen fibers30.

Methods of Preparation of Nanohydroxyapatite 
Scaffolds - Solvent-Solution Casting Methods: It 
requires minimal instrumentation or specialized 
techniques and carries the advantageous control 
over pore size, employing dissolving the polymers 
into organic solvents with the subsequent addition 
of ceramic granules, followed by casting into 3D 
molds and subsequent evaporation of organic 
solvent31,32. PLGA/nHA scaffolds with sizes 50-200µm 
have been successfully produced by a 
combination of solvent solution casting and freeze 
dying32. The toxicity of solvents limits the use of this 
technique33. 

Freeze Dying Method Or Thermally Induced Phase 
Separation (TIPS): It represents a promising tech-
nique for nano-fibers scaffolds, involves separation 
into polymer enriched and polymer poor phases 
with subsequent freeze-drying, of homogenous 
solution of the polymer at specific conditions34, 
owing to efficacy of solvent decreases proportion-
ally with decreasing temperature35. It gives good 
control of pore size and shape36 and has shown 
limitations of inadequate mechanical properties, 
poor fiber orientation and size and time consump-
tion37. PLLA/nHA have been fabricated using TIPS 
providing combined benefits of both components 
with advantages of the technique38. Novel porous 
scaffolds such as nHA/Col/PLLA/CTS  microsphere 
have also been produced using TIPS39. Nano 
scaffolds capable of controlled release of BMP-2 
have been produced by this method as well40. The 
use of the freeze-dying method has also allowed 
the fabrication of a novel nHA/CTS/CMC which has 
popular use as a potential substitute for TE/RM as it 
has demonstrated good bioactivity and biodegra-
dability in in-vitro tests41.

Electro Spinning: The versatile and revolutionary 
method of producing polymer-based high-quality 
nano-fibers42, is a frequently used technique and 
one of the most promising scaffold-fabricating 
technique43. It includes advantages of ultra-thin film 
deposition of biomaterials both organic and 
inorganic due to increased surface area, bioactive 
material delivery, safety and greater productivi-
ty44-46. The electric field deposits the material as the 
surface tension of the melt (polymers) is surmounted 
by the pulling nature of the electric field, leading to 

evaporation of the solvent47. Nano scaffolds using 
both natural polymers such as silk fibroin, chitosan 
(CTS), collagen (Col) and gelatin and synthetic 
polymers such as PLGA, PLLA, polyurethane, PGA, 
PCL and their combinations have been successfully 
prepared by electrospinning48. Novel nHA/CTS 
nanofibrous scaffolds using combined co-precipita-
tion and electrospinning have demonstrated better 
results in terms of bone formation as compared to 
electrospinning alone49. The scaffolds of nHA/Gela-
tin, nHA/PLA, triphasic nHA/Col/PCL and silk/nHA 
produced previously with electrospinning of blend-
ed inorganic nanoparticles with viscous solutions 
resulted in limitations of scaffolds incapable of 
interacting between organic and inorganic phas-
es50,51.

Self-Assembly
components are organized into patterns or 
structures without man force utilizing hydrophilic 
interactions, non-covalent bonding, electrostatic 
and Vander Walls forces of interaction52. It is the 
most cost-effective method and does not possess 
the difficulty of involvement of many steps and 
modification53. Reduced Graphene Oxide (RGO) 
together with nanohydroxyapatite has also been 
used to construct a porous nano-scaffold by this 
technique and offers favorable bone tissue repair54.

Salt Leaching
This technique has been used to generate porous 
polymers such as polylactide/nHA and poly (hydroxy-
butyrate-co-hydroxyvalerate) PHBV/ polycaprolac-
tone PCL/nHA offering success as scaffolds for bone 
tissue engineering55,56.

3D Printing
This technique paves the way to overcoming 
limitations of porosity factors linked with traditional 
techniques including poor control over pore size 
and its interconnectivity by interactions between 
bioactive cells and hydrogels for facilitation of tissue 
regeneration making use of a CAD program57. 

Other Techniques
Nano-hydroxyapatite scaffolds have also been 
prepared using other techniques including meltdown, 
template synthesis, gas foaming and sponge 
replication56,58,59. 

Applications of Nanohydroxyapatite Scaffolds for 
Alveolar Bone Regeneration
Studies testing nanohydroxyapatite scaffold applica-
tion concerning alveolar bone regeneration are 
shown in Table 2.

Moten et al.
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These four synthetic polymers PLGA/PLLA/PEG/PCL 
in different combinations have been shown to 
produce alveolar bone regeneration2.

Bioceramics Component of Nanohydroxyapatite 
Bone Scaffolds: Ceramic Composite Scaffolds
Added to scaffolds for better performance in terms 
of delivery of materials and to improve structural 
properties2. They include Mineral Trioxide Aggre-
gate (MTA), CP Groups (Calcium Phosphate 
Groups) and Bioactive Glass Ceramic (Na2O–CaO– 
SiO2–P2O5) 27. 

Bioactive Glass Ceramic
Nano scaffolds containing bioactive glass have shown 
to be advantageous for new bone regeneration28.

CP Groups (Calcium Phosphate Groups)
The most frequently used materials for tissue 
regeneration are CP nanoparticles (nano-tricalcium 
phosphate (nTCP) and nHA in various combinations 
due to structural similarities with bone29. A 

combination of nHA with chitosan, polyamide, 
collagen, PLGA, PLA, coralline and PCL has 
demonstrated beneficial improved mechanical 
strength and biocompatibility2. Since collagen offers 
an osteoinductive effect and helps in producing 
absorbable scaffolds for osteoblasts incorporation so 
in PCL composite materials percentages of nHA and 
collagen are carefully controlled for favorable 
properties as nHA being nonabsorbable can lessen 
the effect of collagen fibers30.

Methods of Preparation of Nanohydroxyapatite 
Scaffolds - Solvent-Solution Casting Methods: It 
requires minimal instrumentation or specialized 
techniques and carries the advantageous control 
over pore size, employing dissolving the polymers 
into organic solvents with the subsequent addition 
of ceramic granules, followed by casting into 3D 
molds and subsequent evaporation of organic 
solvent31,32. PLGA/nHA scaffolds with sizes 50-200µm 
have been successfully produced by a 
combination of solvent solution casting and freeze 
dying32. The toxicity of solvents limits the use of this 
technique33. 

Freeze Dying Method Or Thermally Induced Phase 
Separation (TIPS): It represents a promising tech-
nique for nano-fibers scaffolds, involves separation 
into polymer enriched and polymer poor phases 
with subsequent freeze-drying, of homogenous 
solution of the polymer at specific conditions34, 
owing to efficacy of solvent decreases proportion-
ally with decreasing temperature35. It gives good 
control of pore size and shape36 and has shown 
limitations of inadequate mechanical properties, 
poor fiber orientation and size and time consump-
tion37. PLLA/nHA have been fabricated using TIPS 
providing combined benefits of both components 
with advantages of the technique38. Novel porous 
scaffolds such as nHA/Col/PLLA/CTS  microsphere 
have also been produced using TIPS39. Nano 
scaffolds capable of controlled release of BMP-2 
have been produced by this method as well40. The 
use of the freeze-dying method has also allowed 
the fabrication of a novel nHA/CTS/CMC which has 
popular use as a potential substitute for TE/RM as it 
has demonstrated good bioactivity and biodegra-
dability in in-vitro tests41.

Electro Spinning: The versatile and revolutionary 
method of producing polymer-based high-quality 
nano-fibers42, is a frequently used technique and 
one of the most promising scaffold-fabricating 
technique43. It includes advantages of ultra-thin film 
deposition of biomaterials both organic and 
inorganic due to increased surface area, bioactive 
material delivery, safety and greater productivi-
ty44-46. The electric field deposits the material as the 
surface tension of the melt (polymers) is surmounted 
by the pulling nature of the electric field, leading to 

evaporation of the solvent47. Nano scaffolds using 
both natural polymers such as silk fibroin, chitosan 
(CTS), collagen (Col) and gelatin and synthetic 
polymers such as PLGA, PLLA, polyurethane, PGA, 
PCL and their combinations have been successfully 
prepared by electrospinning48. Novel nHA/CTS 
nanofibrous scaffolds using combined co-precipita-
tion and electrospinning have demonstrated better 
results in terms of bone formation as compared to 
electrospinning alone49. The scaffolds of nHA/Gela-
tin, nHA/PLA, triphasic nHA/Col/PCL and silk/nHA 
produced previously with electrospinning of blend-
ed inorganic nanoparticles with viscous solutions 
resulted in limitations of scaffolds incapable of 
interacting between organic and inorganic phas-
es50,51.

Self-Assembly
components are organized into patterns or 
structures without man force utilizing hydrophilic 
interactions, non-covalent bonding, electrostatic 
and Vander Walls forces of interaction52. It is the 
most cost-effective method and does not possess 
the difficulty of involvement of many steps and 
modification53. Reduced Graphene Oxide (RGO) 
together with nanohydroxyapatite has also been 
used to construct a porous nano-scaffold by this 
technique and offers favorable bone tissue repair54.

Salt Leaching
This technique has been used to generate porous 
polymers such as polylactide/nHA and poly (hydroxy-
butyrate-co-hydroxyvalerate) PHBV/ polycaprolac-
tone PCL/nHA offering success as scaffolds for bone 
tissue engineering55,56.

3D Printing
This technique paves the way to overcoming 
limitations of porosity factors linked with traditional 
techniques including poor control over pore size 
and its interconnectivity by interactions between 
bioactive cells and hydrogels for facilitation of tissue 
regeneration making use of a CAD program57. 

Other Techniques
Nano-hydroxyapatite scaffolds have also been 
prepared using other techniques including meltdown, 
template synthesis, gas foaming and sponge 
replication56,58,59. 

Applications of Nanohydroxyapatite Scaffolds for 
Alveolar Bone Regeneration
Studies testing nanohydroxyapatite scaffold applica-
tion concerning alveolar bone regeneration are 
shown in Table 2.

Nano-Hydroxyapatite Coral Scaffolds Coralline 
Hydroxyapatite (CHA)
Although, composite scaffolds such as 
nano-hydroxyapatite coral scaffolds CHA having 
an inner core of coralline and outer HA layer have 
demonstrated good clinical applications owing to 

its osteogenic effects. Nonetheless, favorable 
outcomes for bone regeneration have not yet been 
achieved as it’s dependent on neovascularization 
and recruiting progenitor cells at the site of 
damage (Table 2). Therefore, nHA/coral scaffold 
blocks were coated with recombinant rhVEGF165 to 

Table 2: Studies testing nanohydroxyapatite scaffold applications.
Author(s) Year Scaffold Material Concluding Remarks

Neto et al. 60 2018
Nano-

hydroxyapatite
coral scaffolds CHA

Pre-vascularized nHA/coral
potentially significant alveolar bone regeneration

Wang et al. 61 2018
Insulin loaded

nHA/Col/PLGA
Composite scaffold

nHAC bone regeneration
capability enhancement using such a scaffold

Jang et al. 62 2017 Porous HA scaffold PHA superiority over HA granules in terms of neo bone formation 8 
weeks post-implantation

Wu et al. 63 2018
BMP-2 mediated
DPSCs seeded

nHAC/PLA

rhBMP-2 nHAC/PLA promising for PDL bone regeneration

Chen et al. 20 2016 GelMA/ nHA)
GelMA/nHA microgels potential candidates for PDL regeneration

Yan et al. 64 2018 PLGA/nHA/CMs/AD
M

Successful results in terms of deceleration of Residual Ridge
Resorption and increase in remodeling of Alveolar Bone when

used without ADM

pre-vascularize block grafts and enhance 
angiogenesis, tested on critical size mandibular 
defects on experimental animals revealed good 
results in the early stages of healing. This makes 
pre-vascularized nHA/coral a potentially significant 
material for alveolar defects regeneration60.

Insulin Loaded nHA/Col/PLGA Composite Scaffold 
for Enhanced Bone Regeneration and Repair
To obtain the combined benefits of drug delivery 
attributable to PLGA, and excellent cell attach-
ment, proliferation and porosity for scaffolds by 
nHA/Col and the ability of insulin to promote bone 
turnover and osteogenesis, a combination of these 
materials as a composite scaffold by Wang et al. 
resulted in great tissue compatibility, differentiation 
capacity of BMSCs to osteoblasts and bone restora-
tion capacity, when compared to nHA/Col, used 
alone61.

Porous HA scaffold – Ideal for Repairing Alveolar 
Sockets
An in vivo study extracted canine sockets filled with 
either granular or porous hydroxyapatite scaffolds 
to compare their efficacy for alveolar bone 
regeneration which revealed the faster formation of 
new bone with porous HA scaffold than that with 
granular HA making it a suitable material for 
osteogenesis. Furthermore, isotropically porous HA 
scaffold allowed complete healing of alveolar 
socket62.

Role of BMP-2 Mediated DPSCs Seeded 
Nano-Hydroxyapatite/Collagen/Poly (L-lactide)
Tissue-engineered bone with the use of 
biodegradable nHAC/PLA scaffold mediated with 
rhBMP-2 and seeded with DPSCs revealed earlier 
achievement of mineralization and increased 
amount of bone formation in comparison to either 
use of nHAC/PLA alone or a combination of 
nHAC/PLA only with rhBMP-2  without DPSCs or use 
of nHAC/PLA + DPSCs without rhBMP-2 or even 
autologous bone ensuring the combination of the 
above stated three as a suitable material for 
alveolar bone defect reconstruction63.

Gelatin methacrylate/Nanohydroxyapatite Microgel 
Arrays (Gel MA / nHA)
In an in vitro study, great regeneration of new bone 
in experimental mice was suggested with the use of 
GelMA/nHA microgels opening doors to its 
evaluation as a potential material for periodontal 
tissue regeneration20. 

Chitosan Microspheres Nano-Hydroxyapatite PLGA 
Scaffolds Delivering Adrenomedullin
Remodeling of Alveolar Bone and reduction in residu-
al ridge resorption can be accelerated better with 
PLGA/nHA/CMs/ADM composite scaffolds as 
compared to PLGA/nHA/CMs scaffolds when used 

without ADM64.

CONCLUSION
The review of literature about experimental studies 
has demonstrated significant osteoconductive and 
osteoinductive effects of Nano-Hydroxyapatite 
(nHA) scaffolds by possessing structural similarities to 
the composition of bone, it shows excellent adhe-
sion to bone and differentiation of bone-forming 
cells along with its biocompatibility. The application 
of various nHA composites has been reported to be 
useful for GTR (guided tissue regeneration). Further-
more, the achievement of angiogenetic properties 
for Nanohydroxyapatite scaffolds using VEGF has 
added to the osteogenic regeneration capacity. 
Also, since nHA shows short-term resorbability it’s an 
added advantage for the preservation of post-ex-
traction socket and reducing remaining graft mate-
rial around implants. Then HA properties make it an 
equally applicable alternative to autogenous graft-
ing materials in the treatment of intrabony defects 
of the periodontium. Its osteoinductive potentials 
have been shown to improve with the coating of 
VEGF and other growth factors about enhanced 
angiogenesis. Therefore, if the biological properties 
and usage of Nanohydroxyapatite scaffolds must 
be improved, other factors should be incorporated 
and further randomized controlled trials are needed 
for future evaluation.
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Nano-Hydroxyapatite Coral Scaffolds Coralline 
Hydroxyapatite (CHA)
Although, composite scaffolds such as 
nano-hydroxyapatite coral scaffolds CHA having 
an inner core of coralline and outer HA layer have 
demonstrated good clinical applications owing to 

its osteogenic effects. Nonetheless, favorable 
outcomes for bone regeneration have not yet been 
achieved as it’s dependent on neovascularization 
and recruiting progenitor cells at the site of 
damage (Table 2). Therefore, nHA/coral scaffold 
blocks were coated with recombinant rhVEGF165 to 

pre-vascularize block grafts and enhance 
angiogenesis, tested on critical size mandibular 
defects on experimental animals revealed good 
results in the early stages of healing. This makes 
pre-vascularized nHA/coral a potentially significant 
material for alveolar defects regeneration60.

Insulin Loaded nHA/Col/PLGA Composite Scaffold 
for Enhanced Bone Regeneration and Repair
To obtain the combined benefits of drug delivery 
attributable to PLGA, and excellent cell attach-
ment, proliferation and porosity for scaffolds by 
nHA/Col and the ability of insulin to promote bone 
turnover and osteogenesis, a combination of these 
materials as a composite scaffold by Wang et al. 
resulted in great tissue compatibility, differentiation 
capacity of BMSCs to osteoblasts and bone restora-
tion capacity, when compared to nHA/Col, used 
alone61.

Porous HA scaffold – Ideal for Repairing Alveolar 
Sockets
An in vivo study extracted canine sockets filled with 
either granular or porous hydroxyapatite scaffolds 
to compare their efficacy for alveolar bone 
regeneration which revealed the faster formation of 
new bone with porous HA scaffold than that with 
granular HA making it a suitable material for 
osteogenesis. Furthermore, isotropically porous HA 
scaffold allowed complete healing of alveolar 
socket62.

Role of BMP-2 Mediated DPSCs Seeded 
Nano-Hydroxyapatite/Collagen/Poly (L-lactide)
Tissue-engineered bone with the use of 
biodegradable nHAC/PLA scaffold mediated with 
rhBMP-2 and seeded with DPSCs revealed earlier 
achievement of mineralization and increased 
amount of bone formation in comparison to either 
use of nHAC/PLA alone or a combination of 
nHAC/PLA only with rhBMP-2  without DPSCs or use 
of nHAC/PLA + DPSCs without rhBMP-2 or even 
autologous bone ensuring the combination of the 
above stated three as a suitable material for 
alveolar bone defect reconstruction63.

Gelatin methacrylate/Nanohydroxyapatite Microgel 
Arrays (Gel MA / nHA)
In an in vitro study, great regeneration of new bone 
in experimental mice was suggested with the use of 
GelMA/nHA microgels opening doors to its 
evaluation as a potential material for periodontal 
tissue regeneration20. 

Chitosan Microspheres Nano-Hydroxyapatite PLGA 
Scaffolds Delivering Adrenomedullin
Remodeling of Alveolar Bone and reduction in residu-
al ridge resorption can be accelerated better with 
PLGA/nHA/CMs/ADM composite scaffolds as 
compared to PLGA/nHA/CMs scaffolds when used 

without ADM64.

CONCLUSION
The review of literature about experimental studies 
has demonstrated significant osteoconductive and 
osteoinductive effects of Nano-Hydroxyapatite 
(nHA) scaffolds by possessing structural similarities to 
the composition of bone, it shows excellent adhe-
sion to bone and differentiation of bone-forming 
cells along with its biocompatibility. The application 
of various nHA composites has been reported to be 
useful for GTR (guided tissue regeneration). Further-
more, the achievement of angiogenetic properties 
for Nanohydroxyapatite scaffolds using VEGF has 
added to the osteogenic regeneration capacity. 
Also, since nHA shows short-term resorbability it’s an 
added advantage for the preservation of post-ex-
traction socket and reducing remaining graft mate-
rial around implants. Then HA properties make it an 
equally applicable alternative to autogenous graft-
ing materials in the treatment of intrabony defects 
of the periodontium. Its osteoinductive potentials 
have been shown to improve with the coating of 
VEGF and other growth factors about enhanced 
angiogenesis. Therefore, if the biological properties 
and usage of Nanohydroxyapatite scaffolds must 
be improved, other factors should be incorporated 
and further randomized controlled trials are needed 
for future evaluation.
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Nano-Hydroxyapatite Coral Scaffolds Coralline 
Hydroxyapatite (CHA)
Although, composite scaffolds such as 
nano-hydroxyapatite coral scaffolds CHA having 
an inner core of coralline and outer HA layer have 
demonstrated good clinical applications owing to 

its osteogenic effects. Nonetheless, favorable 
outcomes for bone regeneration have not yet been 
achieved as it’s dependent on neovascularization 
and recruiting progenitor cells at the site of 
damage (Table 2). Therefore, nHA/coral scaffold 
blocks were coated with recombinant rhVEGF165 to 

pre-vascularize block grafts and enhance 
angiogenesis, tested on critical size mandibular 
defects on experimental animals revealed good 
results in the early stages of healing. This makes 
pre-vascularized nHA/coral a potentially significant 
material for alveolar defects regeneration60.

Insulin Loaded nHA/Col/PLGA Composite Scaffold 
for Enhanced Bone Regeneration and Repair
To obtain the combined benefits of drug delivery 
attributable to PLGA, and excellent cell attach-
ment, proliferation and porosity for scaffolds by 
nHA/Col and the ability of insulin to promote bone 
turnover and osteogenesis, a combination of these 
materials as a composite scaffold by Wang et al. 
resulted in great tissue compatibility, differentiation 
capacity of BMSCs to osteoblasts and bone restora-
tion capacity, when compared to nHA/Col, used 
alone61.

Porous HA scaffold – Ideal for Repairing Alveolar 
Sockets
An in vivo study extracted canine sockets filled with 
either granular or porous hydroxyapatite scaffolds 
to compare their efficacy for alveolar bone 
regeneration which revealed the faster formation of 
new bone with porous HA scaffold than that with 
granular HA making it a suitable material for 
osteogenesis. Furthermore, isotropically porous HA 
scaffold allowed complete healing of alveolar 
socket62.

Role of BMP-2 Mediated DPSCs Seeded 
Nano-Hydroxyapatite/Collagen/Poly (L-lactide)
Tissue-engineered bone with the use of 
biodegradable nHAC/PLA scaffold mediated with 
rhBMP-2 and seeded with DPSCs revealed earlier 
achievement of mineralization and increased 
amount of bone formation in comparison to either 
use of nHAC/PLA alone or a combination of 
nHAC/PLA only with rhBMP-2  without DPSCs or use 
of nHAC/PLA + DPSCs without rhBMP-2 or even 
autologous bone ensuring the combination of the 
above stated three as a suitable material for 
alveolar bone defect reconstruction63.

Gelatin methacrylate/Nanohydroxyapatite Microgel 
Arrays (Gel MA / nHA)
In an in vitro study, great regeneration of new bone 
in experimental mice was suggested with the use of 
GelMA/nHA microgels opening doors to its 
evaluation as a potential material for periodontal 
tissue regeneration20. 

Chitosan Microspheres Nano-Hydroxyapatite PLGA 
Scaffolds Delivering Adrenomedullin
Remodeling of Alveolar Bone and reduction in residu-
al ridge resorption can be accelerated better with 
PLGA/nHA/CMs/ADM composite scaffolds as 
compared to PLGA/nHA/CMs scaffolds when used 

without ADM64.

CONCLUSION
The review of literature about experimental studies 
has demonstrated significant osteoconductive and 
osteoinductive effects of Nano-Hydroxyapatite 
(nHA) scaffolds by possessing structural similarities to 
the composition of bone, it shows excellent adhe-
sion to bone and differentiation of bone-forming 
cells along with its biocompatibility. The application 
of various nHA composites has been reported to be 
useful for GTR (guided tissue regeneration). Further-
more, the achievement of angiogenetic properties 
for Nanohydroxyapatite scaffolds using VEGF has 
added to the osteogenic regeneration capacity. 
Also, since nHA shows short-term resorbability it’s an 
added advantage for the preservation of post-ex-
traction socket and reducing remaining graft mate-
rial around implants. Then HA properties make it an 
equally applicable alternative to autogenous graft-
ing materials in the treatment of intrabony defects 
of the periodontium. Its osteoinductive potentials 
have been shown to improve with the coating of 
VEGF and other growth factors about enhanced 
angiogenesis. Therefore, if the biological properties 
and usage of Nanohydroxyapatite scaffolds must 
be improved, other factors should be incorporated 
and further randomized controlled trials are needed 
for future evaluation.
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Nano-Hydroxyapatite Coral Scaffolds Coralline 
Hydroxyapatite (CHA)
Although, composite scaffolds such as 
nano-hydroxyapatite coral scaffolds CHA having 
an inner core of coralline and outer HA layer have 
demonstrated good clinical applications owing to 

its osteogenic effects. Nonetheless, favorable 
outcomes for bone regeneration have not yet been 
achieved as it’s dependent on neovascularization 
and recruiting progenitor cells at the site of 
damage (Table 2). Therefore, nHA/coral scaffold 
blocks were coated with recombinant rhVEGF165 to 

pre-vascularize block grafts and enhance 
angiogenesis, tested on critical size mandibular 
defects on experimental animals revealed good 
results in the early stages of healing. This makes 
pre-vascularized nHA/coral a potentially significant 
material for alveolar defects regeneration60.

Insulin Loaded nHA/Col/PLGA Composite Scaffold 
for Enhanced Bone Regeneration and Repair
To obtain the combined benefits of drug delivery 
attributable to PLGA, and excellent cell attach-
ment, proliferation and porosity for scaffolds by 
nHA/Col and the ability of insulin to promote bone 
turnover and osteogenesis, a combination of these 
materials as a composite scaffold by Wang et al. 
resulted in great tissue compatibility, differentiation 
capacity of BMSCs to osteoblasts and bone restora-
tion capacity, when compared to nHA/Col, used 
alone61.

Porous HA scaffold – Ideal for Repairing Alveolar 
Sockets
An in vivo study extracted canine sockets filled with 
either granular or porous hydroxyapatite scaffolds 
to compare their efficacy for alveolar bone 
regeneration which revealed the faster formation of 
new bone with porous HA scaffold than that with 
granular HA making it a suitable material for 
osteogenesis. Furthermore, isotropically porous HA 
scaffold allowed complete healing of alveolar 
socket62.

Role of BMP-2 Mediated DPSCs Seeded 
Nano-Hydroxyapatite/Collagen/Poly (L-lactide)
Tissue-engineered bone with the use of 
biodegradable nHAC/PLA scaffold mediated with 
rhBMP-2 and seeded with DPSCs revealed earlier 
achievement of mineralization and increased 
amount of bone formation in comparison to either 
use of nHAC/PLA alone or a combination of 
nHAC/PLA only with rhBMP-2  without DPSCs or use 
of nHAC/PLA + DPSCs without rhBMP-2 or even 
autologous bone ensuring the combination of the 
above stated three as a suitable material for 
alveolar bone defect reconstruction63.

Gelatin methacrylate/Nanohydroxyapatite Microgel 
Arrays (Gel MA / nHA)
In an in vitro study, great regeneration of new bone 
in experimental mice was suggested with the use of 
GelMA/nHA microgels opening doors to its 
evaluation as a potential material for periodontal 
tissue regeneration20. 

Chitosan Microspheres Nano-Hydroxyapatite PLGA 
Scaffolds Delivering Adrenomedullin
Remodeling of Alveolar Bone and reduction in residu-
al ridge resorption can be accelerated better with 
PLGA/nHA/CMs/ADM composite scaffolds as 
compared to PLGA/nHA/CMs scaffolds when used 

without ADM64.

CONCLUSION
The review of literature about experimental studies 
has demonstrated significant osteoconductive and 
osteoinductive effects of Nano-Hydroxyapatite 
(nHA) scaffolds by possessing structural similarities to 
the composition of bone, it shows excellent adhe-
sion to bone and differentiation of bone-forming 
cells along with its biocompatibility. The application 
of various nHA composites has been reported to be 
useful for GTR (guided tissue regeneration). Further-
more, the achievement of angiogenetic properties 
for Nanohydroxyapatite scaffolds using VEGF has 
added to the osteogenic regeneration capacity. 
Also, since nHA shows short-term resorbability it’s an 
added advantage for the preservation of post-ex-
traction socket and reducing remaining graft mate-
rial around implants. Then HA properties make it an 
equally applicable alternative to autogenous graft-
ing materials in the treatment of intrabony defects 
of the periodontium. Its osteoinductive potentials 
have been shown to improve with the coating of 
VEGF and other growth factors about enhanced 
angiogenesis. Therefore, if the biological properties 
and usage of Nanohydroxyapatite scaffolds must 
be improved, other factors should be incorporated 
and further randomized controlled trials are needed 
for future evaluation.
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Nano-Hydroxyapatite Coral Scaffolds Coralline 
Hydroxyapatite (CHA)
Although, composite scaffolds such as 
nano-hydroxyapatite coral scaffolds CHA having 
an inner core of coralline and outer HA layer have 
demonstrated good clinical applications owing to 

its osteogenic effects. Nonetheless, favorable 
outcomes for bone regeneration have not yet been 
achieved as it’s dependent on neovascularization 
and recruiting progenitor cells at the site of 
damage (Table 2). Therefore, nHA/coral scaffold 
blocks were coated with recombinant rhVEGF165 to 

pre-vascularize block grafts and enhance 
angiogenesis, tested on critical size mandibular 
defects on experimental animals revealed good 
results in the early stages of healing. This makes 
pre-vascularized nHA/coral a potentially significant 
material for alveolar defects regeneration60.

Insulin Loaded nHA/Col/PLGA Composite Scaffold 
for Enhanced Bone Regeneration and Repair
To obtain the combined benefits of drug delivery 
attributable to PLGA, and excellent cell attach-
ment, proliferation and porosity for scaffolds by 
nHA/Col and the ability of insulin to promote bone 
turnover and osteogenesis, a combination of these 
materials as a composite scaffold by Wang et al. 
resulted in great tissue compatibility, differentiation 
capacity of BMSCs to osteoblasts and bone restora-
tion capacity, when compared to nHA/Col, used 
alone61.

Porous HA scaffold – Ideal for Repairing Alveolar 
Sockets
An in vivo study extracted canine sockets filled with 
either granular or porous hydroxyapatite scaffolds 
to compare their efficacy for alveolar bone 
regeneration which revealed the faster formation of 
new bone with porous HA scaffold than that with 
granular HA making it a suitable material for 
osteogenesis. Furthermore, isotropically porous HA 
scaffold allowed complete healing of alveolar 
socket62.

Role of BMP-2 Mediated DPSCs Seeded 
Nano-Hydroxyapatite/Collagen/Poly (L-lactide)
Tissue-engineered bone with the use of 
biodegradable nHAC/PLA scaffold mediated with 
rhBMP-2 and seeded with DPSCs revealed earlier 
achievement of mineralization and increased 
amount of bone formation in comparison to either 
use of nHAC/PLA alone or a combination of 
nHAC/PLA only with rhBMP-2  without DPSCs or use 
of nHAC/PLA + DPSCs without rhBMP-2 or even 
autologous bone ensuring the combination of the 
above stated three as a suitable material for 
alveolar bone defect reconstruction63.

Gelatin methacrylate/Nanohydroxyapatite Microgel 
Arrays (Gel MA / nHA)
In an in vitro study, great regeneration of new bone 
in experimental mice was suggested with the use of 
GelMA/nHA microgels opening doors to its 
evaluation as a potential material for periodontal 
tissue regeneration20. 

Chitosan Microspheres Nano-Hydroxyapatite PLGA 
Scaffolds Delivering Adrenomedullin
Remodeling of Alveolar Bone and reduction in residu-
al ridge resorption can be accelerated better with 
PLGA/nHA/CMs/ADM composite scaffolds as 
compared to PLGA/nHA/CMs scaffolds when used 

without ADM64.

CONCLUSION
The review of literature about experimental studies 
has demonstrated significant osteoconductive and 
osteoinductive effects of Nano-Hydroxyapatite 
(nHA) scaffolds by possessing structural similarities to 
the composition of bone, it shows excellent adhe-
sion to bone and differentiation of bone-forming 
cells along with its biocompatibility. The application 
of various nHA composites has been reported to be 
useful for GTR (guided tissue regeneration). Further-
more, the achievement of angiogenetic properties 
for Nanohydroxyapatite scaffolds using VEGF has 
added to the osteogenic regeneration capacity. 
Also, since nHA shows short-term resorbability it’s an 
added advantage for the preservation of post-ex-
traction socket and reducing remaining graft mate-
rial around implants. Then HA properties make it an 
equally applicable alternative to autogenous graft-
ing materials in the treatment of intrabony defects 
of the periodontium. Its osteoinductive potentials 
have been shown to improve with the coating of 
VEGF and other growth factors about enhanced 
angiogenesis. Therefore, if the biological properties 
and usage of Nanohydroxyapatite scaffolds must 
be improved, other factors should be incorporated 
and further randomized controlled trials are needed 
for future evaluation.
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