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INTRODUCTION

Bone infection treatment is a major therapeutic challenge and 
the strategy most frequently used is a combination of surgical 
debridement and antibiotic use. In addition there is the possible 
removal of the orthopedic implants and coverage with muscular 
flaps, allowing an improvement of vascularization at the site. Be-
sides curing the infection, other desirable objectives are to obtain 
stability and avoid the dead space in the wound. Infection control 
occurs in 78% of the patients in the first year, and eradication of 
the disease is achieved in only 77% of patients.1,2

The penetration of antimicrobial agents in the bone depends on 
their pharmacological characteristics, but can be dramatically 
altered by local conditions. If the bacteria are inside non-vascular 
bone, is not possible to attain therapeutic concentrations and, 
if adhered to biomaterials, levels 10 to 100 times higher than 
usual are necessary.3,4

One of the main advances in the treatment was the use of local 
antibiotics, which make it possible to reach high concentrations 
in the wound, with low serum levels and low systemic toxicity.5 
The use of antibiotic associated with polymethylmethacrylate 
(PMMA) as carrier agent was adopted for the first time by Buch-
holz et al.6 for prophylaxis and treatment of infection in hip arthro-
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plasties. Klemm7 successfully introduced its use in osteomyelitis 
treatment, manipulating the mixture to form a necklace of beads 
joined by a cable that was positioned in the infection region.
The use of cement with local antibiotic associated or not with 
a short period of systemic antibiotic is an effective method in 
the treatment of bone infection. Klemm7 reported a recurrence 
rate of just 9.6% in 405 cases of osteomyelitis, treated with the 
implantation of gentamicin beads. Calhoun et al.8 obtained a 
reduction in costs and control of infection in 89.3% of the cases 
treated with the use of gentamicin beads, as opposed to 83.3% 
with the use of systemic antibiotic for four weeks. Nelson et al.9 
compared the use of gentamicin beads associated with sys-
temic antibiotic for five days, versus systemic antibiotic for six 
weeks, in the treatment of infection in hip and knee prostheses, 
with a lower rate of reinfection with the use of local antibiotic 
(15% versus 30%). The prophylactic use of gentamicin beads 
associated with systemic antibiotic in the treatment of exposed 
fractures reduced the rate of infection from 17 to 4%10 and the 
method has also been described successfully in the treatment 
of infected bone defects.11-14

Many factors are involved in antibiotic release by PMMA. Cement 
properties such as composition, porosity and quantity of the 
monomer, interact with environmental factors, such as tempera-
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ture, humidity and pressure, affecting their physical characteris-
tics. The type of antibiotic, the quantity added and the exchange 
of fluids in the wound also influence them.5,15 The three-dimen-
sional form is of great importance, whereas the maximum elution 
is obtained when using small elongated beads, which provide 
a larger surface area.15 The addition of antibiotic alters the me-
chanical properties of the cement and liquid gentamicin, in the 
dose of 480mg, decreases the compression resistance by 49% 
and traction resistance by 46%.16

The release of the antibiotic by PMMA can be qualified as bimod-
al. In the first hours it is quickly dispersed, presumably by dissolu-
tion on the exposed surface of the cement. After this period, there 
is much slower release, by means of passive diffusion through 
the cement mass.5,15 In this typical biphasic pattern, a peak oc-
curs in the first 24 hours, followed by a long period of release of 
low doses, which can last from days to months, with traces of the 
antibiotic still being found 5 years after implantation.5,15,17

The antibiotic should preferably be in powdered form, as the 
aqueous solution has limited incorporation.5 The agent should 
be stable at high temperatures, as the interior of the cement 
mass can reach 107 ºC during polymerization.18 It should also 
present a low risk of allergic reactions.5 The quantity of antibiotic 
released depends on its concentration in the mixture and on the 
quantity of mixture implanted in the patient, whereas the doses 
recommended for clinical use in infection treatment are: from 
2 to 3g for gentamicin, 3g for tobramycin, 4g for vancomycin, 
cefepime and imipenem, and 6g for cefazolin and nafcillin, for a 
packet of 40g of bone cement.5,6,19,20

Gentamicin has been the antibiotic most frequently used for local 
application and its mixture with PMMA is commercially avail-
able in the form of bone cement already mixed or in the form of 
gentamicin beads (Septopal®),5,7 yet these presentations have 
a high cost.21 On the other hand, powdered gentamicin is com-
mercially available in Brazil at a low price, and its addition to 
PMMA at the time of use might be a form of reducing costs and 
of facilitating access to this therapeutic method.
The aim of this study was to analyze in vitro the elution character-
istics of gentamicin added to bone cement at the time of use, with 
the intention of evaluating safety for clinical use of this mixture.

MATERIAL AND METHODS

Making of test specimens

A Teflon resin® mold was developed for the preparation of the test 
specimens, with holes measuring 15mm in depth and 6mm in di-
ameter and a second hole at the center measuring 3mm in depth 
and 3mm in diameter, which reached the other side. (Figure 1)
The bone cement used was Surgical Simplex P® (Howmedica, 
Limerick, Ireland). The preparation was performed at room tem-
perature under aseptic technique. The polymer was placed in a 
tub with 480mg of powdered gentamicin sulfate, and mixed with 
40g of polymer until a homogeneous mixture was formed, at which 
point the monomer (liquid) was added. After this the mixture was 
introduced manually in the mold. (Figure 2) The surplus was re-
moved with a spatula and the cement left to cure for thirty minutes, 
before the removal of the test specimens.

Figure 1 – Schematic template of the mold and of the test specimen.

Elution test

Ten test specimens were weighed and measured, and then placed 
individually in test tubes, with 10ml of buffered saline solution with 
phosphate (pH 7.4). The experiment was conducted at room tem-
perature, protected from light and with replacement of the solution 
every 24 hours. The samples were stored at -20°C until the time 
of analysis. The concentration of gentamicin in the solutions cor-
responding to days 1, 2, 7, 14, 21 and 28, was measured through 
the Fluorescence Polarization Immunoassay (FPIA) method, with 
the Abbott TDx apparatus (Abbott Diagnostics, North Chicago, 
IL, USA),22 where each sample was tested twice. The statistical 
analysis was carried out with the GraphPad Prism 3.02® program 
and the Kruskal-Wallis test was used with Dunn’s post test and 
significance level of p = 0.05.

RESULTS

The test specimens presented total surface area of 367mm2. The 
mean weight was 0.58 grams, and it can be deduced that each one 
had an average 6.8mg of gentamicin in its composition. The study 
was conducted at the average temperature of 25°C and the average 
quantity of gentamicin released in the first 24 hours was 6.15µg/ml. 
On the second day this value dropped to 0.31µg/ml and on days 7, 
14, 21 and 28 it was 0.15µg/ml, 0.14µg/ml, 0.06 µg/ml and 0.08 µg/
ml respectively, whereas the quantity of gentamicin eluted on the 
first day was significantly higher (p < 0.001) than on days 7, 14, 21 
and 28. On the twenty-eighth day, 80% of the samples no longer 
presented detectable levels of the antibiotic. (Figure 3)
Figure 4 shows the gentamicin elution pattern, with high con-
centrations being obtained in the first 24 hours, followed by an 
abrupt drop on the second day. There was then a slow decrease 
between the 2nd and 14th days and, between the 14th and 21st 
days, another accelerated downslide. Up to the second week, 
the total gentamicin released by each spacer was higher than 
1µg (concentration in the bone tissue expected with the systemic 
administration of gentamicin).23,24
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Figure 2 – Preparation of the test specimens. From left to right: A – Tub and spoon, monomer, polymer, powdered gentamicin. B – Mixture already 
prepared, being poured in the mold. C – Test specimens.
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Figure 3 – Eluted gentamicin x time (maximum value / percentile 25, 
50, 75 / minimum value). D1 > D7, D14, D21 and D28 (p < 0.001). D2 
> D21, D28 (p < 0.01). D7 > D28 (p < 0.05). D14 > D28 (p < 0.05). 
Kruskal-Wallis with Dunn’s post test.

Figure 4 – Total Gentamicin eluted (Logarithmic scale). Axis X at 
1μg (concentration in the bone tissue with systemic administration of 
gentamicin).

DISCUSSION

Serum peaks that range from 5 to 8µg/ml25 are achieved with 
the parenteral administration of gentamicin in the recommended 
standard dose (1.5mg/Kg every 8 hours), yet experimental stud-
ies estimated that concentrations in the bone tissue are below 
1µg/ml.23,24

Seldes et al.16 performed an in vitro evaluation of the addition 
of 480mg of liquid gentamicin to Palacos R®, using cylindrical 
test specimens with an area of 282.6mm2. Average levels of 
26.4µg/ml were reached in the first 24 hours, falling to 4.15µg/ml 
at three weeks.
In this study with the addition of 480mg of powdered gentami-
cin to Simplex® and the making of test specimens with an 
area of 367mm2, the participants obtained concentrations of 
6.15µg/ml in the first 24 hours, dropping to 0.06 µg/ml in the 
third week. This difference can be explained by the variations 

in the experiment conditions and by the fact that the Simplex® 
cement has a performance inferior to Palacos® for gentamicin 
elution.20

Based on the outcome of this study, the use of 480mg of gen-
tamicin was capable of dispersing quantities above 1µg up to 
the 14th day. Higher concentrations over a longer period of time 
should be expected in increasing the quantity of antibiotic added 
to the cement and the quantity of the mixture used.

CONCLUSION

The mixing of 480mg of powdered gentamicin with a 40g packet 
of acrylic cement presented predictable elution properties, main-
taining therapeutic levels of antibiotic up to the second week, 
thus serving as an alternative to prepare for the expansion of 
local antibiotic use in the treatment and in the prophylaxis of 
bone infection.
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