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ABSTRACT: The combination of biopolymer with a bio-
active component takes advantage of the osteoconductivity
and osteoinductivity properties. The studies on composites
containing hydroxyapatite (HA), demineralized bone ma-
trix (DBM) fillers and chitosan biopolymer are still con-
ducted. In the present study, the bioactive fillers were
loaded onto p(HEMA-MMA) grafted chitosan copolymer
to produce a novel biocomposites having osteoinductive
and osteoconductive properties. The produced composites
were assessed by TGA, XRD, FTIR, and SEM techniques to
prove the interaction between both matrices. In vitro behav-
ior of these composites was performed in SBF to verify the

formation of apatite layer onto their surfaces and its
enhancement. The results confirmed the formation of thick
apatite layer containing carbonate ions onto the surface of
biocomposites especially these containing HA-DBM mix-
ture and pMMA having bone cement formation in their
structure. These a novel biocomposites have unique bioac-
tivity properties can be applied in bone implants and tissue
engineering applications as scaffolds in future. � 2007
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INTRODUCTION

Chitosan was suggested as an alternative polymer
for use in orthopedic applications to provide me-
chanical support and the regeneration of bone cell
ingrowths.1 Chitosan is biocompatible, biodegrad-
able, non toxic, improves osseous healing, and
stimulates cell proliferation.2 Poly hydroxyethylme-
thacrylate (pHEMA) has potentially wide biomedical
applications because it is biocompatible, allows
immobilization of cells or bioactive molecules and
has hardness comparable to bone.3 Among the many
potential bone cement materials, pMMA or its deriv-
atives have been used successfully in orthopedic
surgeries. pMMA conforms to the shape of its sur-
roundings and forms a strong mechanical bond with
implants. Modified pMMA can be made by adding
hydroxyapatite (HAp) powder that is highly reactive
and favorable for attachment and bioactivity.4 The
use of chitosan-based copolymers and the use of
hydroxyethylmethacrylate (HEMA) as a grafting
monomer onto range of polymeric substrates pro-
vide materials with desired properties. These copoly-
mers improve the biocompatibility of the calcium
phosphates, which increase its use as biomaterials.5

Increasing the mechanical properties and the bioac-
tivity of surgical cement, the linkage of two mono-

mers, HEMA and MMA, by copolymerization to a
modified apatite was reported.6

HA and DBM are generally used as bone substi-
tutes in orthopedic, oral, and maxillofacial surgery.
HA has similar chemical composition and structure
to the mineral phase of human bone.7 Calcium phos-
phate ceramics possess osteoconductive properties,
but they do not have intrinsic osteoinductive
capacity and they are unable to induce new bone
formation in extra-osseous sites.8 DBM is allograft
bone from which the mineral portion has been
removed and is effective as a bone graft extender in
an animal model.9 Also, DBM possesses osteocon-
ductivity as well as osteoinductivity properties.10

In the past few years, increasing attention has
been paid to composites made of polymers and
ceramics for application in tissue engineering com-
posites scaffolds which may prove necessary for
reconstruction of multi-tissue organs, tissues interfa-
ces and structural tissue including bone, cartilage,
tendons, ligaments, and muscles. Composite fabrica-
tion research has focused on developing polymer/
ceramics blends, precipitating ceramic onto polymer
templates and coating polymers onto ceramic or ce-
ramic onto polymers.11 An important factor which
reduces new bone formation is the difficulty of mix-
ing HA granules with DBM pieces evenly. When
DBM was implanted with HA, a large amount of
BMP from DBM diffused directly to host tissues
around the DBM pieces rather than passing into the
pores of HA granules, then fibrous tissue is initiated
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by HA granules which is the main factor interfering
with osteoinduction.10 Thus, using glycerol or fibrin
to glue HA with DBM pieces or BMP was prepared
for more favorable bone induction.12 Incorporation
of HAp, the mineral component of bone with chito-
san, could improve the bioactivity and the bone
bonding ability of the chitosan/HAp composites.13

Chitosan just plays a role of adhesive to dissolve the
problem of difficulty of calcium phosphate powder
specific shape and migration of particles when
implanted.14

The potential bioactivity of the material being
evaluated by in vitro studies is much cheaper and
quicker than in vivo studies. Besides, they are useful
in both designing new biomaterials and improving
the existing material for better bioactivity. From
this point of view, in the present study, a novel bio-
composites containing HA, DBM, and chitosan
grafted with p(HEMA-MMA) copolymer matrix
were fabricated and characterized using different
techniques to assess the homogeneity within the
composite. Also, these biocomposites were followed
in SBF to assess the bioactivity behavior and to
confirm the formation of apatite layer onto their
surfaces and its enhancement.

MATERIALS AND METHODS

Materials

Chitosan polymer (C6H11NO4), HEMA (CH2¼¼CCH3

COO C2 H4OH) and MMA (H2C¼¼C(CH3)CO2CH3)
monomers were provided from Aldrich. Cerric am-
monium nitrate initiator (CAN) (NH4)2 [Ce (NO3)6]
was provided from (BDH, UK). HA of size 150 lm
was provided from Sigma and demineralized bone
matrix powder (DBM) having particle size 150 lm
was prepared according to (Abed Fattah and El-Bas-
syouni).15 HA/DBMfiller powder (Particle size: 150 lm)
was prepared via well mixing of 0.75 g of HA pow-
der with 0.75 g of DBM powder (50:50% in weight).

Method

Preparation of HA and HA-DBM composites I

Chitosan (0.1g) was dissolved in 7.5 mL of 3% acetic
acid solution then 2.5 mL of HEMA monomer (total
volume 5 10 mL) and 0.1 g CAN as an initiator
were added and well mixed to graft the monomer
onto chitosan polymer surface. The copolymer mix-
tures were kept in water bath at 408C for 2.5 h to
nearly achieve the copolymerization process. Fixed
weight (1.5 g) from each filler HA and HA-DBM
was well dispersed and mixed into the copolymer
mixture and kept at 408C in water bath for 30 min
later to complete the copolymerization in the pres-
ence of the filler powder. The two copolymer/filler

mixtures were left overnight at room temperature
and then washed with hot ethanol with stirring for 1
h to remove homopolymer. Both mixtures was fil-
tered, collected, and dried at 608C for 24 h. The
grafting (G%) in the presence of filler is calculated
according to the following equation.16

Gð%Þ ¼ g� g0=g0ð Þ3100

where g is weight of the grafted chitosan in the
presence of filler and go is weight of the original chi-
tosan. The obtained HA/and HA-DBM/chitosan
composites by pHEMA copolymer matrix were
denoted as HA/chitosan composite I and HA-DBM/
chitosan composite I, respectively.

Preparation of HA and HA-DBM composites II

Chitosan (0.1 g) was dissolved in 7.0 mL of 3% ace-
tic acid solution then 2.5 mL of HEMA, 0.5 mL
MMA monomers (total volume 5 10 mL), and 0.1 g
CAN were added and well mixed to graft the mono-
mer onto chitosan polymer surface. The copolymer
mixtures were put in water bath at 408C for 2.5 h to
nearly achieve the copolymerization process. Fixed
weight (1.5 g) from each filler HA and HA-DBM
was well dispersed into the copolymer mixture and
kept at 408C in water bath for 30 min later to com-
plete the copolymerization in the presence of the fil-
ler powder. The two copolymer/filler mixtures were
left overnight at room temperature and then washed
with ethanol-acetone mixture with stirring for 1 h to
remove homopolymer. Both mixtures was filtered,
collected, and dried at 608C for 24 h. The grafting
(G%) in the presence of filler is calculated accord-
ing to the previous equation. The obtained HA/
and HA-DBM/chitosan composites pHEMA-MMA
copolymer matrix were denoted as HA/chitosan
composite II and HA-DBM/chitosan composite II,
respectively.

Characterization

The thermal properties of starting fillers and their
composites were evaluated by thermogravimetric
analysis (TGA) using a Perkin–Elmer, 7 series ther-
mal analyzer in nitrogen atmosphere at a heating
rate of 108C/min over the temperature range of 50–
10008C. The phase analysis of samples was examined
by X-Ray diffractometer (Diana Corporation, USA)
equipped with CoKa radiation, l 5 1.79026 Å (with
Fe filter. The FTIR spectra were measured using KBr
pellets made from a mixture of powder for each
sample and were assessed from 400 to 4000 cm21

using a Nexus 670, Nicloet FTIR spectrometer, USA.
Scanning electron microscopy (SEM), JXA 840A Elec-
tron Probe Microanalyzer (JEOL, Japan). For SEM,
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the substrates were mounted on metal stubs and
coated with gold before being examined.

Testing

Mechanical. The composites were tested to determine
the effect of filler on mechanical properties. The
compressive strength was measured using tensile
testing machine, Zwick Z010, Germany. The average
value for each test was taken for three samples to
confirm the results.
Biodegradation test. The biodegradation study of the
composites was carried out in vitro by incubating the
composite in SBF at pH: 7.4 and 378C for different
periods. At interval time, the composites were taken
from the medium, washed with distilled water and
dried at 608C overnight. The degradable ratio (D)
was examined by weight loss from the following
formula:

D ¼ ðW0 �W1Þ=W03100

where W0 denotes the original weight, while Wt is
the weight at time t. Each experiment was carried
out for 3 samples and the average value was taken
to confirm the results.17

Water absorption ability. Water absorption (W.A %)
studies are of great importance for a biodegradable
material. For water-uptake measurements, all the
specimens were weighed before being immersed in
distilled water. After immersion for different peri-
ods, the samples were carefully removed from the
medium and immediately weighed for the determi-

nation of the wet weight as a function of the immer-
sion time.18 Water absorption is given using the fol-
lowing equation.

W.A ¼ �ðWf �WiÞ=Wi

�
3100

where Wi is the initial weight of the sample, and Wf

is the sample weight after soaked time of immersion.
The experiment was carried out for 3 samples and
the average value was taken to ensure the results.
In vitro test. To study the bioactivity, the samples
were soaked in SBF, proposed by Kokubo and Taka-
dama.19 at body temperature (378C) and pH 5 7.4
for several periods up to 8 days. The SBF has a com-
position similar to human blood plasma and has
been extensively used for in vitro bioactivity tests.
After the immersion periods end, the solutions were
analyzed by spectrophotometer (UV-2401PC,UV-VIS,
Recording spectrophotometer, Shimadzu, Japan)
using biochemical kits (Techo Diagonstic, USA) to
detect the total calcium ions (Ca)21 at l 5 570 nm
and phosphate ions (PO4

32) concentration at l 5 675
nm. Each test was carried out for 3 samples and the
average value was taken to ensure the results. The
specimens immersed were removed from the SBF so-
lution then abundantly rinsed using deionized water
and dried to complete the required investigation.

TABLE I
The Grafting (%) and Weight Loss (%) of the Prepared Composites

HA/chitosan
composite I

HA/chitosan
composite II

HA-DBM/chitosan
composite I

HA-DBM/chitosan
composite II

G (%) 2254 2411 2514 2654
Weight loss(%) 33.30 37.64 57.73 71.43

Figure 1 TGA analyses of (a) HA/chitosan composite I,
(b) HA/chitosan composite II, (c) HA-DBM/chitosan com-
posite I and (d) HA-DBM/chitosan composite II.

Figure 2 XRD patterns of (a) HA powder and (b) HA-
DBM powder.
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RESULTS AND DISCUSSION

The grafting % and TGA analysis

Table I shows the grafting % and weight loss of the
prepared composites. The presence of HA-DBM filler
particles into the copolymer matrix containing the
grafted chitosan by pHEMA and by p(HEMA-MMA)
enhanced the grafting % as in HA-DBM/chitosan
composite I and II (2514 and 2654%), respectively,
compared with HA/chitosan composite I and II
(2254 and 2411%), respectively. This result proved
that the presence of DBM powder into HA/copoly-
mer composite enhanced the grafting % because of
the amorphous structure of DBM filler15 resulting in
high penetration within the copolymer matrix and

do not inhibit the effect of free radicals to increase
the grafting %. The TGA analysis show that the
same composites HA-DBM/chitosan composites I
and II containing DBM powder in its structure hav-
ing the highest G% (2514 and 2654%) had also the
highest weight loss 57.73 and 71.43% accompanying
the evolution of all NH3, CO2, and H2O,20 respec-
tively, confirming high affinity of HA-DBM powder
to the copolymer (Fig. 1). The grafting % and TGA
results confirmed that the composite containing filler
into the pHEMA-MMA copolymer matrix (as in HA-
DBM/chitosan composite II) had enhanced the
attached copolymer onto the particles surface of filler
proving high affinity of DBM powder to the copoly-
mer due to its amorphous structure. This result
proved the role of pMMA which enhanced the graft-
ing % of this composite compared to HA-DBM/
chitosan composite I.

Figure 3 XRD patterns of (a) chitosan, (b) copolymer, (c)
HA filler, (d) HA/chitosan composite I and (e) HA/chito-
san composite II.

Figure 4 XRD patterns of (a) chitosan, (b) copolymer,
(c) HA-DBM filler, (d) HA-DBM/chitosan composite I and
(e) HA-DBM/chitosan composite II.

Figure 5 FTIR of (a) HA powder, (b) DBM powder, and
(c) HA-DBM filler powder.

Figure 6 FTIR of (a) copolymer (b) HA powder, (c) HA/
chitosan composite I and, (d) HA/chitosan composite II.
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Characterization

Phase analysis

Figure 2 shows the patterns of HA powder and HA-
DBM powder. The peaks intensity of HA powder
reduced after addition of DBM powder to HA filler
(Card No. 74-0565) due to amorphous structure of
DBM powder. Figures 3(b) and 4(b) show the XRD
patterns of copolymer which proves the formation of
copolymer via the grafting of HEMA and MMA
monomers onto chitosan polymer surface. The pat-
terns of chitosan into the copolymer structure are
broad and appear at d-spacing 5 2.86, 4.75, and 5.52
with lower intensity and some shift to lower angle
compared to the original chitosan (Card No: 39-1894)
[Figs. 3(a) and 4(a)] proving chemical interaction
between chitosan polymer and monomers.21 The
XRD patterns of HA/chitosan composites I and II
show that the peaks of HA have lower intensity
compared to HA filler proving effect of coating espe-
cially HA/chitosan composite II containing mixture
of pHEMA-MMA copolymer (Fig. 3). The patterns of
HA-DBM/chitosan composites I and II show that
the peaks of HA have lower intensity compared to
HA-DBM filler proving effect of coating especially
HA-DBM/chitosan composite II containing mixture
of pHEMA-MMA copolymer. This result confirmed
that the HA-DBM composite containing in its struc-
ture chitosan grafted by p(HEMA-MMA) copolymer

matrix had the highest coating onto the particles sur-
face and coincided with the grafting and TGA data
due to the importance of the role pMMA4 and DBM
powder to obtain the composite having a suitable
properties.

FTIR analysis

Figure 5 shows FTIR of HA, DBM, and HA-DBM
fillers. Characteristic groups of HA and DBM such
as OH of water molecules, amide I, carbonate, and
phosphate bands still exist in HA-DBM spectrum
and their O.D values were reduced compared to
original HA and DBM proving that each fillers has
an effect on the other. Figure 6 shows FTIR of co-
polymer, HA powder, HA/chitosan composites I
and II. The bands of HA in two composites I and II
spectra appeared at 3570, 3431, 1029, 630, and 603–
564 cm21 which were assigned to stretching OH, OH
of water, stretching phosphate, librational OH, and
bending phosphate, respectively.22 These bands are
still present after loading of HA filler into the co-
polymer and their O.D were reduced compared to
original HA proving effect of coating on these sites
especially HA/chitosan composite II containing the
increased % of the grafted copolymer. Figure 7
shows that the characteristic bands for HA-DBM fil-
ler in two composites I and II spectra. These bands
are still present after loading of HA-DBM filler onto
the copolymer matrix and their O.D values were
reduced compared to original HA-DBM powder
proving effect of coating on these sites especially
HA-DBM/chitosan composite II due to high content
of the formed copolymer which attached to the filler
particles. This result is coinciding with the results of
the G%, TGA, XRD which recorded the highest val-
ues for HA-DBM/chitosan composite II due to high
content of monomers for copolymerization process
and surface chemistry of HA-DBM powder.

Testing

Mechanical

Table II shows the mechanical properties of HA/chi-
tosan composites I and II and HA-DBM/chitosan
composites I and II. The E-modulus and compressive
strength for HA-DBM/chitosan composite II re-
corded lower values compared to other composites.
In this context, therefore, the presence of HA-DBM

Figure 7 FIIR of (a) copolymer (b) HA-DBM powder,
(c) HA-DBM/chitosan composite I, and (d) HA-DBM/chi-
tosan composite II.

TABLE II
The Mechanical Properties of the Prepared Composites

HA/chitosan
composite I

HA/chitosan
composite II

HA-DBM/chitosan
composite I

HA-DBM/chitosan
composite II

E-Modulus (N/mm2) 672.86 563.68 632.62 377.12
Compressive strength (MPa) 20.30 20.28 22.50 12.12
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filler into p(HEMA-MMA) grafted chitosan copoly-
mer matrix resulted in compressive strength proper-
ties are quite close to those of cancellous bone (2–12
MPa) Kokkubo et al.23 This result is due to effect of
the presence of DBM powder and pMMA having
bone cement formation4 within this composite.

Biodegradation test

The biodegradation behavior of HA/and HA-DBM/
chitosan composites I and II in SBF for various peri-
ods was investigated. The weight loss (%) of com-
posite as a function of degradation time is illustrated
in Figure 8. The rate of degradation behavior (weight
loss) of HA-DBM/chitosan composites I and II was
significantly slower than that of HA/chitosan com-
posites I and II at all periods proving the stability of
these composites which contain DBM powder into
their structure. This result is due to high attachment

of copolymer matrix to DBM particles characterizing
amorphous structure and contains bone morphoge-
netic proteins (BMPs).24

Water absorption test

Figure 9 shows the W.A% of the prepared compo-
sites which recorded higher values for HA and HA-
DBM/chitosan composites I compared to HA and
HA-DBM/chitosan composites II especially HA/chi-
tosan composite I at all time intervals proving higher
affinity of composite to water molecules due to the
presence of pHEMA grafted containing plentiful
hydrophilic groups on its surface. This result proved
that HA/and HA-DBM/chitosan composites II hav-
ing lower W.A % due to the presence of pMMA
copolymer part characterizing hydrophobicity prop-
erties in these composites as well as the formation of
a temporary HA-DBM filler barrier preventing water

Figure 8 Biodegradation test (%) of HA and HA-DBM
fillers/chitosan composites.

Figure 9 Water absorption (%) of HA and HA-DBM fill-
ers/chitosan composites.

Figure 10 Concentration of Ca21 ions in SBF postimmer-
sion of fillers chitosan composites compared to control.

Figure 11 Concentration of phosphate ions in SBF post-
immersion of fillers chitosan composites compared to
control.
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permeating into chitosan matrix25 leading to the sta-
bility of composite.

In vitro test

Calcium and phosphate ions were measured in SBF
after withdrawal of the composite samples from SBF
for different periods to assess the ability of the mate-
rial for the deposition of these ions or their release
into the media.
Total calcium ions. Figure 10 shows concentration of
Ca21 ions in SBF post immersion of HA, HA-DBM
fillers, and their composites with copolymer for dif-
ferent periods compared to control (SBF). Concentra-
tion of Ca21 ions recorded lower values for all com-
posites compared to control especially after longer
time proving deposition of Ca21 ions onto the com-
posite surface due to the presence of copolymer
within the filler particles. Gaillard et al. reported
that calcium phosphate formed either on or under-
neath the surface of copolymer depending on the
pH of solution.26 This result proves that HA/or HA-
DBM/chitosan composites have enhanced deposition
for Ca21 ions especially HA/chitosan composites I
and II. Finise et al.27 reported that chitosan forms a
water insoluble gel in the presence of calcium ions
presenting pharmacologically beneficial effects on
osteoconductivity.
Phosphate ions. Figure 11 shows concentration of
PO4

32 ions in SBF post immersion of HA, HA-DBM
fillers, and their composites with copolymer for dif-
ferent periods compared to control (SBF). Concentra-
tion of ions postimmersion recorded lower values
for all composites compared to control especially af-

ter longer time proving deposition of PO4
32 ions

onto the composite surface because of the presence
of copolymer within the filler leads to the deposition
of PO4

32 ions. In this context, this could be due to
the affinity of chitosan into the copolymer as cationic
polymer to phosphate groups as reported by Wang
et al.28 So, we could expect the occurrence of interac-
tion between phosphate ions in SBF and amino
groups of chitosan into the composite especially HA-
DBM/chitosan composite II, therefore, the presence
of copolymer into the filler enhanced the ability to
promote the formation of calcium phosphate layer.

Solid characterization

The solid bio-composites were investigated postim-
mersion for 21 days after their withdrawal from SBF
by FTIR and SEM-EDAX to confirm the formation of
apatite layer onto the surface of composites.

FTIR assessment

FTIR of HA/chitosan composites (I and II) and
HA-DBM/chitosan composites (I and II) preand
postimmersion in SBF for 21 days are shown in
(Figs. 12–15). All bands characterizing HA, DBM,
and copolymer structure in the composites spectra
appeared at 3570, 3420, 2920, 1720, 1640, 1280, 1030–
960, 630, 602–560 cm21 and were assigned to stretch-
ing of OH, OH of water, OH and CH, C¼¼O,
absorbed water/amide I, CCO, stretching PO4

32,
librational OH and bending PO4

32 groups, respec-
tively.29 These bands appeared postimmersion and
their O.D values were reduced compared to preim-

Figure 12 FTIR of HA/chitosan composite I (a) pre- and
(b) postimmersion in SBF for 21 days.

Figure 13 FTIR of HA/chitosan composite II (a) pre- and
(b) postimmersion in SBF for 21 days.

Figure 14 FTIR of HA-DBM/chitosan composite I (a) pre-
and (b) postimmersion in SBF for 21 days.

Figure 15 FTIR of HA-DBM/chitosan composite II (a)
pre- and (b) postimmersion in SBF for 21 days.
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mersion proving effect of immersion and its involve-
ment in the composite surface except the band at
1030 cm21 in HA/chitosan composite II and HA-
DBM/chitosan composite I. This band at 1030 cm21

which is assigned to stretching phosphate had
enhanced O.D values in HA/chitosan composite II
and HA-DBM/chitosan composite I postimmersion
compared to preimmersion denoting deposition of

Figure 16 SEM of copolymer (a) pre- and (b) postimmersion, HA/chitosan composite I (c) pre-, (d) postimmersion, and
(e) its EDAX analysis and HA/chitosan composite II (f) pre-, (g) postimmersion, and (h) its EDAX analysis.
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phosphate ions on the composite surface, this result
is in favor of the formation of apatite layer. Also,
new band appeared at 1450 cm21 assigned to car-
bonate group postimmersion in SBF for HA/chitosan
composites I and II, therefore, these composites had
ability to form the carbonated apatite layer. In this
domain, carbonate ions play a vital role in the bone
metabolism and they occupy about 3–8% weight of
the calcified tissue, therefore, the carbonate substi-
tuted HAp may have a tremendous potential in
bone-related therapy.30 Also, the same carbonate
group reappeared postimmersion in HA-DBM/chito-
san composites I and II denoting also formation of
carbonated apatite layer.

Surface morphology

The copolymer and HA/chitosan composites I and II. For
copolymer preimmersion [Fig. 16(a)], SEM shows
smooth surface with coated particles proving forma-
tion of copolymer matrix. On the other hand, post-
immersion, Figure 16(b) indicates the appearance of
plentiful spherical particles on the copolymer surface
proving formation of apatite layer. Therefore, we can
expect that the presence of copolymer within the fil-
ler particles will lead to the enhancement of apatite
formation onto the composite surface Figure 16(c)
shows SEM of HA/chitosan composite I preimmer-
sion in SBF for 21 days. It indicates the presence of
smooth surface with bright longitudinal lines and

Figure 17 SEM of HA-DBM/chitosan composite I (a) pre-, (b) postimmersion, and (c) its EDAX analysis and HA-DBM/
chitosan composite II (d) pre-, (e) postimmersion, and (f) its EDAX analysis.
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some pores as well as HA particles deposited onto
the surface proving coating and integration within
the composite. Fine particles of HA are found to ag-
gregate and precipitate into the copolymer matrix.
One of the possible reasons may be due to the fact
that some of the HA particles might have partially
dissolved in the acidic copolymer solution that
makes HA particles to penetrate easily into the co-
polymer matrix. The particles of composite showed
a high tendency to agglomerate and hence it
acquires capability to prevent the particle mobiliza-
tion postimplantation. While postimmersion, Figure
16(d) shows the presence of many small and large
particles (hexagonal shape) with bright color denot-
ing deposition of calcium phosphate particles and its
Ca/P ratio recorded 2.09 which determined by
EDAX analysis [Fig. 16(e)]. Figure 16(f) shows SEM
of HA/chitosan composite II preimmersion, the
presence of HA particles connected to each other via
the copolymer proving integration and homogeneity
within the composite. Postimmersion, Figure 16(g)
shows the appearance of bright spherical particles
and some nodules as well as few pores indicating
effect of immersion and growth of apatite layer and
its Ca/P ratio recorded 1.8 which is near from stand-
ard Ca/P ratio (1.67) to form HA apatite [Fig. 16(h)].
HA-DBM/chitosan composites I and II. Figure 17a
shows SEM of HA-DBM/chitosan composite I pre-
immersion in SBF for 21 days. It indicates the pres-
ence of smooth surface with some deposited bright
particles onto the surface proving high coating, ho-
mogeneity and integration within the composite.
Postimmersion, Figure 17(b) shows the presence of
plentiful aggregated particles with bright color
denoting high deposition of calcium phosphate par-
ticles onto the surface and its Ca/P ratio recorded
2.02 [Fig. 17(c)]. SEM of HA-DBM/chitosan compos-
ite II preimmersion, Figure 17(d) shows the appear-
ance of smooth surface with some minute particles
onto the surface proving high coating and homoge-
neity. Postimmersion, Figure 17(e) shows the
appearance of bright spherical particles and nod-
ules with some swelling of copolymer part indicat-
ing effect of immersion and growth of apatite layer
as well as Ca/P ratio recorded 1.65 which is very
close to standard Ca/P ratio (1.67) for the formation
of HA [Fig. 17(f)]. This result proved the presence
of the copolymer matrix containing chitosan poly-
mer grafted with mixture from HEMA-MMA mono-
mers resulted in the formation of a bone-like apatite
layer having Ca/P ratio very close to the standard
ratio in bone, this is due to the presence of pMMA
characterizing the formation of bone cement in the
composite structure.4

Finally, it is notified that these results coincide
with the results of in vitro test and FTIR proving the
presence of copolymer into the HA or HA-DBM bio-

composites leading to the precipitation of calcium
phosphate (apatite layer) onto the surface especially
HA and HA-DBM/chitosan composites II.

CONCLUSIONS

The grafting, TGA, XRD, and FTIR results confirmed
that the prepared composites containing HA-DBM
mixture powder into the copolymer matrix contain-
ing the grafted chitosan with methylmethacrylate
(pMMA) and its derivative (pHEMA) had enhanced
the coating and attached copolymer onto the surface
particles. Water absorption properties had enhanced
for HA/chitosan composite I containing pHEMA
characterizing hydrophilicity properties in its struc-
ture proving its lower stability into the media (SBF)
while HA and HA-DBM/chitosan composites II
were more stable because of the hydrophobicity of
pMMA properties. It is notified that the results of
in vitro test, FTIR and SEM provided by elemental
analysis (EDAX) postimmersion confirmed that the
presence of HA or HA-DBM filler particles within
copolymer matrix especially and HA and HA-DBM/
chitosan composites II having pMMA characterizing
bone cement properties in their structure leads to
the enhancement of formation of carbonated apatite
layer having Ca/P ratio very close to the standard in
the bone (1.67) onto their surfaces. Finally, novel bio-
composites have unique bioactivity properties can be
applied in bone defects and tissue engineering appli-
cations as scaffolds in future.
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