
Effects of Iron on Physical and Mechanical Properties, and Osteoblast

Cell Interaction in b-Tricalcium Phosphate

SAHAR VAHABZADEH and SUSMITA BOSE

W. M. Keck Biomedical Materials Research Laboratory, School of Mechanical and Materials Engineering, Washington State
University, Pullman, WA 99164-2920, USA

(Received 16 April 2016; accepted 1 September 2016; published online 28 November 2016)

Associate Editor Michael S. Detamore oversaw the review of this article.

Abstract—Iron (Fe) is a vital element and its deficiency
causes abnormal bone metabolism. We investigated the
effects of Fe and its concentration in b-tricalcium phosphate
(b-TCP) on physicomechanical properties and in vitro pro-
liferation and differentiation of osteoblasts. Our results
showed that Fe addition at concentrations of 0.5 wt.% (0.5
Fe-TCP) and 1.0 wt.% (1.0 Fe-TCP) inhibits the b-TCP to a-
TCP phase transformation at sintering temperature of
1250 �C. Addition of 0.25 wt.% Fe (0.25 Fe-TCP)
increased the compressive strength of b-TCP from
167.27 ± 16.2 to 227.10 ± 19.3 MPa. After 3 days of cul-
ture, surfaces of 0.5 Fe-TCP and 1.0 Fe-TCP samples were
covered by osteoblast cells, compared to that of pure and
0.25 Fe-TCP. Cells grew to confluency on all Fe-doped
samples after 7 days of culture and monolayer sheet-like
cellular structure was found at 11 days. Optical cell density
and alkaline phosphatase activity were significantly higher on
Fe-doped samples and the highest values were found in 0.5
Fe-TCP samples. Our results show that Fe concentration had
significant effect on physical and mechanical properties of
TCP ceramics, and also on the in vitro osteoblast cellular
interactions in TCP ceramics.

Keywords—Phase transformation, Compressive strength,

Iron dopant, Proliferation and differentiation of osteoblast

cells.

INTRODUCTION

Osteoporosis, characterized by significant decrease
in bone mineral density (BMD) and bone quality, is
considered as one of the most common bone diseases
that can lead to higher risk of bone fracture.52 Most
osteoporotic bone fractures occur in the forearm, hu-
merus, hip, vertebrae and spine.16,24 Worldwide, more

than 8.9 million fractures are caused by osteoporosis,
annually.16 In 2014, the National Osteoporosis Foun-
dation announced that a total of 54 million Americans
above the age of 50 are suffering from osteoporosis
and this number will increase to 64.4 million by 2020.1

In addition, the medical costs of osteoporosis are
approximated to be $22 billion, annually.29 Increasing
life expectancy requires new approaches to decrease
the rate of osteoporosis and reverse the bone loss.

Calcium phosphate (CaP) based ceramics are widely
used in bone tissue engineering due to their osteocon-
ductivity and compositional similarity to that of bone.37

Despite being osteoconductive, calcium phosphate
ceramics (CPCs) have negligible osteoinduction.42One of
the promising solutions to enhance the osteoinduction of
CPCs in vitro and in vivo is the addition of trace elements
such as Si, Zn, Li, Mg, Mn and Sr.5,10,11,17,21,23,25,40,45,46

The presence of dopants has also shown to improve the
mechanical strength and stabilize the b-TCP phase by
controlling the variable degradation kinetics.4,5,10,46 Iron
(Fe) is a vital material and its deficiency is known to cause
abnormal bone metabolism.28,32 In addition, Fe plays a
crucial role in vitamin D metabolism, and synthesis and
maturation of collagen.27,31 In specific case such as tha-
lassemia, iron overload can cause severe osteoporosis and
osteoporotic bone fractures.51 In the current work, we
have studied the effects ofFe and its concentration inTCP
onphysical andmechanical properties, andalsoon in vitro
osteoblast cell interactions.Althoughmultiple reports are
available on the effects of dietary iron on overall bone
metabolism and collagen synthesis,2,22,27,28,35 there are
few studies on the interaction between bone cells and
calcium phosphate-coated iron nanoparticles.36,48 We
hypothesize that presence of Fe alters the physical and
mechanical properties of TCP samples, and changes the
in vitro osteoblast cell responses.
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Two forms of iron oxides, maghemite (Fe2O3) and
magnetite (Fe3O4) nanoparticles, are of great interest
in biomedical applications such as magnetic resonance
imaging (MRI), cancer hyperthermia, in vitro cell
separation, and targeted drug delivery.6,13,20,30,38

However, the use of magnetic nanoparticles in CaP
scaffolds for bone tissue engineering applications is
rarely reported. In the current work, Fe2O3 nanopar-
ticles with the size of <50 nm were added to TCP
precursors to achieve the Fe-doped TCP scaffolds.

We hypothesize that the amount of Fe dopant af-
fects the phase transformation, porosity, compressive
strength, and in vitro osteoblast cell-material interac-
tion in TCP samples. To validate our hypothesis, we
report the effects of different Fe concentration on the
phase composition of TCP samples, sintered at
1250 �C. Samples were made by solid state synthesis
method followed by uniaxial pressing. We investigated
the effects of Fe concentration on the porosity and the
compressive strength of the TCP samples using Ar-
chimedes’ method and uniaxial compression test,
respectively. To understand in vitro bone cell material
interactions, we studied the effects of Fe concentration
on proliferation and differentiation of osteoblast cell
using the SEM, MTT and ALP assays. To the best of
our knowledge, there is no study on the effects of Fe on
physical and mechanical properties of TCP, as well as
on the in vitro osteoblast cell interaction in TCP
ceramics.

MATERIALS AND METHODS

Pure and Doped TCP Synthesis

Pure and Fe-doped b-tricalcium phosphate powders
(b-TCP) were synthesized via solid state method. 1 mol
calcium carbonate (CaCO3) and 2 mol dicalcium
phosphate (CaHPO4) were mixed and ball milled for
2 h, followed by calcinations at 1050 �C for 24 h. High
purity iron oxide (Fe2O3, <50 nm, Sigma-Aldrich)
was added to TCP precursors to obtain 0.25, 0.5, and
1 wt.% Fe-doped TCP. Calcined powders were then
crushed and mixed with ethanol at an ethanol: powder
ratio of 1.5:1.0. The mixtures were then milled for 6 h
at 70 rpm, followed by drying at 70 �C. Dried powders
were pressed into disks (12 mm diameter and 2 mm
thickness) for phase analysis, micrograph investigation
and cell culture study using a uniaxial press, followed
by cold isostatic pressing at 413 MPa. Similarly,
cylindrical samples (7 mm diameter and 12 mm height)
were prepared for density and compressive strength
measurements. Finally, all the pressed samples were
sintered at 1250 �C in a muffle furnace for 2 h. From
now on, 0, 0.25, 0.5, and 1.0 wt.% Fe doped b-TCP

samples will be denoted as pure TCP, 0.25 Fe-TCP, 0.5
Fe-TCP and 1.0 Fe-TCP, respectively.

Phase Analysis, Microstructure Analysis, and
Mechanical Properties

Phase analysis of pure and Fe-doped TCP samples
was performed using X-ray diffractometer (XRD) with
a Siemens D500 Kristalloflex system (Siemens D500
Kristalloflex, Madison, WI) with Cuka radiation over
2h values of 20�–60� at the step size of 0.05� and a
count time of 0.1 s per step. Relative intensity ratio of
major peaks of b-TCP and a-TCP was used to calcu-
late the percentages of these two phases in the samples
as described elsewhere.50

Field emission scanning electron microscope
(FESEM, FEI 200F, FEI Inc., OR, USA) was used to
characterize the surface morphology of sintered
samples. Bulk density and total porosity of disk
samples were measured using their mass and physical
dimensions (Total porosity % = 100-relative bulk
density). Relative apparent density, closed porosity,
and open porosity were measured using Archimedes’
method. Samples were submerged in boiling water for
3 min and then transferred to water at room tem-
perature where the wet weight was measured. Density
and porosity values were obtained by taking the
average of measurements for 4 samples. Compressive
strength of cylindrical samples was measured using a
screw-driven Instron testing machine (AG-IS, Shi-
madzu, Tokyo, Japan). Compressive strength was
calculated using the maximum load at failure and
sample dimensions. Compressive strength was
obtained by averaging the compressive strengths of 7-
10 samples.

In Vitro Human Fetal Osteoblast Culture

All samples were sterilized at 121 �C for 20 min
prior to cell culture using an autoclave. Human fetal
osteoblast cells (hFOB 1.19, ATCC, Manassas, VA)
were seeded on the disks with the density of 3 9 104

cells/40 lL per sample at passage 3. Followed by
incubation at 34 �C and primary cell adhesion, the
filter sterilized base medium, Dulbecco’s Modified
Eagle’s Medium/Nutrient Mixture F-12 Ham
(DMEM/F12, Sigma, St. Louis, MO), with
2.5 mM L-glutamine (without phenol red), supple-
mented with 300 mg L21 G418 (Sigma) and 10% fe-
tal bovine serum (FBS, Sigma) was added to wells.
Cultures were maintained at 34 �C under an atmo-
sphere of 5% CO2/95% air and cell medium was
changed with fresh medium every 2–3 days during the
culture experiment.
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Cellular Morphology, MTT and ALP Assays

To study the cellular morphology using FESEM,
samples were removed from the culture at 3, 7, and
11 days and fixed with 2% paraformaldehyde/2%
glutaraldehyde in 0.1 M phohsphate buffer at 4 �C
overnight. Samples were rinsed with 0.1 M phos-
phate buffer three times, followed by post fixation
with 1% osmium tetroxide (OsO4) overnight at
4 �C. Samples were then rinsed again with 0.1 M
phosphate buffer three times and dehydrated in
graduated ethanol series (30, 50, 70, 95, and 100%
three times), followed by hexamethyldisilane drying
procedure.

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide) assay was used to evaluate os-
teoblast cell viability after 3, 7, and 11 days of culture.
The MTT (Sigma, St. Louis, MO) solution of
5 mg mL21 was prepared by dissolving MTT powder
in filter sterilized PBS. 100 lL of MTT solution was
added dropwise on top of each sample in the well plate,
followed by addition of 900 lL cell medium. Samples
were then incubated at 34 �C for 2 h. The medium was
then removed and 500 lL of solution (composed of
10% Triton X-100, 0.1 N HCl and isopropanol) was
added to each sample to dissolve formazan crystals.
100 lL of solution in triplicate was transferred to 96-
well plate and read by UV–Vis spectroscopy (BioTek)
at 570 nm.

Differentiation of osteoblast cell was evaluated
using colorimetric alkaline phosphatase (ALP) assay
kit (abcam, Cambridge, MA) according to the protocol
from the provider. Briefly, osteoblast cells were de-
tached from surface of samples using Trypsin–EDTA
solution (ATCC), followed by centrifuging at
1000 rpm and removing the supernatant. Then 400 lL
of assay buffer solution was added to each sample and
the solution was centrifuged to remove the insoluble
material at 13000 rpm for 3 min. 80 lL of samples was
transferred to 96-well plates in triplicate and 50 lL of
the 5 mM p-nitrophenyl phosphate solution was ad-
ded. Samples were incubated at 25 �C for 1 h and then,
20 lL of stop solution was added to each well. The
optical density was measured at 405 nm using UV–Vis
spectroscopy.

Statistical Analysis

Data for relative bulk density, relative apparent
density, compressive strength, MTT and ALP assays
are presented as mean ± standard deviation. Statis-
tical analysis was performed on the data using
student’s t test, and P values <0.05 and <0.01
were considered as significant and very significant,
respectively.

RESULTS

Phase Analysis and Microstructure

Figure 1 shows the XRD spectra of pure and Fe-
doped TCP samples after sintering at 1250 �C. Spectra
of all samples showed the b-TCP (JCPDS No. 09-169)
as the major phase. a-TCP peaks (JCPDS No. 09-0348)
were also present in pure and 0.25 Fe-TCP samples;
however, no a-TCP peaks were found in samples with
higher concentrations of Fe.

Microstructure of samples is presented in Fig. 2.
FESEM micrographs show a dense structure for all
compositions. Granular structure in pure and 0.25 Fe-
TCP was clearly visible and addition of 0.25 wt.% Fe
increased the particle size of TCP from 4.1 ± 2.4 to
5.3 ± 2.1 lm. Compared to pure and 0.25 Fe-TCP
samples, partial liquid phase sintering was observed in
0.5 Fe-TCP. Increasing the concentration of dopant to
1.0 wt.% resulted in forming extensive liquid phase
with negligible amount of open porosity.

Density Measurement and Mechanical Properties

Relative bulk and apparent densities of samples
were measured using the dimension of samples and
Archimedes’ method. As shown in Fig. 3a, addition of
0.25 wt.% Fe increased the relative bulk density of
TCP from 80.33 ± 1.3 to 87.92 ± 0.6%. Relative bulk
density of 0.5 and 1.0 Fe-TCP samples were
90.06 ± 0.6 and 93.10 ± 0.3%, respectively. Relative
apparent density was in the range of 90–96% for all
samples, regardless of their composition.

Compressive strength data of pure and Fe-doped
TCP samples are presented in Fig. 3b. Addition of
0.25 wt.% Fe increased the compressive strength of b-
TCP significantly from 167.27 ± 16.2 to
227.10 ± 19.3 MPa. However, addition of higher
amounts of Fe did not result in further increase in
compressive strength. Compressive strength was
235.19 ± 25.7 and 219.75 ± 36.1 MPa for 0.5 and 1.0
Fe-TCP samples, respectively.

Cellular Morphology, Proliferation, and Differentiation

To understand cell-material interaction, the mor-
phology of the osteoblast cells on pure and doped
samples was analyzed using FESEM after 3, 7, and
11 days of culture (Fig. 4). Cells were well attached to
all the samples after 3 days. Compared to pure and
0.25 Fe-TCP, much more cells were attached to 0.5 and
1.0 Fe-TCP. After 7 days of culture, quite a few cells
were found on pure and Fe-doped TCPs. However,
cells reached to the confluent monolayer on all Fe-
doped samples, regardless of Fe concentration. Com-
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pared to day 7, cell density increased on pure TCP
after 11 days of culture. The surfaces of all doped
samples were covered with osteoblast cells, resembling
multiple layer features.

Proliferation of osteoblast cells on pure and Fe-
doped TCP samples was determined using MTT assay.
Figure 5 presents the optical cell density after 3, 7, and
11 days of culture. At day 3, the optical cell density
was statistically higher on all doped samples compared
to the pure TCP. The cell density increased signifi-
cantly on all doped samples from day 3 to day 7. The
highest optical cell density at day 7 was found on 0.5
Fe-TCP. At day 11, cell proliferation increased on all
samples regardless of the presence of Fe dopant and its
concentration; however, the cell density was again the
highest on 0.5 Fe-TCP.

ALP assay was used to evaluate the differentiation
of osteoblast cells on samples after 7 and 11 days of
culture. Figure 6 shows the effects of Fe concentration
on ALP activity. At day 7 of culture, all doped samples

had significantly higher ALP activity compared to the
pure TCP. Among different Fe concentrations, 0.5 Fe-
TCP showed the highest osteoblast differentiation at
day 7. ALP activity increased for all samples after
11 days and the difference between the doped samples
was less noticeable than that of day 7.

DISCUSSION

Tricalcium phosphates (TCPs) are of great interest
as bone substitutes for non-load bearing applications
due to their bioactivity and similarity to the composi-
tion of bone. Though osteoconductive, lack of
osteoinduction is the main drawback for using TCPs as
bone substitute materials for enhanced osteogenesis
and/or angiogenesis. Addition of trace elements is a
feasible alternative to enhance the osteoconductivity
and osteoinductivity of TCPs. Trace elements such as
Na, Mg, Sr, Zn, Fe, Al, Ag, Mn, Cr, Si, and Br are

FIGURE 1. XRD spectra of pure and Fe-doped TCPs sintered at 1250 �C.

FIGURE 2. SEM micrographs of pure and Fe-doped TCP samples after sintering at 1250 �C.
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present in enamel, dentine or bone.8 The effects of Na,
Mg, Sr, Zn, Ag, Mn, Si on physical, mechanical,
in vitro and/or in vivo properties of CaPs is well
reported.11,14,15,21,23,25,39,41,43 Fe is a vital material and
plays critical role in bone metabolism.28,32 In this
study, we have investigated the effects of Fe3+ and its
concentration on physical and mechanical properties
of TCP. Pure and Fe-doped TCP powders were syn-
thesized through solid state route and pressed to disk
shapes, followed by sintering at 1250 �C. Then,
attachment, proliferation and differentiation of human
fetal osteoblast cells were studied as a function of Fe
concentration.

Present results show that not only does Fe3+ impact
the phase composition, and compressive strength of
TCP ceramics; but also it improves their interactions
with osteoblast cells. Addition of Fe3+ retards the b-
TCP to a-TCP phase transformation. b-TCP is the
stable phase up to 1125 �C and at temperatures
between 112 and 1430 �C, a-TCP becomes stable.56 As
a result, presence of a-TCP is expected at sintering
temperature of 1250 �C. Presence of b-TCP as a single
phase in samples with high Fe concentration (0.5 and
1.0 wt.%) shows the inhibitory effect of Fe on b to

a-TCP phase transformation. Thermal stability of
b-TCP at high temperature is related to the stabiliza-
tion of the crystal structure by the ionic substitution
and lattice contraction.26 Trivalent metal ions substi-
tute at the calcium ion sites and vacancies.57 The ionic
radius of Ca2+ and Fe3+ is 0.99 and 0.64 Å, respec-
tively. As a result, substitution of Ca2+ with Fe3+

decreases the unit cell size of b-TCP and thus, increases
the b-TCP phase stability. b-TCP to a-TCP phase
transformation is an important phenomenon in bone
regeneration. Though both phases are bioactive, higher
solubility product of a-TCP (3.16 9 10226) as com-
pared to that of b-TCP (1.25 9 10229) results in its
faster degradation rate in biological environment and
substitution with bone.37 It is important to mention
that Fe3+ addition to hydroxyapatite (HAP) structure
using mechanical milling for 20 h results in the for-
mation of Ca2Fe2O5 with brownmillerite crystal
structure, indicating the reaction between HAP and
Fe2O3, which is in contrast to our findings where no
reaction between iron oxide and tricalcium phosphate
was found.19,44

Addition of Fe3+ to TCP is accompanied by grain
growth and liquid phase formation. According to the
phase diagram in the Fe2O3–P2O5 system, several liq-
uid phases including Fe(PO3)3 (JCPDS # 44-0772),
Fe4(P2O7)3 (JCPDS # 36-0318), FePO4 (JCPDS # 84-
0875), and Fe3PO7 (JCPDS# 37-0061) may form in
temperature range from 907 ± 8 to 1208 ± 8 �C.59

However, no peak related to these phases was found in
the XRD spectra of samples, most likely due to the low
amount of Fe2O3.

Addition of iron results in a significant increase in
relative bulk and apparent densities of TCP. Increase
in the bulk density is related to the decrease in the unit
cell volume during Fe3+ substitution in Ca2+ site. This
behavior proves the effective role of Fe dopant on
decreasing the total and open porosities. These findings
are in line with SEM micrographs (Fig. 2) where sig-
nificantly less open pores are present in the doped
samples, most notably in 1.0 Fe-TCP, as compared to
pure TCP.

Compressive strength of ceramic samples is mainly
affected by phase composition, particle size, density,
and liquid phase sintering. Formation of phases with
higher strength, decrease in particle size, and increase
in density are usually accompanied with enhancement
of compressive strength. On the other hand, extensive
liquid phase formation drops the mechanical strength
of final product.12 Addition of 0.25 wt.% Fe increases
the bulk and apparent densities and slightly decreases
the a-TCP phase content which results in significant
increase in compressive strength of pure TCP from
167.27 ± 16.2 to 227.10 ± 19.3 MPa. Though addi-
tion of higher amounts of Fe up to 1.0 wt.% inhibits
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the a-TCP phase formation and increases the density,
large amount of liquid phase causes the decrease in
compressive strength. These results effectively high-
light the contradictory effects of Fe on enhancement of
strength in TCP.

To evaluate the efficacy of Fe-doped TCP samples
as bone substitute materials, the in vitro interaction
between human fetal osteoblast cell and samples was
investigated. Iron is an important element in the body
and its deficiency causes severe health problems such as

anemia, changes in vitamin metabolism, and also
abnormal bone metabolism. In addition, dietary iron
deficiency compromises the BMD, bone mineral con-
tent (BMC), and mechanical strength. Iron is also an
important factor in vitamin D metabolism and colla-
gen synthesis and maturation.27,28,31,32 Katsumata
et al. found that iron deficiency causes the calcium and
protein deficiency; both play an important role in bone

FIGURE 4. hFOB cell morphology on pure and Fe-doped TCP samples after 3, 7, and 11 days of culture.
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metabolism. It also decreases the osteocalcin concen-
tration which inhibits bone formation.27,28 In addition
to the decrease in bone formation, lack of iron com-
promises the bone resorption in vivo. Due to the ele-
vated decrease in osteoclastogenesis, the overall bone
loss occurs in an iron-deficient diet.27,32 On the other
hand, iron overload in specific cases such as tha-
lassemia causes osteoporosis and bone fracture. Excess
amounts of iron causes the abnormalities in bone
phenotype, cortical and trabecular thinning and
changes in bone composition, depending on the Fe
dose. These controversies show the importance of
regulating the iron amount on bone formation and/or
resorption.49,51 Our data support the expected effects
of Fe as a dopant in TCP structure on proliferation
and differentiation of osteoblast cells. Results shown in
Fig. 4 present good adhesion of osteoblasts on all
samples, with larger number of cells on doped samples
at day 3 of culture. Cell adhesion is the primary stage
which directly alters the proliferation and differentia-
tion behavior at later stages. The MTT assay results
also show higher number of cells on Fe-doped samples
which is in line with the SEM results. After 7 days of
culture, the surfaces of doped samples were almost
entirely covered by osteoblast cells. Cells grew to
confluency on all doped samples resembling a multi-
layer structure covered by abundant filopodia exten-
sions after 11 days of culture. These results are in line
with the MTT assay findings which showed 2–3-fold
increase in cell density on Fe-doped samples compared
to that of control pure TCP samples. Previous reports
showed the cytocompatibility of Fe-doped calcium
phosphate glass fiber composites in the presence of
preosteoblast cells. In addition, magnetic nanoparti-
cles enhance the in vitro proliferation of
osteoblasts.33,34,36,55 The enhanced proliferation of
osteoblast cells is also reported in TCP scaffolds,
doped with other elements such as Li, Zn, Mg, Sr, Mg/
Zn, and Sr/Zn.3,4,18,50 The overall trend of prolifera-

tion of osteoblast cells is similar to our previous
studies, e.g. Li, Fe, Zn, and Mg/Zn doped TCP sam-
ples.3,50 Along with proliferation, differentiation is
another important stage that determines the final fate
of osteoblasts: osteocyte, bone lining cell, or apopto-
sis.9 ALP is an important enzyme that is released
during the maturation of osteoblast cells, providing an
alkaline environment that favors new bone formation.
This enzyme is also a marker for differentiation of
osteoblast cells.7 ALP assay results show 2–6 fold in-
crease in osteoblast differentiation on all doped sam-
ples at day 7 of culture. Increase in ALP expression on
all samples after 11 days indicates the ongoing differ-
entiation; however, 0.5 Fe-TCP shows the least
upregulation of ALP. Controversies of iron effects on
differentiation of osteoblast cells require a deeper
understanding of its role in each system. Few in vitro
and in vivo studies have indicated the inhibitory effect
of iron on osteoblast differentiation through down-
regulation of osteogenic markers such as BMP-2,
RUNX-2, and osteocalcin.55 However, other reports
have shown that the dose dependency of enhancement
in osteoblast cell proliferation and differentiation in
magnetic CaPs, mainly superparamagnetic nanoparti-
cles due to increase in fibronectin adsorption, ALP
expression and collagen synthesis.36,47,48 Increase in
bone density and decrease in osteoporosis, in presence
of magnetic field has been already reported. Prolifer-
ation and differentiation of osteoblast cells and
upregualtion of BMPs under exposure to magnetic
fields result in enhanced osteointegration and new
bone formation in vivo.53,54 It has also been reported
that applying external mechanical force to bone could
generate an electric field, leading to response from the
bone cells to physical stimuli, due to the piezoelectric
property of bone.54,58 Figure 7 summarizes the results
from this study and correlates them with the literature.
Presence of Fe and magnetic field enhance the fi-
bronectin adsorption,47,48,53 and facilitate the prolif-

FIGURE 7. Schematic presentation of cellular level mechanisms showing the effects of Fe dopant on proliferation, differentiation,
and maturation of osteoblast cells.
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eration and differentiation of osteoblast cells. These
primary results show the effects of iron as a dopant on
physical and mechanical properties of TCP, along with
in vitro osteoblast cell interaction with TCP.

CONCLUSION

Here we report the effects of Fe and its concentra-
tion on physical, mechanical, and in vitro osteoblast
cell-material interaction in TCP samples. Fe addition
at concentrations of 0.5 and 1.0 wt.% inhibited the b-
TCP to a-TCP phase transformation at 1250 �C, and
led to liquid phase formation. Addition of 0.25 wt.%
Fe increased the compressive strength of b-TCP from
167.27 ± 16.2 to 227.10 ± 19.3 MPa and higher con-
centrations of Fe did not change the compressive
strength, significantly. In addition, presence of Fe
increased both relative bulk and apparent densities.
Proliferation and differentiation of osteoblast cells
were enhanced in all doped samples and the highest
activity was found in samples doped with 0.5 wt.% Fe.
These data were in line with the SEM results, where
multilayer cellular structure was found in doped sam-
ples at 11 days of culture. Though further research is
needed for deeper understanding of Fe role in bone
remodeling process, the present results show the
potential use of Fe-doped TCP in bone tissue engi-
neering applications.
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