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Abstract: The term calcium phosphate cement was intro-
duced by Gruninger et al. (1). This type of cement can be
prepared by reacting a calcium phosphate salt with an
aqueous solution, which causes it to set by the crossing of
the precipitated crystals. These cements offer a series of
advantages that allow their use as grafts and substitutes of
damaged parts of the bone system. However, these ce-
ments have low mechanical strength compared to human
bones. This work studied the influence of the use of poly-
amide fibers in the mechanical properties of a calcium

phosphate cement based on a-tricalcium phosphate as well
as the mechanisms involved in the increase of mechanical
strength. The results demonstrate the feasibility of the use
of polymeric fibers to increase mechanical strength and the
need for coupling agents for the effective performance of
the fibers as reinforcement in these materials. Key
Words: Calcium phosphate cement—Calcium phos-
phate—a-tricalcium phosphate—Bioceramic—Bio-
material—Medical devices.

The term calcium phosphate cement was intro-
duced by Gruninger et al. (1), who stated that this
type of cement can be prepared by mixing a calcium
phosphate salt with water or with an aqueous solu-
tion to form a paste that can react at ambient or
body temperatures to produce a precipitate contain-
ing one or more calcium phosphates, set by the in-
tercrossing of precipitated crystals. They are consti-
tuted of one basic component and one acid
component that, when mixed with water, react to
form one or several products having a medium acid-
ity.

These cements offer advantages that permit their
use as grafts and substitutes of the damaged parts of
the bone system, including moldability, minimum
bone cavity, complete adaptation to the bone cavity,
preparation during surgery, direct in vivo insertion,

setting in situ, optimal bone implant contact, and
biocompatibility and bioativity.

Moreover, calcium phosphate cements can be
used as drug delivery systems to which several medi-
cations or drugs such as antibiotic, antitumor, anti-
inflammatory drugs (2), and so on can easily be
added. The main disadvantage of calcium phosphate
cements is their low mechanical resistance which, in
the best of cases, is equal to the trabecular bone, or
to 20% of the cortical bone. The literature contains
no in-depth studies on increasing the mechanical re-
sistance of these cements. The availability of calcium
phosphate cements with mechanical resistance close
to human bones would considerably broaden the
field of potential applications, which is currently lim-
ited to dentistry and maxillofacial surgery. Stronger
compositions of calcium phosphate cements would
be applicable in orthopedics and neurosurgery as an
alternative for the knitting of multiple fractures of
long bones, fixing of cemented articulation prosthe-
ses, iliac crest prostheses, intervertebral spacers, and
substitution of vertebral bodies.

The objective of this work was to study the influ-
ence of the use of polyamide fibers in the mechanical
resistance of a calcium phosphate cement based on
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a-tricalcium phosphate as well as the mechanisms
involved in the increase of mechanical resistance.

MATERIALS AND METHODS

The a-tricalcium phosphate (a-TCP) was pre-
pared as described in the literature (3) by the reac-
tion:

CaCO3 + g-Ca2P2O7 → a-Ca3(PO4)2

The reagents were mixed in a zirconia ball mill and
calcinated at 1,300°C for 15 h, followed by quenching
on a stainless steel plate (4). The reaction product
was ground in a polyethylene jar with zirconia balls
in an alcoholic medium (anhydrous ethanol). The
distribution of particle sizes was determined by
granulometric distribution by sedimentation, using a
Sedigraph-Micromeritics 5100 machine, with isopro-
panol as the dispersing agent. Organic monomers
monofunctional acrylamide (5%), and difunctional
N,N’-methylenebisacrylamide (0.5%) were added to
the a-TCP, and the reaction was accelerated by the
N,N,N’,N’-tetramethylethylenediamide (0.25%)
catalyst, with ammonium persulfate (0.1%) used as
the initiator. A 2.5% NaHPO4 solution was also used
to improve the a-TCP cement setting reaction, and
precipitated hydroxyapatite (2%) was used as seed
grains. The liquid-to-powder ratio was 0.55 ml/g.
(Nylon 66) with 0.1 mm diameter and 3 mm height in
the following percentages (wt%): 0.0, 0.2, 0.4, 0.8,
and 1.6 was added to this polyamide fiber composi-
tion. The compressive strength was measured in a
Universal Testing Machine (Model TTDML, Instron
Corporation, Canton, MA, U.S.A.) at a loading rate
of 1 mm/min with the samples covered with wet filter
paper. The a-TCP powder and the cement with no
fibers were analyzed by qualitative x-ray diffraction,
using a Model D 5000 x-ray diffratometer (Sie-
mens, Karlshüre) with CuKa radiation and Ni filter,
generated at 40 kV and 40 mA. The angular interval
(2u analyzed was from 20 to 40°, with goniometer
speed at 2°/min. Five samples measuring 6 mm in
diameter and 12 mm in height were prepared from
each composition using a silicon mold. The samples
were maintained at 100% relative humidity for 24 h,
and then placed in polystyrene flasks with Simulated
Body Fluid (SBF) for 10 days at 37 ± 1°C (liquid/
solid volumetric ratio 4 50). The compressive mea-
surements were taken after this 10 day period.

Some pieces taken after the compressive measure-
ment were covered with gold and examined under
scanning electron microscopy (Carl-Zeiss I Model
DSM 940A) to determine their porosity and density
using the Archimedes method in water.

RESULTS AND DISCUSSION

The a-TCP obtained as described earlier pro-
duced a composition containing a-TCP impurity and
hydroxyapatite (HA) (5% and 2%, respectively), de-
termined by quantitative x-ray diffraction. The x-ray
spectra is presented in Fig. 1.

The presence of b-TCP as an impurity in the
a-TCP has been reported by several authors (5–8).
There are no published reports of pure a-TCP ob-
tained and, normally, the a-TCP obtained contains
about 15% of b-TCP (9). Moreover, HA was de-
tected as an impurity in the b-TCP. The presence of
the HA can be explained by the balance reaction:
HA↔b-TCP↔a-TCP, in which the speed of the first
reverse reaction is smaller than the direct reaction
(6).

Grain size distribution obtained by the sedimen-
tation method showed a distribution of particle sizes
ranging from 15 to 2 mm with an average diameter of
7.5 mm (this size being finer than that reported in the
literature), which had a distribution between 20 and
2 mm. This explains the larger amount of liquid used
containing 2.5% of Na2HPO4 (0.55 ml/g) than that
reported in the literature (0.32 ml/g) (10,11) because
particle size distribution of powder in a cement is a
decisive factor for the liquid/powder ratio needed to
obtain a paste with an adequate consistency. Figure
2 shows the a-TCP cement x-ray spectra with no
fibers after immersion in SBF for 8 days.

An increased intensity of the diffraction lines is
observed for HA, with the decreased intensity if dif-
fraction lines corresponding to the a-TCP, and the
almost complete disappearance of the b-TCP dif-
fraction lines, which demonstrates the formation of

FIG. 1. The graph shows the a-TCP x-ray spectra obtained from
the g-Ca2P2O7 and CaCO3 reaction at 1,300°C for 15 h, followed
by quenching.
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quite a high amount of HA. This was not, however,
evaluated in the present study.

Porosity, density, and water absorption values,
considering the standard deviation values, are simi-
lar for all compositions except in the case of the
composition with no fiber addition, which presented
a high value of porosity and water absorption with a
resulting decrease of density and mechanical
strength (Table 1). All compression strength values
are lower than those obtained by Driessens et al.
(10). However, the amount of liquid used by these
authors (0.32 ml/g) was less than that used in this
study (0.55 ml/g), which may explain the reduced
values of the mechanical properties.

The addition of fibers to the cement composition
produced a slight increase of compression strength,
which was more accentuated in the compositions
containing 0.2 and 0.8% of fibers (about 30%). This
represents extremely low increases when compared
with the increases produced by polymeric fibers in
Portland cement, which range from approximately
100 to 700% (12). In the case of additions of 0.4 and
1.6%, there was a decrease in compression strength
compared with the values obtained for the composi-

tions containing 0.2 and 0.8%. These values are very
close to the values of the fiberless composition,
which suggests a nonhomogeneous distribution pos-
sibly due to the reduced size of the samples. This
may have caused the presence of fiberless zones with
little mechanical resistance, which would cause flaws
in the material due to the propagation of cracks
through these areas, resulting in values similar to
those of the fiberless composition. Moreover, the
variation in mechanical resistance of several compo-
sitions does not allow a correlation to be made with
variations in porosity, density, and water absorption
because they are similar values. No observation of
the reduction in mechanical resistance for all
amounts of added fibers is indicative of fiber cou-
pling because the addition of fibers that do not
couple to the matrix could work as macro defects
resulting in a strong reduction of mechanical resis-
tance. This effect was not observed. Figures 3 and 4
show the microstructure of the compositions with
and without the addition of polymeric fibers.

The morphology depicted in Fig. 3 is similar to
that obtained in biomimetic procedures for BaTiO3

(13) coatings through immersion of the titanate in
SBF after treatment in a solution containing G glass
or sodium silicate and is also similar to the format
obtained from HA precipitation through the aque-
ous reaction of CaOH and H3PO4 (14). This, added
to the x-ray diffraction patterns (Fig. 2) which pre-
sent diffraction lines corresponding only to the HA
phase, leads us to assume that HA has precipitated
into a spheroidal format.

Figure 4A shows a polyamide fiber on the frac-
tured surface of the cement, showing a space be-
tween the fiber and the cement. It also can be seen

FIG. 2. The graph shows the x-ray spectra of cement after 8
days of immersion in SBF.

TABLE 1. Cements with fiber additions after 10 days
in SBF

Fiber
%

sc
(MPa)

P
(%)

D
(g/cm3)

A
(%)

0.0 9.5 ± 0.5 55.1 ± 0.3 1.26 ± 0.01 43.6 ± 0.7
0.2 12.5 ± 0.8 53.9 ± 0.4 1.29 ± 0.01 41.9 ± 0.4
0.4 9.5 ± 0.8 53.8 ± 0.4 1.29 ± 0.01 41.7 ± 0.7
0.8 13.0 ± 0.7 52.4 ± 0.4 1.30 ± 0.01 40.2 ± 0.5
1.6 9.8 ± 0.7 53.5 ± 0.4 1.28 ± 0.02 41.7 ± 0.8

sc: compression strength, P: porosity, D: density, A: water ab-
sorption.

FIG. 3. The surface scanning electron microscopy shows a-TCP
cement without polyamide fibers after immersion in SBF for 10
days.
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that the fiber does not appear to have undergone
plastic deformation and that it has kept its original
shape. The cement shows radial fractures close to the
insertion cavity of the fiber, which suggests the join-
ing of the fiber to the matrix, as indicated by the
mechanical resistance values. The fracture in the ma-
terial may be acting in such as way as to increase its
tenacity because part of the tensions applied to the
fibers end up being transferred to the matrix and are
alleviated by the appearance of radial cracks in the
fibers’ insertion cavity. This prevents the cracks from
causing the material to collapse, owing to the distri-
bution of tensions in the resulting cracks. The radial
cracks also appear to be the cause of spacing be-
tween the matrix and the fiber, increasing the diam-
eter of the cavity.

Figure 4B shows the cavity left by the pullout of
the reinforcement fiber and the formation of a crack
radial to the cavity without pullout of grains from the
matrix. This demonstrates the weak coupling of the
fibers, which may explain the moderate increase of
compression strength. It also shows the need for sur-
face modifiers for the fibers or additives used in the
cement, such as plastifiers and deflocculants, to
achieve adequate joining and the resulting increase
of the mechanical resistance to higher values. Super-
ficial treatments should involve the change in the
characteristics of the polymer surface from hydro-
phobic to hydrophilic (15).

CONCLUSIONS

A composition of calcium phosphate cement
based on a-TCP with the addition of polyamide fi-
bers was obtained and evaluated with the purpose of
increasing the mechanical resistance. The following
factors were observed. The use of polyamide fibers
allowed a moderated increase in compression
strength in some compositions. Higher increases of
compression strength compared to those obtained in
the values reported in the literature for Portland ce-
ment can be obtained only through the superficial
modification of the fibers or through additives in the
cement matrix that allow for improved fiber/matrix
coupling as well as resulting in homogeneous fiber
distribution in the cement. The variability of the
measured values of mechanical resistance for the ad-
ditions of polyamide fibers may be connected to
nonhomogeneous distribution of fibers in the ce-
ment matrix, demonstrating its fundamental rel-
evance in obtaining high values of mechanical resis-
tance. And the reinforcement mechanism observed
for the compositions occurred through the joining of
the fiber to the matrix and the appearance of cracks
radial to the insertion cavity of the fibers.
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