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Some factors controlling the injectability of
calcium phosphate bone cements

I . KHAIROUN, M. G. BOLTONG, F. C. M. DRIESSENS, J. A. PLANELL
Department of Materials Science and Metallurgy, Universitat Polite%cnica de Catalunya, Avda,
Diagonal 647, E-08028 Barcelona, Spain

The injectability of four calcium phosphate bone cements (CPBCs) was measured using
a commercial disposable syringe. It varied considerably with the cement powder
composition, with the liquid/powder ratio, with the time after starting the mixing of liquid
and powder, with the accelerator concentration (% Na2HPO4), and with the ageing time of the
cement powder which was prepared by milling. The injectability test could be used to
determine accurately the dough time of CPBCs. Relations between the setting time and the
cohesion time are discussed.
1. Introduction
In previous papers [1, 2] it was established that there
are about 15 different binary combinations of calcium
phosphates which give pastes upon mixing with water
or aqueous solutions, so that the pastes set at room or
body temperature into a solid cement. From these
basic systems, secondary formulations can be derived
containing additional or even non-reactive com-
pounds, but still setting like cements. Such materials
are known as calcium phosphate cements, and, be-
cause they are suitable for the repair, augmentation
and regeneration of bone, they are also called calcium
phosphate bone cements (CPBCs) [3]. They are not
only biocompatible, but also osteotransductive, i.e.
after implantation in bone defects they show rapid
osteointegration after which they are slowly resorbed
and simultaneously transformed into new bone tissue.
Recently, the suggestion has been made that they
might also compete with the PMMA bone cements
and the apatite coatings for fixation of metal endo-
prostheses in orthopaedics and oral implantology [4].

For implantation of CPBCs, a relatively thick and
putty paste [5] can be used but, in principle, one can
also use a relatively thin and injectable paste [1]. For
certain applications, injectability is even a prerequisite
[6, 7]. Some CPBCs show demixing into a thin paste
which is extruded, and a solid mass which stays be-
hind in the syringe, when put under pressure. This
phenomenon is called filter pressing [6]. Therefore,
a good cohesion of the paste is necessary in order to
avoid this phenomenon.

One of the objectives of the present study was to
operationalize the injectability as a quantity which
can be measured. The other objective was to deter-
mine the main factors on which the injectability of
CPBCs depend.

2. Materials and methods
Disposable syringes of several brands were used
for obtaining an impression about their suitability.
0957—4530 ( 1998 Kluwer Academic Publishers.
Finally, 20ml syringes of Millipore (Bedford, Mass-
achusetts) Catalogue Number XX 1102012, were
selected. They have an opening of 2 mm. Amounts of
2.0—4.0 g cement paste were used, and ‘‘injectability’’
was taken to mean the percentage by weight of that
part of this amount of CPBC paste which could be
extruded from such a syringe, either by hand or by
a force of 100N maximum.

Four CPBCs were prepared. The composition of
their powders is given in Table I. a-TCP is alpha-
tertiary calcium phosphate, PHA is precipitated
hydroxyapatite and DCP is dicalcium phosphate. As
cement liquid, a 1% aqueous solution of Na

2
HPO

4
was used. The injectability was determined for
liquid/powder ratios, L/P, of 0.35 and 0.40ml g~1,
1.5min after the beginning of mixing powder and
liquid.

Biocement H was selected to determine the injecta-
bility over a wider range of L/P ratios from 0.32—0.42.
Measurements were done in triplicate for both injec-
tion by hand and injection with an Instron Universal
Testing machine type 4507 using a compression rate of
15mmmin~1 and a maximum force of 100N, so that
absolute values and standard deviations of both
methods could be compared.

Biocement D was selected to study the injectability
by hand (at L/P"0.40ml g~1) as a function of the
time, measured from the beginning of mixing of
powder and liquid, until setting of the paste. First,
injection by hand and by machine were compared for
concentrations of 2%, 3% and 4% Na

2
HPO

4
as ac-

celerator in the cement liquid. Further, the effect of
a time lapse of either 1 or 4 d from the milling of the
cement powder until injectability measurement on the
value of the injectability, was measured for 2%, 3%
and 4% Na

2
HPO

4
in the cement liquid. Finally, time

lapses of 1/2, 1, 4, 7 and 12 d were studied for 3%
Na

2
HPO

4
in the cement liquid. From these data the

times after mixing at which the injectability reaches
0% were derived for different concentrations of
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TABLE I Composition of the powder of four CPBCs

CPBC Composition (%)

a-TCP PHA DCP CaCO
3

Biocement H 98 2
Biocement F 64 9 27
Biocement B 90 5 5
Biocement D 58 8.5 25 8.5

TABLE II Percentage injectability by hand of four CPBCs at two
different L/P ratios 1.5 min after starting mixing of powder and
liquid

CPBC Injectability (%)

L/P"0.35 L/P"0.40

Biocement H 53 75
Biocement F 89 93
Biocement B 76 90
Biocement D 91 94

Na
2
HPO

4
. These times were compared with the

initial setting time which is measured with the light
and thick Gilmore needle [8].

3. Results
The % injectability of Biocements H, F, B and D is
given in Table II. It is observed that the injectability
increases with increasing L/P ratio, thus with decreas-
ing viscosity of the paste. Neither of these CPBCs gave
any demixing or filter pressing during extrusion from
the syringe. It is also observed that the phase composi-
tion of the CPBC powders has a big influence on the
injectability. Further, there appears to be a practical
upper limit to the injectability as measured by this
method because the minimum amount of cement
paste remaining in the syringe was 190$10mg. This
means that Biocement D reaches that practical limit
and thus has the ideal injectability. When a triple
amount of cement paste of Biocement D was tried, the
apparent value of the injectability rose to 98%, for
that reason and the same amount of 190$10 mg
remained in the syringe.

Fig. 1, shows the dependence of the injectability of
Biocement H on the L/P ratio in the range from
0.32—0.42, both by hand and by machine 1.5min after
starting mixing the powder and the liquid. The values
were higher for injection by hand, but the standard
deviations were slightly higher for injection by
machine.

Fig. 2 is a plot of the injectability of Biocement D at
L/P"0.40 versus time after starting the mixing of
powder and liquid for accelerator concentrations of
2%, 3% and 4% Na

2
HPO

4
both by hand and by

machine. Again the values for injection by machine
are lower, whereas 0% injectability is reached earlier
than with injection by hand. The time, at which the
injectability reaches 0% may be called the dough time,
t
$
, of the cement. In Table III the dough time for
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Figure 1 Injectability of Biocement H at 1% Na
2
HPO

4
and 1.5min

as a function of the L/P ratio of the cement paste: (d) hand, (s)
instron.

Figure 2 Injectability of Biocement D at L/P"0.40 as a function of
time after start of mixing, by (d, j, m) hand, or (s, h, n) machine.
(d, s) 2% Na

2
HPO

4
, (j, h) 3% Na

2
HPO

4
, (m, n) 4%

Na
2
HPO

4
.

TABLE III Dough time, t
$
, initial setting time, t

I
, and final setting

time, t
F
, of Biocement D at L/P"0.40 ml g~1

Na
2
HPO

4
(%) t

$
(min) t

I
(min) t

I
/t

$
(min) t

F
(min) t

F
/t

$

2 4.66 9.5 2.0 22.5 5.0
3 3.5 7 2.0 18 5.1
4 2.75 4.5 1.6 13 4.7

injection by hand is compared with the initial setting
time, t

I
, and the final setting time, t

F
, for Biocement D.

It is observed that the initial setting time, t
I
, is about

twice as large as the dough time, t
$
, whereas the final

setting time, t
F
, is about five times as large. The ageing

time of the cement powder after preparation by mill-
ing up to injectability measurement was 4 d in Fig. 1.

In Fig. 3 the injectability of Biocement D by hand at
L/P"0.40 is plotted as a function of the time after
starting the mixing for accelerator concentrations of
2%, 3% and 4% Na

2
HPO

4
, but now the ageing time

of the cement powder after preparation by milling up
to the injectability measurement was either 1 or 4 d.
Accordingly, the dough time, t

$
, increased with ageing.

The ageing effect was inspected more extensively for



Figure 3 Injectability of Biocement D by hand at L/P"0.40 as
a function of the time after start of mixing for two ageing times:
(s, j, m) 1d, (s, h, n) 4d. (d, s) 2% Na

2
HPO

4
, (j, h) 3%

Na
2
HPO

4
, (m, n) 4% Na

2
HPO

4
.

Figure 4 Injectability of Biocement D by hand at L/P"0.40 and
3% Na

2
HPO

4
as a function of the time after start of mixing for

various ageing times: (d) 0.5 d, (-s-) 1 d, (j) 4 d, (h) 7 d, (m) 12 d.

3% Na
2
HPO

4
. The data are given in Fig. 4. They

show that the powder has become stable after 4 d
ageing following preparation by milling.

4. Discussion
The results in Table II suggest that finding a good
powder formulation is one of the most suitable ways
to control the injectability of a CPBC. That the injec-
tability of the cement paste varies inversely with its
viscosity as shown in Fig. 1, was expected, but it is not
always possible to stay in the desired range of strength
and setting times by varying the L/P ratio, even when
in addition the accelerator concentration can be ad-
justed [9].

A side-effect of this study on the injectability was
that it yielded a rapid and accurate way to determine
the dough time of CPBCs as derived from Fig. 2. Up
to now, dough times could be approached only by
determining the time of deformation just not leading
to decreased strength after complete hardening, but
this method is very crude [10]. So the dough time can
be defined as the period during which the cement
paste can be moulded without damaging the structure
which is forming during the setting of the paste. After
the dough time, the mechanical behaviour of the ce-
ment paste becomes more and more brittle. Obvious-
ly, implantation of cement pastes of CPBCs should
occur before the dough time for mechanical reasons.

Another important property of CPBCs is their co-
hesion time. The reason is that the pastes of CPBCs
disintegrate upon early contact with aqueous solu-
tions like body fluids [5, 11, 12]. The cohesion time
can be measured by immersion of setting cement
pastes into Ringer’s solution and observation of
disintegration during 24 h immersion [13]. It can be
defined as the time necessary to develop enough cohe-
sion within the setting cement paste in order to pre-
vent the disintegration upon early contact with
aqueous solutions. It is obvious for that reason that
a cement paste should be implanted after reaching the
cohesion time.

Accurate measurements of the dough time of Bio-
cement D were given in Table III. The cohesion time
of Biocement D has been reported elsewhere [9]. In
the range of 2%—4% accelerator and at a P/L between
0.35 and 0.40ml g~1, which is the most suitable range,
the cohesion time and the dough time coincide pre-
cisely for this cement. This poses a problem because,
as mentioned above, application should be done be-
fore the dough time and after the cohesion time. The
only way to overcome this problem is by lowering the
cohesion time without affecting the other properties.
How this can be done, will be mentioned in a follow-
up study.

The effect of ageing of the freshly milled cement
powder is as expected. High-energy fracture surfaces
will be subject to surface diffusion of particles to the
active sites, thereby decreasing the rate of reaction for
the cement setting with time. Similar surface diffusion
phenomena occur during dissolution and precipita-
tion reactions of ionic compounds [14] from aqueous
solutions.
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