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Abstract
Multiple attempts are made to develop coating layers on the implant surface to enhance ossiointegration and 
support implant functions. The mixture of chitosan with HA prepared by sol–gel process to make organic–
inorganic hybrid composite that has the ability to make network with or without covalent bonds between 
components.

In this study the immersion of titanium disc coated via sol – gel technique by nano-HA and chitosan in 
simulated body fluid.

Materials and Method: Composite of nano hydroxy apatite/chitosan was prepared by sol – gel technique 
after preparation of two solutions of calcium nitride and phosphorous pentaoxide, then the magnetic stirrer 
was used for mixing of these solutions, then 3 mg of chitosan were added to the mixture and the mixture 
was stirrer for 15 hours to complete the mixing. Dip coated of titanium samples, then the samples were 
removed and dried by hot air oven, finally samples were sintered at 4000C for one hour. Coated samples 
were immersed in SBF in closed containers and placed in incubators at temperature 370C for 30 days.

Analysis of the surface include thickness measurement, X-ray diffraction (XRD), scanning electron 
microscopy (SEM) and energy-dispersive x-ray spectroscopy (EDX).

The results of thickness measurement showed increase in thickness of the coated layer after immersion in 
SBF compared with thickness before immersion. The results of XRD showed the appearance of new peaks 
of HA, SEM showed there are additional accumulation of HA granules on the original coating layer. EDX 
test showed decreased in the concentration of the main ions component (Ca, Na, P, O and K) when compared 
with coated samples before immersion in SBF.

Keywords:  Dental implant, dip coating, sol–gel, chitosan, hydroxyapatite, nanoparticles, simulated body 
fluid.

Introduction
The successful of dental implant depends on 

many factors; implant material, design of implant and 
design of implant surface (1). Multiple attempts are 
made to develop coating layers on the implant surface 
to enhance ossiointegration and support implant 
functions(2). The coating layer should be biocompatible 
and osteoconductive properties which mean that it must 
have the ability to attract osteoblasts to the implant 
surface and enhance bone formation to secure bone–
implant interface(3). The widely use of Titanium and 

its alloys as dental implant due to its biocompatibility, 
good strength, resistance to corrosion and has the 
ability to enhance ossiointegration(4). Many researches 
have been done to modify titanium implant surface by 
coating with materials that enhance stabilization and 
ossiointegration(5). The hydroxy apatite is commonly 
used as coating for titanium implant; since it is 
biomaterial that resembles natural teeth and bones(6). 
Also because of its biocompatibility that enhance growth 
of bone when implanted inside the body and acceptable 
mechanical properties so it is widely used as coating 
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material in plastic and orthopedic surgery(7). The sol–gel 
process can be successfully used in the preparation of 
HA powder or thin film under specific conditions (8). Sol 
– gel is successful process to produce nano sized HA(9). 
Several types of sol – gel coatings can be applied for 
examples; dip coating, spray coating, flow coating and 
spin coating, making it an ideal technique for production 
of biocompatible coating (10). The use of dip coating 
procedure to apply the coating materials on titanium 
substrate has the advantage to change surface properties 
of the substrate and retaining the favorable properties of 
the coating material to the implant surface to accelerate 
ossiointegration(11). The mixture of chitosan with HA 
prepared by sol–gel process to make organic–inorganic 
hybrid composite that has the ability to make network 
with or without covalent bonds between components(12). 
Chitosan as an amiopolysacharide that gained 
from alkaline deacetylation of chitin, it is a natural 
compound that characterized by its biocompatibility, 
biodegradability, non toxic and osteoconductive, so it 
has many medical applications; as surgical, reduction 
of periodontal pocket(13) and as a material for bone 
grafting(14). Many attempts have been made to develop 
chitosan hybrid by making composites that establish 
ability of forming bone–like apatite in simulated 
body fluid (SBF)(15). A cellular (SBF) that have 
ions concentrations almost similar to that of human 
plasma, it has the ability to formulate bone apatite on 
surface of the bioactive materials, therefore it used for 
in vitro estimation of the bioactivity of the materials 
and evaluation of the formation of bone like apatite 
on the implant surface(16). The procedure of measure 
the HA formation on the coated surface considered 
as in vitro procedure that has many advantages over 
the conventional in vivo procedure in that is simplest, 
cheaper, quicker procedure, reproducible method and 
less effected by experimental conditions(17). Fan et al, 
2008 study the apatite formation on natural nano HA/
chitosane composite in simulated body fluid (18). Rhee 
et al, 2012 study the synergic effect of silanol group and 
calcium ion in chitosan membrane on apatite forming 
ability in simulated body fluid(19).

The study aimed to evaluate the formation of new 
hydroyapatite after immersion of coated samples in SBF.

Materials and Method:
Preparation of Sol–Gel: The preparation of nano 

HA/chitosan composite was achieved according to 
(Esmael et al, 2020)(20):

1.	 A magnetic stirrer (SH – 3/England) was used for 
mixing of 125 ml of Ethyl alcohol and (10.78 gm) 
of Calcium nitride which was weighed by electronic 
balance (Germany, accuracy 0.0001g). Mixing was 
continued for one hour until completely dissolved of 
Ca(NO3)2 to prepare first solution.

2.	 Mixing of (5) mg phosphorous petaoxide P2O5 with 
(125) ml of Ethyl Alcohol for one hour on magnetic 
stirrer for completion of mixing and preparation of 
second solution.

3.	 Mixing of the two solutions was achieved by drop 
wise of the first solution on the second solution on 
magnetic stirrer for 2 hours, at this time (5) mg of 
KOH was added to complete the reaction.

4.	 Chitosan (3) mg was added to the mixture then 
mixed on magnetic stirrer for 15 hours.

Sample Preparation: Rod of commercially pure 
titanium grade 2 (Orotig S rl EU company Italy) were 
cut into circular discs with 10 mm diameter and 2.5 mm 
in thickness, the by the use of carbide silicone with 500 
micron roughness for 15 min to provide mirror polished 
surface of samples. Then these discs were placed in 
ultrasound ethanol water bath absolute ≥ 99.8% for 15 
min to remove debris and infection, finally discs were 
washed by distilled water for 10 min and left to dry at 
room temperature(21).

Dip Coating Procedure: Titanium samples were 
immersed in the mixture of chitosan/HA sol – gel on 
slow speed magnetic stirrer and continue for 90 min. to 
complete precipitation of the coating layer on samples, 
then the samples were removed from the mixture and 
dried by hot air oven (0_ 200 c) (IMS/406, France).

Heat treatment (Sintering): The coated samples 
were sintered by the use of tube furnace (carbolite type 
MTF 12/38A. BAMFORD, England). Samples were 
coated at gel stage and sintered for 4000C for 1 hour.

Preparation of simulated body fluid (SBF): SBF 
prepared according to Kokubo,s protocol(22) with some 
modifications, the chemical composition of SBF and 
there quantity are listed in table (1).

Table (1) Chemical composition of SBF

Description Quantity gm/L

NaCl 8.036

KCL 0.225
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Description Quantity gm/L

CaCl2 0.293

NaHCO3 0.352

K2HPO4 0.230

MgCl2.6H2O 0.311

Na SO4 0.072

At room temperature all salts that are listed in table 
(1) are mixed with 1L of distilled water on magnetic 
stirrer for 1 hour to ensure completely dissolving of salts 
in water, and then the PH of fluid was adjusted to 7.4 and 
checked by PH meter (Germany).

Immersion of samples in SBF: Coated samples 
are immersed in SBF, and then the containers should be 
closed and placed in incubator (Gallen bamp. England) 
at temperature of 370C which is the temperature of 
human body(23). And the fluid should be changed at the 
same time every day to preserve PH level (7.2–7.4) for 
30 days, the early nucleation of apatite start after 24 
hours of immersion(24).

Analysis of the coated layer: After 30 days the 
samples were taken out of SBF and rinsed in distilled 
water and air dried then surface characterized by:

1.	 Thickness measurement: After removing of the 
coated samples from the SBF the coated layer 
was measured by microprocess coating thickness 
gauge (TF–C–UVIS–SR/U.S.A.), the mean of 
three readings was 90 um when compared with the 

thickness of coated samples before immersion in 
SBF was 60 um because of the formation of new 
layers of HA after immersion in SBF(25).

2.	 X–Ray diffraction analysis: The chemical 
composition of crystallographic structure was tested 
by this analysis test, the indexing peaks based on 
the joint committee on powder diffraction standards. 
(JCPDS). The device used (SHIMAZU, XRD– 
6000, Japan).

3.	 Structural surface characterization by SEM:

The device used for this test was (SEM TE scan 
vega 111, Czech). This test analysis was of two parts:

-	 Surface Analysis: The surface morphology and 
topographical characteristics of coated sample was 
performed by scanning electron microscope (SEM) 
after 30 days of immersion in SBF.

-	 Material characterization: By Energy dispersive 
spectroscopy (EDS) by the use of SEM machine 
for chemical analysis of the sample, it depends on 
interaction and excitation of x – ray by each sample.

Results
X-ray diffraction analysis: As appeared in 

fig. 3.1 a and b compared between coated samples 
before and after immersion in SBF for 30 days that 
illustrate the appearance of new peaks of HA. Peaks 
of HA were indexed according to the standard pattern 
(JCPDS09-0432).

 
(a)                                              (b)

Fig. (3.1) X-ray diffraction of tested samples
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3.2.	Scanning electron microscope (SEM): The surface 
feature of coated samples after 30 days immersed in 
SBF was compared with surface feature of coated 
samples before immersion in SBF. As appeared in 
fig. 3.2 a, b and c there are additional accumulation 
of HA granules on the original coating layer. The 
newly formed crystals of HA accumulated as 
layers of flaks which differed from the manner of 
accumulation before immersion in SBF which was 
spherical like granules, these differences in the 

manner of accumulation due to the differences in 
the condition, PH and temperature of HA formation. 
Also the sufficient time of immersion in SBF leaded 
to completely coverage of titanium samples with 
layers of HA even cracks areas and appearance 
of randomly accumulation of layers because of 
unrestricted formation and growth of HA crystals(26). 
This manner of nucleation and formation of new 
apatite is an indication of bioactivity of the coated 
sample(27).

 
Fig. (3.2) a SEM (5 um)

 
Fig. (3.2) b SEM (10 um)
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Fig. (3.2) c SEM (50um)

Energy dispersive x–ray spectroscopy (EDX): 
This test depended on the interaction of x–ray with 
each element, as seen in fig. (3.3) a the main component 
of the plate Ca, Na, P, O and K. showed decreased in 

concentration of these ions when compared with fig. 
(3.3) b that showed EDX of coated sample before 
immersion in SBF.

Element Wt% Wt% Sigma
O 19.20 0.39
Na 14.11 0.12
Mg 0.20 0.03
Al 2.24 0.04
Si 0.14 0.03
P 3.34 0.05
Cl 11.44 0.08
K 1.86 0.04
Ca 3.89 0.05
Ti 41.72 0.23
V 1.86 0.08
Total 100.00

Fig. (3.3) a EDX of coated sample after 30
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Element Wt% Wt% Sigma
O 49.00 0.33
Na 4.51 0.10
P 7.91 0.10
K 17.05 0.14
Ca 20.03 0.17
Ti 1.37 0.06

Fig. (3.3) b EDX of coated sample days immersion in SBF before immersion in SBF

Discussion
Chitosan material recently has been used in dental 

implant because of its biocompatibility and bioactivity 
with the natural tissue (28). It has the ability to successfully 
coating of titanium but doesn’t have ability of new apatite 
formation, therefore hybridization of chitosan with nano 
HA prepared by sol – gel technique to form chitosan/HA 
composite to enhance formation of new apatite(29). The 
nano HA prepared by sol – gel technique have hydroxyl 
groups on its surface that act as nucleation that promote 
nucleation of calcium and phosphate that facilitate 
ossiointegration(30). Coated samples were immersed in 
SBF to observe nucleation ability of biomaterials(31).
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