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The purpose of the present work was the study of the gentamicin sulphate (GS) release from a commercial
acrylic bone cement CMW-1® with the aims of establishing the influence of the slabs preparation as well as the
release mechanism and Kkinetics. The effect of the amount of GS on the release kinetic parameters has been also
investigated. In vitro release studies were performed in a buffered saline solution at pH 7.4 and 37°C. The GS
concentration was determined using an indirect spectrophotometric method with an o-phthaldialdehyde as a de-
rivatizing reagent. A commercial and three modified samples were tested. The free and fractured surfaces of the
GS cement slabs before and after the release studies were observed by means of scanning electron microscopy
(SEM). For low GS concentration loading the release was very incomplete because most of the GS beads were en-
capsulated by the hydrophobic PMMA matrix. A higher amount of antibiotic was released from cement that has
a higher amount incorporated. A model and therefore a mechanism of release based on this model have been
proposed. It has allowed us to explain the changes in dissolution kinetics of an acrylic matrix type controlled re-
lease system up to 12% GS loading. The cumulative amount of GS released M/M;, was fitted as a function of
time. For lower amounts of GS, the regression analysis (R>>0.99) revealed that the release is most adequately
represented by M,/M;=b+kt", where b represents a burst effect. The goodness of fit decreases as the amount of
GS increases. The influence of some other type of release mechanism for higher amounts of GS must be taken

into account and a second model for the release, M,/M;=b+k-[1—exp(—k?)], is proposed.
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Chronic osteomyelitis remains as an important and daunt-
ing orthopedic and clinical problem. Conventional treatment
using systematic antibiotics is often unsuccessful. High sys-
temic levels of aminoglycoside antibiotics also imply the risk
of organ toxicity such as hearing or kidney damages."

One management method utilizes surgical implantation of
antibiotic-impregnated poly(methyl methacrylate) (PMMA)
beads into dead space created by osteomyelitic tissue re-
moval, for local delivery of antibiotics.>~ This method in-
tends to reach high local drug levels while maintaining low
systemic levels. Gentamicin sulphate (GS)-PMMA, antibi-
otic-impregnated or antibiotic-loaded acrylic cements have
been used in surgery to prevent or treat osteomyelitis® since
the 1970s. A great number of studies on the amount and rate
of GS release from different commercial acrylic bone ce-
ments have been published, but an insight into the mecha-
nism and kinetics of the release process is still lacking.*'?
The main aspects on which the present work is based are as
follows:

(i) There Exist Some Significant Differences in Behavior
among the Different Antibiotic Loaded Acrylic Cement: The
antibiotic release from these cements has been the subject
of numerous studies. Several factors such as trade name,
amount and type of antibiotic incorporated, porosity of the
system, its specific area, its surface characteristics'® and
some other factors, seem to influence very markedly this re-
lease. All these facts have been the reason that the main part
of these studies have yield irreconcilable results, which are
analyzed with difficulty, and, in some cases, quite selfcontra-

OTo whom correspondence should be addressed.

e-mail: jmbarrales@ictp.csic.es

commercial acrylic bone cement; gentamicin sulphate; drug release; modified bone cement; stress cracking; mecha-

dictory.'*!9 These apparent discrepancies require explana-
tion. Therefore we tried to perform a reproducible study from
which conclusions about the release properties of bone ce-
ments and related devices could be extracted. This informa-
tion may then be used to modify the formulation in order to
improve its release characteristics.

(il)) Non Effective Drug Levels: It has been shown in the
“in vitro” experiments that much of the antibiotic may be re-
tained within the PMMA matrix, sometimes as much as 90%
of the load.””!19)

(iii) Mechanism and Kinetics for the Precise Control of
the Release Process: Due to all the above mentioned, it has
not been possible to establish the mechanism and the kinetics
of the GS release from commercial acrylic surgical radio
opaque bone cement very clearly so far. An essential feature
of the acrylic bone cements is shown in experiments carried
out in vivo and in vitro by Baker and Greenham,® who
proved that PMMA bone cement that has no defects is imper-
vious to gentamicin. In addition the glass transition of
PMMA is far away above room temperature,'” and therefore
from the temperature at which the delivery experiments are
carried out. From this point of view the diffusion throughout
the polymeric matrix seems to be almost unfeasible.

In the present study, special attention has been paid to de-
termine the influence of the amount of the antibiotic incorpo-
rated to the bone cement on its release. Different amounts of
drug to modify the ratio of antibiotic to polymeric matrix
have been added . These modifications will allow us to deter-
mine the way in which the antibiotic is released.'® For this

© 2002 Pharmaceutical Society of Japan



1202

reason, we have made a systematic analysis on this aspect
and therefore we have intended to minimize the influence of
some other factors.

Experimental

Materials Commercial CMW-1® acrylic surgical radio opaque bone ce-
ment GS additived was purchased from De Puy Ibérica, S. A. (Madrid,
Spain) as a kit of two components, one, a sterile glass ampoule (18.37 g)
containing the liquid component and the other of a sterile package (40 g) of
the powder formulation. Its composition (% w/w) is as follows:

(i) The solid component is composed of 4.22% wt of GS, 84.73% wt of
poly (methyl methacrylate) (PMMA) beads or microspheres, 1.95% wt of
benzoyl peroxide, which is an initiator of the radical polymerization of
monomer from the liquid component and 9.10% wt barium sulphate used as
radio opacifier.

(ii) The liquid component is composed 98.215% wt of methyl methacry-
late (MMA) monomer, 0.816% wt of N,N-dimethyl-p-toluidine (DMPT)
which is an activator employed to break down the initiator from the powder
component and initiate the polymerization by means of free radicals,
0.945% wt ethanol, and trace amounts of ascorbic acid (0.022% wt) and hy-
droquinone (0.002% wt ) which act as inhibitors or stabilizers to prevent pre-
mature polymerization of the monomer (MMA).

The following materials were also used as received without any further
purification: anhydrous di-sodium hydrogen phosphate, anhydrous potas-
sium hydrogen phosphate, sodium chloride, and sodium borate (Panreac
Quimica S.A. Madrid, Spain); o-phthaldialdehyde and 2-mercaptoethanol
(Sigma Aldrich Chemie GmbH, Steinheim, Germany): 2-propanol and
methanol (Scharlau-FE.R.O.S.A., Barcelona, Spain). A commercial genta-
micin sulphate with an approximated potency of 604 um/mg was supplied
free of charge by Laboratorios Normon S. A. (Madrid, Spain).

Buffered Reagent Buffered saline solution pH 7.4 was prepared as de-
scribed in the British Pharmacopoeia (BP A79): anhydrous di-sodium hy-
drogen phosphate 2.38 g; anhydrous potassium hydrogen phosphate 0.19 g
and sodium chloride 8 g to 1000 ml with deionized water (Milli-Q).

o-Phthaldialdehyde Reagent o-Phthaldialdehyde reagent was prepared
following a procedure due to Zhang et al.'” It was formulated by adding
2.5g of o-phthaldialdehyde, 62.5ml methanol and 3ml of 2-mercapto-
ethanol to 560 ml 0.04 M sodium borate in deionized water solution. The
reagent was stored in a brown bottle in the darkness and settled for at least
24 h prior to use.

Methods. Matrix Plate Preparation Three different procedures to
prepare pre-formed cement devices were compared: Hand molding (the
method used by medical doctors) and iron and teflon molded samples. For
our research, in order to have a well-defined geometry and amount of ce-
ment, iron and teflon molded samples had a great advantage to allow a com-
parison and kinetic studies. But it was necessary to prove that results ob-
tained with molded samples were comparable to those obtained with the
hand molded samples. As it will be shown in results section no significant
differences among the samples prepared by the three different methods were
observed. They were prepared from the two components following the in-
structions of the cement manufacturing company.

(a) Teflon Mould: Bone cement slabs were prepared following the proto-
col as it has been described by Bayston and Milner'> and Wasserlauf et al.>
using a teflon mould in a hydraulic press. Specimens were prepared at an
initial temperature of 25*=2°C and constant humidity (30%=10%). Open
mixing of powdered and liquid components was performed in a 50ml
beaker. After a careful hand mixing for 2—3 min with a metal spatula, the
cement paste was hand molded. By packing the polymerizing paste into a six
cavities Teflon mould that was compressed till the cement had completely
hardened, rectangular specimens of 2mm thickness, 50.20 mm length and
25 mm width were obtained.

(b) Iron Steel Mould: Discs of bone cement were prepared as described
by Bayston and Milner'> using an extra sized stainless steel mould (30
mm ¢). Thus, 2 g of the powder mixture component and 1 ml of the commer-
cial liquid component were hand mixed “in situ” to obtain a paste which was
submitted to a pressure of 10 kg/1000 psi during 30 min in a hydraulic press.
The discs obtained this way show a very smooth and brilliant surface, with
mean dimensions of 30 mm diameter and 3 mm thickness.

(c) Hand Molding: The same amounts of the powdered mixture and liquid
component were mixed and hand molded till the cement had completely
hardened, with an approximate shape to that one of the discs previously ob-
tained. The six hand made discs thus prepared had average dimensions and
weights almost similar to those of the disc prepared by compression.
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These sequences of operations were carried out to prepare four times con-
centration GS modified cements. In the powder component a mixture of 40 g
of CMW-1® cement free of antibiotic and 6.48 g of GS was prepared to at-
tain in the modified cement an antibiotic concentration four times higher
than the one in the commercial cement. With this mixture the three types of
specimens were prepared. In order to determine the effect of the gentamicin
sulphate amount on the release process, the Teflon mould procedure was
chosen. Specimens with four different gentamicin concentrations were pre-
pared by adding calculated extra amounts of GS to the solid component of
the commercial GS additivated CMW-1®. In this way, commercial GS con-
centration and four, eight and twelve times commercial GS concentration
specimens were obtained. The method of preparation, composition and char-
acteristics of each specimen are gathered in Table 1. In the table “GS added”
refers to the spray dried GS added to the bone cement in order to change its
GS amount. For Hand and Iron steel molded samples this is the total amount
of GS in the sample because a commercial bone cement powder component
without gentamicin was used. As it will be show this did not make any sig-
nificant difference in the results.

Gentamicin Determination An indirect method was required for the
spectrophotometric analysis of gentamicin since it does not absorb ultravio-
let nor visible light. The o-phthaldialdehyde was used as a derivatizing
agent.?) Tt reacts with the amino groups of gentamicin to yield chro-
mophoric products. The o-phthaldialdehyde reagent, modified by Zhang et
al.' was prepared as described before.!® The reaction was carried out mak-
ing 2ml of our problem gentamicin in solution react with 2ml of iso-
propanol (to avoid the precipitation of the products formed) and 2 ml of o-
phthaldialdehyde reagent. The concentration of gentamicin sulphate was es-
timated by measuring the absorbance at 332 nm.

The Validation Method Validation of the analytical procedure is re-
quired to assure a minimum level of quality in the experimental measure-
ments. The validation of the spectrophotometric method has been done fol-
lowing recommendations given by ICH.?” Some details about the validation
of the method employed in this paper have been given elsewhere.?®

Scanning Electron Microscopy (SEM) The surface morphological
characteristics of the untreated and treated specimens were studied using a
Jeol JSM-840 Scanning Electron Microscope. Surfaces and liquid nitrogen
fractured surfaces were coated with gold-palladium alloy in a sputter coating
apparatus before SEM analysis.

Dissolution Studies in Vitro Release profiles of gentamicin from the
cement were measured as follows: one test slab was introduced into a 300 ml
Pyrex glass reactor containing 250 ml of the phosphate buffered saline solu-
tion (pH=7.4) with a water circulating jacket.”> The test solution was main-
tained at 37 °C and mechanically stirred at 150 rpm. Aliquots amounts (3 ml)
of the solution were withdrawn at suitable time intervals, passed through a
0.45 um millipore membrane filter, and diluted with the buffered reagent,
when necessary, for measurements in the spectrometer. Four slabs were
tested for each sample show in Table 1.

Experimental Results and Discussion

The experimental results for the time-dependent release of
GS are best explained in terms of the setting processes and
structure of the acrylic bone cement. It may be interesting
and appropriate to give some thought to the possible mecha-
nisms of GS release and the manner in which it might be
modeled. The release mechanism must necessarily be com-
plex, due to the fact that the cement has a heterogeneous and
complex structure. The cement is the product of a reaction
between a powdered mixture constituted fundamentally by
PMMA beads, GS sulphate beads and barium sulphate parti-
cles and a liquid composed almost completely of MMA
monomer. After mixing and polymerization of both compo-
nents, the solid particles of PMMA are dispersed in a PMMA
solid matrix which encloses them generating a heterogeneous
morphology. PMMA is present both in the matrix and in the
beads. Even in simple heterogeneous macromolecular struc-
tures diffusion processes seem to be very complicated.’
Diffusion in amorphous polymers is only possible above its
glass transition temperature. We have, on one hand, that the
migrant (GS) is a drug in its salt form of considerable molec-
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Table 1. Mean Composition and Characteristics of the Surgical CMW-1® Gentamicin Sulphate Radiopaque Bone Cement and of Their Modified Analo-
gous
Composition modified
Unmodified commercial powder component . Slab characteristics
liquid Gentam¥cm content
Sample component Unmodified GS (Polyme(l;ze(i)cement) Weight Area Thickness
(%o wt) powder added ow (2) (cm?) (cm)
(Yo wt) (Yo wt)
1 GS (Teflon mould) 32.88 67.12 2.89 3.870 30.32 0.29
4 GS (Hand molding) 33.33 57.37 9.29 9.29 2.762 18.83 0.39
(Teflon mould) 2891 63.04 8.05 10.73 2.815 28.85 0.18
(Iron steel mould) 33.33 57.37 9.29 9.29 2.898 18.34 0.30
8 GS (Teflon mould) 26.55 56.71 16.74 19.14 2.795 28.12 0.21
12 GS (Teflon mould) 25.36 50.98 23.66 25.81 4.035 29.63 0.27
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Fig. 1. Influence of the Mode of Slabs Preparation Expressed as the Ex-  Fig. 2. Experimental Cumulative Mean Amount of Gentamicin Sulphate

perimental Cumulative Mean Amount of Gentamicin Sulphate Released
Normalized per Unit of Exposed Area (M/M;)/4 (cm™?) as a Function of
Elution Time ¢, (h) for a Series of Modified Commercial Surgical Acrylic
Drug Delivery Bone Cement (4 GS)

For mode of slabs preparation, composition and GS content of the samples see
Table 1.

ular weight and volume that is soluble in water and on the
other hand we have a polymeric matrix fundamentally consti-
tuted by a hydrophobic polymer. From this point of view it
seems to be logic that the polymeric matrix should be imper-
meable to GS.

Figures 1 and 2 compare the release profiles obtained with
the different samples assayed. Figure 1 shows the results for
series of samples with the same amount of GS incorporated
(4 GS), but prepared using different procedures, i.e.: (a)
Teflon mould, (b) iron steel mould, and (c) hand molded sam-
ples. The cumulative percentage of drug released (M,/M,)
was normalized by the sample surface (4, cm?) in order to
minimize differences due to the sample morphology. In spite
of this normalization only slight differences can be noticed
among the samples. No significant differences among the
samples prepared by the three different methods were ob-
served. The differences found when the amount of GS is
modified (as is shown in Fig. 2) are much bigger compared to
the differences due to the method of preparation which were
not significative and will not be taken into account in the dis-
cussion of the results. Therefore, we will only consider here-
after samples prepared by one of the methods, namely,
method (a).

In Fig. 2 can be noticed the differences in the amount of
GS incorporated to the cement give place to great changes in

Elution Profile Normalized per Unit Exposed Area (M/M,)/A (cm™?) as a
Function of Elution Time ¢, (h) for a Series of Unmodified and Modified
Commercial Surgical Acrylic Drug Delivery Bone Cement (1 GS, 4 GS, 8
GS and 12 GS)

For composition and GS content of the samples see Table 1.

the cumulative percentage of drug released from the cement.
In this case a normalization of results was not necessary be-
cause of the similar morphology of samples prepared using
the same procedure.

Figure 3a shows a SEM microphotograph of the free sur-
face of GS beads. It reveals a regular structure of spherical-
shaped particles differing in size from 2 to 45 um and a
smooth surface. Figure 3b shows a SEM microphotograph of
the free surface of PMMA beads of the commercial bone ce-
ment. They present oval and spherical particles with a rugose
surface texture. Therefore both types of particles are quite
different from the point of view of their respective morpholo-
gies.

Figures 4a and b show microphotographs of fracture sur-
faces of untreated samples 4 GS and 12 GS. Because of the
GS incompatibility due to its hydrophilic character, GS beads
appear as a disperse heterogeneous phase in the PMMA ma-
trix. On the contrary PMMA beads are not easily distinguish-
able from the PMMA matrix because both are compatible.
Both effects are easily distinguishable if we compare samples
4 GS (GS content=10.73% wt) and 12 GS (GS content=
25.81% wt). Thus the texture of the polymeric matrix and
PMMA beads does not change but the traces due to GS
beads are clearly increased in 12 GS sample as it can be ex-
pected.

Figures 5a and b show microphotographs of the external
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Fig. 3. (a) SEM Showing the External Surface of Gentamicin Sulphate
Beads and (b) SEM Showing the External Surface of Poly(methyl methacry-
late) Beads from the CWM-1 Acrylic Bone Cement Solid Component

Fig. 4. SEMs Showing the Fractured Surface of Two Unsoaked and Modi-
fied Commercial CWM-1 Acrylic Bone Cements before the Release Assays

(a) (Sample 4 GS ); and (b) (Sample 12 GS). For mode of slabs preparation, compo-
sition and GS content of the samples see Table 1.

surface of two samples of unmodified 1 GS (GS content=
2.89% wt) and modified 12 GS (GS content=25.81% wt)
bone cements after 1250 h of release test. In the surfaces of
the specimens there are a large number of voids. We may as-
sume, that this may be due to gentamicin beads located near
to the external surface that have been removed by a dissolu-
tion process leaving a porous structure. The commercial ce-
ment surface of Fig. 5a shows some very thick cracks but it

Vol. 50, No. 9

Fig. 5. SEMs Showing the External Surface (a) of an Unmodified Com-
mercial CWM-1 Acrylic Bone Cement (Sample 1 GS) and (b) of a Modified
CWM-1 Acrylic Bone Cement (Sample 12 GS) after Having Been in the
Buffer Solution at 37 °C for 1250 h

For mode of slabs preparation, composition and GS content of the samples see
Table 1.

does not shown neither apparent signs of craters nor polygo-
nal forms. For a higher loaded GS sample, Fig. 5b, there are
a lot of craters which have been created by the extraction GS
from the more external GS beads covered by a thin brittle
PMMA layer. Some of these craters seem to be the remains
of the GS beads. The same effect has been observed by
Fukazawa et al?>*® in the case of the erosion of glass-
ionomer cements. The buffer would dissolve these GS beads
gradually leaving a number of pores near the surface of the
GS modified cement slabs.

Figures 6 and 7 show the microphotographs of the frac-
tured surfaces of bone cement slabs after immersion for
1250 h of a series of four samples differing in GS concentra-
tion. All have been taken at the same magnification and,
show the different pore widths and the structural differences
among the surfaces of the four samples after the release tests
for the same period of time. From these Figs. 6 and 7, we can
conclude that after MMA polymerization and before the re-
leasing experiment, namely before the sample contacts the
buffer, the GS beads are not free but embedded and covered
by the PMMA matrix, which also encloses the PMMA beads
forming part of it as a continuous phase.

The surface morphology of the soaked as well as the un-
soaked gentamicin-loaded cement revealed a considerable
amount of voids or craters and cracks. The SEM micrographs
also showed bubble-like voids and cracks in the cement that
may have been utilized as conduits for antibiotic release.
After the curing of the bone cement its external morphology
macroscopically resembles the external surface of a hazel-nut
chocolate table where the gentamicin sulphate beads may be
represented by the nuts. We have a polymeric matrix where
the PMMA beads have been left embedded forming a quasi
homogeneous phase with the matrix and then completely dis-
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Fig. 6. SEMs Showing the Fractured Surface of an Unmodified and a
Modified Commercial CWM-1 Acrylic Bone Cements after Having Been in
the Buffer Solution at 37 °C for 1250 h

(a) (Sample 1 GS); and (b) (Sample 4 GS). For mode of slabs preparation, composi-
tion and GS content of the samples see Table 1.

Fig. 7. SEMs Showing the Fractured Surface of Two Modified Commer-
cial CWM-1 Acrylic Bone Cements after Having Been in the Buffer Solu-
tion at 37°C for 1250 h

(a) (Sample 8 GS); and (b) (Sample 12 GS). For mode of slabs preparation, composi-
tion and GS content of the samples see Table 1.

persed GS beads and the radio opacifier particles.

To describe the drug release Lindner and Lippold®” pro-
posed and expanded Korsmeyer et al.?® equation adding a
constant term b, to take into account the “burst effect”,

M/M=b+kt" )

From the mathematical point of view, the intercept b is
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Fig. 9. Experimental and Calculated Cumulative Percentage (%) of Gen-
tamicin Sulphate Released as a Function of Time ¢, (h) According to Eq. 1

(Full Line) of Two Modified Acrylic Bone Cement Drug Delivery Devices
Bone Cement (Samples 8 GS and 12 GS)

Slabs have been made by mould compression in a home made teflon mould.

very important, because its disregard leads to a poorer corre-
lation of the experimental data with the calculated curves.
However, from the mechanistic point of view, as would be
mentioned later on, it represents and characterizes the known
“burst effect”. When a soluble drug dissolves rapidly from
the surface creating a “burst effect”, some of the drug in the
surface will desorbed at an initially high rate. Therefore Eq.
1 may be appropriate to analyze and interpret release data.
Figures 8 and 9 show the patterns of gentamicin sulphate
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Table 2. Statistical Parameters and Standard Errors According to Eq. 1

M/M=b+kt"
Sample
b k n R?
1GS 0.357 0.136 0.260 0.9960
4GS 2.966 0.254 0.364 0.9919
8 GS 4.445 0.288 0.681 0.9988
12 GS —1.539 4.136 0.425 0.9909

release from the bone cement in a phosphate buffer at
pH=7.4 at 37 °C. As it also shown in these Figs. 8 and 9 the
amount of GS released from the cements into the buffer solu-
tion were fitted by Eq. 1. Values of the parameters and corre-
lation coefficients are given in Table 2.

The increase of the #n value, above 0.5 for the 8 GS sample,
and the decrease of the goodness of fit for the 12 GS sample
as can be seen in Fig. 9 may be indicating a change in the re-
lease mechanism, for high GS concentration samples. There-
fore, we propose a second model to be applied in this con-
centration region

A second model to describe the release mechanism was
fitted against the experimental data,

M/M=b+k-[1—exp(—nt)] )

The term k- [1—exp(—nt)] is associated with a Noyes and
Whitney dissolution process.””*?” The statistical evaluation is
shown in Figs. 10 and 11 and the parameters are given in
Table 3. The goodness of the fit for low GS concentration
samples (1 GS and 4 GS) is much worse than with the previ-
ous model. However, for the high concentration samples the
goodness of the fit is very good. For these samples this analy-
sis has a more realistic meaning as can be concluded from
the values of b (burst effect). As it can be seen in Table 2, in
Eq. 1 fit for sample 12 GS, it was necessary to give b a nega-
tive values, and the physical explanation of this fact is not
very clear. On the contrary, the value of b for Eq. 2 fit is posi-
tive, as expected, and also shows an increase from 8 GS to 12
GS, which has a proper physical explanation due to the
higher amount of GS incorporated into the sample.

As an explanation for the fracture surface morphology and
experimental release results data two mechanisms have been
proposed. For low GS concentration samples most of the
drug remain isolated by the polymeric matrix and therefore
can not be released at all. The defective drug release is due to
imperfection of the polymeric covering on the most external
layers of the sample, or stress cracking of the thin layer of
PMMA covering the most external GS beads. This fact al-
lows the buffered saline solution to penetrate the polymeric
matrix, dissolving the drug located close to the external lay-
ers of the sample and releasing it. This effect is increased by
increasing the drug concentration in the sample from 2GS to
4GS, leading to higher amount of imperfections of the
PMMA covering and a higher amount of drug on the most
external layers of the sample. Nevertheless most of the drug
loading still remains isolated in the inner layers of the sam-
ple. On the contrary, when the amount of GS incorporated is
increased from 4 GS to 8 GS a threshold seems to be reached
where the release mechanism is changed and some new ef-
fects must be taken into account. The spatial proximity of the
GS beads as shown in the SEM photographs, may allow the
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Fig. 10. Experimental and Calculated Cumulative Percentage (%) of Gen-
tamicin Sulphate Released as a Function of Time ¢, (h) According to Eq. 2
(Full Line) of a Commercial and a Modified Acrylic Bone Cement Devices
(Samples 1 GS and 4 GS)

Slabs have been made by mould compression in a home made teflon mould.
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ery Devices (Samples 8 GS and 12 GS)

Slabs have been made by molding compression in an home made teflon mould.

Table 3. Statistical Parameters and Standard Errors According to Eq. 2
M/M.=b+k-[1—exp(—nt)]
Sample
b k n R
1GS 0.601 0.606 0.003 0.9788
4GS 3.634 2.962 0.002 0.9660
8 GS 5.934 51.795 0.001 0.9976
12GS 8.510 75.932 0.002 0.9988
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access of the soaking medium to the inner layers of the sam-
ple (stress cracking or pre-existent imperfections). This leads
to the creation of some elution paths which may allow the
complete release of the drug contained in the sample. The
proposed processes that take place below and above the
threshold are shown in Fig. 12. This is corroborated by the
abrupt increase in the amount of drug released by 8 GS and
12 GS concentration samples and the change in the fitting
parameters as shown before.

Conclusions

For the commercial GS concentration loading (2.89 wt %)
acrylic bone cement, namely, the standard commercial ce-
ment (CMW-1%), the GS release was incomplete. This is due
to the fact that most of the drug was encapsulated by the
polymeric PMMA matrix. This hydrophobic polymer is im-
pervious to GS, and the release is mainly due to imperfec-
tions of the polymeric covering of the most external layers of
the sample.

The effect of the addition of extra amounts of GS to this
standard surgical CMW-1® radio opaque bone cement used
in the preparation of the slabs on the kinetic parameters as
well as the influence of the method employed to prepare the
slabs have been also investigated. The amount of drug re-
leased can be only very slightly modified by the method of
preparation.

On the contrary, the amount of GS seems to have a dra-
matic effect. For low GS concentration modified sample
(9.29—10.73% wt) the release is also mainly controlled by
the imperfections of the matrix.

For higher amounts of GS incorporated into the sample
(19.14—25.81% wt) the release mechanism is changed. An
abrupt increase in the amount of drug released takes place,
that allows the almost complete release of the drug incorpo-
rated. The release experimental results have been supported
from the data furnished by SEM. According to the SEM mi-
crophotographs, the release may take place by means of a
two consecutive or simultaneous solution—diffusion processes

Scheme of the Proposed Change in the Release Mechanism (a) Low GS Amount Samples, below the Threshold (1 GS, 4 GS) and (b) High GS

through cracks, voids or in general through morphological
defects in the matrix and new created cracks produced from
frozen stresses in active media of the polymeric material cov-
ering gentamicin sulphate beads i.e. a irregular thick shells of
PMMA covering GS beads.

The results obtained in this experiments show that the
amount of GS incorporated to the bone cement has a dra-
matic effect on the release mechanism of the drug. Therefore,
the relative release rate can be modified by the amount of
drug incorporated. This fact, may have a great interest for
some commercial devices, intended for a local release of an-
tibiotics in orthopedic surgery, in which the release of drug
has a major importance above any further considerations, for
instance, mechanical properties. For a better knowledge, the
impact on the mechanical properties of the system is cur-
rently under research in our group. In addition this results are
also quite useful to rationalize changes in the bone cement
composition in order to improve its drug release properties.

During the “in vitro” release experiment measurements
what we are really measuring are changes of the amount of
drug appearing in the buffer solution as a function of time.
At all events, it would represent the overall amount of GS
which leaves the external surface of the sample. This process
is the only one which may be modeled by the kinetic equa-
tions. It is usually done by the best fitting of adjustable para-
meters. Really, we have not any direct information on what is
taking place inside the sample. Despite the advances in the
study in vitro of drug delivery by homogeneous systems,
gels, solid mixtures, efc., the delivery of antibiotics from
bone cements remains a considerable problem.
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