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ABSTRACT 
 
INTRODUCTION: Significant development has been achieved with bioceramics and biopolymer scaffolds in the construction of artificial 
bone.  In the present study, Chitosan– nanohydroxyapatite (CS/nHA) scaffolds have been developed as bone graft substitutes in rabbits with 
induced osteoporosis. 
OBJECTIVES: To evaluate the effect of Chitosan- nanohydroxyapatite (CS/nHA) scaffold in bone tissue regeneration of extracted socket in 
rabbits with induced osteoporosis; using Scanning Electron Microscope and Energy Dispersive x-ray analysis [EDXA]. 
MATERIALS AND METHODS: Twenty NewZealand white female rabbits were randomly divided into 2 equal groups; group A 
(osteoporosis) with no graft material, and group B (osteoporosis with CS/nHA). After the experimental period the animals were sacrificed at 2 
& 4 weeks. The effect of CS/Nha was evaluated using Scanning Electron Microscope and Energy Dispersed x-ray analysis [EDXA]. The data 
obtained was tabulated and subjected to statistical analysis. 
RESULTS: Scanning Electron Microscopic results revealed more trabecular bone thickness with regular bone surface, and uniform osteocyte 
lacunae in the group B (osteoporosis with CS/nHA) than group A (osteoporosis), and these results were proved by  EDXA which showed more 
Ca and P ratio in the group B than group A.   
CONCLUSIONS: CS/nHA scaffold is considered an effective hard tissue engineering material with sufficient interconnected porosity and 
mechanical strength to allow cell adhesion, migration, growth and proliferation resulting in good integration  with  surrounding  tissues, and 
rapid bone healing, thus it might be used in osteoporotic condition. 
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INTRODUCTION 
Nanotechnology is the manipulation of molecular-sized 
materials to create new products and processes. It deals with 
fields such as physics, chemistry and biochemistry, and 
molecular biology (1). 

Nanotechnology is a rapidly progressing field; it 
already has a great impact in orthopedics since it provides 
the ability to better mimic the native nano-environment of 
natural tissues (2). Nanomaterials (that is, materials with 
one fundamental dimension less than 100 nm) can reduce 
implant infection, inhibit inflammation, and increase bone 
growth all without using pharmaceutical agents (3). 

Bone tissue engineering is a specific area in 
nanotechnology where the development of nanostructured 
biomaterials may be able to replace hard and soft skeletal 
tissue, and biocompatible materials for tissue genesis. Other 
related areas also include creation of nanoporous 
biocapsules for cellular therapy.  Tissue engineering stands 
to benefit most from the nanotechnology because of the 
growing ability to fabricate complex nanostructured 
materials (4). 

The architecture of biomaterial scaffolds is crucial to 
the performance of the scaffold. Scaffolds not only provide 

a structural support for cell integration, but also regulate cell 
proliferation, differentiation and migration to form 
functional tissues (5). 

Scaffolds for bone regeneration should meet certain 
criteria to serve this function, including mechanical 
properties similar to those of the bone repair site, 
biocompatibility and biodegradability at a rate 
commensurate with remodeling. Scaffolds serve primarily 
as osteoconductive moieties, since new bone is deposited by 
creeping substitution from adjacent living bone (6). 

Based on the natural structure of bones, 
Chitosan/nanohydroxyapatite composite was prepared in 
this study. Nanohydroxyapatite (nHA) can be made either 
synthetically (7,8) or isolated from natural sources (9).  
However, instead of natural HA, the composite of chitosan 
with synthetic HA is more widely used as a bone graft 
substitute (10).  

Hydroxyapatite (HA), is a major inorganic component 
of bone, that has been studied as a possible substitute 
material for hard tissue due to its high biocompatibility and 
osteoconductivity, and it has been used clinically as 
artificial bone and for dental implants substitute (11). 
However, the clinical use of HA as a bone substitute has 
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been proved problematic due to its brittleness, and difficult 
to prevent the dispersion of HA granules and mold the 
granules into the desired shape (12). 

HA nanoparticles means HA that have a size of<100 
nm in diameter of width or length. They are used in various 
medical applications such as the delivery of antibiotics, 
growth factors, anticancer drugs, enzymes, and antigens for 
slow-release vaccinations. HA nanoparticles are known to 
have good bioactivity, high biocompatibility, and a flexible 
structure, which are necessary qualities in biomedicine. The 
effect of nanosized HA particles on the host tissue response 
have been encouraging, which has made the development 
of nanophase HA increasingly imperative (13). 

Chitosan is a natural biopolymer consisting of β (1 → 
4)-2-acetamido-d-glucose and β (1 → 4)-2-amino-d-
glucose unit linkage (14) and a promising biomaterial for 
bone tissue engineering.  In addition, chitosan can be easily 
modified into various forms like films, fibers, beads, 
sponges and more complex shapes for orthopedic treatment. 
The drawbacks of chitosan scaffolds are flexibility and poor 
mechanical properties, which are inferior to those of normal 
bone, because of which, they are unable to support load 
bearingbone implants (15).  

It is well known that combination of two materials with 
different characteristics leads to composites with tailor-
made properties, so the addition of Hydroxyapatite(HA) to 
the chitosan scaffold has been shown to increase cell 
adhesion, cell proliferation, mechanical strength, alkaline 
phosphatase activity, protein adsorption, type I collagen 
production as well as expression of other osteogenic 
differentiation markers (11, 16). 

Osteoporosis is a disorder that causes a decrease in 
bone mass that is normally mineralized due to an imbalance 
between osteoclast and osteoblast activities (17). 
Osteoporosis is an amorphous process due to the irregular 
degenerative process, which is difficult to characterize, 
within a wide range of bone mineralization. Change in bone 
mineralization is strongly influenced by the nature of atoms 
capable of performing a substitution to form a composite 
(18). 

Bone crystals are extremely small, with a meanlength 
of 50 nm (within range of 20–150 nm), an average width of 
25 nm (in range of 10–80 nm), and a thickness of only 2–5 
nm. Crystal in osteoporotic bone is calcium phosphate 
hydroxide with chemical formula of Ca10 (OH) 2(PO4)6. 
Crystal of normal boneis sodium calcium hydrogen 
carbonate phosphate hydrate with chemical formula of 
Ca8H2 (PO4)6H2O–NaHCO3–H2O (19). 

Crystal size in osteoporotic bone is smaller than that in 
normal bone. This is presumably due to the irregular atomic 
arrangement in the osteoporotic bone crystal in which 
crystallographic parameters in osteoporotic bone are not 
known, while in normal bone, crystallographic parameters 
are known well in the form of hexagonal crystal system. 
Moreover, osteoporotic bone crystal showed a lower 
crystallinity than normal bone, and the atom density of 
osteoporotic bone crystals is smaller than that of normal 
bone (19). 

The mechanism of glucocorticoid effect on bone 
metabolism is rather complex, due to its role in arresting 
wound healing. Glucocorticoids modify osteoblastic cell 
differentiation, their number and function, thus inhibiting 
bone formation. Inhibition of bone formation is 

simultaneously followed by bone resorption and subsequent 
bone loss (20). 

After surgical procedure of tooth extraction, a 
coagulum fulfils the alveolar socket and a process of wound 
healing occurs. The healing in osteoporosis never allows 
restoration to original condition of the alveolar bone ridge, 
resulting in decreased bone volume and physiological 
resorption which is a significant clinical problem (21). 

Experimental models of osteoporosis in rabbits are 
useful to investigate anabolic agents because rabbits have 
an active Haversian remodeling and achieve skeletal 
maturity quickly (22). 

The aim of the study was to assess the efficacy of 
nanohydroxyapatite/chitosan composite scaffolds in 
healing alveolar bone defects in rabbits with induced 
osteoporosis. 
 
MATERIALS AND METHODS 
Experimental animals 
Twenty adult female New Zealand white rabbits of 6 
months old (3.5–4.5 kg in weight) were used in this study. 
Animals were obtained from the animal house of Medical 
Research Institute, Alexandria University. They were kept 
under the same nutritional and environmental conditions in 
the experimental animal house (23).  

Rabbits were divided randomly by computer assisted 
software into 2 equal groups: Group A: osteoporosis, with 
no CS/nHA Scaffold. 

Group B: osteoporosis with CS/nHA Scaffold. 
Each rabbit in this study followed these criteria (23); 
Inclusion criteria: The rabbits in this study were matched 
with age, weight, sex, unified type of diet, and housing. 
Exclusion criteria: Specifically excluded rabbits that were 
included in any previous experimental study or presence of 
any illness or wound. 

In order to minimize risk of confounding, random 
allocation must be truly done, by using a computer-
generated random sequence of numbers to assign treatment 
status.The participant and all personnel who perform the 
study were unaware of treatment assignment (24). 
Materials 
Chitosan–nHA Scaffold 
Chitosan–nHA scaffold was prepared & purchased from 
nanotech company (Nanotech company, 6th of October 
city). 
Methods 

1- Induction of osteoporosis (25) 
All rabbits in group A& B were weighted to enable weight 
related dose adjustments. Rabbits received 
methylprednisolone sodium succinate (EPICIO company, 
Nasr city, Egypt), which was injected intramuscularly at a 
dosage of 2mg/kg/day for 4 consecutive weeks. At the end 
of 4 weeks all rabbits were prepared for surgical extraction 
of mandibular right first premolar. 

2- Surgical extraction (26) 
Anaesthesia: 
The rabbits were anesthetized with general anesthesia using 
mixture of 13 mg/kg of 2% xylazine hydrochloride and 33 
mg/kg of ketamine base. The mandibular right first 
premolar was extracted atraumatically. 
Application of CS/nHA scaffold: 
Following the extraction, in group A the sockets were left 
to heal spontaneously without application of any material, 
while in group B the sockets were loaded with CS/nHA. 
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The soft tissues in both groups were sutured by 4-0 
Vicryl sutures using a cross-mattress technique to achieve 
site stability. 

After the surgery 5 animals from each group were 
sacrificed after 2, and 4 weeks. The mandibles were 
dissected out and the right halves were separated and fixed 
in 4 % formaldehyde with 1% glutaraldehyde [4F1G] for 
the Scanning Electron Microscopic examinations and 
Energy Dispersed x-ray analysis [EDXA]. 
Characterization of the scaffold: (Fig 1) 
The morphology and size of the pores of the scaffold were 
examined with scanning electron microscopy (SEM) 
(Faculty of Science, Alexandria University). The scaffold 
was cut by a razor blade and mounted on aluminum stubs 
with conductive paint and then sputter-coated with gold for 
examination. The structural morphology of CS/nHA 
scaffold showed an internal microstructure with spherical, 
interconnected pores [range from 20-100 µm] and dense 
struts composed of nHA particles embedded within a high 
density. 

 
Figure (1): Scanning Electron Micrograph [SEM] of CS/nHA 
scaffold showing spherical, interconnected pores and dense struts 
(red arrows) (x150). Inset: showing higher magnification nHA 
particles (blue arrows) attached on the surface of the scaffold 
(x1500). 
 
Characterization of the nanohydroxyapatite 
particles(nHA): (Fig 2) 
The size and shape of nHA were determined using 
Transmission Electron Microscope (TEM) (Faculty of 
Science, Alexandria University), which was rod or 
nanoneedle-like particles, with average particle size range 
of 20- 50 nm.  
 

 
Figure (2): Transmission Electron micrograph [TEM] of 
nanohydroxyapatite (nHA) suspension showing that most of the 
nanoparticles are rod or needle like with average particle size 
ranging from 20- 50 nm.  (x2000). 

 
 
 

• Ultrastructural evaluation of bone regeneration: (27) 
Bone regeneration was evaluated by SEM to assess the 
newly formed bone trabeculae in all groups. Samples from 
osteoporotic and CS/nHA group were collected 2 and 4 
weeks after extraction, and were fixed in 4F1G. The socket 
areas were split longitudinally in a buccolingual direction at 
the mandibular right first premolar region, using a straight 
head hand piece with a double abrasive disc. We make a 
groove at the buccal, lingual plate of bone, and basal bone 
at the center of the socket, and then we split the two halves 
away from each other. Each half was immersed in 
phosphate buffers, dehydrated through a 30–100 % alcohol 
series at room temperature (24°C), dried at the critical point, 
coated with gold in vacuum, and observed by SEM. 

• Energy Dispersive x-ray Analysis (EDXA) (Faculty of 
Science, Alexandria University) (27): EDXA is analytical 
technique used for the elemental analysis of a sample. It was 
used to compare the different percentages of bone calcium 
and phosphate content of the newly formed bone in the 
osteoporotic and CS/nHA group. 

• Ethical Considerations: 
The study was performed after gaining the approval of the 
Research Ethics Committee, Faculty of Dentistry, 
Alexandria University. 

• Statistical analysis: (28) 
Data of EDXA analysis were fed to the computer and 
analyzed using IBM SPSS software package version 20.0. 
Quantitative data were described using range (minimum 
and maximum), mean, standard and median. The 
distributions of quantitative variables were tested using F-
test (ANOVA). Significance of the obtained results was 
judged at the 5% level.  
 
RESULTS 
The results obtained from this study included the 
followings: 

1. Scanning Electron Microscope (SEM)  
2. Energy Dispersive x-ray Analysis (EDXA) 
1. Scanning Electron Microscope (SEM): 
2 weeks interval: 
Group A (osteoporosis): (Fig 3) 
Scanning Electron Microscopic examination of this group 
revealed extensive, irregular, resorptive (pitted) surface and 
very thin bony spicules with wide marrow spaces. The inset 
in this micrograph showed higher magnification of 
osteocytes with irregular lacunae space and large amount of 
unmineralized collagen (blue arrows). 
 

 
Figure (3): SEM micrograph of Group A (osteoporosis) after (2 
weeks) showing irregular, resorptive (pitted) surface and very thin 
bony spicules (x150). Inset: higher magnification showing 
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osteocytes with irregular lacunae and large amount of 
unmineralized collagen (blue arrows) (x1500). 
Group B (osteoporosis, CS/nHA Scaffold): (Fig 4) 
Scanning Electron Microscopic examination of this group 
showed more regular bone formation with large uniform 
woven bony spicules and relatively narrow bone marrow 
spaces. The inset is higher magnification of this micrograph 
that showed osteocyte, with uniform lacunae (blue arrows) 
and regular surface of the newly formed bone represented 
more bone formation. 

 
Figure (4): SEM micrograph of Group B (osteoporosis, CS/nHA 
Scaffold) after (2 weeks) showing internal regular bone formation 
with smooth woven bony spicules and relatively narrow bone 
marrow spaces (x150). Inset: higher magnification showing 
osteocyte with uniform lacunae (blue arrows) and regular surface 
of the newly formed bone(x1500). 
 
4 weeks interval: 
Group A (osteoporosis): (Fig 5) 
In the osteoporotic group, the Scanning Electron 
Microscopic examination   calcifying bone matrix were 
observed at newly formed bone after 4 weeks with 
resorptive (pitted) surface, it represent a slow rate of bone 
formation. The inset is higher magnification of this 
micrograph that showed unmineralized collagen (blue 
arrows). 

 
Figure (5): SEM micrograph of Group A (osteoporosis) after (4 
weeks) showing irregular, resorptive (pitted) surface, and less 
calcifying bone matrix (x150). Inset: higher magnification of this 
micrograph showing less mineralized collagen (blue arrows) 
(x1500). 
 
Group B (osteoporosis,CS/nHA Scaffold): (Fig 6) 
At 4 weeks, Scanning Electron Microscopic examination of 
this group revealed a large amount of newly formed bone, 
as well as abundant calcifying matrix. The inset is higher 
magnification of this micrograph that showed osteocytes 
with uniform lacunae (red arrows) and regular surface of the 
newly formed bone with calcifying globules represented 
bone mineralization (blue arrows). 
 

 
Figure (6): SEM micrograph of Group B (osteoporosis, CS/nHA 
Scaffold) after (4 weeks) showing rapid bone formation with 
smooth surface (x150). Inset: higher magnification of this 
micrograph showing osteocytes with uniform lacunae (red arrows) 
and regular surface of the newly formed bone with calcifying 
globules represented bone mineralization (blue arrows) (x1500). 
 

2. Energy Dispersive x-ray Analysis (EDXA): (Table 1& 2) 
Table (1) shows comparison between the two groups after 
the first two weeks, there was a significantly decrease in the 
percentage of Ca in osteoporotic group (A) than CS/nHA 
scaffold group (B), with mean values were 47.9±5.3 and 
64.2±2.4 respectively and significantly increases in the 
percentage of P with mean values were 52.1 ± 
5.3and35.8±2.4 respectively, with P value= 0.001. 

Table (2) show comparison between the two groups 
after four weeks, the results of Ca increased significantly 
more in CS/nHA scaffold group (B) than the osteoporotic 
group (A), with mean values were 774.0 ± 3.4, and 58.6 ± 
2.0, respectively. While the percentage of P decreased more 
in CS/nHA scaffold group (B) than the osteoporotic group 
(A), with mean values were 26.0±3.4, and 41.4±2.0, 
respectively, with P value<0.001. 

 
Table (1): Comparison between the two studied groups 
according to P and Ca after two weeks 

 Group A 
(n= 4) 

Group B 
(n= 4) t p 

P     
Mean ± SD. 52.1 ± 5.3 35.8 ± 2.4 

5.568* 0.001* Median (Min. –
Max.) 

52.9(45.2 – 
57.5) 

35.6(33.2 – 
38.9) 

Ca     

Mean ± SD. 47.9±5.3 64.2 ± 2.4 
5.568* 0.001* Median (Min. –

Max.) 
47.2(42.5 – 
54.8) 

64.5(61.1 – 
66.8) 

t: Student t-test 
p: p value for comparing between the studied groups 
*: Statistically significant at p ≤ 0.05 
 
Table (2): Comparison between the two studied groups 
according to P and Ca after four weeks 

 Group A 
(n= 4) 

Group B 
(n= 4) t p 

P     
Mean ±SD. 41.4±2.0 26.0±3.4 

7.803* <0.001
* Median (Min. –

Max.) 
40.9(39.6 – 
44.3) 

25.4(22.6 – 
30.6) 

Ca     
Mean ±SD. 58.6 ± 2.0 74.0 ± 3.4 

7.803* <0.001
* Median (Min. –

Max.) 
59.1(55.7 – 
60.4) 

74.6(69.4 – 
77.4) 

t: Student t-test 
p: p value for comparing between the studied groups 
*: Statistically significant at p ≤ 0.05 
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DISCUSSION 
Osteoporosis is characterized by reduced bone mass and 
disruption of bone architecture, resulting in increased risks 
of fragility fractures which represent the main clinical 
consequence of the disease (29). It is classified into primary 
and secondary types. Primary osteoporosis refers to 
postmenopausal osteoporosis and to age-related 
osteoporosis. In contrast, secondary osteoporosis refers to 
bone disorders that are secondary complications of various 
other medical conditions, it has been established that 
glucocorticoids are the most commonly implicated drug that 
accompanied with significant bone loss (30). 

Glucocorticoids cause general skeletal resorption as 
well as focal damage in idiosyncratic areas of the skeleton. 
Because glucocorticoids affect osteoblastic and osteoclastic 
differentiation and activity, determining the mechanisms 
that are involved has been complex. The conditions used in 
this study, including the 30-day experimental time, allowed 
demonstration of changes including significant bone loss 
but without advanced lesions, at a controlled glucocorticoid 
dose (31). For this reason, we used experimental dose of 
methylprednisolone acetate   2mg/kg/day. No fractures or 
osteonecrosis were apparent in this group, and gave 
consistent and measurable bone changes. This is in 
accordance with a study done by Eberhardt et al (32). 

Tooth extraction was once described as a tissue 
amputation that may lead to functional, psychological, 
postural and local changes. In modern dentistry, the healing 
process of the socket following tooth extraction has become 
an important topic of research, study and discussion (32). 

In the present study, rabbit was chosen to investigate 
socket healing. Using rabbit as an experimental animal has 
many advantages including its availability, economic 
expenses, short life span and healing short duration, also 
females are more prone for osteoporosis than males, so we 
used females in our study (33). The right first mandibular 
premolars were extracted to be used as a model to study 
socket healing. 

In the current study, the healing of extraction socket 
was evaluated at two different intervals 2 and 4 weeks 
respectively, Fisher et al (34) used approximately the same 
intervals. 

To the best of our knowledge, the review of literature 
is lacking articles dealing with assessment of the effect of 
CS/nHA composite on the healing of extraction socket in 
rabbit with induced osteoporosis. So the aim of the present 
study was directed to reveal the result of such effect. 

The current study demonstrates that the extracted 
socket defects of the rabbits with induced osteoporosis can 
be repaired by nanohydroxyapatite/CS composite scaffold 
within four weeks. Nanohydroxyapatite belongs to ceramic-
based bone graft substitutes. Besides nanohydroxyapatite, 
the main materials of this category include tri-calcium 
phosphate (TCP), bioactive glass ceramics (Bio glass), 
calcium phosphate cement (CPC), and calcium sulfate (35). 

It is well known that the high proportion of HA and 
uniform distribution of nHA granules in the CS matrix 
enable the scaffolding material to possess good 
biocompatibility, high bioactivity and enough mechanical 
strength, in addition  the higher content of HA in the 
composite, the better bioactivity can be achieved by the 
material(6).Therefore, to enhance the bioactivity of the 
material and to better mimic the hybrid composition of 

natural bone and enhance the mechanical strength of the 
scaffold, we chose the CS /nHA scaffold.  

Chitosan [CS] is a natural polysaccharide and is 
considered the largest biomaterial after cellulose in terms of 
utilization and distribution. Chitosan has attracted attention 
because of its biological properties and effective uses in the 
medical field, food industries, and agricultural sector. It 
shows a variety of biological activities such as activation of 
immune response, cholesterol lowering activity, and 
antihypertension activity, inhibition of growth of 
microorganisms and pain alleviation and promotion of 
hemostasis and epidermal cell growth (14). 

The beginning of bone formation and bone cell 
proliferation is a very complex process. Some research has 
found that three-dimensional pore structures could facilitate 
cell adhesion, differentiation, and proliferation, and help 
with fibrovascular and nerve colonization, so that the new 
bone “crawls” into the material to achieve early 
osteoinduction. The surface of a nano-material is 
significantly larger than a micron-material, and the numbers 
of atoms are significantly increased on the surface. Thereby, 
owing to their greater surface area, the nano-sized particles 
are more biologically active compared with micron-sized 
particles (6). The previous studies have shown that micron-
HA only had osteoconduction without osteoinduction, yet 
nano-HA had both (6, 12, 13, 15).  

After Characterization of the scaffold, we found that 
nHA/CS nanocomposite showed internal microstructure 
with spherical, regular interconnected pores [range from 20-
100 µm] and dense struts composed of nHA particles 
embedded within a high density, this is in accordance with 
study done by Woodard et al (36) Who stated that the 
Scaffold architecture plays an important role in determining 
the rate and degree of bone ingrowth. Macroporosity (pores 
>50 µm) is thought to contribute to osteogenesis by 
facilitating cell and ion transport and provide spacing for the 
vasculature required to nourish new bone. Studies suggest 
that microporosity (pores<20 µm) improves bone growth 
into scaffolds by increasing surface area for protein 
adsorption, and providing attachment points for osteoblasts 
(36, 38), that all was approved in our study. 

After characterization of the nanohydroxyapatite 
particles (nHA)particles, it showed that the shape of nHA 
with rod or nanoneedle-like particles with average particle 
size was observed to be in the range of 20- 50 nm, the same 
results were conducted by Uskoković et al (37). 

The SEM results of the present work demonstrated that 
at the end of the second week after extraction, the socket of 
nHA/CS group have more regular and rapid woven bone 
formation with large number of osteocytes inside its lacunae 
indicating active bone formation than the osteoporotic 
group. 

Kong etal (38) showed the reason for increased bone 
formation in his study, where the compatibility between 
bone forming cells and the chitosan/nano-HA composite 
scaffolds was evaluated by MC3T3-E1 [a preosteoblast cell 
line derived from newborn mouse calvaria], It can be seen 
that the cells on the apatite layer formed on composite 
scaffolds were distributed in clusters having more cells than 
those formed on chitosan scaffolds alone, this was often 
related to well-spreaded cell  adhesion,  attaching  its  
filapodia  to  the  hydroxyapatite  nanoparticles. Also the 
Alkaline phosphatase (ALP) activity of cells on composite 
scaffolds was much higher than that of cells on chitosan 
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scaffolds. The ALP activity assessment indicated that cells 
on the composite scaffolds showed higher differentiation 
level than chitosan scaffolds (38). 

The better performance of nanocomposite could be 
explained from three aspects as follow. First, favorable 
osteoconductivity. The three-dimensional CS /nHA 
nanocomposite scaffolds are similar to bone apatite in size, 
phase composition and crystal structure, with the pore 
diameter ranging from 20 to100 nm. They serve as a 
template to guide bone tissue regeneration, while it 
gradually degrades and replaces by newly formed bone 
tissue. The porosity and pore size play a critical role in the 
growth of cells (36). 

Second, good osteogenesis in CS/nHA scaffolds were 
characterized by a relatively rough surface and 
approximately 20 times greater area/unit mass than CS 
scaffold, which indicated increase adsorption of fibronectin 
and improved cell attachment. The biological response of 
pre-osteoblasts on nanocomposite scaffolds was superior in 
terms of improved cell attachment, higher proliferation, and 
well-spread morphology in relation to CS scaffold, as 
reported by Thein-Han et al (10). 

Third, favorable osteoinductivity. The nanocomposite 
is able to support mitogenesis of undifferentiated cells and 
help them to differentiate into bone (36,10).  

Four weeks after the operation, the regular trabeculae 
were observed in bone defect, because of its favorable 
osteoconductivity properties, that was previously reported 
for CS/nHA composite (36). 

At the second week after extraction, the socket of 
osteoporotic group has irregular, resorptive (pitted) surface 
and very thin bony spicules were observed at the surface of 
newly formed bone. this fact is explained by Zhao  et al (39) 
study as   osteoporotic  bone  originated osteoblast  showed  
significantly  lower  Alkaline Phosphatase [ALP]  activity,  
matrix  mineralization  ability  and gene  expressions,  
including  ALP,  Osteocalcin [OCN], Bone Sialoprotein 
[BSP]  and  Osterix [OSX] (39).   

At the end of four week after extraction, the socket of 
osteoporotic group were observed at the surface of newly 
formed bone, with resorptive (pitted) surface, and it showed 
a slow rate of bone formation. 

The explanation of both intervals in our study was done 
by Eberhardt  etal (31) who stated that glucocorticoids cause 
damage bone by a mechanism that includes osteocyte and 
osteoblast death, most likely by apoptosis of contiguous 
groups of cells in osteons. Apoptosis of osteocytes is 
considered as the third cause of osteoporosis that appears to 
be responsible for the decreased bone formation. In 
addition, this study demonstrated that an increase in 
apoptotic osteocytes that may contribute to bone fragility 
independent of changes in bone mass. 

In addition, Glucocorticoids function in normal bone 
turnover, thus probably reflects extreme stimulation of a 
physiologically important receptor, as osteoblast expression 
of Receptor activator of nuclear factor κB ligand [RANK 
ligand], that is a key pathway in osteoclast development, 
also it has also been noted that glucocorticoids stimulate in 
bone the formation of cAMP, the principal second 
messenger mediating parathyroid hormone [PTH] activity 
(39).   

The EDXA analysis confirmed the results of the SEM, 
where after the first healing period; it has been revealed that 
the percentage of the Calcium of the newly formed bone 

was lowest in osteoporosis group and highest in CS/nHA 
Scaffold group. The difference in percentage of newly 
formed bone between osteoporosis group and CS/nHA 
Scaffold group was statistically significant.  

Calcium is beneficial for cell proliferation. While 
phosphate ions release from nHA/CS composites can 
absorb calcium from ambient environment. The mechanism 
underlying the upregulated cellular functions observed and 
how cells would respond to nanohydroxyapatite particles 
(nHA) at subcellular level was reported by Zhao et al (39). 
Homeostasis of intracellular calcium plays a vital role in the 
regulation of cell proliferation and growth, especially in 
osteoblastic cells.  A rise in intracellular calcium level in 
osteoblastic cell line was found to be a necessary process in 
both Bone morphogenetic proteins-2 [BMP-2] induced 
differentiation, as well as microdamaged bone repair 
especially in osteoporosis.  

Finally, we recommended the use of chitosan/nHA 
composite scaffold in osteoporotic induced bone 
regeneration, as the satisfactory repair rate of the extraction 
socket suggested the determining role of chitosan/nHA 
scaffold in facilitating new bone regeneration. 
 
CONCLUSION 
The finding of this study proved that Osteoporosis is a 
disease that dramatically affects bone healing & declared 
that chitosan/nHAscaffold improved bone regeneration thus 
it can be used in case of osteoporosis to counter act its effect. 
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